Single Technology Appraisal
Daratumumab in combination with
bortezomib for treating relapsed or
refractory multiple myeloma [ID974]
Committee Papers

© National Institute for Health and Care Excellence 2018. All rights reserved. See Notice of Rights. The content
in this publication is owned by multiple parties and may not be re-used without the permission of the relevant
copyright owner.

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
SINGLE TECHNOLOGY APPRAISAL
Daratumumab in combination with bortezomib for treating relapsed or
refractory multiple myeloma [ID974]
Contents:
1.

Pre-Meeting Briefing

2.

Final Scope and Final Matrix of Consultees and Commentators

3.

Company submission from Janssen

4.

Clarification letters

NICE request to the company for clarification on their submission

Company response to NICE’s request for clarification

5.

Patient group, professional group and NHS organisation submission
from:

Myeloma UK

UK Myeloma Forum

NHS England

6.

Expert statements from:

Dr Matthew Streetly, clinical expert, UK Myeloma Forum

Cameron Lester, patient expert, Myeloma UK

7.

Evidence Review Group report prepared by Southampton Health
Technology Assessments Centre
The Evidence Review Group report was amended following the factual
accuracy check

8.

Evidence Review Group report – factual accuracy check

9.

Evidence Review Group report – addendum

Any information supplied to NICE which has been marked as confidential, has been
redacted. All personal information has also been redacted.
© National Institute for Health and Care Excellence 2018. All rights reserved. See Notice of Rights. The content
in this publication is owned by multiple parties and may not be re-used without the permission of the relevant
copyright owner.

Pre-meeting briefing

Daratumumab in combination with
bortezomib and dexamethasone for treating
relapsed or refractory multiple myeloma
This slide set is the pre-meeting briefing for this appraisal. It has been
prepared by the technical team with input from the committee lead team
and the committee chair. It is sent to the appraisal committee before the
committee meeting as part of the committee papers. It summarises:
• the key evidence and views submitted by the company, the consultees
and their nominated clinical experts and patient experts and
• the Evidence Review Group (ERG) report
It highlights key issues for discussion at the first appraisal committee
meeting and should be read with the full supporting documents for this
appraisal
Please note that this document includes information from the ERG before
the company has checked the ERG report for factual inaccuracies
The lead team may use, or amend, some of these slides for their
presentation at the Committee meeting
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Key issues: clinical
• Treatment pathway: will DARA/BORT/DEX be taken 2nd line after
bortezomib?
• Subgroup data generalisability: Is 2nd line subgroup from CASTOR
generalizable to people having 2nd treatment after thalidomide? Is quality
of life data available for 2nd line subgroup?
• DARA/BORT/DEX administration: do people have bortezomib for 8
cycles/24 weeks? Is bortezomib taken subcutaneously or intravenously?
• Robustness of CASTOR data: does using data from subgroup, or from
interim analysis affect certainty around survival estimates?
• Open label CASTOR: does this affect PFS estimates?
• Adjustment of survival estimates: do follow on treatments used in
CASTOR but not NHS prolong life, should an adjustment be made for
overall survival? Are the adjusted survival estimates using IPCW method
robust?
• Network meta-analysis: duration of bortezomib in ENDEAVOR longer
than license for bortezomib. How does this affect outcomes from NMA?
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Multiple myeloma
• Bone marrow cancer of plasma cells
• More common in men than in women and the incidence is also reported
to be higher in people of African family origin
• Common symptoms:
– Bone pain, fractures, anaemia, infections, hypercalcaemia and renal
impairment
• Characterised by multiple relapses
– With each successive relapse prognosis deteriorates
• Relapsed or refractory multiple myeloma (RRMM) is defined as a
disease that is non-responsive while on salvage therapy or progresses
within 60 days of last treatment in patients who have achieved a
minimum response or better at some point previously before progression
• Incidence and survival:
– 4,632 people diagnosed in the UK in 2014, that is, 2% of all cancers
– 45% diagnosed in people aged 75 and over (2012 to 2014)
– 5-year survival rate in England and Wales is ~ 50% (2010/11 data)
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Daratumumab (Darzalex®)
Relevant
In combination with lenalidomide and dexamethasone,
marketing
or bortezomib and dexamethasone, for the treatment
authorisation of adult patients with multiple myeloma who have
received at least one prior therapy.
N.B. the combination of daratumumab + lenalidomide +
dexamethasone is not included in this appraisal
Mechanism

• Human monoclonal antibody that binds to CD38
protein
• Has a different target to bortezomib (proteozome
inhibitor), but works synergistically because myeloma
cells can differ in the proteins they over-express

Key: IV, intravenously; wk, week.
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Daratumumab dosing and administration
Dose &
Administration

Daratumumab 16 mg/kg of body weight through IV
• every wk for wks 1 to 9,
• every 3 wks for wks 10 to 24 and
• every 4 wks from wk 25 onwards
Summary of product characteristics does not explicitly specify the
recommended posology of bortezomib and dexamethasone for coadministration with daratumumab. In the regulatory trial*
Bortezomib:
• 1.3 mg per m2 body area, administered subcutaneously twice
weekly on days 1, 4, 8 and 11 for eight 21-day cycles (cycles 18). – LIMITED TO 8 CYCLES
Dexamethasone:
• 20 mg orally on days 1,2,4,5,8,9,11 and 12 in 1st 8 cycles.
Administered by IV on weeks receiving daratumumab infusions

Cost

• Acquisition cost (excluding VAT) £360.00 for 100mg vial
£1,440.00 for 400mg vial. PAS agreed.
• For an average patient weighing 75kg treatment costs
(daratumumab + bortezomib + dexamethasone) are £122,692 in
year 1 (daratumumab is £97,754) and £60,514 per year
thereafter.

Key: IV, intravenously; wk, week.
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Pharmacological treatment options
Proteasome
inhibitors

Immunomodulatory
agents

Histone
deacetylase
inhibitor

Monoclonal
antibodies

Alkylating
agents

Daratumumab

Bendamustine
**

Thalidomide
Bortezomib

Lenalidomide

Carfilzomib

Cyclophospha
mide

Panobinostat

Elotuzumab*
Pomalidomide

Melphalan

* terminated NICE appraisal
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** no marketing authorisation in the UK for this indication, but available through the CDF

Pathway for people not eligible for stem cell transplant
NICE recommends bortezomib 1st line only if a person cannot have thalidomide
Patients who receive bortezemib 1st line would not receive it 2nd line
NICE recommends carfilzomib 2nd only after thalidomide
1st line

2nd line

3rd

line

Thalidomide +
alkylating agent +
corticosteroids (TA228)

Bortezomib (TA129)

Lenalidomide +
dexamethasone (TA171)

4th line
Pomalidomide + lowdose dexamethasone
(TA427)

5th line

• After 3 treatments must
include bortezomib and
lenalidomide

Lenalidomide +
dexamethasone (ID474)
• if cannot have thalidomide
• SUSPENDED

Carfilzomib +
dexamethasone (TA457)
• If had 1 prev therapy NOT
bortezomib

Bortezomib + alkylating agent + corticosteroid (TA228)
• if thalidomide is contraindicated or cannot be tolerated

Daratumumab
+ bortezomib +
dexamethasone

3rd line Panobinostat + bortezomib +
dexamethasone (TA380)
• if received bortezomib and immunomodulatory
agent

4th line Panobinostat +
bortezomib +
dexamethasone (TA380)
• if received bortezomib and
immunomodulatory agent*

Chemotherapy
(Alklyating
agent +
corticosteroid)

Lenalidomide +
dexamethasone
(ID667 part rev of 171)
SUSPENDED

3rd line Ixazomib + lenalidomide
+ dexamethasone (TA505)
• After 2 or 3 lines of therapy
• On CDF (has MAA)

Daratumumab
monotherapy (TA510)
• After 3 treatments
including prior proteasome
and immunomodulatory
• On CDF (has MAA)

4th line Ixazomib +
lenalidomide +
dexamethasone (TA505)
• After 2 or 3 lines of therapy
• On CDF (has MAA)

Other agents e.g. bendamustine

Marketing authorisation vs decision problem
Marketing authorisation does not specify previous treatment
1st line

Thalidomide

Bortezomib

2nd line compared with:
• Bortezomib + dexamethasone
• Carfilzomib + dexamethasone

Company
decision
problem –
subgroup of
CASTOR
trial (n=235,
47%)

3rd line

4th line

CASTOR
trial and
marketing
authorisation

5th line
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Comparators by 1st line treatment
NICE scope: comparators should be chosen depending on previous treatment

1st line

2nd line

Thalidomide

BORT
/DEX

CARF
/DEX

Bortezomib

CHEMO
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Treatment pathway for people eligible
for stem cell transplant
Bortezomib + dexamethasone +/- thalidomide
induction therapy for stem cell transplant with high
dose chemotherapy (TA311)

1st line treatment

SCT
2nd line treatment

3rd line treatment

Daratumumab
+ bortezomib +
dexamethasone

Lenalidomide +
dexamethasone (TA171)

3rd line Panobinostat + bortezomib +
dexamethasone (TA380)
• if received bortezomib and immunomodulatory
agent

4th line treatment
Pomalidomide + lowdose dexamethasone
(TA427)
5th

line treatment

• After 3 treatments must
include bortezomib and
lenalidomide

3rd line Ixazomib + lenalidomide
+ dexamethasone (TA505)
• After 2 or 3 lines of therapy
• On CDF (has MAA)

Daratumumab
monotherapy (TA510)

4th line Panobinostat +
bortezomib +
dexamethasone (TA380)

•

• if received bortezomib and
immunomodulatory agent*

•

After 3 treatments including
prior proteasome and
immunomodulatory
On CDF (has MAA)

Other agents e.g. bendamustine

4th line Ixazomib +
lenalidomide +
dexamethasone (TA505)
• After 2 or 3 lines of therapy
• On CDF (has MAA)

Multiple myeloma patient experience
Myeloma UK & UK Myeloma Forum/NCRI Haemato-oncology CSG
Myeloma Working Group
• Myeloma is a highly individual, relapsing and remitting cancer which evolves and
becomes resistant to treatment and it is therefore particularly important that there
are a range of treatments available at all stages of the disease pathway
• As a first-in-class monoclonal antibody daratumumab is a highly innovative
development in the exciting field of immunotherapy, seen as a “game changer”
by the clinical community worldwide.
• … Deeper responses and more durable responses compared to standard of
care. Though a survivorship advantage has yet to be defined, this is to be
expected given the significant durability advantage demonstrated.
• …logistics of delivering the infusional monoclonal antibody, which will require
logistical planning for service delivery. Though the frequency of infusions reduces
with time, the cumulative numbers of patients receiving will increase, keeping
pressure on supportive care and therapeutic delivery services.
• It is also well tolerated and offers a new mechanism of action which is critical to
an effective myeloma treatment pathway
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Decision problem:
Intervention and population
Population

NICE scope
Adults with
relapsed or
refractory
multiple
myeloma

Company
2nd line patients only:
• Unmet need for triple
therapies at 2nd line
• DARA/BORT/DEX offers
the greatest clinical
benefit to patients on 2nd
line
• 2nd line position optimises
cost effectiveness of
DARA/BORT/DEX,
because of the substantial
clinical benefit in 2nd line
patients

Intervention Daratumumab with bortezomib and
dexamethasone (DARA/BORT/DEX)

ERG
• Narrower than scope
• Only a subgroup of
patients from CASTOR
trial (47%) is relevant
to the company’s
decision problem
• 2nd line patients
included regardless of
prior bortezomib
exposure
• But bortezomib and
carfilzomib available to
bortezomib naive
patients only
Notes the use of
concomitant medications
reducing risk of infusionrelated reactions
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Decision Problem: comparators
NICE scope
For people who have had 1 prior
treatment (2nd line), depending on
previous treatment:
1. Bortezomib (with or without
dexamethasone)
2. Carfilzomib with dexamethasone

Company
Because positioning
as 2nd line limited to:
1. Bortezomib (with
or without
dexamethasone)

3. Combination chemotherapy

2. Carfilzomib with
dexamethasone

For people who have had at least 2 prior
therapies (3rd line):

3. Combination
chemotherapy

1. Lenalidomide with dexamethasone
2. Panobinostat with bortezomib +
dexamethasone
For people who have had at least 3 prior
therapies (4th-line patients):


Panobinostat with bortezomib and
dexamethasone



Pomalidomide with dexamethasone



Daratumumab monotherapy (available
on the Cancer Drugs Fund)

ERG
Comparators in
company’s
decision problem
are consistent
with those
specified in the
NICE scope for
2nd line patients.
Company did not
provide a cost
effectiveness
estimate vs.
combination
chemotherapy

13

Decision Problem: outcomes
NICE scope
Company
As per scope and:
Outcomes The outcome
measures to be • TTD (time to
considered
treatment
include:
discontinuation)
which is an input
• OS
parameter in the
• PFS
company’s
• response
economic model
rates
• MRD (minimal
• adverse
residual disease
effects of
negativity) as an
treatment
indicator of
• HRQoL
response to therapy

ERG
The ERG agrees that
the additional
outcomes are
appropriate and
clinically meaningful.
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Clinical effectiveness evidence
Section B.2 of company submission
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Clinical effectiveness evidence by comparator
Daratumumab + bortezomib + dexamethasone compared with:
• Bortezomib + dexamethasone:
– Direct randomised comparison: CASTOR.
– Company focuses on a subgroup of all 2nd line patients combining
people who have and have not received previous bortezomib (BORT)
• Carfilzomib + dexamethasone:
– Indirect. Company used network meta-analysis to compare
DARA/BORT/DEXA with carfilzomib + dexamethasone (CARF/DEXA)
in subgroup of patients on 2nd line therapy. Included:
• ENDEAVOR: CARF/DEXA vs. BORT/DEXA
• CASTOR: DARA/BORT/DEXA vs BORT/DEXA
– Company performed a sensitivity analysis for 2nd line population who
had NOT had previous bortezomib (2nd line ‘bortezomib naive’)
•

Combination Chemotherapy
– Company did not find data for clinical effectiveness of combination
chemotherapy so did not provide any
16

Summary of populations included in
company analyses
CASTOR
(≥1 previous
treatment)

2nd line

2nd line + bortezomib
naive

N

498

235

Estimated at 116 based on
% bortezomib naive in
whole CASTOR population

OS

Yes

Yes

Reported only in network

PFS

Yes

Yes

Reported only in network

HrQoL

Yes

Yes

No

Adverse events

Yes

No

No

Network metaanalysis (OS and
PFS)

Yes

Yes

Yes (sensitivity analysis)

No

Yes (OS estimates
adjusted for followon treatments)

No
(ERG included in sensitivity
17
analysis)

Modelling

Direct evidence: CASTOR
CASTOR
Design

Phase III, open-label, multicentre RCT in 16 countries (no UK centres).

Population

Adults with documented evidence of relapsed or refractory multiple myeloma, as
assessed against International Myeloma Working Group criteria.
• Exclusion Criteria: refractory to proteasome inhibitor (e.g. bortezomib,
carfilzomib)

N

•
•

Follow up

Interim data reported in the company submission, median follow-up 26.9 months.

Intervention

•
•
•

N randomised = 498 (251 DARA/BORT/DEX; 247 BORT/DEX).
N (%) of 2nd line patients: DARA/BORT/DEX: 122 (48.6); BORT/DEX: 113 (45.7)

Daratumumab: 16mg/kg of body weight weekly for three 21-day cycles, then
every 3 weeks for cycles 4 to 8 and thereafter every 4 weeks
Bortezomib: 1.3mg/m2 body surface area, subcutaneously, twice weekly on
days 1, 4, 8, and 11, for up to eight 21-day cycles (cycles 1 to 8)
Dexamethasone: total dose of 80mg weekly in 2 out of 3 weeks of a 21-day
cycle (on days 1, 2, 4, 5, 8, 9,11 and 12), for up to 8 cycles

Comparator

•

Bortezomib & dexamethasone: as above

Outcomes

•
•

Primary outcome: progression free survival (PFS)
Response rate (RR), overall survival (OS), minimal residual disease (MRD),
safety, quality of life (EORTC QLQ-C30 & EQ-5D-5L), time to treatment
18
discontinuation (TTD)

CONFIDENTIAL

International Myeloma Working Group criteria
Definition of active multiple myeloma
Clonal bone marrow plasma cells ≥ 10% or biopsy-proven bony or extramedullary
plasmacytoma and any one or more of the following myeloma defining events:
• Evidence of end organ damage that can be attributed to the underlying plasma cell
proliferative disorder, specifically:
– Hypercalcemia: serum calcium.0.25 mmol/L (>1 mg/dL) higher than the upper
limit of normal or > 2.75 mmol/L (>11 mg/dL)
– Renal insufficiency: creatinine clearance,40mL/min or serumcreatinine >177
mmol/L (> 2mg/dL)
– Anemia: hemoglobin value of > 2 g/dL below the lower limit of normal, or a
hemoglobin value< 10 g/dL
– Bone lesions: one or more osteolytic lesions on skeletal radiography, CT, or PETCT
• Clonal bone marrow plasma cell percentage ≥ 60%
• Involved: uninvolved serum FLC ratio ≥100 (involved FLC level must be ≥100 mg/L)
• > 1 focal lesion on MRI studies (at least 5 mm in size)
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CASTOR: patient characteristics
Age, median
Sex,%

2-nd line subgroup
CASTOR trial
BORT/DEX (n=247) DARA/BORT
BORT/DEX DARA/BORT/
/DEX (n=251)
(n=113)
DEX (n=122)
64.0 (33–85) 64.0 (30–88)
64.0 (40–84)
63.0 (30–85)
Male: 59.5%

Male: 54.6%

Male: 56.6%

Male: 60.7%

ECOG
Performance
Status, %

0: 47.0%
1: 45.3%
2: 7.7%
>2: 0

0: 42.4%
1: 52.5%
2: 5.2%
>2: 0%

0: 50%
1: 45%
2: 5%
>2: 0%

0: 47%
1: 48%
2: 6%
>2: 0%

ISS Stage, %

I: 38.9%
II: 40.5%
III: 20.6%

I: 39.0%
II: 37.5%
III: 23.5%

I: 45%
II: 39%
III: 16%

I: 47%
II: 34%
III: 19%

Prior immunomodulatory, %

Lenalidomide (L): 48.6%
Pomalidomide (P): 2.8%
Thalidomide (T): 49.0%

L: 35.5%
P: 2.8
T: 49.8%

L: 30%
T: 43%

L: 12%
T: 48%

Prior protease
inhibitor, %

Bortezomib (B): 66.4%
Carfilzomib (C): 4%
Ixazomib (I): 2.8%

B: 64.5%
C: 4.8%
I: 4.8%

B: 51%
C: 2%
I: 0%

B: 51%
C: 1%
I: 2%

Prior ASCT, %

60.3%

62.2%

58.4%

62%

Key: ASCT, autologous stem cell transplant; ECOG, Eastern Cooperative Oncology Group.
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CASTOR: statistical analysis plan
• 1∘ outcome: PFS
• Power calculation based on the full population: 85% power to detect reduction of 30%
(HR of 0.70) in PFS events (2-sided alpha=0.05)
• Pre-specified subgroups included:
– Prior bortezomib treatment yes/no
– Number of prior lines of therapy (1,2,3,>3)
• Based on interim analysis, the independent data and safety monitoring committee
recommended to unblind the trial and offer daratumumab to patients in control group
who had disease progression because the prespecified statistical boundary (alpha =
0.0102) for PFS was crossed
Analysis

Safety

Progression

Deaths

Follow-up

Interim 1

After 80 patients
treated for >8
weeks or
discontinued
treatment

-

-

Median follow-up
7.4 months
(Palumbo 2016)

Interim 2 (company
choose this for
model)

-

After 177 PFS
events (60% of
anticipated)

-

Median follow-up
26.9 months (no
published results)

Final (future)

-

-

After 320
deaths

Not reached
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ERG: CASTOR trial applicability
• CASTOR was a multinational trial, but there were no UK trial centres
– Some participants received treatments after disease progression (in both
arms) that are not available in England. And the proportion of participants
receiving post progression treatment differed between the arms.
– Patients who had been refractory to prior treatment with a non-proteasome
inhibitor; and, patients with non-secretory myeloma were excluded.
However, these groups form a minority of the patients treated in practice.
• Company focuses on pre-specified subgroup analysis of 2nd line patients who
formed 47.2% (235/498) of the trial population:
– Statistical analyses are based on smaller sample sizes, which increases
uncertainty
– 50.6% patients had previously received bortezomib, but 2nd line bortezomib
and carfilzomib is used for people who haven’t had previous bortezomib:
– Evidence for 2nd line bortezomib-naive subgroup is only from a small posthoc subgroup of patients
• Unclear risk of selection bias (whole trial & 2nd line subgroup) due to imbalances
in trial arms for 1st-line lenalidomide use & refractoriness to lenalidomide.
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CASTOR: progression free survival
• ITT whole population

Events, n/N (%)
Median PFS month
(95% CI)
HR (95% CI) p-value

• 2nd line subgroup

ITT population
BORT/DEX
DARA/BORT/DEX
204/247 (82.6) 158/251 (62.9)
7.06
16.72
(6.21, 7.66)
(13.14, 19.38)
0.32 (0.25, 0.40) p<0.0001

2nd line subgroup
BORT/DEX
DARA/BORT/DEX
94/113 (83.2) 60/122 (49.2)
7.92
26.22 (21.19, not
(6.77, 9.03)
evaluable)
23
0.23 (0.16, 0.33) p<0.0001

CASTOR: pre-specified subgroup
analyses by prior bortezomib therapy
• Currently bortezomib (and carfilzomib) is only available to 2nd line
bortezomib naive patients.
• The company suggests that with patent expiry in March 2019, wider use
is anticipated.
• DARA/BORT/DEX has shown consistent benefit regardless of prior
bortezomib use
• Results below from ITT population who did or did not have previous
bortezomib
Previous
bortezomib

PFS

Yes

DARA/BORT/DEX
BORT/DEX
(N=251)
(N=247)
Event/N Median
Event/N Median
116/162 12.1
135/164 6.7

No

42/89

27.6

69/83

7.5

• No data presented for overall survival for this subgroup

Hazard Ratio
(95% CI)
0.34
(0.26, 0.45)
0.28
(0.18, 0.43)
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CASTOR: overall survival
• ITT whole population

• 2nd line subgroup

ITT population
Events, n/N (%)
Median OS months

2nd line subgroup

BORT/DEX

DARA/BORT/DEX BORT/DEX

DARA/BORT/DEX

97/247 (39.3)

82/251 (32.7)

25/122 (20.5)

31.18 (28.85, NE) NE (NE, NE)
HR (95% CI) p-value 0.77 (0.57, 1.04) p=0.0884

40/113 (35.4)

NE (28.85, NE) NE (NE, NE)
0.50 (0.30, 0.84) p=0.008
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CONFIDENTIAL

Company: CASTOR OS adjustment for
subsequent treatments not available in England
• XXXXXXXXXX BORT/DEX &
XXXXXXXXXXDARA/BORT/DEX
2nd line patients had treatments
not available in England
• Inverse Probability of Censoring
Weights (IPCW) was used to
adjust OS HR (base case;
unadjusted results in scenario
analyses)
– 2nd line bortezomib naive
results were used in
sensitivity analysis
Analysis

DARA/BORT/DEX vs. BORT/DEX: HR (95%CI)

ITT

0.77 (0.57, 1.04)

ITT IPCW adjusted

XXXXXXXXXX

2nd line subgroup

0.50 (0.30, 0.84)

2nd line subgroup IPCW adjusted

XXXXXXXXXX
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CASTOR: time to treatment discontinuation
• ITT whole population

CASTOR

• 2nd line subgroup

2nd line subgroup

BORT/DEX DARA/BORT/DEX BORT/DEX
DARA/BORT/DEX
Events, n/N
104/237
169/243
41/111
67/119
Median TTD months
5.91
13.37 Not evaluable
23.98
HR (95% CI) p-value 0.385 (0.275, 0.540) p<0.0001
0.407 (0.240, 0.691) p=0.0009
HR* (95% CI) p-value 0.40 (0.29, 0.57) p<0.0031
0.44 (0.26, 0.76) p=not reported
Key: data was extracted from CASTOR publication. HR* is from company submission: from the
number of patients these results appear to be from analyses of patients who received the study27
treatment.

Minimal residual disease (MRD)

Company: MRD related to long-term overall survival benefit
• Minimal residual disease is a measure of residual tumour cells in bone
marrow after treatment in people who have a complete response. Company
state it is a more sensitive measure of disease burden than complete
response.
• Historically MRD not measured at first relapse, but advances in laboratory
techniques have resulted in new International Myeloma Working Group
criteria for MRD being developed in 2016.
• Assessed in CASTOR (and POLLUX a trial assessing daratumumab +
lenalidomide + dexamethasone for relapsed of refractory multiple myeloma
RRMM). These are the first trials to assess MRD in RRMM using 2016
criteria.
• Company state that MRD-negative status (undetectable MRD) is associated
with prolonged PFS and OS. Have used this as justification for selecting
most appropriate curve to extrapolate MRD in its model.
• At median 26.9 months follow-up in second-line patients, treatment with
DARA/BORT/DEX was associated with a higher MRD-negative rate
compared with BORT/DEX (16% versus 3% at 10-5 threshold; OR 7.19,
95% CI: 2.07, 24.92; p=0.00018).
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CASTOR: Health related quality of life

Only reported for whole population (not 2nd line subgroup)
• Company:
– EQ-5D-5L: utility & visual analogue (VAS) scores were comparable
for DARA/BORT/DEX and BORT/DEX groups with no significant
differences from baseline within or between group for nearly all time
points (HR 0.82, 95% CI: 0.63, 1.08 for utility; HR 1.03, 95% CI:
0.79, 1.35 for VAS)
– EORTC-QLQ-C30: baseline values for all subscales were
comparable for DARA/BORT/DEX and BORT/DEX with no
significant difference between the groups at any time point
• ERG:
– outcomes were not reported separately for the subgroup of 2nd line
patients which is the focus of the company’s decision problem.
– high risk of performance bias due to the lack of blinding in CASTOR
– risk of bias as unclear use of missing data imputation in company's
analyses
Key: EORTC QLQ, European Organisation for the Research and Treatment of Cancer Quality of
29
Life Questionnaire; EQ-5D-5L, EuroQol Five Dimensions Questionnaire.

CASTOR: adverse events
Treatment emergent adverse events
(TEAE)
Any TEAE, n (%)
Grade 3/4 TEAE, n (%)
Serious TEAE, n (%)
TEAE leading to discontinuation, n (%)
TEAEs leading to death, n (%)

• Results for
2nd line
subgroup for
AEs were
not provided

DARA/BORT/DEX
(n=243)
241 (99.2)
197 (81.1)
123 (50.6)
23 (9.5)
15 (6.2)

BORT/DEX
(n=237)
226 (95.4)
149 (62.9)
81 (34.2)
22 (9.3)
14 (5.9)

Treatment emergent
DARA/BORT/DEX
BORT/DEX
adverse events (≥20%)
(n=243)
(n=237)
Common haematologic AEs
Thrombocytopenia, n (%) 60%
44%
Anaemia, n (%)
28%
32%
Common nonhaematologic AEs
Peripheral sensory
50%
38%
neuropathy, n (%)
Fatigue, n (%)
22%
25%
Cough, n (%)
28%
Diarrhoea, n (%)
35%
22%
Constipation, n (%)
22%
Upper respiratory tract
33%
infection, n (%)
Back pain, n (%)
20%
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CASTOR: infusion related reactions
• Data on infusion related reactions (IRRs) are available from a median 7.4
months follow-up (company’s first interim analysis).
• Company: data are likely to be representative of all the IRRs expected to
be observed because the vast majority of IRRs occurred on day 1 of the
first infusion of daratumumab
Total number of participants with infusion
related reactions, n (%)
Number of subjects with IRRs in more than
one infusion
Number of subjects with IRR at first infusion
Number of subjects with IRR at second
infusion
Number of subjects with IRR at subsequent
infusion

Key: IRR, infusion related reactions.

All grades
110 (45.3%)

Grade 3
21 (8.6%)

4 (1.6%)

1 (0.4%)

108 (44.4%)
2 (0.8%)

Not reported
Not reported

4 (1.7%)

Not reported
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ERG: CASTOR results
• Only interim CASTOR data available: OS data are immature
• Clinical data are based on 2nd line subgroup of CASTOR trial including a mixture
of people who have and have not received previous bortezomib
– Quality of life and adverse event data are provided for the whole trial
population rather than the 2nd line subgroup
• OS is a secondary outcome for the CASTOR trial and the OS data are immature
so a median OS is not available for either study arm for the second-line patient
subgroup
• At the 26.9 month median follow-up reported in the CS there had been 179
deaths in total in the whole trial population, 32.7% in the DARA/BORT/DEX arm
versus 39.3% in BORT/DEX arm. Final OS analysis will occur after 320 deaths.
• Statistically significant difference in overall survival between DARA/BORT/DEX
and BORT/DEX in 2nd line subgroup, but not the intention to treat population
• Company’s overall survival adjustment for subsequent treatments not available in
England is in principal appropriate, however ERG had insufficient information to
confirm that it was applied correctly:
– adjustment resulted in XX in Hazard Ratio (HR) in both the intention to treat
and 2nd line subgroup.
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Network meta-analysis to compare DARA/BORT/DEX
with CARF/DEX because no direct evidence
CASTOR

DARA/BORT/DEX

BORT/DEX

ENDEAVOR is CARF/DEX vs. BORT/DEX

CARF/DEX
• CASTOR & ENDEAVOR are phase III, open-label RCTs in adults with ≥1 prior
therapy.
• Data for 2nd line treatment (47% CASTOR and 50% of ENDEAVOR) available for
PFS, OS, overall response, very good partial response (VGPR) or better and
complete response (CR) or better.
• Company did post-hoc (sub)subgroup sensitivity analysis in 2nd-line in people who
did NOT have bortezomib 1st line for PFS and OS.
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Network meta-analysis
• Company considered CASTOR and ENDEAVOR comparable, but
acknowledged some differences:
CASTOR:
DARA/BORT/DEX vs. BORT/DEX
1. at least 1 prior line of therapy with
no upper limit
2. Excluded patients refractory to
bortezomib (B)
3. B administered subcutaneously
4. B treatment duration limited until
disease progression, unacceptable
toxicity or up to 8 cycles
5. 66% of patients with prior exposure
to B

ENDEAVOR:
CARF/DEX vs. BORT/DEX
1. 1 to 3 previous treatments
2. Requirement for patients to have a left
ventricular ejection fraction of ≤40%
3. Requirement for patients to have
creatinine clearance of ≤15 mL/min.
4. B administered intravenously or
subcutaneous
5. BORT/DEX treatment duration limited
until disease progression or
unacceptable toxicity with no upper limit
on the number of cycles
6. 54% patients with prior exposure to B

The company stated could not test for statistical heterogeneity or inconsistency of
effects in its network meta-analysis because there was only one trial for each
34
comparison in the network

CASTOR & ENDEAVOR:
Patient characteristics
Age, median
(range)
Sex,%

CASTOR (N=498)
DARA/BORT/DEX BORT/DEX
(n=251)
(n=247)
64.0 (30–88)
64.0 (33–85)

ENDEAVOR (N=929)
CARF/DEX
BORT/DEX (N=465
(N=464)
)
65 (35–89)
65 (30–88)

Male: 54.6%

Male: 59.5%

Male: 52%

Male: 49%

0: 47.0%
1: 45.3%
2: 7.7%
>2: 0

0: 48%
1: 45%
2: 7%

0: 50%
1: 44%
2: 6%

I: 38.9%
II: 40.5%
III: 20.6%

I: 44%
II: 56%

I: 44%
II: 56%

Median 2 (1–10)

Median 2 (1–2)

Median 2 (1–2)

1: 45.7%
2: 30.0%
3: 13.0%
>3: 11.3%

1: 50%
2: 34%
3: 16%

1: 50%
2: 31%
3: 19%

0: 42.4%
ECOG
Performance 1: 52.5%
2: 5.2%
Status, %
>2: 0%
ISS Stage, % I: 39.0%
II: 37.5%
III: 23.5%
Median 2 (1–9)
Number of
prior lines of
treatment, % 1: 48.6%
2: 27.9%
3: 14.7%
>3: 8.8%

• Characteristics for the 2nd line subgroup from both trials are not reported35.

Network Meta-analysis: results

P = probability DARA/BORT/DEX better than comparator
2nd line subgroup

DARA/B
ORT/DE
X vs.

HR (95% CrI)

BORT/
DEX
CARF/
DEX

0.21
(0.15, 0.30)
0.47
(0.29,
0.75)

BORT/
DEX
CARF/
DEX

0.50
0.60

(0.30,
0.84)
(0.33,
1.10)

2nd line BORT-naive
ITT population
subgroup
P
HR (95% CrI)
P
HR (95% CrI)
P
Progression Free Survival
0.23
(0.14,
100%
0.32
100%
100%
0.38)
(0.25, 0.40)
0.52
(0.27,
97% 0.60
(0.45,
99.9%
100%
1.02)
0.81)
Overall Survival
0.53
94% 0.77
(0.57,
99.6%
96%
(0.24, 1.17)
1.04)
0.66
(0.22,
77%
0.97
95.0%
56%
1.98)
(0.68, 1.39)

• Company: should interpret results of 2nd line bortezomib naive subgroup with
caution - risk of biases associated with post-hoc data. Company did not adjust for
differences in baseline covariates; data are not randomised.
• Company: did not undertake indirect comparison of time tor treatment
discontinuation - not reported in ENDEAVOR publication
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ERG: network meta-analysis
• ENDEAVOR (CARF/DEX vs. BORT/DEX) provides RCT data for indirect
comparison of DARA/BORT/DEX vs. CARF/DEX using the whole trial & 2nd line
subgroup (50% of patients)
– As in CASTOR, some patients received subsequent treatments not available
in England
– With only 2 trials included, company carried out a fixed-effect analysis using
a Bayesian framework
– The potential impact of differences in bortezomib administration between
bortezomib control arm in CASTOR and ENDEAVOR is described and the
indirect comparison is conducted despite this The company states these
differences are likely to overestimate the efficacy of DARA/BORT/DEX vs.
CARF/DEX
• NMA results: PFS HRs in favour of DARA/BORT/DEX for the whole trial & 2nd
line subgroup, with 100% probability of DARA/BORT/DEX being the best
treatment vs. BORT/DEX and CARF/DEX
• NMA sensitivity analyses in post-hoc 2nd line bortezomib naive subgroup
conducted for PFS & OS only: PFS HRs in favour of DARA/BORT/DEX with
100% probability of being the best treatment vs. BORT/DEX and 97.2% vs.
CARF/DEX
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Cost-effectiveness evidence
Section B.3
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Key issues cost effectiveness
• Model population: should model use data from 2nd line subgroup or 2nd line
bortezomib naïve subgroup?
• Model population: does an average modelled weight of 77.9kg reflect weight of
people with multiple myeloma in England, and capture costs of
DARA/BORT/DEX?
• Overall survival extrapolation: Which curve for extrapolating overall survival
from the CASTOR 2nd line population gives the most plausible 5 and 10 year
outcomes? Company (log-logistic for DARA/BORT/DEX; Gompertz for
BORT/DEX) or ERG (Weibull both arms with proportional hazards)?
• Network meta-analysis data used in model. Should an adjustment be made
for treatment duration with bortezomib in ENDEAVOR?
• Utility values What source of utilities is the best in this population?
– CASTOR (company’s base case), or ENDEAVOR (TA457 & ERG’s base
case)
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Company’s model
Partitioned survival model
• 30-year time horizon (lifetime; CASTOR 2nd line subgroup median age
was 63 years), 1-week cycle length with ½ cycle correction

Clinical data (PFS, OS & TTD):
• DARA/BORT/DEX and BORT/DEX:
- 2nd line population from CASTOR
• CARF/DEX:
- modelled using HR vs. BORT/DEX from NMA
(CASTOR & ENDEAVOR 2nd line population)
and TA457 (TTD only)
Key: NMA, network meta-analysis; Tx, treatment; TTD, time to treatment discontinuation; PFS,
40
progression free survival; OS, Overall survival; HR Hazard ratio

CONFIDENTIAL

CASTOR: summary of OS and PFS results for
comparison of DARA/BORT/DEX vs BORT/DEX
CASTOR

N

OS HR (95%CI)

PFS HR (95%CI)

ITT population

498

0.77 (0.57, 1.04)

0.32 (0.25, 0.40)

ITT IPCW adjusted

498

XXXXXXXXXX

Not applicable

2nd line pre-specified subgroup (SG)

235

0.50 (0.30, 0.84)

0.21 (0.15, 0.30)

2nd line IPCW adjusted SG

235

XXXXXXXXXX

Not applicable

2nd line BORT-naive post-hoc SG*

116

0.53 (0.24, 1.17)

0.23 (0.14, 0.38)

ITT pre-specified BORT-naive SG

172

Not reported

0.28 (0.18, 0.43)

Company
• Base case: 2nd line IPCW adjusted OS & 2nd line PFS
• Scenario analysis: 2nd line OS & PFS (no IPCW adjustment)
ERG
• Base case: OS+PFS company’s curves adjusted using 2nd line BORT-naive NMA
HRs (with IPCW adjustment)
• Scenario analyses:
2nd line BORT-naive OS & PFS (no IPCW adjustment)
2nd line IPCW adjusted OS & 2nd line PFS
Key: *, results taken form NMA reporting HR and 95%Crl, N is estimated at 116 based on %
bortezomib naive in CASTOR; IPCW, Inverse probability of censored; ITT, intent-to-treat.
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Company’s modelling: OS summary
• IPCW adjustment for subsequent treatments not available in England applied to
fitted curves (unadjusted scenario used in sensitivity analyses)
• Gompertz distribution for BORT/DEX & log-logistic for DARA/BORT/DEX (PH not
assumed)
• HR from NMA applied to BORT/DEX to estimate CARF/DEX: 0.83 (95%CI 0.45,
1.52)
BORT/DEX: data source
CASTOR Gompertz
Weibull
Exponential
HMRN
PFS:OS relationship*

Median/mean, months
36.8/38.9
40.2/52.4
44.5/64.0
19.2/31.2
24.5/NA

Key: HMRN, Haematological Malignancy Research Network; IPCW, Inverse probability of
censored weights; *each month of PFS yields 3.1 months (95% CI: 2.2 to 4.0) of OS.
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Company’s modelling: OS daratumumab+
bortezomib+dexamethasone
Analysis
Weibull*
Log-normal
Log-logistic
Exponential*
Generalized gamma
Gompertz

AIC
261.30
263.50
261.90
260.00
262.60
259.30

BIC
266.90
269.10
267.50
262.80
271.00
264.90

The company
used loglogistic curve

Key: AIC, Akaike information criteria; BIC, Bayesian information criteria
* Explored in sensitivity analyses.

ERG preferred
Weibull
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ERG comments on OS & proportional
hazards (PH)
ERG:
• Conclusion about
PH is less clear-cut.
DARA/BORT/DEX
curve in particular is
‘noisy’ crossing
over BORT/DEX
curve and back. It is
not clear if this
reflects real
changes in relative
treatment effects, or
if it is a chance
finding, due to the
small sample sizes
and immature data.

Figure: Log hazard plots for adjusted OS for
44
DARA/BORT/DEX versus BORT/DEX (second line)

Company’s modelling: OS
bortezomib+dexamethasone (Bd)
Analysis
Weibull*
Log-normal
Log-logistic
Exponential
Generalized gamma
Gompertz

AIC
302.80
304.50
303.20
301.50
304.50
302.60

BIC
308.20
309.90
308.70
304.20
312.70
308.00

ERG preferred Weibull

Company chose
Gompertz

Key: AIC, Akaike information criteria; BIC, Bayesian information criteria
* Explored in sensitivity analyses.
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Company’s modelling: PFS
• Proportional hazards not met so extrapolation curves fitted separately to
DARA/BORT/DEX and BORT/DEX modelled arms
• Company: Gompertz distribution is the best statistical and clinical fit to both
DARA/BORT/DEX and BORT/DEX
• PFS curves capped at OS curves
• PFS on CARF/DEX modelled by applying hazard ratio for PFS for CARF/DEX vs.
BORT/DEX (from network meta-analysis) to modelled BORT/DEX values
• Assumed ratio of death to progression from PFS of 14.6% (based on analysis of
combined DARA/BORT/DEX & BORT/DEX pts in CASTOR)
Treatment

Source

DARA/BORT/DEX
BORT/DEX
CARF/DEX

Gompertz
Gompertz
HR

Median PFS, months
modelled
per trial
26.5
26.2
8.0
7.9
16.2
22.2
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Company’s modelling: time to treatment
discontinuation (TTD)
• Gompertz distribution chosen for consistency with PFS. TTD modelled
independently from PFS but capped at PFS.
• HR from TA457 applied to BORT/DEX to estimate CARF/DEX: 0.477 (NR)
Figure: modelled TTD on DARA/BORT/DEX:
Treatment

Source
(months)

DARA/BORT/DEX Gompertz
BORT/DEX
Gompertz
CARF/DEX
HR

Median TTD
Median PFS
in model per trial in model
23.5
7.0
8.4

23.9
NA*
9.2

26.5
8.0
16.2

Key: *Patients who completed treatment on the BORT/DEX arm of CASTOR were censored and
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not considered to have discontinued treatment.

ERG: model corrections
and cost-effectiveness review
• The models’ structure is reasonable
• ERG’s model corrections had minimal effects on ICERs
•Model
:
Cost

Scenario
analysis

Problem
Costs of dexamethasone: £120.03 for 50X8mg,
instead of £200 for 10x40mg
Costs of Bd: administration and co-medication costs
included beyond BORT/DEX administration which
was for 8 cycles (24 weeks) in CASTOR
Scenarios relating to longer subsequent treatment
duration of 13 & 15 months gave base case ICERs
for DARA/BORT/DEX vs BORT/DEX &
DARA/BORT/DEX vs CARF/DEX

Correction
Corrected by company in
clarification response B3.
Corrected by ERG

Corrected by company
clarification response B5.

• The company’s cost effectiveness review did not identify any studies.
– economic analysis was compared with 7 NICE MM appraisals: TA457 is
particularly relevant, as it compared CARF/DEX with BORT/DEX in 2nd line
bortezomib naive population.
• The ERG identified 2 recent studies comparing DARA/BORT/DEX with
BORT/DEX: Carlson et al. 2018 and Maise et al. 2018 (abstract only).
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ERG: modelling critique
Modelled populations
• The company’s survival curves were fitted using data for 2nd line subgroup, not
estimated in 2nd line bortezomib naive subgroup for whom BORT/DEX &
CARF/DEX are currently available in England.
• Treatment effects tended to be more favourable in 2nd line than 2nd line
bortezomib naive subgroup. Although these differences were small and not
statistically significant, the use of data for 2nd line subgroup will tend to bias ICER
estimates in favour of DARA/BORT/DEX.
Using survival data that has been adjusted for subsequent treatments
• Only data for DARA/BORT/DEX and BORT/DEX are adjusted for subsequent
treatments, patient level data not available for CARF/DEX from ENDEAVOR so
survival estimates for CARF/DEX not adjusted
• IPCW OS adjustment method is appropriate. But all important covariates needs
to be included. With only baseline ISS staging & race included in company's
model, it is likely that there are unmeasured confounders.
• ICERs are not sensitive to the inclusion or omission of the subsequent treatment
adjustment.
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ERG: additional adjustments
• The company did not adjust for difference in bortezomib treatment
duration in ENDEAVOR trial*:
– ERG adjusts OS & PFS HR for CARF/DEX vs. BORT/DEX, as in
TA457: the relative increase in hazards of 1.36 for PFS &1.46 for OS
is used.
• 2nd line bortezomib naive population more relevant:
• ERG adjusts OS & PFS curves for DARA/BORT/DEX relative to fitted
curves for BORT/DEX using HRs from NMA for 2nd line bortezomib naive
subgroup:
DARA/BORT/DEX
vs

BORT/DEX
CARF/DEX

PFS
HR (95% CrI)
2nd line
2nd line
bortezomib
naive
0.21
0.23
(0.15, 0.30) (0.14, 0.38)
0.47
0.52
(0.29, 0.75) (0.27, 1.02)

OS
HR (95% CrI)
2nd line
2nd line
bortezomib
naive
0.50
0.53
(0.30, 0.84)
(0.24, 1.17)
0.60
0.66
(0.33, 1.10)
(0.22, 1.98)

50

ERG: OS extrapolation critique
• Company argues that long-term plausibility should be given more weight than
statistical fit, because of the short follow-up in CASTOR. But rationale for choice
of a different, and much more optimistic DARA/BORT/DEX survival extrapolation
was based on opinion of ‘transformational nature’ of DARA/BORT/DEX.
• ERG prefers Weibull distribution for DARA/BORT/DEX and BORT/DEX:
– In TA457, the committee preferred Weibull (ENDEAVOR) jointly fitted for
CARF/DEX and BORT/DEX (PH are assumed).
– external data (Orlowski et al. 2016): Weibull gives realistic long-term
predictions of survival with other current treatment.
– Weibull is good visual fit for BORT/DEX & DARA/BORT/DEX KM curves
from CASTOR & had the second lowest AIC and BIC values. Proportional
hazards can be assumed and is appropriate to use same survival function
for both treatment arms.
• Agrees with the use of a lifetime horizon: but extrapolation over this very long
period is not reasonable given immaturity of survival data.
– Long-term effect is not yet demonstrated. ERG uses more conservative
assumptions about persistence of effects in scenario analyses: mortality
hazards for DARA/BORT/DEX & CARF/DEX assumed to be equal to those
of BORT/DEX after 5, 10 and 20 years.
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ERG: PFS, and TTD extrapolation critique
• Agrees that independently fitted Gompertz functions are best fit to
CASTOR PFS and TTD data for DARA/BORT/DEX and BORT/DEX
• PFS: in a scenario analysis uses Kaplan- Meir data with parametric tail
and cut-off point of 12 months, which is chosen because ≥20 patients
remained at risk. (At this point 22 patients in BORT/DEX and 89 in
DARA/BORT/DEX arms of CASTOR are at risk)
• Agrees with use of mortality ratio of ~15% in progression free health
state and also explores 5, 10 & 20% in sensitivity analyses
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Company: utility values
• Utility values are from EuroQoL Five-Dimension Five Level (EQ-5D-5L)
data from CASTOR mapped to EQ-5D-3L.
• Average of all utilities before progression is used for PFS, and average
utility measured after the date of progression for PPS
• Utility decrements due to AEs are treatment-specific
• Agthoven 2004 utilities (TA171, 129 & 457) used in sensitivity analysis.
Parameter
Utility during PFS
Utility during PPS
Adverse Events
Neutropenia
Anaemia
Thrombocytopenia
Lymphopenia
Pneumonia
Fatigue
Peripheral neuropathy
Hypertension

Mean Utility Value (SE)
0.73 (0.01)
0.70 (0.02)
Duration of AE (Days)
13.2
10.7
14.1
15.5
12
14.6
8
0

Confidence interval
0.70
0.67
Disutility
-0.145
-0.31
-0.31
-0.065
-0.19
-0.115
-0.065
0
53

ERG: utilities
• Utilities are estimated from CASTOR, but are uncertain due to poor reporting:
– It is not stated whether the analysis was restricted or adjusted for 2L
patients. CS stated that utility for progressed disease was based on the last
recorded EQ-5D data collected prior to progression.
– In the factual accuracy check, the company stated that utilities in the model
were based on 2L patients only and that post-progression utility was defined
as any utility measured after the date of progression.
– ERG is unable to verify this as no results or methods were provided
• The utility estimates for pre- and post progression are similar.
• ERG prefers the use of utilities as in TA457: ENDEAVOR data mapped to EQ-5D
– CASTOR (company’s base case); Carlson et al. 2018; and van Agthoven at
al. 2004 (TA129 & company's scenario analysis) used in scenario analyses
utility

CASTOR
(company
preferred)

TA457
(ERG preferred)

Carlson

van Agthoven
(used in TA129)

PFS

0.728

Cycle 1-2: 0.737
Cycles >2: 0.741

0.82 on treatment
0.84 off treatment

0.81

PPS

0.695

0.638

0.65

0.64
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Company: adverse events
• Company modelled adverse events Grade 3 or higher that were reported
in at least 5% of patients in any treatment arm in CASTOR
• Company applied costs of adverse events as a lump sum at the start of
each treatment
Adverse Event

DARA/BORT BORT/
/DEX
DEX
Neutropenia
11.8%
3.6%
Anaemia
10.1%
9.0%
Thrombocytopenia
42.0%
20.7%
Lymphopenia
7.6%
3.6%
Pneumonia
11.8%
9.0%
Fatigue
3.4%
4.5%
Peripheral neuropathy
7.6%
6.3%
Hypertension
5.0%
Mean QALY loss
Mean cost
Source

0.0078
£1,359
CASTOR

CARF/ Cost per adverse
DEX
event
0.9%
₤1,579.9
12.9%
₤1,112.0
6.5%
₤1,447.4
4.3%
₤1,361.7
6.5%
₤1,690.1
6.0%
₤878.3
2.2%
₤1,189.6
10.3%
₤583.8

0.0044 0.0028 £772
£559 CASTO ENDE NHS ref cost 2015-16
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AVOR

Company: treatments costs
• A mean weight of 77.9kg (SD 16.19kg) and body surface area (BSA) of
1.87m2 was used based on CASTOR
• Vial sharing not allowed (allowed in sensitivity analysis)
• Dose intensity:

DARA/BORT/DEX
BORT/DEX
CARF/DEX

DARA or
CARF
93.8%
93.8%

BORT

DEX

Reference

81.7%
87.2%
-

87.3%
90.9%
87.3%

CASTOR
CASTOR
Assumed same as
DARA/BORT/DEX

• 100% doses used in sensitivity analysis
• Generic bortezomib: a scenario analysis assumes 50% drop in price
• ERG: The model also includes treatment costs and health effects of
adverse events associated with the second-line (but not subsequent)
treatments.
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Company: subsequent treatments
• Based on treatments used in CASTOR
• Assumption: all 3rd-line and later patients receive treatment for 9 months
– 13 & 15 months used in sensitivity analyses)
• Subsequent treatments:
– Daratumumob monotherapy would not be used post DARA/BORT/DEX
– 85% of patients continue on subsequent txt in sensitivity analysis
DARA/BORT/DEX pts
% pts on subsequent
treatment
daratumumab
monotherapy
lenalidomine+dexam
ethasone
pomalidominde+dexa
methasone
CARF/DEX

BORT/DEX pts CARF/DEX pts
96% 70% (assumed same
70% CASTOR)
(CASTOR) as DARA/BORT/DEX)
0.0%

56.2%

56.2%

64.7%

31.5%

31.5%

35.3%
0.0%

12.3%
0.0%

12.3%
0.0%

• ERG: notes that pomalidomide + bortezomib + dexamethasone (TA380) and
ixazomib + lenalidomide + dexamethasone (TA505) are now also recommended
by NICE at 3rd or 4th-line, but are not a subsequent treatments option.
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Results
• All results presented below were calculated using list prices.
• Results with confidential patient access scheme discounts and
commercial access agreements for comparators and subsequent
treatments are presented in a separate confidential appendix.
• The confidential appendix [cPAS] cannot be presented here.

TA/ID

technology

line

price

model

ID974

DARA/BORT/DEX

2nd line

PAS

List price

TA129

BORT/DEX

2nd line

Complex PAS

15% discount

TA457

CARF/DEX

2nd line

PAS

List price

TA171/ID667 Lenalidomine/DEX

3rd line

PAS negotiations List price

TA427

Pomalidomide/DEX

4th line +

PAS

List price

TA510

Daratumumab
monotherapy

4th line +

CAA

List price
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Company: base case results
using list prices
• Company’s deterministic results
Total
costs (£)
BORT/DEX
CARF/DEX
DARA/BORT/DEX

XXXXXX
XXXXXX
XXXXXX

Total Total Pairwise (DARA/BORT/DEX vs
Full
LYG QALYs
comparator)
Incremen
tal ICER
Cost (£) QALYs
ICER
XXX
XXX
XXX

XXXX
XXXX XXXXXX
XXXX XXXXXX

XXXX
XXXX

£41,633
£7,180
-

£41,633

• Corrected company’s deterministic results
Total
costs (£)
BORT/DEX
CARF/DEX
DARA/BORT/DEX

XXXXXX
XXXXXX
XXXXXX

Total Total Pairwise (DARA/BORT/DEX vs
Full
LYG QALYs
comparator)
Incremen
tal ICER
Cost (£) QALYs
ICER
XXX
XXX
XXX

XXXX XXXXXX
XXXX XXXXXX
XXXX
-

XXXX
XXXX
-

£42,190
£7,188
-

Key: Ext. dom, extendedly dominated; ICER, incremental cost-effectiveness ratio; Inc.,
incremental; LY, life year; QALY, quality-adjusted life year; vs., versus.

Ext. dom.
£42,190
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Company: probabilistic results
using list prices
Mean LYs

Mean QALYs

XXX
XXX
XXX

BORT/DEX
CARF/DEX
DARA/BORT/DEX

Mean Total cost ICER

XXX
XXX
XXX

XXXXXX
Base
XXXXXX
Ext. dom.
XXXXXX £40,700/QALY

£400,000

£350,000

• At the threshold of
£30,000/QALY,
DARA/BORT/DEX
had a 92% and 19%
chance of being costeffective versus
CARF/DEX and
BORT/DEX,
respectively

£300,000

Total cost

£250,000

£200,000

£150,000

£100,000

£50,000

£0
0

1

2

3

4

5

6

7

8

9

QALY
DBd

Bd

Cd

Key: Ext. dom, extendedly dominated; LY, life year; QALY, quality-adjusted life year.
*Note results are not corrected for errors identified by ERG
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Company: deterministic analyses using
list prices
Figure DARA/BORT/DEX vs BORT/DEX

• OS assumptions have
the largest influence on
the calculated ICER of
DARA/BORT/DEX
versus BORT/DE and
versus CARF/DEX

Figure: DARA/BORT/DEX vs CARF/DEX

Key: Note results are corrected
for errors identified by ERG.
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Company: selected scenario analyses
using list prices
Scenario
Base case
Unadjusted OS for subsequent treatments
Different
PFS exponential
survival
DARA/BORT/DEX OS Weibull
curves
DARA/BORT/DEX OS exponential
BORT/DEX OS Weibull
TTD exponential
Subsequent 13 months
txt duration 15 months
Patients continuing subsequent txt (86%)
Utility values from van Agthoven
Generic bortezomib: assumed 50% price drop
Different
5 years
time
10 years
horizons
20 years
Allow vial sharing
Dose intensity option off (100% dose)

ICER vs
BORT/DEX
₤41,633
₤43,650
₤43,188
₤63,066
₤45,011
₤49,278
₤40,942
₤41,959
₤42,326
₤46,168
₤42,515
₤42,507
₤195,480
₤77,061
₤46,910
₤40,222
₤45,072

Key: Note results are not corrected for errors identified by ERG; txt, treatment.

ICER vs
CARF/DEX
₤7,180
₤7,488
₤7,063
₤10,631
₤7,811
₤8,376
₤7,020
₤8,774
₤9,675
₤6,878
₤7,538
₤7,180
₤18,202
₤12,333
₤7,860
₤13,586
₤8,634
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CONFIDENTIAL

ERG: changes to company's assumptions
Cumulative effect of
ERG changes (1-5)
Company base case
(corrected)
1. OS extrapolation:
independent Weibull
curves in CASTOR
2. PFS and OS:
DARA/BORT/DEX
estimated relative to
BORT/DEX (PH)
3. adjustment for 2nd
line bortezomib-naive
subgroup
4. HR adjusted for
ENDEAVOR 24-week
BORT/DEX treatment
5. ENDEAVOR utilities
(TA457)

Treatment

DARA/BORT/DEX
BORT/DEX
CARF/DEX
DARA/BORT/DEX
BORT/DEX
CARF/DEX
DARA/BORT/DEX
BORT/DEX
CARF/DEX
DARA/BORT/DEX
BORT/DEX
CARF/DEX
DARA/BORT/DEX
BORT/DEX
CARF/DEX
DARA/BORT/DEX
BORT/DEX
CARF/DEX

Total cost

Total
QALYs

Pairwise ICERs
(DARA/BORT/DEX vs
comparators)

XXXXXX
XXXXXX
XXXXXX
XXXXXX
XXXXXX
XXXXXX

XXX
XXX
XXX
XXX
XXX
XXX

XXXXXX
XXXXXX

XXX
XXX

₤42,190
₤7,188
£84,534
£14,978
₤83,565

XXXXXX
XXXXXX
XXXXXX
XXXXXX
XXXXXX
XXXXXX
XXXXXX
XXXXXX
XXXXXX
XXXXXX

XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX

₤17,759
₤91,816
19,225
₤91,816
dominates
63
₤92,071
dominates

CONFIDENTIAL

ERG: preferred base case using list prices
Summary of ERG’s changes:
1. The change that has the biggest impact is the adoption of Weibull
distributions for OS, which doubles both pairwise ICERs
2. Adding the assumption of proportional hazards for DARA/BORT/DEX vs.
BORT/DEX on its own makes little difference to the results
3. Adjusting for 2nd line BORT naive population marginally increase ICERs
4. Adjusting ENDEAVOR for 24-week BORT/DEX use makes CARF/DEX
relatively less cost-effective
5. Change to utilities makes little difference to estimated cost-effectiveness
Total
costs (£)

Total Total Pairwise (DARA/BORT/DEX vs
Full
LYG QALYs
comparator)
Incremen
tal ICER
Cost (£) QALYs
ICER

BORT/DEX

XXXXXX

XXX

XXX XXXXXX

XXX

£93,061

-

CARF/DEX

XXXXXX

XXX

XXX XXXXXX

XXX

dominates

-

DARA/BORT/DEX

XXXXXX

XXX

XXX

-

-

£93,061
64

-

Selected ERG scenario analyses:
pairwise DARA/BORT/DEX ICERS
Scenario
ERG: preferred base case
2nd line population as in company’s base case
KM data for OS & PFS + distributions fitted to tails
OS not adjusted for subsequent treatments
Persistence OS HR=1 for all treatments after 5 years
of effects
OS HR=1 for all treatments after 20 years
CASTOR (PFS 0.728, PPS 0.695)
Utilities
Van Agthoven (PFS 0.810, PPS 0.640)
Carlson (PFS 0.820, PPS 0.650)

Mortality

Ratio of death to progression 5%
Ratio of death to progression 20%
Dif. time
5 years
horizons
20 years
Patients continuing subsequent txt (85.7%)
Longer subsequent treatment: 15 months
Subsequent treatment: 100% Lenalidomide (expert)
Allow vial sharing (no wastage)
Dose intensity option off (100% dose)

ICER vs
ICER vs
BORT/DEX CARF/DEX
£93,061 Dominates
£84,804 Dominates
£89,258 Dominates
£96,440 Dominates
£154,485 Dominates
£94,656 Dominates
£91,816 Dominates
£86,595 Dominates
£85,473 Dominates
£91,370 Dominates
£93,651 Dominates
£238,026 Dominates
£97,279 Dominates
£103,003 Dominates
£92,045 Dominates
£102,457 Dominates
£89,878
£19,489
£100,797 Dominates
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End of life criteria
• A case has not been made for daratumumab + bortezomib +
dexamethasone meeting end of life criteria.
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Company: innovation
• Daratumumab is the first and only licensed human monoclonal antibody
that binds to CD38, an antigen expressed on multiple myeloma tumour
cells
• CD38 is also expressed on other immune system cell types which are
associated with decreased immune function and disease progression.
Daratumumab therefore targets MM directly as well as modulating the
CD38-expressing immune-suppressing cells. This combination of direct
and indirect effects is believed to explain the efficacy of daratumumab.
• DARA/BORT/DEX represents a step-change in the management of
multiple myeloma, and offers patients a second chance at a front-line
prognosis.
• Following the introduction of DARA/BORT/DEX , the approach to the
management of patients with RRMM will become one of prolonging
remission rather than limiting relapses.

67

Equality consideration
• UK Myeloma Forum
…given recent trends of sub-grouping patients for STA
approval, there could be a resulting inequality of access (as
was seen in the Carfilzomib STA which prevented prior
Bortezomib exposure, despite clinical trial evidence
demonstrating efficacy and tolerability in this patient group).
Great care and attention should be focused on NOT producing
inappropriate sub-grouping which will result in inequality of
access to this clear beneficial technology
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Adverse event
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Company evidence submission
B.1

Decision problem, description of the technology
and clinical care pathway

B.1.1

Decision problem

The submission focuses on part of the technology’s marketing authorisation: adults
with relapsed or refractory multiple myeloma who have received one previous
treatment (second-line patients). The proposed positioning is narrower than the
marketing authorisation because:


There is a clear unmet need for triple therapies in second-line patients;



This position reflects where daratumumab in combination with bortezomib and
dexamethasone (DBd) provides the greatest clinical benefit;



This position optimises the cost effectiveness of DBd, because of the substantial
clinical benefit observed in second-line patients.

The decision problem addressed in this submission, compared with that defined in
the final scope issued by NICE is summarised in Table 1.
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Table 1. The decision problem
Final scope issued by NICE/reference case

Decision problem addressed in the
company submission

Rationale if different from the final NICE
scope

Population

Adults with relapsed or refractory multiple
myeloma

Adults with relapsed or refractory multiple
myeloma who have received one previous
treatment (second-line patients)

DBd offers the greatest benefit to patients on
second-line of treatment, for whom DBd
provides a second chance at a front-line
prognosis. In addition, deeper responses and
improved clinical outcomes are anticipated
with use of combination therapy earlier in the
disease course, while the disease is at a more
treatment-sensitive stage compared with
administration later in the disease course.(1)

Intervention

Daratumumab with bortezomib and
dexamethasone

Daratumumab with bortezomib and
dexamethasone

Comparator(s)

For people who have had 1 prior treatment
(second-line patients), depending on previous
treatment:

Bortezomib (with or without
dexamethasone)

Carfilzomib with dexamethasone

Combination chemotherapy
For people who have had at least 2 prior
therapies (third-line patients):

Lenalidomide with dexamethasone

Panobinostat with bortezomib and
dexamethasone
For people who have had at least 3 prior
therapies (fourth-line patients):

Panobinostat with bortezomib and
dexamethasone

Pomalidomide with dexamethasone

Daratumumab monotherapy (available
on the Cancer Drugs Fund)

For people who have had 1 prior treatment
(second-line patients):

Bortezomib (with or without
dexamethasone)

Carfilzomib with dexamethasone

Combination chemotherapy
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Positioning of DBd is in second-line patients.
Currently bortezomib-based treatment and
carfilzomib with dexamethasone are only
available for bortezomib-naïve second-line
patients. However, with patent expiry of
bortezomib in March 2019, wider use of
bortezomib-based treatment is anticipated.

Outcomes

Final scope issued by NICE/reference case

Decision problem addressed in the
company submission

Rationale if different from the final NICE
scope

The outcome measures to be considered
include:

OS

PFS

response rates

adverse effects of treatment

HRQoL

The outcome measures to be considered
include:

OS

PFS

TTD

response rates (including MRD
negativity)

adverse effects of treatment

HRQoL

TTD is included as it is used in the economic
model to more accurately capture the cost of
treatment.
MRD is also included as an outcome measure
as it represents a more sensitive measure of
disease burden than definitions of clinical
response such as CR.
MRD-negative status (i.e. undetectable clonal
plasma [myeloma] cells) is associated with
prolonged PFS and OS and is assessed in
accordance with IMWG criteria.(2)

CR = complete response; DBd = daratumumab, bortezomib and dexamethasone; HRQoL = health-related quality of life; IMWG = International Myeloma Working Group; MRD
= minimal residual disease; NICE = National Institute for Health and Care Excellence; OS = overall survival; PFS = progression-free survival; TTD = time to treatment
discontinuation.
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B.1.2

Description of the technology being appraised

A description of the technology being appraised, DBd, is presented in Table 2.
Table 2. Description of DBd
UK approved name and
brand name

Daratumumab (Darzalex®)

Mechanism of action

Daratumumab is a targeted immunotherapy that binds with high affinity to
tumour plasma cells expressing CD38+, a transmembrane glycoprotein. CD38+
is a distinct target from those of other approved agents for MM. High levels of
CD38+ expression are found universally in the plasma cells of patients with
MM.(3) Because of the clonal heterogeneity of MM, an immunotherapy
approach targeting CD38+ cells is hypothesised to have broad therapeutic
potential.(3) Preclinical data suggest that daratumumab is effective in vitro by
killing CD38+ MM cells through multiple mechanisms including direct on-tumour
and immunomodulatory actions.(3-5)
The concept of clonal heterogeneity contributing to disease progression in MM
led to the strategy of adopting combination therapies to eradicate both the
dominant and minor clones.(6) Combination treatment strategies are now
recommended for routine clinical practice by the IMWG.(7) CD38 is a distinct
target from those of other approved agents for MM and this together with its high
efficacy and favourable safety profile make daratumumab an ideal candidate for
combination therapy. Synergism between daratumumab and other anti-myeloma
agents including bortezomib has been demonstrated in preclinical mechanistic
studies,(4, 8, 9) providing a scientific rationale for the DBd combination.

Marketing authorisation/CE
mark status

Marketing authorisation was granted by the European Commission on 28 April
2017

Indications and any
restriction(s) as described
in the summary of product
characteristics (SmPC)

The licensed indications for daratumumab are:
'as monotherapy for the treatment of adult patients with relapsed and refractory
multiple myeloma, whose prior treatment included a proteasome inhibitor and an
immunomodulatory agent and who have demonstrated disease progression on
the last treatment'
'in combination with lenalidomide and dexamethasone, or bortezomib and
dexamethasone, for the treatment of adult patients with multiple myeloma who
have received at least one prior treatment.'

Method of administration
and dosage

Daratumumab 16mg/kg is administered through intravenous infusion.
Daratumumab is administered every week for weeks 1 to 9, every 3 weeks for
weeks 10 to 24 and every four weeks from week 25 onwards.

Additional tests or
investigations

Initial blood test to type and screen serum prior to daratumumab administration

List price and average cost
of a course of treatment

List Price 100mg = £360
List Price 400mg = £1,440
Assuming an average patient weight of 75kg, treatment costs £122,692 in Year
1 (of which daratumumab comprises £97,754) and £60,514 per year thereafter.

Patient access scheme (if
applicable)

A PAS is currently being considered by PASLU, details of which can be found in
Appendix O.

CAA = Commercial Access Agreement; CE = cost effectiveness; DBd = daratumumab, bortezomib and
dexamethasone; EMA = European Medicines Agency; IMWG = International Myeloma Working Group; MM =
multiple myeloma; NHSE = National Health Service England; SmPC = Summary of Product Characteristics; UK =
United Kingdom.

Company evidence submission for daratumumab in RRMM
© Janssen (2017). All rights reserved

Page 13 of 152

B.1.3

Health condition and position of the technology in the
treatment pathway

B.1.3.1

Disease overview

B.1.3.1.1 Disease background
Multiple myeloma (MM) is a rare haematological cancer and daratumumab has been
designated an orphan drug in both the United States and Europe.(10, 11) MM is
characterised by the clonal proliferation of malignant plasma cells within the bone
marrow and the overproduction of M proteins.(12) Over time, these components
accumulate in adjacent skeletal structures, blood and multiple organs throughout the
body, leading to serious complications.(12) While the precise mechanism that
causes MM remains unknown, the combination of genetic abnormalities in plasma
cells and selective pressure from the bone microenvironment has been used to
explain progression to symptomatic disease.(13, 14) Additionally, the coexistence of
distinct tumour subclones displaying different drug sensitivities contributes to both
the progression of the disease and the development of drug resistance.(13-16)
The development of symptomatic MM is associated with a variety of serious
complications that require immediate treatment, including elevated calcium levels
(hypercalcemia), renal impairment, anaemia and bone disease.(17) Less frequent
complications of MM include hyperviscosity syndrome (i.e., increased blood
viscosity), infection, thrombosis and extramedullary disease.(18-20)
Relapsed or refractory MM (RRMM) is defined as a disease that is non-responsive
while on salvage therapy or progresses within 60 days of last treatment in patients
who have achieved a minimum response (MR) or better at some point previously,
before then progressing in their disease course.(21)
MM is a heterogeneous disease in terms of the prognosis for patients and as a result
can take a variable clinical course. Clinical outcomes, including overall survival (OS),
vary depending on a number of prognostic factors, including International Staging
system (ISS) stage, cytogenetic profile and number and type of prior treatments.(7,
22, 23) The disease is characterised by multiple relapses, with each relapse
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associated with a substantial reduction in depth and duration of response to
treatment.(24) As a result, all surviving patients eventually relapse from, or become
refractory to, existing treatments.(24) Consequently, with currently available
therapies, the prognosis of relapsed patients is poorer than that of newly diagnosed
patients, and with each successive relapse, prognosis deteriorates further (Figure
1).(24, 25)
Figure 1. Disease and treatment progression of MM(25)

ASCT = autologous stem cell transplantation; MM = multiple myeloma.
Diagram is figurative and not to scale.

B.1.3.1.2 Epidemiology
MM accounts for approximately 1% of all cancers and 15% to 20% of haematological
malignancies worldwide.(26) As almost all patients with MM will eventually relapse,
the epidemiology of RRMM may be assumed to be similar to that of MM.(24)
In 2015, 4,632 people were diagnosed with MM in England, accounting for 2% of all
new cancer cases.(27) Over the last decade, MM incidence rates have increased by
approximately 17% in the United Kingdom (UK) and are projected to rise a further
11% between 2014 and 2035; the increase largely a reflection the changing
prevalence of risk factors and improvements in diagnosis.(27) Of people diagnosed
with MM in the UK, 45% are aged 75 years and over (2012 to 2014).(27) MM is more
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common in men than in women and the incidence is higher in people of African
origin.(27)
Over the last 15 years, considerable progress in the treatment of MM has improved
patient survival.(28-35) Evidence suggests that global survival has more than
doubled, increasing from approximately 3 years from 1985 to 1998 to approximately
6 to ≥8 years after 2006.(35-37) Despite this substantial improvement, which is
largely attributed to the introduction of agents such as thalidomide, bortezomib and
lenalidomide,(28-35) MM remains incurable and all surviving patients will eventually
relapse.(24) A recent review of anti-myeloma therapies reported a median survival of
73 months (6.1 years) and an 8-year survival rate of 57%.(36-38) The 5- and 10-year
survival rates for adults with MM in England and Wales are approximately 47% and
33%, respectively (2010 to 2011).(27) There were 2,928 deaths from MM in the UK
in 2014.(27)
B.1.3.1.3 Effect of RRMM on patients, carers and society
Patients with MM report worse symptoms and complications than those with other
haematological malignancy, including lymphoma or leukaemia.(39) The clinical
burden of MM is influenced by both progressive disease symptoms and treatmentassociated complications, such as weakness, fatigue, bone pain, weight loss,
confusion, excessive thirst and constipation.(19, 40)
Relapse in patients with MM is detrimental to patient health-related quality of life
(HRQoL); patients with RRMM have a worse prognosis and a greater symptomatic
burden than patients with newly diagnosed MM due to the progressive nature of MM
and the cumulative adverse effects of treatment.(41) Observational data
demonstrates that HRQoL decreases as patients move from their first treatment-free
interval (TFI) to second-line treatment and subsequent treatment phases.(42) In a
UK study of 370 patients with MM, the HRQoL profile of patients in their first TFI was
consistently superior to those in later treatment phases. This decline in HRQoL
reflects the increasing symptom burden and cumulative toxicities as patients
progress through treatment lines. Prolonging earlier remissions is therefore key to
improving the quality of life of patients (Table 3).(42)
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Table 3. Regression analyses of first treatment-free interval versus later
treatment phases(42)
Second-line

Later stages

B value

SE

P value

B value

SE

P value

Disease symptoms*

-2.26

3.27

0.490

3.59

2.56

0.161

Side effects*

8.14

2.22

<0.001

6.42

1.74

<0.001

Future perspectives

-8.28

3.74

0.027

-10.36

2.93

<0.001

Body image

-10.78

5.20

0.039

-11.21

4.07

0.006

EORTC QLQ-MY20

EORTC-QLQ-C30 functioning domains
Physical

-3.62

3.60

0.316

-9.69

2.82

0.001

Role

-9.89

4.88

0.043

-13.68

3.83

<0.001

Emotional

-5.88

2.99

0.050

-3.20

2.35

0.175

Cognitive

-2.95

3.57

0.409

-2.40

2.80

0.391

Social

-12.06

4.93

0.015

-13.99

3.86

<0.001

Utility

-0.059

0.038

0.122

-0.074

0.030

0.015

VAS

-0.061

0.030

0.044

-0.124

0.024

<0.001

EQ-5D

EORTC-QLQ-C30 = European Organisation for Research and Treatment of Cancer Quality of Life Core
Questionnaire; EORTC-QLQ-MY20 = European Organisation for Research and Treatment of Cancer Quality of
Life Questionnaire (multiple myeloma module); EQ-5D = EuroQol Five Dimensions Questionnaire; SE = standard
error; VAS = Visual analogue scale.
*In these instances, only a negative B coefficient is indicative of the first TFI being associated with worse HRQoL
relative to the comparator treatment phase.

As patients move from their first TFI to second-line treatment and subsequent
treatment phases, HRQoL associated with experiencing a longer TFI progressively
declines and does not return to pre-first relapse levels.(42) In a European study,
real-world evidence characterising the psychological burden of relapse on patients
was collected through face-to-face interviews with 50 patients with RRMM and 30
haematologists across ten countries.(43) This study reported a trend of patients
feeling more negative during relapse than when in remission, with the most profound
emotional impact associated with the first relapse.(43) Additionally, patients reported
deterioration of a number of physical and psychological factors upon change from
stable disease to relapse or disease progression, including:(43)


Worsened energy levels, concentration, ability to perform daily activities and
overall quality of life



Increased tiredness
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Decreased participation in social activities and overall quality of life.(43) In particular,
multiple relapses were associated with a loss of hope for an extended period of
remission and increasing distress over the exhaustion of effective treatment options
(Figure 2).(43)
Figure 2. Emotional journey of a patient with MM(43)

MM = multiple myeloma.

To understand patient priorities in MM as fully as possible, a targeted search was
carried out to identify studies pertaining to patient experiences and patient
preferences.(44) These studies were used to contextualise existing quantitative
information on the impact of MM on HRQoL (Section B.3.4) are summarised in
Figure 3.(44)
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Figure 3. Summary of patient priorities in multiple myeloma(44)

HRQoL= health related quality of life; MM = multiple myeloma; RRMM = relapsed or refractory multiple myeloma.

Most of the clinical management of MM is provided in the outpatient setting;
therefore the bulk of care is informal and provided by caregivers.(45) Caregivers may
perform complicated technical procedures (e.g. dressing changes, intravenous line
care and injections), assist the patient with daily living, attend appointments and take
in complex information.(45) Therefore, the detrimental effects of MM on working life
are not only experienced by patients, but also their caregivers.(46) Almost half (49%)
of the partners of patients with MM report symptoms of anxiety and 14% report
symptoms of depression.(46) The emotional impact experienced by caregivers of
patients with MM further hinders their ability to work. The unmet need in supportive
care is considerable and carers have specifically reported a need for help to manage
the side effects and complications experienced by patients due to treatment for
MM.(46)
Data specific to the economic burden of RRMM are limited. However, evidence
suggests that patients with late-stage disease incur higher resource use and costs
than those with early-stage disease due to the complications associated with the
treatment of MM.(47-51)
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B.1.3.2

Description of clinical pathway of care

MM is a treatable but incurable disease. Patients will often require multiple lines of
treatment, usually involving drug combinations with proteasome inhibitors (PIs)
and/or immunomodulatory agents (IMiDs), with or without stem cell transplantation.
Almost all surviving patients with MM eventually relapse from, or become refractory
to, existing treatment options.(24) Consequently, the aims of treatment are to induce
remission, delay progression, prolong survival and maximise quality of life.(52)
Current clinical guidelines in the EU and US recommend a range of therapies for the
management of RRMM, including triple therapies such as DBd.(52, 53) By contrast,
the treatment pathway for MM in England is heavily restricted (Figure 4).
Figure 4. Comparison of available treatments

2L = second-line; 3L = third-line; Cd = carfilzomib and dexamethasone; Ld = lenalidomide and dexamethasone.

This is particularly apparent in the second-line setting, where no triple therapies are
currently recommended in England. Furthermore, due to NICE restrictions on
lenalidomide and carfilzomib and NHSE funding restrictions on bortezomib, there are
no therapies currently available upon relapse for patients receiving bortezomibbased treatment in the front-line setting:(53)
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NICE technology appraisal guidance 129 recommends bortezomib monotherapy
as a second-line option in patients who have undergone, or are unsuitable for
bone marrow transplantation.(54)



NICE technology appraisal guidance 457 recommends carfilzomib in combination
with dexamethasone as a second-line option for treating MM in adults, only if
their previous treatment did not include bortezomib.



NICE technology appraisal guidance 171 recommends lenalidomide in
combination with dexamethasone as a third-line plus treatment option.(55)



NICE technology appraisal guidance 380 recommends panobinostat in
combination with bortezomib and dexamethasone as a third-line plus treatment
option for RRMM adult patients who have received at least 2 prior regimens
including bortezomib and an immunomodulatory agent.(56)



NICE technology appraisal guidance 427 recommends pomalidomide in
combination with dexamethasone as a fourth-line plus treatment option for MM
adult patients after 3 previous treatments including both lenalidomide and
bortezomib.(57)



NICE technology appraisal guidance 505 recommends ixazomib in combination
with lenalidomide and dexamethasone, for use within the Cancer Drugs Fund, as
an option for treating multiple myeloma in adults if they have already had 2 or 3
lines of therapy and the conditions in the managed access agreement for
ixazomib are followed.(58)

Patent expiry of Velcade (bortezomib) is expected in May 2019. Velcade patent
expiry will lead to the introduction of generic bortezomib and a reduction in the cost
of bortezomib. Furthermore, feedback from clinical experts received by Janssen
suggests that retreatment with bortezomib is a viable option for many patients (i.e.,
those that are not refractory to bortezomib and achieved a sustained response to
previous treatment).(59) As such, it is anticipated that the current NHSE funding
restrictions for bortezomib are likely to be relaxed in the near future, leading to
greater access to bortezomib-based therapies at second-line.(59)
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The clinical care pathway for MM patients in England is presented in Figure 5;
including the proposed positioning of DBd as a second-line treatment option,
irrespective of prior bortezomib experience.
Figure 5. Proposed clinical pathway for the treatment of MM with DBd –
England

BTd = bortezomib, thalidomide and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab,
bortezomib and dexamethasone; ILd = ixazomib, lenalidomide and dexamethasone; Ld = lenalidomide and
dexamethasone; PBd = panobinostat, bortezomib and dexamethasone; Pd = pomalidomide and dexamethasone.
1Patients

unable to tolerate or with contraindications to thalidomide.

2In clinical practice, bortezomib plus dexamethasone is used in preference to bortezomib monotherapy. NHSE
restriction on bortezomib-naïve patients.
3NICE
4After

restriction on bortezomib-naïve patients.
three previous treatments including lenalidomide and bortezomib.

Choosing the most appropriate treatment for patients with RRMM is dependent on
disease-, treatment- and patient-related factors.(60, 61) According to the European
guidelines, patients with RRMM are typically treated with IMiDs (i.e. thalidomide,
lenalidomide or pomalidomide) and PIs (i.e. bortezomib or carfilzomib), with
dexamethasone added to both treatment classes to further alleviate symptom
burden.(60, 62) IMiDs have anti-inflammatory, immunomodulatory, anti-proliferative
and anti-angiogenic effects against myeloma cells, while PIs target the
chymotrypsin-like activity of proteasomes.(62)
The concept of clonal heterogeneity contributing to disease progression is an
important consideration in the treatment of patients with RRMM. New combinations
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of existing and new therapies offering unique mechanisms of action are needed to
eradicate both the dominant and minor clones, thereby improving prognosis.(6)
Synergy between daratumumab and other anti-myeloma agents, including
bortezomib, has been demonstrated in preclinical mechanistic studies.(4, 8, 9) In
addition, the high efficacy and favourable safety profile of daratumumab means that
daratumumab is an ideal candidate for combination therapy. With respect to DBd,
results from CASTOR, the pivotal phase III, randomised active controlled trial of DBd
versus Bd show highly significant improvements in PFS and ORR (including MRD
negativity) versus the directly-relevant active comparator, Bd (Section B.2.6). The
efficacy of DBd was maintained across all key subgroups, with the largest benefit
seen in second-line patients. Moreover, the clinical benefit observed in second-line
patients treated with DBd was higher than that seen in patients treated with existing
drug therapies at front-line in other studies (Table 4).
Table 4. Comparison of front-line and second-line clinical outcomes
Treatment

ORR (%)

Median PFS (months)

Reference

BMP

71

18.3

eMC 2017(63)

Ld

81

26.0

Facon 2018(64)

85

55.5

Rosinol 2012(65)

92

26.2

CASTOR(66)

FLNT

FLT
BTd
2L
DBd

BMP = bortezomib, melphalan and prednisolone; DBd = daratumumab, bortezomib and dexamethasone; BTd =
bortezomib, thalidomide and dexamethasone; FLNT = front-line non-transplant; FLT = front-line transplant; Ld =
lenalidomide and dexamethasone; ORR = overall response rate; PFS = progression free survival.

It is therefore anticipated that the statistically significant OS benefit of DBd observed
in second-line patients (see Section B.2.7.5) will provide patients with RRMM (Figure
6):


A life expectancy at least comparable to that of existing front-line treatment



An elevated remission plateau after the first relapse and



A second chance at a front-line prognosis.
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Figure 6. Impact of DBd on disease and treatment progression of MM

ASCT = autologous stem cell transplantation; DBd = daratumumab in combination with bortezomib and
dexamethasone; MM = multiple myeloma.
Note that the dotted line represents potential outcomes with DBd and the light grey line represents potential
outcomes without DBd treatment, diagram is illustrative and not to scale.

The availability of a treatment option at first relapse that has demonstrated clinical
outcomes akin to drug therapies at front-line, will help reduce relapse-associated
anxiety in both patients and carers. This in turn, will provide patients and carers with
a renewed sense of hope for a life-extending period of remission, which is not
intrinsically captured in the current quality-adjusted life year (QALY) framework.(43)

B.1.4

Equality considerations

There are no equality issues arising in relation to this technology.
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B.2

Clinical effectiveness

B.2.1

Identification and selection of relevant studies

To identify studies of daratumumab and potential comparator therapies for
relapsed/refractory multiple myeloma (RRMM), a systematic literature review (SLR)
of randomised controlled trial (RCT) evidence was conducted. To meet the
objectives of the SLR, the following primary research questions were addressed:


What is the efficacy of daratumumab and relevant comparators in RCTs involving
patients with RRMM?



What is the safety of daratumumab and relevant comparators in RCTs involving
patients with RRMM?

See Appendix D for full details of the process and methods used to identify and
select the clinical evidence relevant to daratumumab.

B.2.2

List of relevant clinical effectiveness evidence

CASTOR (MMY3004) is a multicentre, phase III, randomised, open-label, activecontrolled study comparing daratumumab, bortezomib and dexamethasone (DBd)
with bortezomib and dexamethasone (Bd) among patients with RRMM who have
received at least one prior line of treatment (Table 5).
Table 5: Clinical effectiveness evidence
Study

CASTOR (MMY3004)

Study design

Multicentre, phase III, randomised, open-label, active-controlled study
comparing DBd with Bd

Population

Patients with relapsed or refractory multiple myeloma with at least one prior
line of treatment

Intervention(s)

DBd:
16mg/kg daratumumab administered weekly for the first 3 cycles (21
days/cycle), then every three weeks for Cycles 4 to 8 and then every 4
weeks thereafter
Bortezomib was administered at a dose of 1.3mg/m2 SC twice weekly on
Days 1, 4, 8, and 11 for eight 21-day cycles (Cycles 1 to 8)
Dexamethasone was administered at a total dose of 80mg weekly in 2 out of
3 weeks for Cycles 1 to 8 (Days: 1, 2, 4, 5, 8, 9,11 and 12)

Comparator(s)

Bd:
Bortezomib was administered at a dose of 1.3mg/m2 SC twice weekly on
Days 1, 4, 8, and 11 for eight 21-day cycles (Cycles 1 to 8)
Dexamethasone was administered at a total dose of 80mg weekly in 2 out of
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3 weeks for Cycles 1 to 8 (Days: 1, 2, 4, 5, 8, 9,11 and 12)


Indicate if trial supports
application for marketing
authorisation

Yes

Rationale for use/non-use in
the model

Most relevant clinical evidence for the efficacy of DBd versus Bd

Reported outcomes specified
in the decision problem

All other reported outcomes

Indicate if trial used in the
economic model

No

Yes



No







Progression-free survival (PFS)
Overall response rate (ORR)
Overall survival (OS)
Health-related quality of life (HRQoL)
Adverse effects (AEs)


Time to disease progression (TTP)

Rate of very good partial response (VGPR) or better

Rate of complete response (CR) or better

Time to response (TTR)

Duration of response (DOR)

Minimal residual disease (MRD)

Time to next therapy (TTNT)

Progression-free survival on the next line of therapy (PFS2)

Best M-protein response

Best response to first subsequent anticancer therapy
Post-hoc outcomes:

Time to treatment discontinuation (TTD)

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; SC =
subcutaneously.

B.2.3

Summary of methodology of the relevant clinical
effectiveness evidence

B.2.3.1

Study design

Patients in CASTOR were randomised 1:1 to receive either DBd or Bd using a
stratified block randomisation. The stratification factors included International Staging
system (ISS; I, II or III) at screening, number of prior lines received (1 versus 2, or 3
versus ≥3) and the use of prior bortezomib treatment (no versus yes).(67)
The study consisted of the following three phases:(68)


Screening Phase: up to 21 days prior to Cycle 1 (Day 1)



Treatment Phase: from Cycle 1, Day 1 until study treatment discontinuation



Follow-up Phase: from the End-of-Treatment Visit until death, loss to follow-up,
consent withdrawal for study participation, or study end, whichever occurred first.
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Patients were treated until disease progression or unacceptable toxicity. Disease
evaluations included measurements of myeloma proteins, bone marrow
examinations, skeletal surveys, assessment of extramedullary plasmacytomas and
measurements of serum calcium corrected for albumin.(68)
Patients whose daratumumab treatment was discontinued could have continued to
receive bortezomib/dexamethasone. Patients who discontinued bortezomib could
have chosen to continue with dexamethasone and/or daratumumab (DBd group
only).(68)
Patients who were randomised to the Bd group were to receive a maximum of 8
cycles of Bd followed by observation until disease progression or discontinuation for
other reasons.(68)
An overview of the design of CASTOR is presented in Figure 7.
Figure 7: Overview of the CASTOR study design(68)

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; EOT = end-oftreatment; PO = orally; q3w = every 3 weeks; q4w = every 4 weeks; SC = subcutaneously; TX = study treatment.

Based on the recommendations of an Independent Data Monitoring Committee
(IDMC), the CASTOR study was unblinded to the sponsor at the first interim analysis
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due to the overwhelming efficacy of the daratumumab-containing combination
regimen. In addition, patients randomised to the control groups were offered the
option of treatment with daratumumab monotherapy after progressive disease was
documented.(67)
Long-term survival follow-up commenced after observation of disease progression
and continued every 16 weeks until patient death, loss to follow-up, consent
withdrawal for study participation, or study end (defined as when approximately 320
deaths have occurred), whichever occurs first.(68)
B.2.3.1.1 Patient eligibility
Eligible patients had received at least one prior line of therapy, achieved at least a
partial response to one or more of their prior therapies for multiple myeloma and had
documented progressive disease by IMWG criteria on or after their last regimen. All
patients were required to have documented relapsed multiple myeloma with
measurable disease in the serum and/or urine as defined by the IMWG criteria.(68)
The inclusion and exclusion criteria for CASTOR are summarised in Table 6.
Table 6: CASTOR study inclusion and exclusion criteria(68)
Inclusion criteria














Patients aged ≥18 years
Patients with monoclonal plasma cells in the bone marrow ≥10% at some point in their disease history
or presence of a biopsy proven plasmacytoma
Patients with measurable multiple myeloma disease as defined by any of the following:
o IgG multiple myeloma: serum monoclonal paraprotein (M-protein) level ≥1.0g/dL or urine Mprotein level ≥200mg/24 hours; or
o IgA, IgD, IgE, IgM multiple myeloma: serum M-protein level ≥0.5g/dL or urine M-protein level
≥200mg/24 hours; or
o Light chain multiple myeloma without measurable disease in the serum or the urine: Serum
immunoglobulin free light chain ≥10mg/dL and abnormal serum immunoglobulin kappa lambda
free light chain ratio.
Patients who have received at least 1 prior line of therapy for multiple myeloma
Patients must have achieved a response (PR or better) to at least one prior regimen
Patients must have documented evidence of progressive disease on or after their last regimen.
Patients with an ECOG Performance Status score of 0, 1, or 2
For patients experiencing toxicities resulting from previous therapy, the toxicities must have resolved or
stabilised to Grade ≤1
Women of childbearing potential must commit to either abstain continuously from heterosexual sexual
intercourse or to use 2 methods of reliable birth control simultaneously. Contraception must begin 4
weeks prior to dosing
Women of childbearing potential must have 2 negative serum or urine pregnancy tests at Screening,
first within 10 to 14 days prior to dosing and the second within 24 hours prior to dosing
Patients must sign an informed consent form indicating that he or she understands the purpose of and
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procedures required for the study and are willing to participate in the study.
Exclusion criteria






















Previous use of daratumumab or other anti-CD38 therapies
Patient was refractory to bortezomib, or another PI, like ixazomib and carfilzomib (i.e. patient had
progression of disease while receiving PI therapy or within 60 days of ending PI therapy). Ixazomib and
carfilzomib were added as exclusion criteria in Amendment 1 when 40 patients were randomized
Patient was intolerant to bortezomib (i.e. discontinued due to any AE while on bortezomib treatment)
Patients who have received anti-myeloma treatment within 2 weeks or 5 pharmacokinetic half-lives of
the treatment before the date of randomisation (except the use of an emergency short course of
corticosteroids before treatment)
History of malignancy (other than multiple myeloma) within 5 years before the date of randomisation
(some exceptions apply)
Patients who have received ASCT within 12 weeks before the date of randomisation or have previously
received an allogenic SCT
Patients planning to undergo a stem cell transplant prior to progression of disease on this study
Known meningeal involvement of multiple myeloma
COPD or asthma
Patients who are known to be seropositive for HIV, hepatitis B or hepatitis C
Patients have any concurrent medical condition or disease that is likely to interfere with study
procedures or results
Clinically significant cardiac disease
Patients who do not meet laboratory test requirements in terms of haemoglobin, platelet, AST, alkaline
phosphate, bilirubin, creatinine clearance and serum calcium levels during the screening phase
Known allergies, hypersensitivity, or intolerance to monoclonal antibodies, human proteins or their
excipients, or known sensitivity to mammalian-derived products
Patients have plasma cell leukaemia or Waldenström’s macroglobulinemia or POEMS syndrome or
amyloidosis.
Patients who are known or suspected to not be non-compliant with the study protocol
Patients who are pregnant or breastfeeding or planning to become pregnant
Patients have received an investigational drug or used an invasive investigational medical device within
4 weeks before randomisation
Patients who have had major surgery within 2 weeks before randomisation, will not have fully recovered
from surgery, or have surgery planned during the time they are expected to participate in the study

ASCT = autologous stem cell transplant; AST = aspartate aminotransferase; COPD = chronic obstructive
pulmonary disease; ECOG = Eastern Cooperative Oncology Group; HIV = Human immunodeficiency virus; ISS =
International Staging System; MM = multiple myeloma; PI = proteasome inhibitor; POEMS = Polyneuropathy,
organomegaly, endocrinopathy, monoclonal protein, skin changes; PR = partial response; SCT = stem cell
transplant; SD = standard deviation.

CASTOR was conducted in 16 countries: 11 in the European region (Czech
Republic, Germany, Hungary, Italy, Netherlands, Poland, Russian Federation, Spain,
Sweden, Turkey and Ukraine), Australia, Brazil, the Republic of Korea, Mexico and
the US.(68)
B.2.3.1.2 Administration of study drug
The start of a cycle was defined as the start of any of the study treatments
(daratumumab, bortezomib or dexamethasone). A schematic representation of the
dosing schedule is provided in Figure 8. The Treatment Phase consisted of cycles of
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21 days (Cycles 1-8) and 28 days (Cycle 9 and onwards). Patients continued to
receive daratumumab until disease progression or unacceptable toxicity.(68)
Figure 8: Overview of the study dosing schedule(68)

D = day; q = daily.

B.2.3.1.3 Prior and concomitant therapy
All prior oncologic therapies for multiple myeloma were recorded at screening.(68)
Throughout the study, investigators could prescribe any concomitant medications or
treatments deemed necessary to provide adequate supportive care except for those
listed as prohibited therapies. Prohibited therapies included:(68)


Other antineoplastic therapy for treating multiple myeloma



Continuation of study treatment during or after emergency orthopaedic surgery or
radiotherapy



Medications for other indications that have anti-myeloma properties (e.g.
interferon and prolonged use of clarithromycin)

Concomitant treatment with strong inhibitors and strong inducers of CYP3A4 with
bortezomib were to be avoided and if administered, patients were closely monitored
for potential toxicities and bortezomib dose reduction was to be considered as
appropriate. Commercially available agents with activity against or under
investigation for multiple myeloma, including systemic corticosteroids (>10mg
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prednisone per day or equivalent) and non-steroidal anti-inflammatory agents were
also to be avoided.(68)
B.2.3.1.4 Study objectives
The primary objective of CASTOR was to compare the efficacy of daratumumab in
combination with Bd with Bd alone in terms of progression-free survival (PFS).
Individual time-to-event data for PFS (and OS) was generated on the basis of a
computerised algorithm proposed by Guyot et al, (69) in accordance with IMWG
criteria and was defined as the time from the date of randomisation to the date of
disease progression or death, whichever occurred first.(67)
The key secondary objectives were to compare the efficacy of DBd with Bd with
respect to:(67)


Time to disease progression (TTP)



Overall response rate (ORR)



Rate of very good partial response (VGPR) or better



Time to response (TTR)



Duration of response (DOR)



Minimal residual disease (MRD)



Overall survival (OS)



Safety and tolerability

In addition to traditional assessment of response, IMWG guidelines now recommend
consideration of MRD after each treatment stage in patients with a complete
response (CR).(43) MRD represents a more sensitive measure of disease burden
than CR. Residual tumour cells are identified in the bone marrow based on the
IMWG criteria described in Table 7. Historically, MRD has not been measured at first
relapse because it has generally been regarded as unobtainable. Within CASTOR,
MRD negativity was assessed using next generation sequencing (NGS) in bone
marrow aspirates at three different thresholds (10-4, 10-5 and 10-6). Aside from
POLLUX (phase III RCT of daratumumab in combination with lenalidomide and
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dexamethasone versus lenalidomide plus dexamethasone), CASTOR is the first trial
in RRMM patients to consider MRD.
Table 7: IMWG criteria for MRD(2)
Response
subcategory

Response criteria

Sustained
MRD-negative

MRD negativity in the bone marrow confirmed ≥1 year apart by NGF, NGS, or both and
by imaging (see flow MRD-negative category)

Flow MRDnegative

Absence of phenotypically aberrant clonal plasma cells by NGF on bone marrow
aspirates using EuroFlow (or validated equivalent method) with a minimum sensitivity of
1 in 10⁵ nucleated cells or higher

Sequencing
MRD-negative

Absence of clonal plasma cells by NGS on bone marrow aspirate
Presence of a clone is defined as <2 identical sequencing reads from bone marrow
aspirates using the LymphoSIGHT platform (or validated equivalent method) with a
minimum sensitivity of 1 in 10⁵ nucleated cells or higher

Imaging-positive
MRD-negative

MRD negativity as defined by NGF or NGS, plus at least one of the following criteria:
Disappearance of every area of increased tracer uptake found at baseline or a
preceding PET/CT
Decrease to less mediastinal blood pool SUV
Decrease to less than that of surrounding normal tissue¶

CT = computed tomography; IMWG = International Myeloma Working Group; MRD = minimal residual disease;
NGF = next generation flow; NGS = next generation sequencing; PET = positron emission tomography; SUV =
standardised uptake value.
These criteria are based on those used by Zamagni and colleagues and expert panel (IMPetUs; Italian Myeloma
criteria for PET Use). Baseline positive lesions were identified by presence of focal areas of increased uptake
within bones, with or without any underlying lesion identified by CT and present on ≥2 consecutive slices.
Alternatively, SUVmax=2.5 within osteolytic CT areas >1 cm in size, or SUVmax=1.5 within osteolytic CT areas
≤1 cm in size were considered positive. Imaging should be performed once MRD negativity is determined by
multiparameter flow cytometry or NGS.
Source: Kumar et al. 2016.

The following additional pre-specified efficacy analyses were explored within
CASTOR:(70)


Time to Subsequent Anticancer Therapy



Best M-protein Response



Progression-free Survival on the Next Line of Therapy (PFS2)



Best response to First Subsequent Anticancer Therapy

Pre-specified assessment of functional status and well-being were assessed using
the European Organisation for Research and Treatment of Cancer Quality of Life
Questionnaire (EORTC-QLQ-C30) and the EuroQol Five Dimensions Questionnaire
(EQ-5D-5L).(70)
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Post-hoc analyses of time to treatment discontinuation (TTD) were carried out to
inform the economic model.
B.2.3.2

Summary of methodology

A summary of the methodology used in CASTOR is presented in Table 8.
Table 8: Summary of trial methodology
Trial

CASTOR (MMY3004)

Location

Multicentre: 117 sites
Australia (7 sites), Brazil (6 sites), Czech Republic (4 sites), Germany
(10 sites), Hungary (4 sites), Italy (12 sites), Korea (7 sites), Mexico (2
sites), Netherlands (8 sites), Poland (6 sites), Russian Federation (9
sites), Spain (6 sites), Sweden (7 sites), Turkey (7 sites), Ukraine (9
sites), United States of America (13 sites)

Trial design

Multicentre, phase III, randomised, open-label, active-controlled study

Eligibility criteria for participants

Eligible patients had received at least 1 prior line of therapy and
achieved at least a partial response to one or more of their prior
therapies for multiple myeloma, and had documented progressive
disease by IMWG criteria on or after their last regimen. All patients were
required to have documented relapsed multiple myeloma with
measurable disease in the serum and/or urine as defined by the IMWG
criteria

Settings and locations where the
data were collected

Australia, Brazil, Czech Republic, Germany, Hungary, Italy, the Republic
of Korea, Mexico, Netherlands, Poland, Russian Federation, Spain,
Sweden, Turkey, Ukraine and the US

Trial drugs (the interventions for
each group with sufficient details
to allow replication, including how
and when they were administered)
Intervention (n=243) and
comparator (n=237)
Permitted and disallowed
concomitant medication

Study treatment was defined as bortezomib, dexamethasone and
daratumumab; study drug defined as daratumumab.
Daratumumab was administered as an IV infusion at a dose of 16mg/kg
weekly for the first 3 cycles, on day 1 of cycles 4 to 8 and then every 4
weeks thereafter until disease progression or an unacceptable level of
toxicity was reached
Bortezomib was administered subcutaneously at a dose of 1.3mg per
square metre on days 1, 4, 8, and 11 of each 21-day cycle. Eight
bortezomib treatment cycles were administered
Dexamethasone was administered orally at a dose of 20mg on days 1,
2, 4, 5, 8, 9, 11, and 12, of the first eight bortezomib treatment cycles
(i.e. total dose of 160mg per cycle). During weeks when the patient
received an infusion of daratumumab, dexamethasone was administered
on infusion days at a dose of 20mg IV before the infusion. For patients
who were older than 75 years, underweight (body mass index [BMI]
<18.5), had poorly controlled diabetes mellitus or prior
intolerance/adverse event (AE) to steroid therapy, the dexamethasone
dose could be administered at a dose of 20mg weekly. On the days of
daratumumab administration, the scheduled dose of dexamethasone
was administered as a premedication prior to infusion rather than taken
by the patient at home. Pre-medication with oral dexamethasone up to 3
hours prior to the dose of daratumumab was another option available
after the implementation of the protocol amendment. (68)
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Primary outcomes (including
scoring methods and timings of
assessments)

Other outcomes used in the
economic model/specified in the
scope

Pre-planned subgroups

PFS
Defined as the time from the date of randomisation to the date of
disease progression or death, whichever occurred first and assessed by
computer algorithm in accordance with IMWG criteria. Serum and urine
tests were performed every 21 days on the scheduled assessment day
(±3 days) during Cycles 1 through 8. After Cycle 8 (beginning of Cycle
9), disease assessments: serum protein electrophoresis, urine protein
electrophoresis, and serum calcium corrected for albumin, were
collected every cycle for the first 18 months of the study and every-other
month thereafter. All responses (including progressive disease [PD]
based on biochemical investigations) required 2 consecutive
assessments. (68)










Rate of very good partial response (VGPR) or better
Overall response rate (ORR)
Overall survival (OS)
Duration of and time to response (DOR and TTR)
Minimal residual disease (MRD)
Safety and tolerability
EORTC QLQ-C30
EQ-5D-5L
Time to treatment discontinuation (TTD)

Sex (male, female)
Age (<65 years, ≥65 years)
Race (White, others)
Baseline renal function (≤60mL/min, >60mL/min)
Baseline hepatic function (normal, impaired)
Region (Western EU and US, other)
ISS (I, II, III)
Number of prior lines therapy (1, 2, 3, >3)
Prior bortezomib treatment (no, yes)
Prior IMiD (yes, no)
Refractory to IMiD (yes, no)
Refractory to last line of therapy (yes, no)
Type of MM (IgG, non-IgG)
High-risk (high risk, standard risk)
ECOG performance score (0, ≥1)

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; ECOG = Eastern
Cooperative Oncology Group; IMiD = immunomodulatory drug; ISS = International Staging System; MM =
multiple myeloma; MRD = minimal residual disease; ORR = overall response rate; OS= overall survival; PFS =
progression-free survival; TTP = time to disease progression; VGPR = very good partial response.

B.2.3.3

Baseline patient and disease characteristics

A total of 498 patients (DBd: 251, Bd: 247) were randomised between 4 September
2014 and 15 September 2015 across 16 countries. Demographic and baseline
characteristics were well balanced between the two treatment groups with no
categories having a difference of ≥10% (Table 9). The median age of the patient
population was 64 years (range 30 to 88 years). All patients had received prior
systemic therapy and 61% of patients had a prior autologous stem cell transplant
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(ASCT). The median number of lines of prior systemic therapies was 2 (range 1 to
10) and 47% of patients had received 1 line of prior therapy.(70)
Table 9: Characteristics of participants in CASTOR across treatment groups
(intent-to-treat analysis set)(70)
Bd (n=247)

DBd (n=251)

Total (n=498)

<65

125 (50.6)

132 (52.6)

257 (51.6)

65 to 74

87 (35.2)

96 (38.2)

183 (36.7)

≥75

35 (14.2)

23 (9.2)

58 (11.6)

Mean (SD)

63.9 (9.8)

62.8 (9.7)

63.3 (9.7)

Median

64.0

64.0

64.0

Range

(33; 85)

(30; 88)

(30; 88)

147 (59.5)

137 (54.6)

284 (57.0)

Hispanic or Latino

24 (9.7)

17 (6.8)

41 (8.2)

Not Hispanic or Latino

212 (85.8)

227 (90.4)

439 (88.2)

Unknown

3 (1.2)

1 (0.4)

4 (0.8)

Not Reported

8 (3.2)

6 (2.4)

14 (2.8)

White

219 (88.7)

216 (86.1)

435 (87.3)

Black or African American

6 (2.4)

14 (5.6)

20 (4.0)

Asian

11 (4.5)

12 (4.8)

23 (4.6)

American Indian or Alaska Native

1 (0.4)

1 (0.4)

2 (0.4)

Native Hawaiian or other Pacific
Islander

0

1 (0.4)

1 (0.2)

Other

1 (0.4)

5 (2.0)

6 (1.2)

Unknown

2 (0.8)

0

2 (0.4)

Not Reported

7 (2.8)

2 (0.8)

9 (1.8)

Mean (SD)

77.2 (16.3)

78.2 (17.0)

77.7 (16.6)

Median

76.0

77.0

76.0

Range

(37.5; 131.6)

(45.0; 134.8)

(37.5; 134.8)

Mean (SD)

166.8 (10.0)

166.8 (10.0)

166.8 (9.9)

Median

167.0

167.0

167.0

Range

(139; 192)

(141; 194)

(139; 194)

116 (47.0)

106 (42.4)

222 (44.7)

Age, years, n (%)

Sex, n (%)
Male
Ethnicity, n (%)

Race, n (%)

Weight (kg)

Height (cm)

Baseline ECOG score, n (%)
0
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1

112 (45.3)

131 (52.4)

243 (48.9)

2

19 (7.7)

13 (5.2)

32 (6.4)

0

0

0

IgG

138 (55.9)

125 (49.8)

263 (52.8)

IgA

54 (21.9)

56 (22.3)

110 (22.1)

Otherb

4 (1.6)

5 (2.0)

9 (1.8)

Urine only

36 (14.6)

40 (15.9)

76 (15.3)

Serum FLC only

14 (5.7)

25 (10.0)

39 (7.8)

NE

1 (0.4)

0

1 (0.2)

I

96 (38.9)

98 (39.0)

194 (39.0)

II

100 (40.5)

94 (37.5)

194 (39.0)

III

51 (20.6)

59 (23.5)

110 (22.1)

>2
Type of measurable

diseasea,

n (%)

ISS stagingc, n (%)

Time from MM diagnosis to randomisation (years)
Mean (SD)

4.8 (3.3)

4.7 (3.2)

4.7 (3.3)

Median

3.7

3.9

3.8

Range

(0.6; 18.6)

(0.7; 20.7)

(0.6; 20.7)

None

50 (20.3)

56 (22.5)

106 (21.4)

1-3

43 (17.5)

50 (20.1)

93 (18.8)

4-10

55 (22.4)

53 (21.3)

108 (21.8)

>10

98 (39.8)

90 (36.1)

188 (38.0)

Standard-risk

137 (78.7)

140 (77.3)

277 (78.0)

High-risk

37 (21.3)

41 (22.7)

78 (22.0)

Del17p

21 (12.1)

28 (15.5)

49 (13.8)

T(4;14)

15 (8.6)

14 (7.7)

29 (8.2)

T(14;16)

5 (2.9)

4 (2.2)

9 (2.5)

Number of lytic bone lesions, n (%)

Any cytogenetic abnormalityd, n (%)

Total number of patients with any prior therapies for MM, n (%)
Prior systemic therapy

247 (100.0)

251 (100.0)

498 (100.0)

Prior ASCT

149 (60.3)

156 (62.2)

305 (61.2)

Prior radiotherapy

59 (23.9)

63 (25.1)

122 (24.5)

Prior cancer-related surgery

35 (14.2)

33 (13.1)

68 (13.7)

1

113 (45.7)

122 (48.6)

235 (47.2)

2

74 (30.0)

70 (27.9)

144 (28.9)

3

32 (13.0)

37 (14.7)

69 (13.9)

>3

28 (11.3)

22 (8.8)

50 (10.0)

Mean (SD)

2.0 (1.4)

1.9 (1.2)

2.0 (1.3)

Number of prior lines of therapye, n (%)
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Median

2.0

2.0

2.0

Range

(1; 10)

(1; 9)

(1; 10)

Prior PI

172 (69.6)

169 (67.3)

341 (68.5)

Bortezomib

164 (66.4)

162 (64.5)

326 (65.5)

Carfilzomib

10 (4.0)

12 (4.8)

22 (4.4)

Ixazomib

7 (2.8)

12 (4.8)

19 (3.8)

Prior IMiD

198 (80.2)

179 (71.3)

377 (75.7)

Lenalidomide

120 (48.6)

89 (35.5)

209 (42.0)

Pomalidomide

7 (2.8)

7 (2.8)

14 (2.8)

Thalidomide

121 (49.0)

125 (49.8)

246 (49.4)

Prior corticosteroids

245 (99.2)

244 (97.2)

489 (98.2)

Dexamethasone

233 (94.3)

218 (86.9)

451 (90.6)

Prednisone

77 (31.2)

83 (33.1)

160 (32.1)

Prior alkylating agents

224 (90.7)

240 (95.6)

464 (93.2)

Prior anthracyclines

80 (32.4)

72 (28.7)

152 (30.5)

Prior PI+IMiD

129 (52.2)

112 (44.6)

241 (48.4)

Prior PI+IMiD+ALKY

121 (49.0)

112 (44.6)

233 (46.8)

Prior bortezomib+lenalidomide

89 (36.0)

75 (29.9)

164 (32.9)

PI only

4 (1.6)

3 (1.2)

7 (1.4)

IMiD only

90 (36.4)

74 (29.5)

164 (32.9)

Both PI and IMiD

7 (2.8)

9 (3.6)

16 (3.2)

Lenalidomide

81 (32.8)

60 (23.9)

141 (28.3)

Prior therapy exposure, n (%)

Refractory status, n (%)

ALKY = alkylating agents; ASCT = autologous stem cell transplant; Bd = bortezomib and dexamethasone; DBd =
daratumumab, bortezomib and dexamethasone; ECOG = Eastern Cooperative Oncology Group; FISH =
fluorescence in situ hybridisation; FLC = free light chain; IMiD = immunomodulatory drug; ISS = International
Staging System; MM = multiple myeloma; PI = proteasome inhibitor; MM = multiple myeloma; NE = not
evaluable; SD = standard deviation.
aIncludes

patients without measurable disease in serum and urine.

bIncludes

IgD, IgM, IgE and biclonal.

cISS

staging is derived based on the combination of serum β2-microglobulin and albumin.

dCytogenetic
eBased

abnormalities are based on FISH or karyotype testing.

on data recorded on prior systemic therapy eCRF page.

B.2.4

Statistical analysis and definition of study groups in the
relevant clinical effectiveness evidence

A summary of the statistical analyses undertaken in this study is provided in Table
10.
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Table 10: Summary of statistical analyses(70)
Trial

CASTOR (MMY3004)

Hypothesis objective

The primary efficacy endpoint is PFS. The null hypothesis is that there is no
difference in PFS between DBd and Bd in patients with relapsed or refractory
multiple myeloma
The null hypotheses (H0) of no difference between DBd and Bd are also
evaluated for the following major secondary objectives:

TTP

Rate of VGPR or better

ORR

OS
These secondary hypotheses were tested in a sequential order as specified
above

Statistical analysis

Analysis comparing groups for the primary hypothesis consisted of a stratified
log-rank test.
A hierarchical testing approach was used to test secondary endpoints.
Stratified log-rank tests were used to assess time-to-event outcomes, with
binary outcomes assessed using the stratified Cochran-Mantel-Haenszel test

Sample size, power
calculation

Approximately 480 participants (240 per group) were required to provide 85%
power to detect a reduction of 30% in the risk of either progression or death
(Hazard ratio [DBd vs Bd] of 0.70) with a log-rank test (two-sided alpha=0.05)
and 80% power to detect a 27% reduction in the risk of death (Hazard
ratio=0.73) with a log-rank test (two-sided alpha=0.05)

Data management, patient
withdrawals

Reason for withdrawal documented on the eCRF and source document

Censoring

Censoring rules were the same for both PFS and TTP:
Patients who started subsequent anticancer therapies for multiple myeloma
without disease progression were censored at the last disease assessment
before the start of subsequent therapies
Patients who withdrew consent from the study before disease progression
were censored at the last disease assessment before withdrawal of consent to
study
Patients who were lost to follow-up were censored at the last disease
assessment before patients were lost to follow-up
Patients who had not progressed and were still alive at the cut-off date for
analysis were censored at the last disease assessment
Patients without any post-baseline disease assessment were censored at the
randomisation
For OS, if the patient was alive or the vital status was unknown, then the
patient’s data was censored at the date the subject was last known to be alive.
For patients without confirmed response for the time to response analysis, and
for patients who did not have documented evidence of progressive disease for
the duration of response analysis, data was censored at the censoring date for
TTP.

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; eCRF = Electronic
case report form; PFS = progression free survival.

B.2.4.1

Study population

In CASTOR, 498 patients were randomised in the study (251 in the DBd group, 247
in the Bd group) and 480 patients received study treatment (243 in the DBd group,
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237 in the Bd group). The sample size for this study was based on the alternative
hypothesis of a 30% reduction in the risk of either progression or death. Under the
exponential distribution, this benefit translates to a prolongation in median PFS from
10 months to 14.3 months. A total of 295 PFS events would provide a power of 85%
to detect a reduction of 30% in the risk of either progression or death (Hazard ratio
[DBd versus Bd] of 0.70) with a log-rank test, assuming a two-sided significance
level of 5%.(70)
Long-term survival follow-up is to continue until 320 deaths have been observed (i.e.,
when 2/3 of the randomised patients have died). Therefore, this study is designed to
achieve approximately 80% power to detect a 27% reduction in the risk of death
(Hazard ratio=0.73) with a log-rank test (two-sided alpha=0.05), taking into
consideration an annual dropout rate of 5%.(70)
The primary endpoint and other time-to-event efficacy endpoints are based on the
intent-to-treat (ITT) population, which includes all randomised participants. Analyses
of major secondary endpoints of ORR, rate of VGPR or better and duration of and
time to response is based on the response-evaluable population, defined as
participants who have a confirmed diagnosis of multiple myeloma and measurable
disease at baseline or screening visit, received at least one administration of study
drug and have had at least one post baseline disease assessment.(70)
Several pre-specified subgroup analyses were performed evaluating the primary
efficacy endpoint of PFS, major secondary endpoints and safety endpoints:(70)


Sex (Male, female)



Age (<65 years, ≥65 years)



Race (White, Others)



Baseline renal function (≤60 mL/min, >60 mL/min)



Baseline hepatic function (Normal, Impaired)



Region (Western EU +US, Other)



ISS (I, II, III)



Number of prior lines therapy (1, 2, 3, >3)
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Prior bortezomib treatment (No, Yes)



Prior IMiD (Yes, No)



Refractory to IMiD (Yes, No)



Refractory to last line of therapy (Yes, No)



Type of MM (IgG, Non-IgG)



High-risk (High risk, Standard risk)



ECOG performance score (0, ≥1).

B.2.4.2

Statistical analyses

The primary analysis consisted of a stratified log-rank test for comparison of the PFS
distribution between DBd and Bd using the ITT population. The Kaplan-Meier
method was used to estimate the distribution of overall PFS for each treatment. The
treatment effect (Hazard ratio) and its two-sided 95% confidence intervals were
estimated using a stratified Cox regression model with treatment as the sole
explanatory variable. Stratification factors used in the analyses were ISS staging (I,
II, III), number of prior lines of therapy (1 versus 2 or 3 versus >3), and prior
bortezomib treatment (no versus yes).(68)
The determination of dates for PFS events and dates for censoring is summarised in
Table 11.
Table 11: PFS event and censoring method(68)
Situation

Date of progression or censoring

Outcome

Disease progression prior to start of
subsequent anticancer therapy

Earliest date that indicates disease progression

PFS event

Death prior to start of subsequent
anticancer therapy

Date of death

PFS event

No postbaseline disease assessment

Randomisation

Censored

Other (e.g. withdrawal of consent to
study participation, lost to follow-up, start
of subsequent anticancer therapy, etc.)

Date of last disease assessment prior to
subsequent anticancer treatment

Censored

PFS = progression-free survival; TTP = time to disease progression.

Sensitivity analyses included:(68)


PFS based on investigator assessment of progression
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PFS without censoring for subsequent anticancer therapies for participants who
have not developed a confirmed progressive disease



PFS by censoring for death or progression after more than one missed disease
evaluation



PFS derived for the per-protocol population



PFS using an unstratified log-rank test.

Following testing for statistical significance of the primary endpoint of PFS, major
secondary endpoints were sequentially tested as ordered below, each with an overall
two-sided alpha of 0.05. A hierarchical testing approach as proposed by Tang and
Geller (1999) was utilised, which strongly controls the Type I error rate.(71) Major
secondary endpoints were ordered as follows:(68)


TTP



Rate of VGPR or better



ORR



MRD negativity rate



OS

The determination of dates for time to disease progression (TTP) events and dates
for censoring were similar to those described in Table 11 for PFS. Disease
progression prior to the start of subsequent anticancer therapy was taken to be the
earliest date that indicates disease progression. The date of death was determined
as the death due to disease progression prior to the start of subsequent anticancer
therapy. For OS, if the patient was alive or the vital status was unknown, then the
patient’s data was censored at the date that the patient was last known to be
alive.(68)
Unless otherwise specified, no data imputation has been applied for missing safety
and efficacy evaluations. For analysis and reporting purposes, missing or partial
dates for adverse events (AE onset date; AE end date), concomitant therapies (start
date; end date), MM diagnosis date, prior multiple myeloma therapies (start date;
end date) and start date of subsequent anticancer therapy have been imputed.(68)
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Two interim analyses were planned for this study. The first interim analysis was
performed after 80 patients had been treated for at least 8 weeks or discontinued the
study treatment and its purpose was to evaluate safety. The second interim analysis
evaluated cumulative interim safety and efficacy data and was performed when
approximately 177 PFS events, which were 60% of the total planned events, had
been accumulated. The significance level at this interim analysis to establish the
superiority of DBd over Bd with regard to PFS was determined based on the
observed number of PFS events at the interim analysis, using the O’Brien-Fleming
boundaries as implemented by the Lan-DeMets alpha spending method.(68)
The next pre-planned OS analysis will be the final analysis and will occur after 320
deaths have been observed.(70)
B.2.4.3

Patient withdrawals

If a participant withdrew after randomisation and after receiving at least one dose of
study agent and before completion of the study, the reason for withdrawal was
documented on the Electronic Case Report Form (eCRF) and source document.
Participants who withdrew from the study were not replaced. The study agent
assigned to the withdrawn participant was not assigned to another participant. The
procedures scheduled for End-of-Treatment Visit and Follow-up Visit were performed
at the time of early withdrawal as specified in the Time and Events Schedule in the
protocol.(70)
A participant was considered to have completed the study if he or she died before
the end of the study, had not been lost to follow-up, or had not withdrawn consent
from study participation. The study end was defined as when 320 deaths had
occurred.(70)
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B.2.5

Quality assessment of the relevant clinical effectiveness
evidence

B.2.5.1

Appraisal of the quality of the trial and generalisability of results

Study results published in a peer-reviewed journal were used as the primary source
of data where available, clinical study reports (CSRs) were used as additional data
sources.
A complete quality assessment of the CASTOR study can be seen in Table 12.
Table 12: Quality assessment results for parallel group RCTs
CASTOR (MMY3004)

Risk of bias

Was randomisation carried out
appropriately?

Yes, randomisation was carried out as per the prespecified randomisation method; patients were
randomised using a central IWRS

Low

Was the concealment of
treatment allocation adequate?

CASTOR was open label. Concealment of
treatment was not practical in CASTOR owing to
the different dosing schedules. Potential bias was
mitigated by use of an IDMC that was masked to
treatment allocated

Potential risk of bias
as open label design
could have influenced
investigator’s
assessment of PFS
events

Were the groups similar at the
outset of the study in terms of
prognostic factors?

Yes, demographic and baseline characteristics
were well balanced between the two treatment
groups with no categories having a difference of
≥10% (Table 9)

Low

Were the care providers,
participants and outcome
assessors blind to treatment
allocation?

No, CASTOR was open label and only Janssen
were blinded to the results.

Low, as an IDMC
reviewed the data

Were there any unexpected
imbalances in drop-outs between
groups?

No, of the 498 patients randomised (251 in the DBd
group and 247 in the Bd group), 480 received study
treatment: 243 patients received DBd and 237
patients received Bd (see Section B.2.4.4)

Low

Is there any evidence to suggest
that the authors measured more
outcomes than they reported?

None

Low

Did the analysis include an
intention-to-treat analysis? If so,
was this appropriate and were
appropriate methods used to
account for missing data?

Yes, the ITT population was used for analysis of the
primary endpoint and other time-to-event efficacy
endpoints, which included all randomised patients

Low

IDMC = independent data monitoring committee; IWRS = interactive web response system.
Adapted from Systematic reviews: CRD’s guidance for undertaking reviews in health care (University of York
Centre for Reviews and Dissemination).
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B.2.5.2

Consideration of how closely the trials reflect routine clinical
practice in England

CASTOR is a multicentre, international trial and, in comparison with the rest of
Europe and the US, the treatment pathway for MM in England is heavily restricted.
Funding restrictions from NHSE limit the use of bortezomib at second-line to
bortezomib naïve patients only (wider use of bortezomib treatment is anticipated
following patent expiry of Velcade in May 2019). Therefore, prior treatment exposure
and use of subsequent treatment in the trial differs from clinical practice in England.
Many patients in CASTOR had received lenalidomide (42%) which is not yet
available at front-line or second-line in England.(55) Of these patients, 28% were
refractory to lenalidomide.(68) Refractoriness to lenalidomide is a key prognostic
factor and therefore the results may underestimate the effectiveness of DBd in
England. (72) Additionally, 66% of patients in CASTOR had previously received
bortezomib. Bortezomib retreatment is not currently permitted in England;(54)
however, DBd has shown consistent benefit regardless of prior bortezomib use.(68)
A post-hoc analysis, adjusting for the use of subsequent treatments not available in
clinical practice in England has been undertaken to reduce bias and increase the
generalisability of trial results to UK clinical practice. All methods recommended in
NICE decision support unit (DSU) technical support document (TSD) 16 to adjust for
such bias were explored. However, the complexities of the data and the array of
treatment switches meant that it was only possible to implement adjustment using
the Inverse Probability of Censoring Weights (IPCW) method. This method censors
patients upon treatment switch to a treatment that is not available in the UK, before
reweighting the follow-up information for patients who remain at risk for the event to
remove any censoring-related selection bias. For a description of the methods used
for OS adjustment, see Appendix D.3.2.14.

B.2.6

Clinical effectiveness results of the relevant trials

At the time of writing, the latest data cut available is the second planned interim
analysis (IA2), with a median follow-up of 26.9 months.(66)
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The clinical benefit of DBd versus the directly relevant active comparator Bd is
clearly demonstrated in the results from CASTOR (Table 13). A 68% increase in
PFS was observed with DBd versus Bd in the ITT population (median: 16.7 versus
7.1 months respectively; HR: 0.32 [0.25, 0.40], p<0.0001). This exceptional PFS
benefit is further supported by highly significant differences in ORR (84.6% versus
63.2%, p<0.0001) including MRD negativity, with 12% of patients achieving MRD
negativity compared with 2% in the Bd arm (10-5 sensitivity threshold;
p=0.000001);(73) an effect that was acknowledged by the EMA following the first
data cut. “The superiority in efficacy is supported by improvements in key secondary
endpoints”. (74) Moreover, in high-risk patients (defined as those with at least one
high-risk cytogenetic abnormality including del17p, t(4;14) or t(14;16)), MRD
negativity was only observed in the DBd arm of CASTOR (18.2% at 10-5 threshold).
(66)
Daratumumab, as a tumour-specific mAb, reduces the number of immunesuppressive cells (expressing CD38) and increases the number, activation and
clonality of cytoxic T-cells leading to an improved adaptive immune response. The
combination of these immunological effects underpins the longer duration of
response (18.9 months versus 7.6 months for DBd and Bd, respectively;
Section B.2.6.5) and longer time to disease progression (18.6 months versus 7.2
months for DBd and Bd, respectively; Section B.2.6.2) observed in CASTOR. (66)
Furthermore, assessment of PFS on subsequent line of therapy (PFS2) indicates
that the clinical benefit is maintained (HR: 0.47 [0.36, 0.63], p<0.0001).(73, 75)
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Table 13: Summary efficacy results from CASTOR(66, 73)
Median follow-up 26.9 months

Progression-free

survivala

Time to disease
progressiona

Overall response (sCR +
CR + VGPR + PR)b

VGPR or better (sCR + CR
+ VGPR)b

CR or better (sCR + CR)b

MRD negativity

(10-5)

Overall survivala

Time to next therapya

Progression-free survival
on the subsequent line of
therapyc

Bd

DBd

n/N (%)

204/247 (82.6)

158/251 (62.9)

Median (95% CI)

7.06 (6.21, 7.66)

16.72 (13.14, 19.38)

HR (95% CI) p-value

0.32 (0.25, 0.40) p<0.0001

n/N (%)

192/247 (77.7)

137/251 (54.6)

Median (95% CI)

7.23 (6.41, 8.02)

18.60 (15.80, 21.19)

HR (95% CI) p-value

0.27 (0.21, 0.35) p<0.0001

n/N

148/234

203/240

% ORR (95% CI)

63.2 (56.7, 69.4)

84.6 (79.4, 88.9)

OR (95% CI) p-value

3.60 (2.24, 5.81) p<0.0001

n/N

68/234

151/240

% VGPR (95% CI)

29.1 (23.3, 35.3)

62.9 (56.5, 69.0)

OR (95% CI) p-value

4.94 (3.23, 7.55) p<0.0001

n/N

23/234

72/240

% CR (95% CI)

9.8 (6.3, 14.4)

30.0 (24.3, 36.2)

OR (95% CI) p-value

4.67 (2.65, 8.25) p<0.0001

n/N

4/247

30/251

% MRD (95% CI)

1.6 (0.4, 4.1)

12.0 (8.2, 16.6)

OR (95% CI) p-value

8.25 (2.86, 23.78) p=0.000001

n/N (%)

97/247 (39.3)

82/251 (32.7)

Median (95% CI)

31.18 (28.85, NE)

NE (NE, NE)

HR (95% CI) p-value

0.77 (0.57, 1.04) p=0.0884

n/N (%)

203/247 (82.2)

117/251 (46.6)

Median (95% CI)

9.7 (8.4, 10.8)

25.4 (20.7, NE)

HR (95% CI) p-value

0.27 (0.21, 0.35) p<0.0001

n/N (%)

131/247 (53.0)

88/251 (35.1)

Median (95% CI)

20.73 (17.54, 23.10)

NE (29.86, NE)

HR (95% CI) p-value

0.47 (0.36, 0.63) p<0.0001

Bd = bortezomib and dexamethasone; CI = confidence interval; CR = complete response; ; DBd = daratumumab,
bortezomib and dexamethasone; HR = Hazard ratio; MRD = minimal residual disease; NE = not evaluable; OR =
odds ratio; PR = partial response; sCR = stringent complete response; VGPR = very good partial response.
aAnalyses

in the ITT analysis set.

bAnalyses

in the response-evaluable population.

cInvestigator

Assessment; ITT Analysis Set.

An odds ratio >1 and a Hazard ratio <1 indicates an advantage for DBd.
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A summary of the DBd clinical efficacy at median follow-up of 26.9 months is
provided below, with additional detail for all relevant CASTOR endpoints described in
Appendix D.
B.2.6.1

Primary endpoint: progression free survival

DBd was associated with a 68% reduction in the risk of disease progression or death
compared with Bd alone. A highly significant difference in median PFS was observed
with DBd compared with Bd (16.7 versus 7.1 months, p<0.0001; Figure 9). The
2-year PFS rate for DBd was 37% versus 5% for Bd alone.(66)
Figure 9: Kaplan-Meier plot for progression-free survival among patients
treated with DBd compared with Bd (CASTOR; intent-to-treat analysis set;
median follow-up 26.9 months)(66)

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone.
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B.2.6.2

Time to disease progression

At median follow-up of 26.9 months, treatment with DBd was associated with a
prolonged TTP compared with Bd. Median TTP was 18.6 months and 7.2 months for
the DBd and Bd groups, respectively.(66)
B.2.6.3

Response analyses

The percentage of patients achieving clinical benefit (ORR + minimal response) with
DBd had increased from 87.1% after 7.4 months of follow-up, to 87.5% after 26.9
months of follow-up.(66) Comparatively, the percentage of patients achieving clinical
benefit with Bd remained at 71.8% at both 7.4 and 26.9 months of follow-up.(66, 68)
In addition to clinical benefit, a highly significant difference in ORR and the
proportion of patients achieving a VGPR or better was observed between DBd and
Bd at 26.9 months (p<0.0001; Figure 10).(66)
Treatment with DBd was also associated with a significantly greater proportion of
patients achieving a CR or better compared with those treated with Bd alone
(p<0.0001).(66)
Responses deepened over time for patients treated with DBd and with Bd; however,
the magnitude of increase was superior for DBd. (66, 68)

Company evidence submission for daratumumab in RRMM
© Janssen (2017). All rights reserved

Page 48 of 152

Figure 10: Response rate among patients treated with DBd compared with Bd
(CASTOR; response evaluable population; median follow-up 7.4 and 26.9
months)(66, 68)

Bd = bortezomib and dexamethasone; CR = complete response; DBd = daratumumab, bortezomib and
dexamethasone; ORR = overall response rate; PR = partial response; sCR = stringent complete response;
VGPR = very good partial response.

B.2.6.4

Time to response

Time to response is an important endpoint with regards to symptom relief and
avoiding organ damage. At median follow-up of 26.9 months, the median time to first
response and median time to a response of VGPR or better was shorter for the DBd
group (0.9 and 3.5 months, respectively) compared with the Bd group (1.6 months
and not reached, respectively; Table 14).(66)
Table 14: Time to response among patients treated with DBd compared with
Bd (CASTOR; response-evaluable set; median follow-up 26.9 months)(66)

Responders (≥PR)

Bd (n=234)

DBd (n=240)

148

203

148

203

Time to first response (months)
N
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Bd (n=234)

DBd (n=240)

1.6 (1.5, 2.1)

0.9 (0.8, 1.4)

N

68

151

Median (range)

NE (NE, NE)

3.5 (2.8, 4.2)

N

23

72

Median (range)

NE (NE, NE)

NE (19.0, NE)

Median (range)
Time to VGPR or better (months)

Time to CR or better (months)

Bd = bortezomib and dexamethasone; CI = confidence interval; CR = complete response; DBd = daratumumab,
bortezomib and dexamethasone; PR = partial response; VGPR = very good partial response.

B.2.6.5

Duration of response

At median follow-up of 26.9 months, the median DOR was 18.9 months for the DBd
group and 7.6 months for the Bd group.(66)
B.2.6.6

Minimal residual disease

As described in Section B.2.3.1.4, IMWG guidelines recommend assessment of
MRD in patients with a CR.(43) MRD represents a more sensitive measure of
disease burden than complete response (CR). MRD-negative status (i.e.
undetectable MRD) is associated with prolonged PFS and OS.(2) Historically, MRD
has not been measured at first relapse because it has generally been considered to
be unobtainable. Aside from POLLUX, CASTOR is the first trial in patients with
RRMM to assess MRD based on criteria developed by the IMWG.
In CASTOR, MRD-negative rates were more than 6 times higher with DBd versus Bd
(12% versus 2% at 10-5 threshold).(66) In addition, for high-risk patients (defined as
those with at least one high-risk cytogenetic abnormality including del17p, t(4;14) or
t(14;16)), MRD negativity was only observed in the DBd arm of the trial (18.2% at
10-5 threshold).(66) The impact of MRD negativity on PFS can be seen in Figure 11.
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Figure 11: Kaplan-Meier plot for progression-free survival based on MRD
status (<10-5) among patients treated with DBd compared with Bd (CASTOR;
intent-to-treat analysis set; median follow-up 26.9 months)(66)

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; MRD = minimal
residual disease; PFS = progression-free survival.

B.2.6.7

Overall survival

After a median follow-up of 26.9 months, a total of 179 death events have occurred
in CASTOR. Final analysis will occur after 320 deaths have been observed. Median
OS is 31.2 months in the Bd arm and not yet reached in the DBd arm, reflecting the
superiority of DBd. A trend towards improved OS has already been observed
(HR 0.77 [0.57, 1.04]), with 71.9% of DBd patients alive at 2-years versus 63.8% of
Bd patients (Figure 12).(66)
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Figure 12: Kaplan-Meier plot for overall survival among patients treated with
DBd compared with Bd (CASTOR; intent-to-treat analysis set; median followup 26.9 months)(66)

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone.

In addition to empirical evidence of an OS benefit, a surrogate relationship between
PFS and OS has been identified in the published literature; where each month of
PFS yields 3.1 months (95% CI: 2.2 to 4.0) of OS.(76) As such, an incremental
survival benefit of at least 29.9 months is anticipated in the ITT population.
B.2.6.8

Use of subsequent treatment

Due to the international design of CASTOR, many patients received subsequent
treatment with therapies not available in English clinical practice
(see Section B.2.5.2). Furthermore, as a consequence of the earlier progression of
patients in the Bd arm, there is a disparity in the extent of such subsequent treatment
received between the trial arms (17% for DBd versus 43% for Bd).(66) The use of
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subsequent treatments not available in England along with the higher proportion of
patients in the Bd arm receiving such treatments introduces bias into the OS
analyses. The impact of this can be observed in Figure 12, where there is an uplift in
the shape of the Bd OS curve towards the end of the follow up period. Adjustment for
subsequent treatments not available in clinical practice in England was carried out to
reduce bias and increase the generalisability of trial results to English clinical
practice.
B.2.6.9

Overall survival adjusted for subsequent treatment

Following adjustment for subsequent treatments not available in clinical practice in
England, using inverse probability of censored weights (IPCW) methodology, the HR
for OS was XXX (95% CI: XXX, XXX) in the ITT population, suggesting a statistically
significant difference in survival between patients receiving DBd and Bd.
For a description of the methods used for OS adjustment, see Section D.3.2.14.
B.2.6.10 Time to next therapy
At median follow-up of 26.9 months, the median time to next therapy (TTNT) was
25.4 months for the DBd group and 9.7 months for the Bd group (HR 0.27, 95% CI:
0.21, 0.35; p<0.0001).(66)
For further description of TTNT in CASTOR, see Appendix D.3.2.8.
B.2.6.11 Progression-free survival on the subsequent line of therapy
Progression-free survival on the subsequent line of therapy (PFS2) represents the
time interval between the date of randomisation to the date of progressive disease
on the next line of subsequent treatment or death from any cause. At median followup of 26.9 months, treatment with DBd was associated with a 53% reduction in the
risk of disease progression or death on the first subsequent line of therapy compared
with Bd alone. Median PFS2 was not reached for the DBd group and was 20.7
months for the Bd group (HR 0.47, 95% CI: 0.36, 0.63; p<0.0001).(66, 72) These
results demonstrate that the PFS benefit of DBd relative to Bd is maintained after
initial progression, as patients treated with daratumumab continue to benefit from the
remarkable efficacy of the drug in subsequent treatment lines. Moreover, these data
are unadjusted for the impact of subsequent therapies that are not available in
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England As a higher proportion of patients in the Bd arm of CASTOR received such
subsequent treatments, it is likely that the PFS2 benefit has been underestimated.
For further description of PFS2 in CASTOR, see Appendix D.3.2.9.
B.2.6.12 Time to treatment discontinuation
Time to treatment discontinuation (TTD) was a post-hoc analysis assessed at 26.9
months of follow-up. Treatment with DBd was associated with a 60% reduction in the
risk of treatment discontinuation compared with Bd (HR 0.40, 95% CI: 0.29, 0.57;
Figure 13).(66)
Figure 13: Kaplan-Meier plot for time to treatment discontinuation among
patients treated with DBd compared with Bd (CASTOR; intent-to-treat analysis
set; median follow-up 26.9 months)(66)

Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone.

B.2.6.13 Quality of life outcomes
At median follow-up of 26.9 months, baseline values for all subscales of the EORTCQLQ-C30 were comparable for patients treated with DBd and Bd and there was no
significant difference between treatment groups at any time point. Similarly, baseline
values for the EQ-5D-5L utility score and VAS score were comparable for patients
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treated with DBd or Bd and there were no significant differences over time for most
time points. This means that patients treated with the DBd triple therapy combination
benefit from improved PFS and OS with no significant detriment to overall HRQoL
versus the existing standard of care doublet therapy (Bd). Moreover, the fact that
HRQoL is maintained during treatment means a delay of further disability from the
disease. The avoidance of disability and dependence is a key issue for patients;
generally, of greater importance than concerns about dying. (44) Furthermore,
HRQoL tended to improve in patients treated with DBd following the cessation of the
Bd component (Bd given for a maximum of 8 cycles); meaning that patients treated
with DBd can enjoy a better quality of life for longer than patients treated with Bd(66)
For further description of the quality of life analyses in CASTOR, see Appendices
D.1.4.13 and D.1.4.14.

B.2.7

Subgroup analyses

Several pre-specified analyses were conducted to assess PFS, TTP, ORR and
VGPR outcomes in subgroups including:(68)


Sex (Male, female)



Age (<65 years, ≥65 years)



Race (White, Others)



Baseline renal function (≤60 mL/min, >60 mL/min)



Baseline hepatic function (Normal, Impaired)



Region (Western EU+US, Other)



ISS (I, II, III)



Number of prior lines therapy (1, 2, 3, >3)



Prior bortezomib treatment (No, Yes)



Prior IMiD (Yes, No)



Refractory to IMiD (Yes, No)



Refractory to last line of therapy (Yes, No)
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Type of MM (IgG, Non-IgG)



High-risk (High risk, Standard risk)



ECOG performance score (0, ≥1)

At 26.9 months of follow-up, a post-hoc subgroup analysis of TTD was undertaken in
second-line patients to inform the decision problem.
In all subgroup analyses, DBd was highly efficacious with an additional benefit
compared with Bd. This benefit was consistent regardless of prior lines of therapy,
prior bortezomib exposure, age, cytogenetic risk, or renal function. Of note, the
relative PFS benefit of DBd versus Bd was highly consistent between patients with
and without prior bortezomib exposure (HR 0.34, 95% CI: 0.26, 0.45 and HR 0.28,
95% CI: 0.18, 0.43; respectively).(66) For further detail regarding the pre-specified
subgroup analyses, see Appendix E.1.
The highest benefits were often observed in second-line patients (Table 15), for
which treatment with DBd was associated with an impressive 77% reduction in the
risk of disease progression or death compared with Bd alone (HR 0.23, 95% CI:
0.16, 0.33; p<0.0001; Section B.2.7.1) and a 92% ORR versus 74% in patients
treated with Bd alone (OR 3.97, 95% CI: 1.74, 9.04; p<0.0007; Section B.2.7.3).(66)
Whilst the median number of prior lines of therapy for CASTOR was 2.0, the secondline population was comfortably the largest subgroup, representing approximately
47.2% of patients recruited in the study. Furthermore, the second-line population is a
prespecified subgroup, with number of prior lines of treatment being a stratification
factor for CASTOR.
Table 15: Summary efficacy results in second-line patients from CASTOR(66)
Median follow-up 26.9 months

Progression-free

survivala

Time to disease
progressiona

Overall response (sCR +

Bd

DBd

n/N (%)

94/113 (83.2)

60/122 (49.2)

Median (95% CI)

7.92 (6.77, 9.03)

26.22 (21.19, NE)

HR (95% CI) p-value

0.23 (0.16, 0.33) p<0.0001

n/N (%)

88/113 (77.9)

56/122 (45.9)

Median (95% CI)

8.02 (7.23, 9.69)

27.63 (22.11, NE)

HR (95% CI) p-value

0.21 (0.15, 0.32) p<0.0001

n/N

81/109

109/119
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CR + VGPR + PR)b

VGPR or better (sCR + CR
+ VGPR)b

CR or better (sCR + CR)b

MRD negativity

Overall

(10-5)a

survivala

% ORR (95% CI)

74.3 (65.1, 82.2)

91.6 (85.1, 95.9)

OR (95% CI) p-value

3.97 (1.74, 9.04) p<0.0007

n/N

46/109

91/119

% ORR (95% CI)

42.2 (32.8, 52.0)

76.5 (67.8, 83.8)

OR (95% CI) p-value

4.19 (2.33, 7.53) p<0.0001

n/N

16/109

51/119

% ORR (95% CI)

14.7 (8.6, 22.7)

42.9 (33.8, 52.3)

OR (95% CI) p-value

4.95 (2.38, 10.27) p<0.0001

n/N

3/113

20/122

% MRD (95% CI)

2.7 (0.6, 7.6)

16.4 (10.3, 24.2)

OR (95% CI) p-value

7.19 (2.07, 24.92) p=0.00018

n/N (%)

40/113 (35.4)

25/122 (20.5)

Median (95% CI)

NE (28.85, NE)

NE (NE, NE)

HR (95% CI) p-value

0.50 (0.30, 0.84) p=0.008

CI = confidence interval; CR = complete response; HR = Hazard ratio; MRD = minimal residual disease; NE = not
evaluable; OR = odds ratio; PR = partial response; sCR = stringent complete response; VGPR = very good
partial response.
a Analyses in the ITT analysis set.
b Analyses in the response-evaluable population.
An odds ratio >1 and a Hazard ratio <1 indicates an advantage for DBd.

A summary of the clinical efficacy of DBd in second-line patients at median follow-up
of 26.9 months is provided below.(66)
B.2.7.1

Progression-free survival in second-line patients

In second-line patients, treatment with DBd was associated with a significantly
greater PFS benefit compared with Bd. At median follow-up of 26.9 months,
treatment with DBd was associated with an unprecedented 77% reduction in the risk
of disease progression or death compared with Bd alone (HR 0.23, 95% CI: 0.16,
0.33; p<0.0001; Figure 14).(66)
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Figure 14: Kaplan-Meier plot for progression-free survival among second-line
patients treated with DBd compared with Bd (CASTOR; intent-to-treat analysis
set; median follow-up 26.9 months)(66)

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone.

B.2.7.2

Time to disease progression in second-line patients

In second-line patients, treatment with DBd was associated with a significantly
greater TTP benefit compared with Bd. At median follow-up of 26.9 months,
treatment with DBd was associated with an 79% reduction in the risk of disease
progression compared with Bd alone (HR 0.21, 95% CI: 0.15, 0.32; p<0.0001).(66)
B.2.7.3

Overall response rate in second-line patients

In the response-evaluable population, treatment with DBd was associated with a
significantly greater ORR benefit compared with Bd in second-line patients. The
percentage of second-line patients achieving ORR with DBd increased from 87% at
7.4 months of follow-up, to 92% after 26.9 months of follow-up.(66, 68)
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At median follow-up of 26.9 months, there was 3.97 fold odds of obtaining a sCR,
CR, VGPR, or PR with DBd treatment compared with Bd alone (OR, 3.97; 95% CI,
1.74, 9.04; p<0.0007).(66)
In addition to ORR, a highly significant difference in the proportion of second-line
patients achieving a VGPR or better was observed between DBd and Bd at 26.9
months (77% versus 42%, respectively; p<0.0007; Figure 15).(66)
Treatment with DBd was also associated with a significantly greater proportion of
second-line patients achieving a CR or better compared with those treated with Bd
alone (43 % vs.15%, respectively; p<0.0001).(66)
Responses deepened over time for second-line patients treated with DBd and with
Bd; however, the magnitude of increase was superior for DBd.(66, 67)
Figure 15: Response rate among second-line patients treated with DBd
compared with Bd (CASTOR; response evaluable population; median followup 7.4 and 26.9 months)(66, 68)
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Bd = bortezomib and dexamethasone; CR = complete response; DBd = daratumumab, bortezomib and
dexamethasone; ORR = overall response rate; PR = partial response; sCR = stringent complete response;
VGPR = very good partial response.

B.2.7.4

Minimal residual disease in second-line patients

At median 26.9 months follow-up in second-line patients, treatment with DBd was
associated with a higher MRD-negative rate compared with Bd (16% versus 3% at
10-5 threshold; OR 7.19, 95% CI: 2.07, 24.92; p=0.00018).(66, 73)
B.2.7.5

Overall survival in second-line patients

In second-line patients, treatment with DBd was associated with a statistically
significant OS benefit compared with Bd. At median follow-up of 26.9 months, the
HR for DBd treatment compared with Bd alone was 0.50 (95% CI: 0.30, 0.84;
p=0.008). At 2 years 83.2% of DBd patients were alive versus 68.9% of Bd patients;
median OS was not reached in either arm (Figure 16).(66)
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Figure 16: Kaplan-Meier plot for overall survival among second-line patients
treated with DBd compared with Bd (CASTOR; intent-to-treat analysis set;
median follow-up 26.9 months)(66)

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone.

Due to the unprecedented and highly significant PFS benefit demonstrated in
second-line patients (see Section B.2.7.1 and Appendix E) where PFS is similar to
that observed in front-line patients, it is anticipated that DBd will offer second-line
RRMM patients a life expectancy akin to drug therapy outcomes at front-line. In
addition to this, a surrogate relationship between PFS and OS identified in the
published literature indicates that an incremental survival benefit of 56.7 months can
be expected in second-line patients treated with DBd.
B.2.7.6

Use of subsequent treatment in second-line patients

At 26.9 months of follow-up in second-line patients, treatment with DBd was
associated with considerably less use of subsequent therapies not available in
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England compared with patients who had received Bd (15.6% versus 49.6%,
respectively). The disparity in the extent of subsequent treatment received between
the trial arms, as well as the higher proportion of patients receiving such treatment in
the Bd arm, introduces bias into the OS analyses. Adjustment for subsequent
treatment was carried out using IPCW to reduce this bias. Following adjustment, the
OS HR was XXX (95% CI: XXX, XXX; Section 2.6.9).
B.2.7.7

Time to treatment discontinuation in second-line patients

In second-line patients, treatment with DBd was associated with a greater TTD
benefit compared with Bd. At median follow-up of 26.9 months, the HR for treatment
with DBd compared with Bd was 0.44 (95% CI: 0.26, 0.76; p<0.0031; Figure 17).(66)
Figure 17: Kaplan-Meier plot for time to treatment discontinuation among
second-line patients treated with DBd compared with Bd (CASTOR; intent-totreat analysis set; median follow-up 26.9 months)(66)

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone.
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B.2.8

Meta-analysis

As only one relevant trial evaluating DBd was identified, no meta-analysis is
required.

B.2.9

Indirect and mixed treatment comparisons

The SLR identified three RCTs that investigated treatments listed as comparators for
second-line patients within the final NICE scope (see Table 16 and Appendix D.1).
Table 16. RCTs identified in the SLR
Trial

Population

Intervention

Comparator

Outcomes assessed

CASTOR(68)

Patients with RRMM
with at least one prior
line of therapy

DBd

Bd

PFS, time to disease progression,
VGPR or better, ORR, MRD, OS

ENDEAVOR(77)

Patients with RRMM
with one to three prior
lines of therapy

Cd

Bd

PFS, OS, ORR, duration of
response, grade ≥2 peripheral
neuropathy, reduction in left
ventricular ejection fraction,
change in right ventricular
fractional area change, change in
pulmonary artery systolic pressure

Phillips,
1995(73)

Patients with RRMM
with at least one prior
line of therapy

VAd

MOD

Response, OS, plateau duration,
time to treatment failure, toxicity

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone; MOD = mitozantrone, vincristine, dexamethasone; MRD = minimal residual disease; ORR =
overall response rate; OS = overall survival; PFS = progression-free survival; RCT = randomised controlled trial;
RRMM = relapsed or refractory multiple myeloma; SLR = systematic literature review; VAD = vincristine,
doxorubicin, dexamethasone; VGPR = very good partial response.

Each study was reviewed as to its suitability for inclusion in an indirect or mixed
treatment comparison, with consideration being given to the data reported (e.g., KM
data for OS and PFS) and the comparability of baseline characteristics. Following
this review, it was determined that only two of the three RCTs identified were
suitable for inclusion in the prospective network meta-analyses (NMAs): CASTOR
and ENDEAVOR.
While the Philips 1995 RCT examined the efficacy and safety of combination
chemotherapy (mitozantrone, vincristine and dexamethasone [MOD] versus
vincristine, doxorubicin and dexamethasone [VAD]), neither MOD nor VAD are
currently used for the treatment of RRMM in clinical practice. Instead,
cyclophosphamide or melphalan are used in combination with dexamethasone or
Company evidence submission for daratumumab in RRMM
© Janssen (2017). All rights reserved

Page 63 of 152

prednisolone, depending on which regimens were used as part of front-line
treatment. Furthermore, this study was carried out between 1986 and 1992 and
therefore would not be representative of current second-line patients and their
clinical management. In addition, it was not feasible to connect this study to the
others included in the prospective network meta-analyses (NMAs). Specifically, in
the absence of a common comparator, it was not possible to compare these
combination chemotherapy regimens with DBd.
To inform the decision problem, NMAs were carried out to enable a comparison of
the remaining two trials, CASTOR and ENDEAVOR (DBd versus Cd).
B.2.9.1

Summary of trials and network diagram

A summary of the trials used to carry out the base-case NMA is provided in Table 17
and the resulting evidence network is provided in Figure 18.
Table 17. Summary of the trials used in base-case NMA
Bd

DBd

CASTOR (MMY3004)

Yes

Yes

ENDEAVOR

Yes

Cd

Yes

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone; NMA = network meta-analysis.

Figure 18. Evidence network

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone.

Both trials (CASTOR and ENDEAVOR) were of phase III, open-label design and
included adult patients with relapsed or refractory multiple myeloma who had
received at least one prior line of therapy. While CASTOR and ENDEAVOR were
considered sufficiently comparable for analysis there was some heterogeneity in
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terms of study design with key differences summarised in Table 18 (see Appendix
D.2 for full details).
Table 18: Comparative summary of key differences between trial
methodologies
Trial number

CASTOR (MMY3004)

ENDEAVOR

Eligibility criteria for
participants

1. Subject must have received at least 1
prior line of therapy with no upper limit
2. Excluded patients refractory to
bortezomib
3. Bortezomib administered
subcutaneous
4. Bd treatment duration limited until
disease progression, unacceptable
toxicity or up to eight cycles

1. One to three previous treatments
2. Requirement for patients to have a left
ventricular ejection fraction of at least
40%
3. Requirement for patients to have
creatinine clearance of at least 15
mL/min.
4. Bortezomib administered intravenous
or subcutaneous
5. Bd treatment duration limited until
disease progression or unacceptable
toxicity with no upper limit on the
number of cycles

Participant
characteristics

5. 66% of patients with prior exposure to
bortezomib

6. 54% patients with prior exposure to
bortezomib

Baseline characteristics between the studies were similar with regards to age, sex,
high cytogenetic risk, ECOG performance status and ISS Stage (see Appendix
D.2.4). The differences in patient inclusion/exclusion criteria with respect to
creatinine clearance and left ventricular ejection fraction are not expected to have a
significant impact on the comparison of trials. Differences in bortezomib
administration, however, are expected to overestimate the efficacy of Bd versus
clinical practice and versus CASTOR; where bortezomib treatment is given to a
maximum of 32 doses. This is expected to underestimate the relative efficacy of Cd
vs Bd and consequently, overestimate the relative efficacy of DBd versus Cd.
B.2.9.2

Efficacy results of the mixed treatment comparison

Table 19 describes the NMA results across the clinical efficacy outcomes assessed
in the base-case analysis and Table 20 shows the probabilities of treatments being
ranked the best. Individual forest plots for each of the outcomes are presented in
Appendix D.3.5.1.
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Table 19. NMA efficacy results
Outcome

PFS

OS

ORR

VGPR or
better

CR or better

HRs [95% CrIs] (Probability of
DBd being better than
comparator)

ORs [95% CrIs] (Probability of DBd being better
than comparator)

DBd vs Bd

0.32
[0.25, 0.40]
(100%)

0.77
[0.57, 1.04]
(95.6%)

3.21
[2.08, 5.01]
(100%)

4.16
[2.84, 6.14]
(100%)

3.97
[2.41, 6.73]
(100%)

DBd vs Cd

0.60
[0.45, 0.81]
(100%)

0.97
[0.68, 1.39]
(55.8%)

1.61
[0.96, 2.73]
(96.3%)

1.41
[0.88, 2.27]
(92.5%)

1.84
[0.93, 3.70]
(95.9%)

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; CR = complete response; CrI =
credible interval; DBd = daratumumab, bortezomib and dexamethasone; HR = Hazard ratio; NMA = network
meta-analysis; OR = odds ratio; ORR = overall response rate; OS = overall survival; PFS = progression-free
survival; T = thalidomide; VGPR = very good partial response.

Table 20. Overview of the treatment with the highest probability of being the
best according to NMA base case
Outcome

PFS

OS


DBd

ORR


VGPR or better


CR or better





Cd
Bd
Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; CR = complete response; DBd =
daratumumab, bortezomib and dexamethasone NMA = network meta-analysis; ORR = overall response rate; OS
= overall survival; PFS = progression-free survival; T = thalidomide; VGPR = very good partial response.
Green dot: treatment had highest probability of being the best in NMA base case.

DBd had a statistical advantage in prolonging PFS versus Bd and Cd. Compared
with Bd and Cd, there was a trend for DBd to improve OS. DBd also had a statistical
advantage over Bd in achieving overall response, VGPR or better and CR or better,
and there was a similar trend for DBd compared with Cd.
Across all outcomes, DBd had the highest probability of being the best treatment:


PFS: 100%



OS: 55.8%



ORR: 96.3%



VGPR or better: 92.5%



CR or better: 95.9%.
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Further details of clinical efficacy outcomes from the mixed treatment comparison
are available in Appendix D.3.5.1.
B.2.9.3

Safety results of the mixed treatment comparison

Table 21 describes the NMA results across the safety outcomes assessed in the
base case analysis and Table 22, the probability of treatments being ranked the
best. Individual forest plots for each of the outcomes are presented in Appendix
D.3.5.2. The safety profile of daratumumab in combination with Bd is consistent with
the known safety profile of Bd alone and that of daratumumab as a monotherapy
with no new safety signals being identified (Section B.2.10).
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Table 21. NMA safety outcomes
Outcome

DAEs

Grade 3+ AEs

Grade 3+
anaemia

Grade 3+
diarrhoea

Grade 3+
fatigue

Grade 3+
leukopenia

Grade 3+
neutropenia

Grade 3+
peripheral
neuropathy

Grade 3+
thrombocytop
enia

ORs [95% CrIs] (Probability of DBd being better than comparator)
DBd vs Bd

1.02
[0.55, 1.89]
(47.3%)

2.54
[1.69, 3.87]
(0%)

0.94
[0.57, 1.54]
(59.5%)

3.24
[0.92, 15.67]
(3.4%)

1.50
[0.61, 3.97]
(19.2%)

1.18
[0.34, 4.28]
(39.4%)

3.32
[1.67, 7.02]
(0%)

0.74
[0.35, 1.53]
(79.3%)

1.72
[1.19, 2.49]
(0.2%)

DBd vs Cd

0.96
[0.47, 1.95]
(55.0%)

1.42
[0.85, 2.39]
(9.2%)

0.54
[0.28, 1.01]
(97.4%)

7.65
[1.89, 41.10]
(0.2%)

1.75
[0.62, 5.17]
(14.5%)

0.61
[0.17, 2.34]
(77.1%)

1.71
[0.76, 4.04]
(9.9%)

2.93
[1.07, 8.15]
(1.8%)

1.85
[1.03, 3.31]
(2.0%)

AE = adverse event; Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; CrI = credible interval; DBd = daratumumab, bortezomib and
dexamethasone; DAE = discontinuation due to adverse events; NMA = network meta-analysis; OR = odds ratio.

Table 22. Overview of the treatment with the highest probability of being the best according to NMA base case
Outcome

DBd

DAEs

Grade 3+ AEs



Grade 3+
anaemia

Grade 3+
diarrhoea

Grade 3+
leukopenia

Grade 3+
neutropenia

Grade 3+
peripheral
neuropathy

Grade 3+
thrombocytop
enia




Cd
Bd

Grade 3+
fatigue










AE = adverse event; Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; DAE =
discontinuation due to adverse events; NMA = network meta-analysis.
Green dot: treatment had highest probability of being the best in NMA base case.

Company evidence submission for daratumumab in RRMM
© Janssen (2017). All rights reserved

Page 68 of 152



It is important to note that when conducting an NMA of safety events, the validity of
results may be affected by factors that are often not a concern in efficacy analyses,
such as the following:


heterogeneity of definitions of safety events;



inconsistencies in reporting of AEs (e.g. treatment-related AEs versus any-cause
AEs);



differences in the threshold applied for the reporting of events;



follow-up duration;



active versus passive monitoring of AEs;



patients’ health based on inclusion/exclusion criteria.

Consequently, when interpreting the NMA results on safety outcomes,
generalisations should be made with care.
No one treatment in the base-case analyses emerged as superior in terms of its
safety profile, with inconclusive findings due to wide credible intervals in most cases.
Against Bd and Cd, there was a trend for DBd to demonstrate a disadvantage for the
following grade 3+ events: grade 3+ AEs (in total), diarrhoea, fatigue, neutropenia
and thrombocytopenia. Compared with Cd, DBd demonstrated a trend for fewer
patients to experience grade 3+ anaemia and leukopenia events. Further details of
safety outcomes from the mixed treatment comparison are in Appendix D.3.5.2.
B.2.9.4

Subgroup analyses

The reporting of data in patients receiving their second line of therapy in CASTOR
and ENDEAVOR was available for the assessment of PFS, OS, overall response,
VGPR or better and CR or better. Results in the second line population are
presented in Table 23. Further details of the subgroup analyses are presented in
Appendix D.3.5.3.
Table 23. Subgroup analyses

PFS

HR [95% CrI] (Probability of DBd being
better than comparator)

DBd vs Bd

DBd vs Cd

0.21
[0.15, 0.30]
(100%)

0.47
[0.29, 0.75]
(99.9%)
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DBd vs Bd

DBd vs Cd

OS

HR [95% CrI] (Probability of DBd being
better than comparator)

0.50
[0.30, 0.84]
(99.6%)

0.60
[0.33, 1.10]
(95.0%)

Overall
response

OR [95% CrI] (Probability of DBd being
better than comparator)

3.87
[1.82, 8.88]
(100%)

1.62
[0.67, 4.10]
(86.0%)

VGPR or
better

OR [95% CrI] (Probability of DBd being
better than comparator)

4.52
[2.57, 8.07]
(100%)

1.28
[0.65, 2.55]
(75.7%)

CR or better

OR [95% CrI] (Probability of DBd being
better than comparator)

4.43
[2.37, 8.68]
(100%)

2.82
[1.14, 7.00]
(98.7%)

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; CR = complete response; CrI =
credible interval; DBd = daratumumab, bortezomib and dexamethasone; HR = Hazard ratio; OR = odds ratio; OS
= overall survival; PFS = progression-free survival; VGPR = very good partial response.

Compared with the base case, additional advantages were observed in patients at
second line of therapy with regard to PFS, OS and CR or better. DBd also gained a
statistical advantage in prolonging OS against Bd in second-line patients
demonstrating the survival benefit of using DBd early in the patient pathway when
patients have less cumulative toxicities and are generally more responsive to a triplet
based regimen. Similar trends for overall response and VGPR or better were
observed in the subgroup of patients who were on their second line of treatment
compared with the base case. Across all efficacy outcomes for patients at second
line of therapy, DBd had the highest probability of being the best treatment:


PFS: 99.9%



OS: 95%



ORR: 86%



VGPR or better: 75.7%



CR or better: 98.7%

B.2.9.5

Sensitivity analyses

The NICE recommendation for Cd is in second-line, bortezomib naïve patients;
based on post-hoc subgroup analyses of ENDEAVOR submitted in TA457.
Estimation of the relative effectiveness of DBd versus Cd in this post-hoc population
involves breaking randomisation of both CASTOR and ENDEVOUR; thereby
introducing bias into NMA. As such, NMA of PFS and OS in this post-hoc population
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were only considered in sensitivity analyses. Results of the NMA comparing
unadjusted PFS and OS data are presented in Table 24.
Table 24. Unadjusted analyses of second line and bortezomib-naïve patients
DBd vs Bd

DBd vs Cd

PFS

HR [95% CrI] (Probability of DBd being better
than comparator)

0.23
[0.14, 0.38]
(100%)

0.52
[0.27, 1.02]
(97.2%)

OS

HR [95% CrI] (Probability of DBd being better
than comparator)

0.53
[0.24, 1.17]
(94.2%)

0.66
[0.22, 1.98]
(76.8%)

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; CrI = credible interval; DBd =
daratumumab, bortezomib and dexamethasone; HR = Hazard ratio; OS = overall survival; PFS = progressionfree survival.

In a sensitivity analysis of patients at second line of therapy who were bortezomibnaïve, results were similar to the analyses of all second line patients. DBd had a
statistical advantage over Bd for improving PFS and there was a trend for DBd to
prolong PFS compared with Cd. There was a trend for increased OS with DBd
compared with Bd and Cd; however, the credible intervals crossed one. Across both
survival outcomes, DBd had the highest probability of being the best treatment. The
results of this sensitivity analysis should be interpreted with caution due to the
potential risk of biases associated with post-hoc data. Collection of this subgroup
data required a break in randomisation in which it has not been possible to adjust for
potential differences in baseline covariates. Further details of the sensitivity analysis
are presented in Appendix D.3.5.4
B.2.9.6

Investigation of statistical heterogeneity

Statistical heterogeneity is defined as an instance where a set of true relative
treatment effects varies across studies; in other words, the observed treatment
effects vary more than would be expected due to sampling error. For these analyses,
there was only one study per comparison. Consequently, it is not possible to test for
statistical heterogeneity or inconsistency in effects.

B.2.10

Adverse reactions

To ensure all relevant safety evidence for daratumumab and potential comparator
therapies was identified, systematic searches for additional AE data from nonrandomised studies was carried out. These searches are in addition to the review of
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RCT safety evidence carried out as part of the clinical SLR (see Section B.2.1 and
Appendix D). Most of the studies identified were short-term, small-scale studies that
provided minimal supplementary safety data to randomised controlled trials (RCTs)
identified through the clinical effectiveness SLR.
B.2.10.1 TEAE overall
At median follow-up of 26.9 months, most patients treated with DBd or Bd had at
least one treatment-emergent adverse event (TEAE) after the start of treatment
(99.2% and 95.4%, respectively). Higher rates of grade 3 or 4 TEAEs were observed
in patients treated with DBd compared with Bd (81.1% versus 62.9%).(66) The
percentage of patients who discontinued treatment because of at least one TEAE
was similar for both DBd and Bd (9.5% and 9.3%, respectively).(66) A summary of
TEAEs at 26.9 months of follow-up is provided in Table 25.(66)
Table 25: Summary of TEAEs (CASTOR; safety population; median follow-up
26.9 months)(66)
Bd (n=237)

DBd (n=243)

Any TEAE, n (%)

226 (95.4)

241 (99.2)

Grade 3/4 TEAE, n (%)

149 (62.9)

197 (81.1)

Serious TEAE, n (%)

81 (34.2)

123 (50.6)

TEAE leading to discontinuation, n (%)

22 (9.3)

23 (9.5)

TEAEs leading to death, n (%)

14 (5.9)

15 (6.2)

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; TEAE =
treatment-emergent adverse event.

B.2.10.2 TEAE by preferred term
At median follow-up of 26.9 months, the most frequently reported TEAEs (≥20%) for
the DBd group were: thrombocytopenia (60%), peripheral sensory neuropathy
(50%), diarrhoea (35%), upper respiratory tract infection (33%), anaemia (28%),
cough (28%), constipation (22%), fatigue (22%), and back pain (20%). The most
frequently reported TEAEs (≥20%) for the Bd group were: thrombocytopenia (44%),
peripheral sensory neuropathy (38%), anaemia (32%), fatigue (25%) and diarrhoea
(22%). The three most common grade 3 or 4 adverse events reported in patients
treated with DBd or Bd were thrombocytopenia (45.7% and 32.9%, respectively),
anaemia (15.2% and 16.0%, respectively) and neutropenia (13.6% and 4.6%,
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respectively).(73) A summary of TEAEs by preferred term at 26.9 months of followup is provided in Table 26.(66, 73)
Table 26: TEAEs by preferred term (CASTOR; safety population, median
follow-up 26.9 months)(66, 73)
Bd (n=237)

DBd (n=243)

All grades
(≥10%)

Grade3/4
(≥5%)

All grades
(≥10%)

Grade3/4
(≥5%)

Thrombocytopenia, n (%)

105 (44.3)

78 (32.9)

145 (59.7)

111 (45.7)

Anaemia, n (%)

75 (31.6)

38 (16.0)

69 (28.4)

37 (15.2)

Neutropenia, n (%)

23 (9.7)

11 (4.6)

46 (18.9)

33 (13.6)

Lymphopenia, n (%)

9 (3.8)

6 (2.5)

32 (13.2)

24 (9.9)

Peripheral sensory neuropathy, n (%)

90 (38.0)

16 (6.8)

121 (49.8)

11 (4.5)

Neuralgia, n (%)

26 (11.0)

2 (0.8)

34 (14.0)

2 (0.8)

Dizziness, n (%)

25 (10.5)

0

27 (11.1)

1 (0.4)

Headache, n (%)

14 (5.9)

0

28 (11.5)

1 (0.4)

Fatigue, n (%)

58 (24.5)

8 (3.4)

53 (21.8)

12 (4.9)

Cough, n (%)

30 (12.7)

NA

68 (28.0)

NA

Diarrhoea, n (%)

53 (22.4)

3 (1.3)

86 (35.4)

9 (3.7)

Constipation, n (%)

38 (16.0)

2 (0.8)

53 (21.8)

0

Nausea, n (%)

27 (11.4)

0

35 (14.4)

2 (0.8)

Vomiting, n (%)

9 (3.8)

NA

29 (11.9)

NA

Dyspnoea, n (%)

21 (8.9)

2 (0.8)

47 (19.3)

10 (4.1)

Insomnia, n (%)

36 (15.2)

3 (1.3)

41 (16.9)

2 (0.8)

Peripheral oedema, n (%)

20 (8.4)

0

47 (19.3)

1 (0.4)

Asthenia, n (%)

37 (15.6)

5 (2.1)

25 (10.3)

2 (0.8)

Pyrexia, n (%)

28 (11.8)

3 (1.3)

43 (17.7)

4 (1.6)

Pneumonia, n (%)

31 (13.1)

24 (10.1)

38 (15.6)

25 (10.3)

Bronchitis, n (%)

15 (6.3)

3 (1.3)

36 (14.8)

7 (2.9)

Upper respiratory tract infection, n (%)

43 (18.1)

1 (0.4)

80 (32.9)

6 (2.5)

Viral upper respiratory tract infection, n (%)

9 (3.8)

0

27 (11.1)

1 (0.4)

Back pain, n (%)

24 (10.1)

3 (1.3)

49 (20.2)

5 (2.1)

Pain in extremity, n (%)

17 (7.2)

2 (0.8)

32 (13.2)

4 (1.6)

Arthralgia, n (%)

13 (5.5)

0

32 (13.2)

4 (1.6)

Hypokalaemia, n (%)

11 (4.6)

3 (1.3)

25 (10.3)

6 (2.5)

Decreased appetite, n (%)

12 (5.1)

1 (0.4)

26 (10.7)

2 (0.8)

Common haematologic adverse event

Common nonhaematologic adverse events

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; NA = not
applicable; TEAE = treatment-emergent adverse event.
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B.2.11

Ongoing studies

A summary of all completed and ongoing studies that should provide additional
clinical evidence for daratumumab in RRMM in the next 12 months are shown in
Table 27.

Company evidence submission for daratumumab in RRMM
© Janssen (2017). All rights reserved

Page 74 of 152

Table 27: Clinical trials for the evaluation of daratumumab in patients with relapsed/refractory disease
Study

Target
indication/population

Primary objective

Phase

N

Efficacy hypothesis

Trial Start
Date

Trial
completion
date

Daratumumab in combination with lenalidomide and low-dose dexamethasone for the treatment of patients with relapsed or refractory MM
MMY3003
(POLLUX)

Daratumumab in combination
with lenalidomide and lowdose dexamethasone (DLd)
for the treatment of patients
who have (in part I) MM after
receiving a minimum of 2 and
a maximum of 4 prior lines of
therapy and (in part II)
relapsed MM after receiving a
minimum of 1 and a
maximum of 3 prior lines of
therapy

To compare the efficacy of
daratumumab when
combined with lenalidomide
and dexamethasone (DLd) to
that of lenalidomide and
dexamethasone (Ld), in
terms of progression-free
survival (PFS) in patients
with relapsed or refractory
MM

III

569

The study is designed to
achieve a power of 85% to
detect a 30% reduction in
the risk of either progression
or death i.e. a PFS increase
to 17.1 from 12 months
corresponding to a 0.7
Hazard ratio DLd versus Ld
with a log-rank test (twosided alpha is 0.05).
In addition, it will also
achieve approximately 80%
power to detect a 27%
reduction in the risk of death
(Hazard ratio=0.73) DLd
versus Ld with a log-rank
test (two-sided alpha=0.05)

May 2014

Sept 2020

Daratumumab for the first-line treatment of patients who have received at least 3 prior lines of therapy including a PI and an IMiD or whose disease is double
refractory to both a PI and an IMiD
Supporting data
GEN501

Patients with MM whose
disease is relapsed or
refractory to at least 2 prior
lines of therapy

To determine the safety and
preliminary efficacy of
daratumumab, as measured
by adverse event rates from
first treatment visit until end
of study and preliminary
response rates

I/II

Stage 1,
n=20
Stage 2,
n=16
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NA

3Q 2013
1Q 2014

Study

Target
indication/population

Primary objective

Phase

N

Efficacy hypothesis

Trial Start
Date

GEN503

Daratumumab in combination
with lenalidomide and
dexamethasone for patients
with relapsed or relapsed and
refractory MM

To determine if
daratumumab when given in
combination with
lenalidomide and
dexamethasone in patients
with relapsed or relapsed
and refractory MM is safe,
tolerable and effective
treatment with regards to
response rates

I/II

Approx
33 + 20

NA

2012
(20 patient
expansion
first patient
dosed
February
2014)

Trial
completion
date

DLd = daratumumab, lenalidomide and dexamethasone; IMiD = immunomodulatory drug; LD = lenalidomide and dexamethasone; MM = multiple myeloma; NA = not available;
PI = proteasome inhibitor; PFS = progression-free survival
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B.2.12

Innovation

Daratumumab is the first and only licensed human monoclonal antibody (mAb) that
binds to CD38, an antigen expressed on multiple myeloma tumour cells. CD38 is a
distinct target from those of other approved agents for MM, as high levels of CD38
expression are found universally in the plasma cells of patients with MM.(3)
Daratumumab works by targeting the tumour directly, as well as uniquely modulating
the immune system in a way that is not typically seen with mAbs, whereby it
enhances the immune system of the patient.(78) It is the combination of these direct
and indirect immunomodulatory effects that explain the exceptional efficacy
observed with daratumumab.
Daratumumab reduces the number of immune-suppressive cells (expressing
CD38(79)) and increases the number, activation and clonality of cytotoxic Tcells.(78) This shift in positive versus negative immune regulators is thought to
contribute to the overall anti-tumour response of daratumumab. Furthermore, in
patient samples from monotherapy trials, the upregulation of immune cells was only
seen in those who responded to daratumumab. Non-responders did not show these
immunological changes. This clearly establishes the role of a daratumumab-specific
immunological treatment response.(78)
DBd represents a step-change in the management of multiple myeloma, and offers
patients a second chance at a front-line prognosis. Daratumumab clearly provides
unprecedented superior clinical outcomes to those observed in Bd-controlled trials of
all other novel therapies in RRMM.(78) Importantly, following the introduction of DBd,
the approach to the management of patients with RRMM will become one of
prolonging remission rather than limiting relapses.
In particular, DBd has a superior depth of response compared with other PI
containing regimens, with the highest proportion of patients achieving an overall
response, VGPR or better, or CR/sCR. Similarly, the HR of DBd compared with Bd
for PFS was lower than other treatment regimens, suggesting superior PFS for the
daratumumab treatment regimen. In the studies of other regimens, the HR for PFS
for Cd was 0.53(77), compared with 0.32 in the daratumumab study; i.e., a reduction
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in risk of progression or death of 47%, compared with 68% in CASTOR. As
acknowledged by the EMA: ‘although comparison between studies is difficult, these
data indicate a clinical meaningful benefit of daratumumab’.(21)
Moreover, DBd has demonstrated outcomes superior to those achieved with current
treatments in front-line patients (Table 28). This is important when considering that
currently the prognosis of patients deteriorates with each treatment line. As such, it is
reasonable to expect that the substantial clinical benefit of DBd will translate into an
overall survival benefit akin to that provided by existing drug therapies at front-line.
This aligns to patient preferences as it will reduce the anxiety associated with
relapse observed in both patients and carers, giving them a renewed sense of hope
for a life extending period of remission, the value of which is not intrinsically captured
in the QALY framework.
Table 28: Naïve treatment comparison of efficacy outcomes measured in frontline patients
Treatment

ORR (%)

Median PFS (months)

BMP(80)

71

18.3

Ld(81)

81

26.0

85

56.2

92

26.2

Front-line SCT ineligible

Front-line SCT eligible
VTd(65)
Second-line
DBd(66)

BMP = bortezomib-melphalan-prednisone; DBd = daratumumab-bortezomib-dexamethasone; Ld = lenalidomidedexamethasone; ORR = overall response rate; OS = overall survival; PFS = progression-free survival; SCT =
stem cell transplant.

B.2.13

Interpretation of clinical effectiveness and safety evidence

CASTOR demonstrated that the addition of daratumumab to a bortezomib and
dexamethasone regimen resulted in unprecedented, substantial and consistent
improvements in key clinical outcomes versus bortezomib and dexamethasone in
patients with relapsed/refractory multiple myeloma. DBd provided highly significant
improvements with regards to the primary endpoint of PFS as well as for the
secondary endpoints TTP, ORR, rate of VGPR or better and MRD negativity rate
compared with Bd.
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After a median follow-up of 26.9 months, median PFS in the ITT population was
significantly greater with DBd versus Bd (median: 16.7 versus 7.1 months
respectively; HR, 0.32; 95% CI: 0.25, 0.40; p<0.0001). An increase in PFS was
consistently observed across all subgroups assessed, with the greatest benefit
observed in second-line patients (median: 26.2 versus 7.9 months; HR 0.23, 95% CI:
0.16, 0.33; p<0.0001). PFS benefit was highly consistent in patients with and without
prior bortezomib exposure (HR 0.34, 95% CI: 0.26, 0.45 and HR 0.28 , 95% CI: 0.18,
0.43; respectively); thus supporting the positioning of DBd to second-line patients,
regardless of prior bortezomib exposure.(66)
A surrogate relationship between PFS and OS has been identified; where each
month of PFS yields 3.1 months (95% CI: 2.2 to 4.0) of OS.(76) As such, an
incremental survival benefit of at least 56.7 months is anticipated with treatment with
DBd compared with Bd in second-line patients.
Adults diagnosed with myeloma in England and Wales between 2010 and 2011 are
estimated to have an age-standardised, one-year survival of 76.6%. At 26.9 months
of follow-up in CASTOR, the two-year survival rate observed in second-line patients
was 68.9% (95% CI:59.3, 76.7) for patients treated with Bd and 83.2% (95% CI:
75.2, 88.8) for patients treated with DBd.(66) The greater proportion of second-line
patients surviving at two years on DBd (83.2%) compared with patients with the one
year survival rate of newly diagnosed MM patients in England further establishes the
additional survival benefit offered by DBd compared with the standard of care in
England, particularly for patients on second-line treatment. That is, DBd offers
patients at first relapse, a second chance at a front-line prognosis
Due to the international design of the CASTOR trial, and highly restrictive NICE
recommendations of RRMM treatments, many patients received subsequent
treatment with therapies not available in England (see Section B.2.5.2). Furthermore,
as a consequence of the earlier progression of patients in the Bd arm, there is a
disparity in the extent of subsequent treatment received between the trial arms
(second-line patients: 16% for DBd versus 50% for Bd). The use of subsequent
treatment not available in England, along with the higher proportion of patients in the
Bd arm receiving such treatments, introduces bias into the OS analyses. As such,
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adjustment for subsequent treatments not available in clinical practice in England
was carried out to reduce bias and increase the generalisability of trial results to
English clinical practice.
Following adjustment, using inverse probability of censored weights (IPCW)
methodology, the HR for OS was XXX (95% CI: XXX, XXX) in the second-line
population (median 26.9 months follow-up), highlighting the survival benefit for
patients receiving DBd.
PRO results indicated that at 26.9 months follow-up most patients maintained their
HRQoL during treatment with DBd, with no significant differences between treatment
groups identified at most time points in the study. For nearly all time points, no
statistically significant differences between DBd and Bd were observed in change
from baseline in the EQ-5D-5L Utility Score or EQ-5D-5L VAS and no statistically
significant differences were observed between DBd and Bd in median time to
worsening or improvement in the Utility Score or VAS. Moreover, utility was seen to
increase as patients entered the monotherapy phase of treatment.(66) This means
that patients treated with the DBd triple therapy combination benefit from improved
PFS and OS with no significant detriment to overall HRQoL versus the existing
standard of care doublet therapy (Bd). Moreover, the fact that HRQoL is maintained
during treatment means a delay of further disability from the disease. The avoidance
of disability and dependence is a key issue for patients; generally, of greater
importance than concerns about dying . Furthermore, HRQoL tended to improve in
patients treated with DBd following the cessation of the Bd component (Bd given for
a maximum of 8 cycles); meaning that patients treated with DBd can enjoy a better
quality of life for longer than patients treated with Bd.
Results from the indirect or mixed treatment comparison showed that patients
receiving DBd had a statistical advantage versus Bd and Cd with regards to
prolongation of PFS. There was a trend for DBd to improve OS against both
comparators. Compared with Bd, there was a statistical advantage for DBd in
achieving overall response, CR or better and VGPR or better, and there was a trend
for more patients to achieve these responses compared with Cd. Across all efficacy
outcomes, DBd had the highest probability of being the best treatment.
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The safety of DBd was comparable with Bd across most safety endpoints, with a
total number of treatment discontinuations due to adverse events of 9.5% compared
with 9.3% in the Bd arm of the CASTOR study. These results demonstrate that the
safety profile of daratumumab in combination with Bd is consistent with the known
safety profile of Bd alone and that of daratumumab as a monotherapy. Importantly,
no new safety concerns were identified.(66)
Safety results from the indirect or mixed treatment comparison were largely
inconclusive. There was a trend for lower occurrence of grade 3+ anaemia in
patients treated with DBd compared with Bd and Cd, a trend for lower occurrence of
grade 3+ peripheral neuropathy compared with Bd, and trends for fewer
discontinuations and lower occurrence of grade 3+ leukopenia compared with Cd.
Prolongation of remission has been identified by international and national treatment
guidelines as an important goal of therapy and is consistent with a recent patient
preference study conducted by Myeloma UK and NICE which identified achieving a
lasting remission from treatment as the most important factor for the majority of
participants.(43) The results of CASTOR demonstrate that DBd can provide lasting
remission and that it is reasonable to expect an overall survival benefit akin to that
currently only achieved with existing drug therapies at front-line.

B.3

Cost effectiveness

B.3.1

Published cost-effectiveness studies

A systematic search of cost-effectiveness studies associated with RRMM was
conducted to identify cost effectiveness analyses relevant to the decision problem.
No published cost effectiveness studies relevant to the technology appraisal were
identified (see Appendix G).

B.3.2

Economic analysis

B.3.2.1

Patient population

The modelled population in the economic evaluation is identical to the second-line
population included in the CASTOR phase III clinical study. Inclusion and exclusion
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criteria for CASTOR are described in Section B.2.3.1.1. In line with the positioning of
DBd, the model target population included adult patients with multiple myeloma who
have received one prior therapy.
B.3.2.2

Model structure

The remarkable efficacy of daratumumab with respect to PFS, the primary endpoint
of the pivotal Phase III trial CASTOR, led to the decision by the IDMC to unblind the
trial (to the manufacturer) after only 7.4 months follow up.(67) Consequently,
marketing authorisation for DBd was obtained based on relatively short follow-up.
Although data have since further matured, median follow-up in the IA2 datacut (upon
which the economic model is based) is 26.9 months. At this time point, 51% of
second-line patients in the DBd arm remained progression free and a total of 65
death events (28% of patients) had been observed (25 of which occurred in the DBd
arm).
Neither an individual patient-level simulation or Markov model was considered
appropriate for the analyses. This is because, for these methods, it would be
necessary to:


link individual patient characteristics to death events, or



use treatment-specific PPS to inform transition probabilities.

However, due to the relatively few death events observed in CASTOR, linking
individual patient characteristics to death events would be subject to uncertainty.
Furthermore, estimates of PPS from CASTOR are likely to underestimate the true
PPS due to selection bias; as patients who progressed in the trial are likely to be in
a worse condition and therefore die earlier than the average patient.
Although PPS could be estimated from other sources, estimates for PPS in the
literature or from other trials are considered inadequate as they would not capture
the mechanism of action of daratumumab. That is, any post-progression survival
benefit arising from treatment with daratumumab would be ignored. Furthermore,
treatment patterns are changing rapidly, and the impact of daratumumab and other
novel therapies used in later lines of treatments have not been included in the
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published analyses. Therefore, alternative data sources are also likely to
underestimate PPS.
In addition to this, the robustness of the Markov modelling approach is compromised
by the paucity of post-progression survival data available for Cd.
Consequently, partitioned survival analyses (PartSA) were used in the model for this
submission to:


make best use of available data;



minimise assumptions and,



capture the novel mechanism of action of daratumumab.

The survival partition model is a widely-accepted approach in oncology indications
and has been used in previous RRMM NICE technology appraisals. (54-57, 82-84)
As we are mindful, however, of the limitations to the PartSA approach outlined in the
recent technical support document (TSD) from NICE’s decision support unit (DSU),
every effort has been made to validate the model extrapolations. All model
extrapolations (particularly OS extrapolations) have been validated using a
triangulation of external data, expert clinical opinion and examination of the
underlying hazard function.
Clinical experts provided input on the appropriateness of the clinical pathway to
ensure it reflected the key aspects of current clinical practice in England. Key
aspects that were determined to affect both clinical outcomes and treatment
decisions included:


Duration of PFS;



Duration of treatment;



Treatment options in subsequent lines; and



OS.

CASTOR(67) endpoints were consistent with the key clinical aspects identified in the
review of the clinical and treatment pathways, and are indeed captured in the model
structure as depicted in Figure 19. The model comprises three health states; preCompany evidence submission for daratumumab in RRMM
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progression, post-progression and death directly capturing PFS and OS. Treatment
status in both the pre-progression and post-progression states was also tracked to
capture duration of treatment:




Progression-free


On treatment



Off treatment

Post-progression


On subsequent treatment



Off treatment/palliative care



Dead

Figure 19. Model diagram

OS = overall survival; PFS = progression-free survival; Tx = treatment
Dotted lines represent the fact the transitions between health states are not directly tracked, but proportions of
patients in each health state are calculated through the partition approach at each time point.

Patients who are eligible for treatment entered the model, initiated treatment, and
experienced an interval of PFS. Patients who experienced disease progression and
did not die during the initial modelled line of treatment continued to the postCompany evidence submission for daratumumab in RRMM
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progression health state and could receive subsequent treatments. Patients could
die at any time point in the model.
The PartSA approach applies treatment specific and independent PFS and OS
curves for each comparator. The assumption is that at any time point:


The proportion of patients falling under the PFS curve is in the pre-progression
health state



The proportion of patients falling above the OS curve is in the Dead health state



Any remaining patients are in the post-progression health state

The model also captures the proportion of patients on and off treatment using the
same partition approach:


Patients falling under the TTD curve are on-treatment



Patients between the TTD and PFS curves are in the pre-progression health
state but off treatment

Similarly, in the post-progression health state, the proportion of patients on
subsequent treatment is captured based on the ratio of patients starting subsequent
treatment after progression and their discontinuation from subsequent treatment
either due to death or other reasons. The impact of differences in terms of treatment
options in subsequent lines of treatment were captured by allowing for treatmentspecific OS and a treatment specific mix of subsequent treatments.
Costs and utilities were assigned to each health state and were applied according to
the patients’ disease progression status and the type of treatment received. As the
model progressed, cost and utility data were summed per treatment arm, allowing for
the calculation of differences in accumulated costs and effectiveness between
comparators at model completion.
B.3.2.2.1 Model features
The base case analysis was conducted from the perspective of NHS England.
A 30-year time horizon was used in the base case. This time horizon was considered
long enough to capture the long-term clinical and economic impacts of RRMM, an
incurable disease requiring treatment until end of life. Given the median age of 63
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years(68) for the second-line population of CASTOR, 30 years is considered to be a
fair approximation of a lifetime time horizon.
Costs and health-related outcomes were discounted by 3.5% annually.
The model cycle-length is 1 week to adequately capture differences between dosing
schedules regularly used in RRMM (e.g. where patients may receive treatment for
two weeks and then no treatment for one week). Throughout the analysis, health
benefit and cost calculations were half-cycle corrected by averaging the number of
patients at the start and end of each cycle.
A summary of the model features is presented in Table 29, alongside a comparison
with models included in previous NICE appraisals of treatments for RRMM as these
were used to inform the base case model for daratumumab.
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Table 29. Comparison of current and previous appraisals in the indication
Factor

Previous appraisals

Current appraisal

TA171
(lenalidomide)(
55)

ID667
(lenalidomide
post
bortezomib)(8
2)

TA129
(bortezomib)(5
4)

TA457
(carfilzomib)(8
3)

TA380
(panobinostat)(
56)

ID807
(ixazomib)(8
4)

TA427
(pomalidomide)(
57)

Chosen
values

Justificatio
n

Summary
of analytic
methods

Discrete event
simulation
utilizing patientlevel information

Partitioned
survival
model, 3
health states

Semi- Markov
state transition
model.

Partitioned
survival model,
3 health states

Direct
comparison
survival analysis
with data from
clinical trials

Partitioned
survival
model, 3
health states

Partitioned
survival model, 3
health states

Partitioned
survival
model

Best use of
available
data,
minimum
amount of
assumptions
and
captures the
novel
mechanism
of action of
daratumuma
b.

Patient
population

People with
multiple
myeloma who
have received at
least one prior
therapy

Adults with
multiple
myeloma for
whom
thalidomide is
contraindicate
d and
whose disease
has
progressed
after at least 1
prior treatment
with
bortezomib.

Patients who
had
experienced a
1st relapse of
multiple
myeloma

Patients with
previously
treated multiple
myeloma

Patients who had
received at least
two prior lines of
treatment
including
immunomodulato
ry drug (IMiD)
and BOR based
regimens.

Adult
patients with
multiple
myeloma
who have
had 2 or 3
prior lines of
therapy

Adults at third or
subsequent
relapse treated
with LEN and
BOR

Adult
patients
with multiple
myeloma
who have
received
one prior
therapy.

Population
identical to
the secondline
population
included in
the
CASTOR
phase III
clinical study

Time
horizon

30 years

25 years

15 years

40 years

25 years

25 years

15 years

30 years

Given the
median age
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of 63 years
for CASTOR
population,
30 years is a
fair
approximatio
n of a
lifetime time
horizon
Perspective

NHS&PSS

NHS

NHS

NHS&PSS

NHS and
PPS

NHS

NHS

Aligns with
NICE guide
to the
methods of
technology
appraisal

Discount

3.5%

3.5%

3.5%

3.5%

3.5%

3.5%

3.5%

Align with
NICE guide
to the
methods of
technology
appraisal

Cycle
length

Continuous time
model

4 weeks

3 weeks

4 weeks

3 weeks

1 week

1 week

1 week

Adequately
captures
differences
between
dosing
schedules
regularly
used in
RRMM (3 or
4 weeks)

Half-cycle
correction

Not applied

Applied

N.A

Applied

N.A.

Applied

Treatment
waning
effect?

No, model driven
by response
rates

No,
independently
fitted curves

Hazard ratios
for time to
progression
and overall
survival

No,
independently
fitted curves

HR for LEN/DEX
relative to
PANO/BOR/DEX
changed at cycle
39, from 0.99 to

No,
independentl
y fitted
curves
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Applied
No, independently
fitted curves

No,
independent
ly fitted
curves

Due to
mechanism
of action of
daratumuma
b, which
results in

Duration of
treatment
effects 3 years
(based on
median survival
of the APEX
trial)
Source of
utilities

van Agthoven (2004).

QALYs
(interventio
n
&comparat
or)

N.A.

LEN 3.42
BOR 2.89

Costs
(currency)
(interventio
n
comparator
)

Direct and
indirect medical
cost
N.A.

LEN+DEX
£121,422
BOR
£113,740

Source of
costs

British National
Formulary (BNF

British
National

1.52

Mapping
analysis using
change from
baseline from
clinical trial
applied to van
Agthoven
(2004)

Mapped utility
values from trial
Acaster et al.
study

EQ-5D data
from clinical
trial

EQ-5D data
collected in the
trial

EQ-5D-5L
data from
trial,
mapped to
EQ-5D-3L;
van
Agthoven
(2004)
tested in
scenario
analysis

Cd 4.09
Bd 2.94
CLd 3.77
Bd 2.95

PANO+BOR+DE
X 1.52
LEN+DEX 1.41

IXA+LEN+D
EX 3.71
LEN+DEX
2.73
(results for
patients
receiving 2-3
prior lines)

N.A.

DBd: XXX
Cd: XXX
Bd: XXX

BOR £21,035
HDD
£82

Cd £117,660
Bd £93,769
CLd £127,140
Bd £94,528

PANO+BOR+DE
X £146,310
LEN+DEX
£143,048

IXA+LEN+D
EX £255,289
LEN+DEX
£132,269
(results for
patients
receiving 2-3
prior lines)

N.A.

DBd: XXX
Cd: XXX
Bd:
XXX

APEX trial,
NHS

N.A.

N.A.

Admin cost driven
from TA311,

MIMS UK
Drug

van Agthoven,
2004)
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Allows utility
calculation
from the
exact
population
from which
efficacy data
were
derived.
Aligns with
NICE
position
statement

ICER (per
QALY
gained)

65)

Formulary
(BNF 65)
Department of
Health
Electronic
Market
Information
Tool (eMit) For
monitoring
costs NHS
reference
costs and
ERG model
(TA228)

OutPatient
Mandatory
Tariff
2005/6,
Bruce et al
(1999),
experts
interviews

N.A.

£14,535

Cost/LYs
£30,750
Cost/QALY
£38,000

Incremental
value Cd vs
BOR+DEX
£20,766
CAR+LEN+DE
X vs
BOR+DEX
£40,198

£30,701

£125,277
(results for
patients
receiving 2-3
prior lines)

monitoring,
concomitant
medication and
AE costs from
questionnaire
filled by clinicians.

Database,
National
Schedule of
Reference
Costs 20162017

POM+DEX vs
BOR £39.665
POM+DEX vs
chemotherapy
£44,811

DBd vs Cd:
£7,180
DBd vs Bd
£41,633

B = bortezomib; C = carfilzomib; D = daratumumab; d = dexamethasone; EORTC QLQ-C30 = European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire; ERG = evidence review group; ICER = incremental cost effectiveness ratio; L = lenalidomide; LY = life year; N/A = not applicable; NHS = national health
service; P = pomalidomide; QALY = quality adjusted life year.
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B.3.2.3

Intervention technology and comparators

The intervention, DBd, is implemented within the model as per its marketing
authorisation, and is given according to the recommended dosing regimen. The
comparative treatments are also implemented as per their respective marketing
authorisations and are given according to their licensed dosing regimens (e.g. up to
8 cycles for bortezomib).
As per the NICE scope for second-line patients, the following treatments were
included in the base case comprising of patients with one prior line of treatment:


Daratumumab+bortezomib+dexamethasone (DBd)



Bortezomib+dexamethasone (Bd)



Carfilzomib+dexamethasone (Cd)

The quality and the reliability of the evidence to allow comparison of relative clinical
or cost-effectiveness of DBd against chemotherapies was inadequate. No evidence
was identified for chemotherapy regimens used in current clinical practice, therefore
chemotherapies were not included as comparators (Section B.2.8).

B.3.3

Clinical parameters and variables

The key effectiveness inputs in the model are PFS, OS and time to treatment
discontinuation (TTD).
B.3.3.1

Fitting of Parametric Distributions to Time to Event Data

To project time-to-event data for the entire model time horizon, the extrapolation of
survival data beyond the trial period was required. Following recommendations by
the NICE Decision Support Unit on survival data extrapolation, six parametric
distributions were fitted to model OS, PFS and TTD data:


Exponential



Weibull



Log-normal



Log-logistic



Generalised gamma
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Gompertz

Given the relatively short follow-up available in CASTOR, less weight was given to
the statistical fits and more weight was given to the clinical face validity of the longterm PFS and OS projections when selecting the base case curves.
B.3.3.1.1 Progression-free Survival
Long-term projection of PFS was assessed on statistical goodness-of-fit and the
clinical plausibility of the longer-term projected tail. While PFS does not directly
impact survival, it is an important determinant of quality of life.
Statistical goodness-of-fit was assessed based on test statistics (AIC and BIC, Table
30). Clinical plausibility of the longer-term projections was assessed against expert
opinion at the October 2017 Ad Board.(59)
Scrutiny of the PFS hazard curves from CASTOR indicated that there was a violation
of the proportional hazards assumption between the treatment arms (Appendix L,
Figure 3). Due to this violation, DBd curves were fitted separately from Bd curves.
Statistically, the best fit for PFS was log-logistic for Bd and Gompertz for DBd.
Clinical expert feedback suggested that the Gompertz curve was the best fit for DBd
and that all curves fitted the Bd data well. The Gompertz distribution is used for DBd
and Bd in the base case analysis to maintain consistency between the trial treatment
arms. The selected Gompertz distributions match the KM data very well and provide
clinically reasonable long-term projections.
Table 30: Goodness-of-fit for parametric fitting to PFS in CASTOR
Bd

DBd

Analysis

AIC

BIC

AIC

BIC

Weibull

625.715

631.170

564.411

570.019

Log-normal

622.233

627.687

575.844

581.452

Log-logistic

616.191

621.646

568.389

573.997

Exponential

634.318

637.045

562.583

565.387

Generalized gamma

621.595

629.777

563.427

571.839

Gompertz

634.774

640.229

562.497

568.105

AIC = Akaike information criteria; Bd = bortezomib and dexamethasone; BIC = Bayesian information criteria; DBd
= daratumumab, bortezomib and dexamethasone; PFS = progression-free survival.
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Figure 20: Comparison of Bd PFS long-term projection

Bd = bortezomib and dexamethasone; PFS = progression-free survival.
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Figure 21: Comparison of DBd PFS long-term projection

DBd = daratumumab, bortezomib and dexamethasone; PFS = progression-free survival.
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PFS of Cd was modelled by applying a HR calculated in the NMA to the reference
curve of Bd projected PFS from CASTOR (Table 31).
Table 31: HR of PFS
Comparator

HR versus Bd

Cd

0.45 (0.28, 0.72)

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; HR = hazard ratio; PFS =
progression-free survival.

Comparison of the median PFS estimated by the model for DBd, Bd and Cd versus
CASTOR and ENDEAVOR is summarised in Table 32. The difference between
observed median PFS in ENDEAVOR and the median PFS estimated by the model
for Cd can be explained by differences in the patient populations as well as
differences in the administration schedules. As noted in Section B.2.9, ENDEAVOR
employed a treat to progression regimen for Bd; whereas, in CASTOR, Bd was
administered for a maximum of 8 cycles. This difference in Bd treatment duration is
likely to have underestimated the relative benefit of Cd versus Bd, since Bd
treatment duration is limited to 32 doses (8 cycles) in clinical practice. Consequently,
applying the HR estimated from NMA CASTOR-based Bd survival curves as the
starting point resulted in worse outcomes for Cd in the model compared with
ENDEAVOR.
Table 32: Comparison of observed and predicted PFS
Treatment

Source

Median PFS
per trial
(months)

Median PFS
per model
(months)

DBd

Gompertz fitting to KM data from trial

26.2

26.5

Bd

Gompertz fitting to KM data from trial

7.9

8.0

Cd

HR applied to PFS

22.2

16.2

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone; HR = hazard ratio; KM = Kaplan-Meier; PFS = progression-free survival.

Figure 22 shows the PFS projections of Bd and DBd based upon direct trial KM
extrapolation and the PFS projections of Cd based upon a HR versus Bd. As PFS
and OS were modelled independently in the survival partition model, in some
circumstances the chosen survival functions may predict that PFS and OS cross. In
order to prevent this, the model calculations effectively cap PFS with the OS curve,
and so do not allow the PFS projection to cross the OS projection.
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Figure 22: PFS curves for comparators in the base case analysis

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone; PFS = progression-free survival.

B.3.3.1.2 Overall Survival
Extrapolation of OS is a key driver of the model and as such the clinical plausibility of
long term predictions have been thoroughly explored and externally validated.
Adjustment for treatments not available in the UK
As described in Section B.2.7.6 many patients received subsequent treatment with
therapies not available in UK clinical practice in the CASTOR trial. A higher
proportion of patients in the Bd arm received such treatments (50% in the Bd arm
versus 16% in the DBd arm as their first subsequent therapy) which introduced bias
into the OS analyses, affecting the cost-effectiveness analyses which make use of
the OS evidence. To reduce this bias, adjustment for subsequent treatments not
available in England was required.
NICE DSU technical support document 16 recommends use of available complex
methods: Rank Preserving Structure Failure Time Models (RPSFTM); Iterative
Parameter Estimation (IPE); Two-stage method and Inverse Probability of Censoring
Weights (IPCW). All methods were explored. However, as a result of the nature of
switching (to a variety of subsequent therapies) observed in CASTOR and the
absence of a reasonable secondary baseline (required for the two-stage method), it
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was only possible to adjust using IPCW (see Appendix D, Section D.3.2.14 for more
details).
The IPCW method involves censoring patients upon treatment switch, then
controlling for this potentially informative censoring by weighting the follow-up
information for patients who remain at risk for the event with a similar prognosis such
that the original composition of the treatment groups is recovered.
Details of the IPCW analysis used in the context of CASTOR trial can be found in
Appendix D, Section D.3.2.14.
Extrapolation of Bd OS
Parametric fitting to the Bd weighted KM data from CASTOR (following adjustment
for subsequent treatments not available in England)(67) found that statistically, all
distributions were well matched to the trial period (Table 33).
Table 33: Goodness-of-fit for adjusted OS from CASTOR
Bd
Analysis

AIC

BIC

Weibull

302.80

308.20

Log-normal

304.50

309.90

Log-logistic

303.20

308.70

Exponential

301.50

304.20

Generalized gamma

304.50

312.70

Gompertz

302.60

308.00

AIC = Akaike information criteria; Bd = bortezomib and dexamethasone; BIC = Bayesian information criteria; OS
= overall survival.

Therefore, the choice for the base case extrapolation was principally made based
upon the validity of the longer-term projections. Given that Bd has represented
standard of care in England for over a decade, there is a wealth of data against
which longer term projections could be validated. As such, the projections of Bd were
compared against contemporary Bd controlled trials in RRMM ( (Figure 23)
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Figure 23), a recent review of the UK specific Haematological Malignancy Research
Network (HMRN) data and the surrogate relationship between PFS and OS identified
in the published literature.
The HMRN is an ongoing population-based cohort that was established in the UK in
2004 to inform clinical practice and contribute to research in haematological
malignancies. The HMRN region comprises a total population of 3.8 million (covering
the area formerly served by the Yorkshire and the Humber & Yorkshire Coast
Cancer Networks). Although specific to England, HMRN data are not fully
representative of English patients; with 80% being ineligible for ASCT at diagnosis
compared with 60% nationally.
In the ITT population, comparisons of Bd extrapolations with other RRMM trials
suggest that the Gompertz, Weibull or exponential distributions are reasonable to
capture the long-term shape of OS with Bd (Figure 23)
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Figure 23: Bd OS predictions compared with external data

Bd = bortezomib and dexamethasone (BOR+DEX); OS = overall survival.
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Comparison of median estimated OS from these distributions in second-line patients,
along with median OS observed in HMRN and median OS predicted by the
surrogate relationship between PFS and OS are summarised in Table 34.
Table 34: Comparison of observed and predicted medians for Bd, second-line
patients
Data source

Median (months)

Mean (months)

Gompertz

36.8

38.9

Weibull

40.2

52.4

Exponential

44.5

64.0

HMRN

19.2

31.2

PFS:OS surrogate relationship

24.5

NA

CASTOR extrapolations

Bd = bortezomib and dexamethasone; HMRN = Haematological Malignancy Research Network; OS = overall
survival; PFS = progression free survival

Furthermore, assessment of the underlying hazard curve of standard of care (Bd),
carried out with clinical experts at the advisory board,(59) suggested that the hazard
curve is similar to that shown in Figure 24. Following the examination of the hazard
curves of included distributions for Bd, the shape of the Gompertz hazard plot
showed similarities with the curve suggested by clinical experts (see Appendix L for
details on the hazard curves).
Figure 24: Hazard Curve of Conventional Therapies Suggested by clinical
experts
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As a result of all the validation assessments detailed above, the Gompertz curve was
chosen as the base case.
Importantly, there is minimal uncertainty in the extrapolation of the Bd survival
curves, given the long established use of this regimen in UK clinical practice, as well
as extensive clinical external data examining the use of bortezomib to treat RRMM.
Extrapolation of DBd OS
Scrutiny of the OS hazard curves from CASTOR indicated that, similar to PFS, there
was a violation of the proportional hazards assumption between the treatment arms
(Appendix L, Figure 3). Due to this violation, DBd curves were fitted separately from
Bd curves. Parametric fitting to DBd in CASTOR(67) found little to differentiate
survival distributions. The exponential and Gompertz functions were the best fitting
according to the goodness-of-fit criteria (Table 35, with the exponential having the
lowest BIC and Gompertz the lowest AIC), followed closely by the Weibull and loglogistic functions. Clinical expert opinion supported the Weibull curve based upon the
numbers of patients predicted to be alive at 5 and 10 years.
Table 35: Goodness-of-fit for adjusted OS from CASTOR
DBd
Analysis

AIC

BIC

Weibull

261.30

266.90

Log-normal

263.50

269.10

Log-logistic

261.90

267.50

Exponential

260.00

262.80

Generalized gamma

262.60

271.00

Gompertz

259.30

264.90

AIC = Akaike information criteria; BIC = Bayesian information criteria; DBd = daratumumab, bortezomib and
dexamethasone; OS = overall survival.

Lastly, in a recent systematic search of randomised control trials (RCTs) published
between 1970 to 2017 a strong association between median PFS and median OS in
patients with RRMM was observed.(76) The authors found that a 3.1 months (95%
CI: 2.20 to 4.00) OS is expected for each month of PFS. In addition, the clinical
experts noted that given the substantial PFS benefit conferred by DBd, its advantage
in terms of MRD rates, as well as its innovative mechanism of action, it is likely that
the shape of the DBd OS curve will differ fundamentally from expectations formed
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based on previously available treatments. The surrogate relationship identified
between PFS and OS suggests an 81.3 month median OS for DBd. For second-line
patients treated with DBd, median OS of 49.0 months, 72.8 months, 87.7 months
and 89.8 months are predicted by the Gompertz, Weibull, log-logistic and
exponential parametric extrapolations, respectively.
Clinical experts at the advisory board(59) suggested that the hazard curve of DBd
can differ from what is believed to reflect the true curve of conventional therapies
(Figure 24), given that DBd is a novel therapy with a unique and powerful
mechanism of action. For example, the number of patients achieving MRD negativity
is higher compared with Bd. MRD negativity is known to be associated with
prolonged OS. Therefore, as time passes the influence of these patients on the risk
of death will be more pronounced (as patients with poorer prognoses pass away).
Consequently, it is anticipated that the mortality hazard with DBd may decrease as
time passes. Hazard curves of included distributions were examined and it was
found that the curve of log-logistic distribution is likely to reflect the true hazard curve
of DBd (see Appendix L for details). Following all the validation assessments
detailed above, the log-logistic curve was chosen as the base case (Figure 25)
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Figure 25: Long-term prediction of DBd
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DBd = daratumumab, bortezomib and dexamethasone (DARA+BOR+DEX); OS = overall survival.
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Extrapolation of DBd OS
Similar to the modelling of PFS, OS for Cd was estimated by applying the HR for OS
based upon the NMA to the Bd projected curves from CASTOR (Table 36).
Table 36: HR of OS
Comparator

HR versus BD

Cd

0.83 (0.45, 1.52)

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; HR = hazard ratio; OS = overall
survival.

Median OS of 41.3 months for Cd is predicted by the model. As per PFS, it is likely
that this is an underestimation of OS; not reached for second-line patients in
ENDEAVOR and 47.6 months in the ITT population. Figure 26 shows the resulting
base case OS projections of Bd and DBd based upon direct trial KM extrapolation
and projection of Cd based upon HRs versus Bd as reference curve.
Figure 26: OS for DBd network

Bd = bortezomib and dexamethasone (BOR+DEX); Cd = carfilzomib and dexamethasone (CAR+DEX); DBd =
daratumumab, bortezomib and dexamethasone (DARA+BOR+DEX); OS = overall survival.

B.3.3.1.3 Probability of Death during PFS
As noted in the recent DSU guidance, modelled survival endpoints that are
structurally independent in a survival partition model can be problematic as there are
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several dependencies between the endpoints, e.g. both PFS and OS curves include
the same pre-progression deaths. To account for this, the model explicitly estimates
the number of death events within PFS to correctly predict numbers of patients
starting subsequent therapies and dying in the post-progression period.
A constant ratio of death versus progression events was applied for each model
cycle for patients in PFS health states. The probability of death was calculated based
upon data from CASTOR (combined DBd and Bd patients), resulting in a probability
of death of 14.6%. The probability of death during the PFS phase was assumed to
be the same for all comparators. The incidence of progression was calculated as:
(PFST(n-1) – PFST(n)) *Ratio of Death during PFST(n-1)
B.3.3.1.4 Time on Treatment
A substantial part of the costs of treatment were attributed to the costs of medication
which are related to the treatment duration, particularly for treat to progression
regimens (unlike Bd, which is given for a fixed duration). There is a high positive
correlation between time to treatment discontinuation (TTD) and efficacy (PFS in
particular). In the CEM, treatment duration was modelled independently from
efficacy, although the input parameters of the PFS and TTD curves are naturally
correlated. TTD curves were assigned to each comparator arm as follows:
For DBd and Bd, parametric curves were fitted based on the individual patient level
data (IPD) of CASTOR. This method makes the most comprehensive use of the trial
data and provides TTD curves consistent with the efficacy inputs in terms of PFS
and OS.
For Cd, a Proportional Hazard to PFS based upon the ENDEAVOR trial was used
due to lack of more detailed information. TA457 reported a HR of 0.477 between
PFS and TTD for Cd in patients who have received one prior line of therapy.(83)
Daratumumab is administered weekly for 3 cycles: every 3 weeks for cycles 4-8 and
every 4 weeks thereafter until disease progression, toxicities or other.(67) All
patients received up to 8 cycles (21 days per cycle) of bortezomib.
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For consistency with PFS, the model reference case uses the Gompertz curve for
DBd and Bd in the base case (Table 37).
Table 37: Treatment duration
Treatment

Source

Median duration
per trial
(months)

Median
duration
in model
(months)

Median
PFS
per model
(months)

DBd

Gompertz fitting to KM data from trial

23.9

23.5

26.5

Bd

Gompertz fitting to KM data from trial

n/a1

7.0

8.0

Cd

HR applied to PFS

9.2

8.4

16.2

1Patients

who completed treatment on the Bd arm of CASTOR were censored and not considered to have
discontinued treatment.
Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone; HR = hazard ratio; KM = Kaplan-Meier; PFS = progression-free survival.

To avoid conflicting long-term projection of TTD and PFS, the treatment duration was
restricted in the model so as not to exceed PFS, regardless of the projection option
chosen for TTD. Modelled time on treatment always remained very close to the PFS
curve for DBd (Figure 27).
Figure 27. PFS and TTD comparison for DBd

DBd = daratumumab, bortezomib and dexamethasone (DARA-BOR-DEX); PFS = progression-free survival; TTD
= time to treatment discontinuation; Tx = treatment.

B.3.4
B.3.4.1

Measurement and valuation of health effects
Valuing Health Outcomes

Utility values were applied to each health state and event in the model to capture
patient quality of life associated with treatment and disease outcomes. Utility values
were derived from an analysis of EuroQoL Five-Dimension Five Level (EQ-5D-5L)
data from CASTOR. Following the recent NICE position statement, EQ-5D-5L
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measurements were mapped to EQ-5D-3L values as reported by van Hout and
colleagues(85). Trial data were preferred as a source of utility inputs given that this
allowed utility and efficacy data to be derived from the same population.
B.3.4.2

Health-related quality of life data from clinical trials

Table 38 summarises the available health-related quality of life data from clinical
trials. For details of how these trials were identified in an SLR please refer to
Appendix D.1.
Table 38: Health-related quality of life data from clinical trials
CASTOR
Method of elicitation

EORTC QLQ-C30, EQ-5D-5L (utility), EQ-5D-5L (VAS)

Method of valuation

Not reported

Point when measurements were made

Day 1 of cycle 1; day 1 of cycles 4-8; day 1 of cycles 9+;
weeks 4, 6 and 8 post-treatment

Consistency with reference case

Consistent with reference case for utilities

Appropriateness for cost-effectiveness analysis

Appropriate

Utilities results

Baseline utility values:
DBd: mean: 0.71 (SD: 0.210); median: 0.74 (min: –0.3 to max:
1.0)
Bd: 0.68 (SD: 0.249); median: 0.72 (min: –0.4 to max: 1.0)
Baseline VAS values:
DBd: mean: 64.21 (SD: 19.095); median: 68.00 (min: 0.0;
max: 100.0)
Bd: mean: 64.56 (SD: 20.275); median: 65.50 (min: 9.0; max:
100.0)
For nearly all time points, no statistically significant differences
were observed either within or between treatment groups in
least square mean changes from baseline.
Median time to improvement between treatment groups (DBd
vs Bd, HR>1 indicates advantage for DBd):
Utility: HR 0.82 (95% CI 0.63 to 1.08); p=0.1563
VAS: HR 1.03 (95% CI 0.79 to 1.35); p=0.8072
Median time to worsening between treatment groups (DBd vs
Bd, HR<1 indicates advantage for DBd):
Utility: HR 0.98 (95% CI 0.75 to 1.26); p=0.8521
VAS: HR 0.97 (95% CI 0.76 to 1.25); p=0.8223

Health-related quality of life results

Baseline EORTC QLQ-C30 GHS:
DBd: mean: 59.07 (SD: 20.157); median: 58.33 (min: 0.0 to
max: 100.0)
Bd: mean: 58.37 (SD: 23.305); median: 58.33 (min: 0.0 to
max: 100.0)
Median time to improvement between treatment groups (DBd
vs Bd, HR>1 indicates advantage for DBd): HR 0.99 (95% CI
0.76 to 1.29); p=0.9163
Median time to worsening between treatment groups (DBd vs
Bd, HR<1 indicates advantage for DBd): HR 0.94 (95% CI
0.73 to 1.20); p=0.5960
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Bd = bortezomib and dexamethasone; CI = confidence interval; DBd = daratumumab, bortezomib and
dexamethasone; EORTC QLQ-C30 = European Organisation for Research and Treatment of Cancer Quality of
Life Questionnaire; EQ-5D-5L = EuroQoL five dimensions questionnaire; GHS = global health score; HR =
Hazard ratio; OS = overall survival; PFS = progression-free survival; VAS = visual analogue scale.

EQ-5D-5L assessments were made at the following time points as per the CASTOR
trial protocol: the first day of each cycle, end of treatment, post-treatment week 8,
and post-treatment week 16. In the base case scenario, PFS utilities were calculated
using UK utility tariffs.
Results from CASTOR showed that there was an initial increase in quality of life that
remained relatively high throughout the trial. No statistically significant difference was
found between treatment arms. Quality of life for DBd patients increased following
cessation of Bd. This is expected given the favourable safety profile of daratumumab
monotherapy. However, in the Bd arm of CASTOR, utility data were not collected
following cessation of Bd. Therefore, observed improvements in utility for the
monotherapy phase of DBd have not been implemented because of the absence of
data at comparative time points for patients receiving Bd. Therefore, the model uses
the same utility for all patients in pre-progression health state calculated as the
average of all measured utilities before the date of progression using repeatedmeasures mixed-effects modelling. A subject random intercept was used to account
for repeated measures of individuals over multiple cycles before progression. It is
likely that this approach is conservative as it underestimates the quality of life impact
of DBd.
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Figure 28: EQ-5D-5L utility score – CASTOR(67)

Bd = bortezomib and dexamethasone; CI = confidence interval; DBd = daratumumab, bortezomib and
dexamethasone; EQ-5D = EuroQoL five dimensions.

For patients who progressed, utility at last observation was used as a proxy for utility
in the post-progression period. Eligible patients were patients who progressed and
whose progression was not death. The last observation was defined as the
maximum analysis day for which a utility measurement was available. Since each
person only has one observation, a linear model was sufficient to identify utility
increment associated with treatment and/or best response to treatment.
B.3.4.3

Health-related quality-of-life studies

Table 39 summaries the studies identified by the SLR in which health-related quality
of life was measured (for details of SLR see Appendix H).
Table 39: Health-related quality of life data
Acaster et al.,
2013

Method of elicitation

Health-related quality of life results

EORTC QLQ-C30
EORTC QLQ-MY20
EQ-5D
VAS

EQ-5D utility mean (SD) scores by current phase of myeloma
treatment:
1st-line treatment group: 0.63 (0.26)
First TFI group: 0.72 (0.26)
2nd-line treatment group: 0.67 (0.25)
Later stages group: 0.63 (0.29)
VAS mean (SD) scores by current phase of myeloma treatment
1st-line treatment group: 53 (25)
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Method of elicitation

Health-related quality of life results
First TFI group: 70 (20)
2nd-line treatment group: 70 (20)
Later stages group: 58 (21)
1st-line treatment group versus first TFI group regression analyses:
- EORTC QLQ-MY20 (B value (SE))
Disease symptoms: 2.80 (6.47, p = 0.666)
Side effects: 7.03 (4.39, p=0.110)
Future perspectives: –8.88 (7.41, p=0.232)
Body image: –4.36 (10.74 (p=0.685)
- EORTC QLQ-C30 functioning domains (B value (SE))
Physical: –13.76 (7.14, p=0.055)
Role: –19.75 (9.68, p=0.042)
Emotional: –2.56 (5.93, p=0.666)
Cognitive: –4.20 (7.08, p=0.553)
Social: –9.91 (9.76, p=0.553)
- EQ-5D (B value (SE))
Utility: –0.095 (0.074, p=0.204)
- VAS (B value (SE)): –1.75 (0.060, p=0.004)
2nd-line treatment group versus first TFI group regression analyses:
- EORTC QLQ-MY20 (B value (SE))
Disease symptoms: –2.26 (3.27, p = 0.490)
Side effects: 8.14 (2.22, p<0.001)
Future perspectives: –8.28 (3.74, p=0.027)
Body image: –10.78 (5.20, p=0.039)
- EORTC QLQ-C30 functioning domains (B value (SE))
Physical: –3.62 (3.60, p=0.316)
Role: –9.89 (4.88, p=0.043)
Emotional: –5.88 (2.99, p=0.050)
Cognitive: –2.95 (3.57, p=0.409)
Social: –12.06 (4.93, p=0.015)
- EQ-5D (B value (SE))
Utility: –0.059 (0.038, p=0122)
- VAS (B value (SE)): –0.061 (0.030, p=0.044)
Later stage group versus first TFI group regression analyses:
- EORTC QLQ-C30 functioning domains (B value (SE))
Physical subscale: –9.69 (2.82, p=0.001)
Role subscale: –13.68 (3.83, p<0.0001)
Emotional subscale: –3.20 (2.35, p=0.175)
- EORTC QLQ-MY20 (B value (SE))
Disease symptoms: 3.59 (2.56, p=0.161)
Side effects: 6.42 (1.74, p<0.001)
Future perspectives: –10.36 (2.93, p<0.001)
Body image: –11,21 (4.07, p=0.006)
Cognitive: –2.40 (2.80, p=0.391)
Social: –13.99 (3.8, p<0.001)
- EQ-5D (B value (SE))
Utility: –0.074 (0.030, p=0.015)
- VAS (B value (SE)): –0.124 (0.024, p<0.001)

Cella et al.,
2015

EQ-5D
EORTC QLQ-C30

EQ-5D score at 6 months (median):
1 prior therapy: 0.69; 2 prior therapies: 0.69; >2 prior therapies: 0.76;
3 prior therapies: 0.76; >3 prior therapies: 0.76
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Method of elicitation

Health-related quality of life results
EORTC QLQ-C30 Global Health Scores (higher score=better quality
of life) (median) at 6 months:
By lines of therapy
1 prior therapy: 62.5; 2 prior therapies: 58.3; >2 prior therapies: 66.7;
3 prior therapies: 83.5; >3 prior therapies: 66.7
By class of therapy
IMiD: 58.3; PI: 66.7; IMiD+PI: 66.7
EORTC QLQ-C30 Symptom Scores (higher score=worse symptoms)
(median) at 6 months:
Fatigue
All patients: 43; 1 prior therapy: 46.1; 2 prior therapies: 40.5; >2 prior
therapies: 39.9; 3 prior therapies: 33.3; >3 prior therapies: 45.8
Pain
All patients: 34.6; 1 prior therapy: 37.3; 2 prior therapies: 35.5; >2
prior therapies: 27.1; 3 prior therapies: 28.9; >3 prior therapies: 25.5
EORTC QLQ-C30 Global Health Scores (median) at 12 months:
All patients: 66.7
By lines of therapy
1 prior therapy: 50; 2 prior therapies: 66.7; >2 prior therapies: 58.3; 3
prior therapies: 83.3
>3 prior therapies: 50
By class of therapy
IMiD: 66.7; PI: 62.5; IMiD+PI: 66.7
Fatigue
All patients: 40.5; 1 prior therapy: 41.9; 2 prior therapies: 35.3; >2
prior therapies: 47.2
3 prior therapies: 49.2; >3 prior therapies: 44.4
Pain
All patients: 32.8; 1 prior therapy: 38.1; 2 prior therapies: 31.2; >2
prior therapies: 23.6
3 prior therapies: 19; >3 prior therapies: 30
EORTC QLQ-C30 GHS improved over time in patients treated with 3
prior lines of therapy or with IMiDs. At baseline, fatigue and pain
placed the greatest burden on patients, but improved over time.

Kyriakou et
al., 2015

EORTC QLQ-C30
EORTC QLQ-MY20
QLQ-CIPN20

Patients at study completion (6 months), HRQoL reductions from
baseline reaching MID
Diarrhoea domain in lenalidomide had a mean change of 10.9 (SD:
27.1) worsening of symptoms
Global health status/QoL domain in bortezomib had a mean change
of -8.5 (SD: 22.7) worsening of HRQoL
For all other domains, changes over time did not reach the MID
Slight deterioration in HRQoL was consistently observed over time in
both lenalidomide and bortezomib for all other domains except
Financial Difficulties, Pain, Disease Symptoms, and Future
Perspective domains.
Slight improvement in HRQoL observed in both lenalidomide and
bortezomib for Financial Difficulties, Pain, Disease Symptoms, and
Future Perspective domains.
Patients who discontinued the study prior to 6 months owing to
disease progression or discontinuation of treatment
Clinically meaningful declines in HRQoL exceeding the MID were
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Health-related quality of life results
observed in 8 of 22 domains in bortezomib: Global health
status/QoL, Role functioning, Social functioning, Fatigue, Dyspnoea,
Diarrhoea, Motor scale and Sensory scale domains.
Clinically meaningful declines in HRQoL exceeding the MID were
observed in 1 of 22 domains in lenalidomide: Motor scale domain.

Quinn et al.,
2015

EORTC QLQ-C30
EORTC QLQ-MY20

Mapped EQ-5D values
Overall mean estimates
PFD: 0.733
PFD with response: 0.744
PFD with no response: 0.704.
Difference between scores with/without grade 3 AEs suggested a
utility loss of 0.029
AE decrement when using a proxy measure of patients who were off
treatment but not in progressive disease: 0.034

Ramsenthaler
et al., 2016

MyPOS
EORTC QLQ-C30
EORTC QLQ-MY20
EuroQOL-5D-3L

MyPOS
Total score (n=150)
Mean (SD): 24.7 (13.4)
Median (range): 23 (0-61)
Symptoms and function (n=175)
Mean (SD): 72.2 (14.8)
Median (range): 71.4 (34-100)
Emotion and coping (n=158)
Mean (SD): 77.9 (16.4)
Median (range): 81.3 (34-100)
Healthcare support and information needs (n=178)
Mean (SD): 89.8 (12.5)
Median (range): 95 (50-100)
EORTC QLQ-C30
Global health status (n=183)
Mean (SD): 55.2 (22.7)
Median (range): 50 (0-100)
Physical function (n=184)
Mean (SD): 56.2 (24.6)
Median (range): 53.3 (0-100)
Role function (n=183)
Mean (SD): 52.3 (33.5)
Median (range): 50 (0-100)
Emotional function (n=183)
Mean (SD): 75.3 (22.3)
Median (range): 75 (0-100)
Cognitive function (n=183)
Mean (SD): 76.3 (23.7)
Median (range): 83.3 (0-100)
Social function (n=182)
Mean (SD): 60.1 (31.7)
Median (range): 66.7 (0-100)
EORTC QLQ-MY20
Disease symptoms (n=183)
Mean (SD): 72.7 (21.8)
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Method of elicitation

Health-related quality of life results
Median (range): 77.8 (0-100)
Side-effects of treatment (n=178)
Mean (SD): 78.8 (14.9)
Median (range): 80 (23-100)
Body image (n=183)
Mean (SD): 74.9 (32.8)
Median (range): 100 (0-100)
Future perspective (n=182)
Mean (SD): 62.1 (27.3)
Median (range): 66.7 (0-100)
EQ-5D-3L
EQ5D Index Score (n=182)
Mean (SD): 0.59 (0.29)
Median (range): 0.69 (-0.35-1)
EQ5D VAS (n=111)
Mean (SD): 59.5 (19.1)
Median (range): 60 (10-100)

Williams et al.,
2016

MD Anderson
Symptom Inventory Myeloma Module

Severe fatigue (effect size): 0.85 (p<0.05)
Muscle weakness: 0.60 (p<0.05)
Numbness and drowsiness: 0.56 (p<0.05)
Disturbed sleep: 0.63 (p<0.05)
Symptom interference (work, activity, walking): 0.72-0.84 (p< 0.01)
Symptom interference (enjoyment of life, mood): 0.62-0.67 (p<0.05)

AE = adverse event; EORTC QLQ-C30 = European Organisation for Research and Treatment of Cancer Quality
of Life Questionnaire; EORTC QLQ-CIPN20 = European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire Chemotherapy-Induced Peripheral Neuropathy; EORTC QLQ-MY20 = European
Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Multiple Myeloma Module; EQ5D = EuroQol Five Dimensions Questionnaire; GHS = global health score; HRQoL = health-related quality of life;
IMiD = immunomodulatory agents; MID = minimally important difference; MyPOS = Myeloma Patient Outcome
Scale; PFD = progression-free disease; PI = proteasome inhibitor; QoL = quality of life; SD = standard deviation;
SE = standard error; TFI = treatment-free interval; VAS = visual analogue scale.

B.3.4.4

Adverse reactions

Multiple myeloma is associated with a variety of complications such as
hypercalcemia, renal impairment, anaemia and bone disease. As a result of these
complications, patients with MM may experience and report a variety of diseaserelated symptoms. Treatment-related AEs are also common and include weakness,
fatigue, bone pain, weight loss, confusion, excessive thirst and constipation, among
others.
Exposure adjusted incidence rates of AEs are available from CASTOR, but they are
not reported for Cd. The NMA included comparisons of AEs across trials, but not all
AEs included in the model were feasible to include in the NMA. Therefore, the model
uses a simpler approach of relying on the cumulative probabilities of AE occurrence
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during the treatment period (Table 40). This is assumed to be independent of both
PFS and treatment duration.
The model includes AEs for which Grade 3 or higher events were reported in at least
5% of patients in any treatment arm in CASTOR.(67) This inclusion rule was
selected so as to capture AEs that would impact patients consistently enough to
have validity in a real-world setting where AEs are monitored in a less strict manner
compared with a clinical trial setting. Also, because in the model AEs affect both
costs and utilities of patients receiving treatment, it is a conservative approach, as it
ignores AEs such as dyspnoea or decreased lymphocyte count, that would have a
higher occurrence for Cd and would therefore underestimate relative treatment costs
and impact on utilities in favour of Cd.
Table 40: Cumulative probability of AEs during treatment period
Adverse Event

DBd

Bd

Cd

Neutropenia

11.8%

3.6%

0.9%

Anaemia

10.1%

9.0%

12.9%

Thrombocytopenia

42.0%

20.7%

6.5%

Lymphopenia

7.6%

3.6%

4.3%

Pneumonia

11.8%

9.0%

6.5%

Fatigue

3.4%

4.5%

6.0%

Peripheral neuropathy

7.6%

6.3%

2.2%

Hypertension

5.0%

–

10.3%

Source

CASTOR

CASTOR

ENDEAVOR

AE = adverse event; Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd =
daratumumab, bortezomib and dexamethasone.

B.3.4.5

Health-related quality-of-life data used in the cost-effectiveness
analysis

Utility values were applied to each health state and event in the model to capture
patient quality of life associated with treatment and disease outcomes (Table 41).
Utility decrements due to adverse events were calculated based on the treatmentspecific rate of AEs (see above) and information on AE duration and its associated
disutility from published literature identified by the SLR based on values reported in
the pomalidomide NICE submission.(57) Treatment-specific AE rates imply
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treatment-specific AE-related utility decrements and, therefore, treatment-specific
utilities. Decrements were applied as one-time decrements in baseline utility value at
time 0.
Table 41: Summary of utilities applied in the model
Parameter

Mean Utility
Value (SE)

Confidence
interval

Reference

Utility during PFS

0.73 (0.01)

0.70

CASTOR EQ-5D analysis

Utility during PPS

0.70 (0.02)

0.67

CASTOR EQ-5D analysis

Adverse Events

Duration of AE
(Days)

Disutility

Reference

Neutropenia

13.2

-0.145

Brown 2013/Partial
Review TA171 (Bacelar
2014)(86)

Anaemia

10.7

-0.31

Brown 2013/Partial
Review TA171 (Bacelar
2014)(86)

Thrombocytopenia

14.1

-0.31

Brown 2013/Partial
Review TA171 (Bacelar
2014)(86)

Lymphopenia

15.5

-0.065

Assume lowest in range
(Partial Review TA171
(Bacelar 2014))(86)

Pneumonia

12

-0.19

Brown 2013/Partial
Review TA171 (Bacelar
2014)(86)

Fatigue

14.6

-0.115

Lloyd 2006(87)

Peripheral neuropathy

8

-0.065

Partial Review TA171
(Bacelar 2014)(86)

Hypertension

0

0

Assume no QoL impact,
controlled by medication

AE = adverse event; EQ-5D = EuroQoL five dimensions; SE =standard error; PFS = progression-free survival’
PPS = post-progression survival.

B.3.5

Cost and healthcare resource use identification,
measurement and valuation

Cost categories in the model included:


Costs of the treatments (drug acquisition and administration)
o Applied for the duration of active treatment (determined by dosing
regimen and treatment duration data from clinical trials)



Costs of routine follow-up care



Costs of unplanned events, such as AEs and progression
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Terminal care costs

Unit costs of drug acquisition, administration and resources used during routine
follow-up were based on standard costing sources. AE costs were calculated based
on the resources and average length of hospital stay involved in treatment of an
episode.
Appendix I describes how relevant cost and healthcare resource use data for
England were identified.
B.3.5.1

Intervention and comparators’ costs and resource use

A summary of dosing information used to inform intervention and comparator costs is
presented in Table 42. DBd and Bd dosing information was derived from CASTOR.
Dosing for Cd was obtained from ENDEAVOR; the same published clinical trial
included in the NMA.
Table 42: Summary of treatment regimen dosing
Treatment Regimens

Dose/
Administration

Administrations/
Cycle

Cycle Length
(days)

Source

Cycle 1-3

16 mg/kg

3

21

CASTOR CSR(68)

Cycle 4-9

16 mg/kg

1

21

Cycle 9
and
above

16 mg/kg

1

28

Bortezomib

all cycles
(max 8
cycles)

1.3mg/m2

4

21

Dexamethasone

all cycles
(max 8
cycles)

20 mg

8

21

Bortezomib

1-8
cycles

1.3 mg/m2

4

21

Dexamethasone

1-8
cycles

20 mg

8

21

Cycle 1

20mg/m2
56 mg/m2

2
4

28

Cycle 2
and
above

56 mg/m2

6

28

all cycles

20 mg

8

28

DBd
Daratumumab

Bd
CASTOR CSR(68)

Cd
Carfilzomib

Dexamethasone
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ENDEAVOR trial
Dimopoulos
2016(77)

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone.

A mean weight of 77.9kg (SD 16.19kg) was used for therapies that depend on
weight to calculate dose in the network (based on the CASTOR second-line
population). For therapies that depended on body surface area (BSA) to calculate
dose, a value of 1.87m2 was used, also based on the CASTOR trial population. The
model assumes a distribution of weight and BSA around these means and optimises
the number of vials used at each administration.
For treatments that are weight or BSA dependent, there is the potential that some
drug will be wasted if perfect vial sharing is not practiced. When vial sharing is used,
the model calculates the exact dose needed for the patients depending on their
weight and multiplies it with the per milligram cost of the drug. The model is flexible
to consider wastage, but the reference case of the model assumes vial sharing is not
allowed. If wastage is considered, the dosing consumption per administration is
rounded up to the closest integer number of vials.
Drug acquisition costs in the base case have been calculated assuming list prices for
all drugs (see Table 43 below). Functionality is retained in the model, however, to
consider the impact of existing patient access schemes (PASs), and confidential
commercial access agreements (CAAs) for comparator and subsequent therapies.
For example, confidential simple discounts are in place for carfilzomib and
pomalidomide, along with a CAA for daratumumab monotherapy. A complex PAS is
in place for Velcade (bortezomib): the Velcade Response Scheme (VRS). However,
for sinmplicity and to align with recent RRMM appraisals, this has been assumed to
be equivalent to a 15% discount. (83) In addition the model allows for the entry of
generic bortezomib in a scenario analysis, by assuming that the bortezomib price will
fall by 50% (see Section B.3.8.3.5 for more information).
Table 43: Drug acquisition costs
Drug

Drug units (vials
or capsules) per
pack

Strength

Price per Pack

Source

Daratumumab 100 mg

1

100 mg

₤360.00

Daratumumab 400 mg

1

400 mg

₤1,440.00

Source: MIMS UK Drug
Database. Available by
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Pomalidomide

21

4 mg

₤8,884.00

Carfilzomib

1

60 mg

₤1,056.00

Bortezomib

1

3.5 mg

₤762.38

Thalidomide

28

50 mg

₤298.48

Lenalidomide

21

25 mg

₤4,368.00

Dexamethasone

50

8.0 mg

₤120.03

B.3.5.2

subscription. Access
date: Jan 09 2018

Dose Intensity

The model considers both dose intensity and treatment discontinuation in the drug
cost calculation.
Dose intensity was considered in the model and was used to adjust drug cost in
proportion to the doses received in the trial. Patients in clinical trials, as in the real
world, do not always receive full doses of treatments they are assigned. Therefore,
data from clinical trials may better reflect the efficacy of the dose received rather
than the intended dose (Table 44).
Treatment discontinuation accounted for treatment discontinuation due to
progression, AEs, maximum treatment duration, or other non-clinical reasons.
Patients’ exposure to the regimen during the on-treatment period is reflected via
relative dose intensity. Relative dose intensity is calculated as the doses per
treatment cycle received divided by doses per cycle as per the trial design. Applying
both factors in the calculation of drug cost ensures that the drug exposure is
consistent with the efficacy data from CASTOR.
Dose intensity was considered separately for the components of combination
treatments.
For the components of DBd and Bd combinations, the dose intensity was available
from CASTOR.
Table 44: Dose intensity
Dose Intensity

Component 1

BOR

DEX

Reference

DBd

93.8%

81.7%

87.3%

CASTOR

87.2%

90.9%

CASTOR

87.3%

Assumption; median dose intensity reported for C in
ENDEAVOR was 93%*

Bd
Cd

93.8%
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Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone.
*For Cd, for which dose intensity data was not available from the trial publications, the same dose intensities
were assumed as for the components of DBd. In particular, for carfilzomib the dose intensity of daratumumab
was assumed.

B.3.5.3

Drug Administration Costs

The costs associated with administration are summarised in Table 45. Administration
of intravenous (IV) treatments requires an outpatient visit that may include additional
nursing and pharmacist preparation time. The administration schedule for
daratumumab varies based upon the patient’s experience and medication tolerance.
For daratumumab, there are different rates of administration for the first and
subsequent infusions. For the economic analyses, additional administration costs
were applied due to account for the prolonged administration time and the potential
requirement for an inpatient stay.
Administration of subcutaneous (SC) bortezomib requires an outpatient visit with a
specialist cancer nurse.
On days where daratumumab and bortezomib are both administered, only the
(higher) cost of daratumumab IV administration is applied.
Medications that are orally administered incur an administration cost at treatment
initiation.
Table 45: Drug administration costs
Mode of Administration

Unit Cost

1st daratumumab infusion

Source: National Schedule of
Reference Costs - Year
2016-17 - NHS trusts and
NHS foundation trusts
(chemotherapy and
community health services)

₤385.99
+ £3.10

SB14Z Deliver Complex
Chemotherapy, including
Prolonged Infusional
Treatment, at First
Attendance – Daycase and
Regular Day/Night
admissions + blood sample
prior 1st infusion

₤205.09

SB15Z - Deliver Subsequent
Elements of a Chemotherapy
Cycle - Outpatient

₤205.09

SB15Z - Deliver Subsequent
Elements of a Chemotherapy
Cycle - Outpatient

Each subsequent daratumumab Infusion

Each IV administration of carfilzomib
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Mode of Administration

Unit Cost

Each SC administration of bortezomib
₤82.09

N10AF – Specialist Nursing,
Cancer Related, Adult, Face
to face

₤163.82

SB11Z – Deliver Exclusively
Oral Chemotherapy Outpatient

Oral drug initiation

% of SC administration of bortezomib on daratumumab infusion days

Source: National Schedule of
Reference Costs - Year
2016-17 - NHS trusts and
NHS foundation trusts
(chemotherapy and
community health services)

0%

On days when daratumumab
is also administered, no
additional cost is assumed

IV = intravenous; SC = subcutaneous.

B.3.5.4

Additional Medications (Co-medications)

Additional medications included pre- and post-infusion medications, concomitant
medications and prophylactic medications. The requirements for additional
medications for each comparator were based on the data sources available for their
dosing schedule, including the prescribing information and representative clinical
trials and summaries of product characteristics.
Only co-medications required for all patients were accounted for in the model.
Additional medications that were provided to selected patients (e.g., patients at risk)
were not included to reduce the risk of bias, as the proportion of such patients was
not clearly reported for all comparators.
Pre- and post-infusion medications were defined as any drug, agent or fluids given
prior to or following the administration of an agent, to prevent or minimise the
occurrence of commonly expected AEs (e.g., infusion-related reactions [IRRs]). Preinfusion and post-infusion medications included:


Antihistamines (e.g., diphenhydramine)



Corticosteroids (e.g., methylprednisolone)



Antipyretics (e.g., paracetamol)



Agents for hydration (e.g., sodium chloride [saline] solution).

Concomitant medications were defined as any drugs given in parallel with the active
treatment regimens, excluding any drugs prescribed to manage AEs. Prophylactic
Company evidence submission for daratumumab in RRMM
© Janssen (2018). All rights reserved

Page 120 of 152

medications were defined as any drugs or agents recommended for the prevention
of potential AEs that were administered to patients prior to, or during, the course of
treatment. For example, antibiotics and/or antivirals, antithrombotic and prophylactic
use of granulocyte colony-stimulating factor (G-CSF) may be recommended for the
prevention of infections, thrombosis and neutropenia, respectively. In cases where
transfusions or growth factors are required during AE management, the additional
costs are already included in the average treatment costs.
Table 46 and Table 47 below present the recommendations, the schedule and unit
costs applied in the model.
Table 46: Required additional medications for all patients reported for each
comparator
Treatment

All patients

Daratumumab(88)

Administration requirement:
Dilution with 0.9% sodium chloride
Pre-infusion medication
Administer approximately one hour prior to every infusion:
IV corticosteroid (methylprednisolone 100 mg)
Can decrease after second administration (methylprednisolone 60 mg IV)
Oral antipyretics (paracetamol 650 to 1000 mg)
Oral or IV antihistamine (diphenhydramine 25 to 50 mg)
Post-infusion medication:
Administer oral corticosteroid (20 mg methylprednisolone) to patients the first and
second day after all infusions.
After >4 infusions, if no major IRRs, these post-infusion medications may be
discontinued

Bd(89)

Administration requirement:
Three- to five-second bolus IV injection followed by a flush with sodium chloride 9 mg/ml
(0.9%) solution for injection
Co-medications:
Antiviral prophylaxis is recommended in patients being treated with BOR
Laxatives

Cd(77)

Co-medications:
Sodium chloride solution or 5% glucose solution for injection immediately before and
after CAR administration
Antiviral prophylaxis
Thromboprophylaxis is recommended
Antiemetics

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; IV = intravenous; IRR = infusionrelated reactions.
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Table 47: Co- medications
Co-medication

Drug Units
(Vials or
Capsules) per
Pack

Strength

Price per Pack
MIMS UK Drug
Database.
Available by
subscription.
Access date: 9
Jan 2018

Dosage per
administration

Methylprednisolone IV

1

125

₤4.75

100

Prednisolone PO

28

5

₤0.76

40

Paracetamol (acetaminophen)

100

500

₤1.59

825

Diphenydramine

48

25

₤4.07

37.5

Acyclovir

56

400

₤2.35

400

Saline solution

1

50

₤3.41

500

Thromboprofilaxis (LMWH)

10

40

₤30.27

40

Laxatives

60

5

₤1.73

10

Antiemetics (Domperidone)

100

10

₤3.17

40

IV = intravenous; LMWH = Low-molecular-weight heparin.
Source: MIMS UK Drug Database. Available by subscription. Access date: Jan 09, 2018.

B.3.5.4.1 Subsequent treatments
Given that patients with MM receive multiple lines of treatment, subsequent
treatments represent a considerable component of costs and health benefits. As
such, modelling subsequent treatments is an important aspect of the costeffectiveness assessment. The choice and efficacy of treatment in subsequent lines
may depend on the treatment choices and efficacy in prior lines. This dependency
creates a modelling challenge as, other than from CASTOR, there is little information
available from clinical trials about:


The number of subsequent treatment lines



The treatments applied in subsequent lines



The duration of subsequent treatments



The clinical efficacy of subsequent treatment options, especially with regard to
prior treatment history

Lacking this information, essential for the detailed modelling of subsequent treatment
lines, the model used a simplified approach to incorporate their impact in the
evaluation, in which patients discontinuing from the initial modelled treatment may
continue to a basket of potential treatment options.
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The proportion of patients continuing on subsequent treatment is a treatment specific
model parameter. The proportion of patients receiving subsequent treatments was
available for DBd and Bd from CASTOR. For Cd this information was not available
from the trial publications. Therefore, the base case uses a conservative approach
by assuming the lower of the proportions observed for DBd and Bd.
The basket of subsequent treatment is composed of the set of treatments received
by patients in CASTOR. The weights of the different subsequent treatments are
specific to the initial modelled treatment (“primary treatment”). The model base case
relies on a generic mix of available treatments in later lines and rules that prescribe
whether a treatment may follow another treatment in prior lines. For example, it was
assumed that no daratumumab treatment, either combination or monotherapy, would
follow any daratumumab treatment in previous lines. The combination of the generic
mix with the re-treatment rules results in a treatment-specific subsequent treatment
mix.
Since patients in CASTOR were able to receive therapies in subsequent lines of
treatment which are not available in England, thus, calculations were adjusted for
availability of subsequent treatments from the UK perspective.
The duration of subsequent treatment is also a treatment-specific input that should
depend upon the prior treatment history. However, again there is no relevant
information available from the clinical trials. In addition, whilst duration of treatment is
available from CASTOR, this information is also subject to selection bias; as it is
typically patients with a worse prognosis that progress first. Consequently, for the
base case, it was assumed that each RRMM treatment was followed by subsequent
treatments of the same duration. As patients with MM typically receive treatment until
death, median OS of third and later line patients (9 months) was assumed to be a
reasonable proxy for the median duration of subsequent treatments.(90) This
approach is supported by the literature; Yong and colleagues also reported similar
lengths of subsequent therapies across seven European countries including the UK
(e.g. a median of 6 months for third line treatment).(91) Given the median treatment
duration, a constant discontinuation rate for subsequent treatments is modelled.
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As the survival partition model approach already accounts for the efficacy of
subsequent treatments in the OS estimates, only cost consequences of subsequent
treatments were included to account for subsequent treatments. The distribution of
subsequent treatment per treatment arm is summarised in Table 48, with percentage
of patients continuing onto subsequent treatment displayed in Table 49. Table 50
summarises the acquisition cost of each subsequent therapy.
Table 48: Distribution of subsequent treatments
Subsequent Treatment

After DBd

After Bd

After Cd

Daratumumab monotherapy

0.0%

56.2%

56.2%

Ld

64.7%

31.5%

31.5%

Pd

35.3%

12.3%

12.3%

Cd

0.0%

0.0%

0.0%

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone; Ld = lenalidomide and dexamethasone; Pd = and dexamethasone.

Table 49: Percent of patients continuing on subsequent treatment
Primary treatment

Default

Source

DBd

70%

CASTOR(66)

Bd

96%

CASTOR(66)

Cd

70%

Assume same as lower % in CASTOR

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone.

Table 50: Treatment acquisition cost of subsequent therapies
Drug

Drug
Units
(Vials or
Capsules)

Strength

Price per
Pack

Source

D 100 mg (combination therapy only)

1

100 mg

₤360.00

D 400 mg (combination therapy only)

1

400 mg

₤1,440.00

D 100 mg (monotherapy only)

1

100 mg

₤360.00

MIMS UK Drug
Database. Available by
subscription. Access
date: Jan 9, 2018.

D 400 mg (monotherapy only)

1

400 mg

₤1,440.00

P

21

4 mg

₤8,884.00

C

1

60 mg

₤1,056.00

B*

1

3.5 mg

₤762.38

L

21

25 mg

₤4,368.00

d

50

40.0 mg

₤120.03

B = bortezomib; C = carfilzomib; D = daratumumab; d = dexamethasone; L = lenalidomide; P = pomalidomide.
*In the scenario with generic bortezomib, price was assumed to fall by 50%.
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B.3.5.5

Health-state unit costs and resource use

B.3.5.5.1 Routine Follow-up Care Costs
Routine follow-up care costs were evaluated for each health state separately in the
model. The types and frequencies of medical resource use were based on types and
frequencies used in multiple NICE appraisals in MM (NICE TA228 [bortezomib and
thalidomide for first-line treatment] and NICE TA338 [pomalidomide for RRMM]). The
routine follow-up care was assumed to be the same for all comparators (Table 51).
Table 51: Unit costs and frequency of routine follow-up care use preprogression (per week)
Hematol
ogist
visit

Full
blood
count

Biochem
istry

Protein
electropho
resis

Immunogl
obin

Urinar
y light
chain
excret
ion

Blood
test to
determ
ine
blood
type
(Darat
umum
ab
only)

Renal
functi
on
test
(Cd
only)

Unit cost

₤167.8

₤3.1

₤5.6

₤1.1

₤1.1

₤1.1

₤3.1

₤11.3

Frequency1

0.23

0.21

0.19

0.13

0.12

0.05

1

0

Frequency for Cd
before 8 weeks

0.23

1.00

0.19

0.13

0.12

0.05

0.00

1.00

1DBd,

Bd and Cd (after 8 weeks)

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab. Bortezomib
and dexamethasone.
Source: National Schedule of Reference Costs - Year 2016-17 - NHS trusts and NHS foundation trusts
(consultant led and directly accessed pathology services).

After patients progress on any of the comparators, the model differentiates the
frequency of use of care while on subsequent treatment or when patients no longer
receive active treatment (Table 52).
Table 52: Frequency of routine follow-up care use post-progression (per week)
Hematologist
visit

Full blood
count

Biochemistry

Protein
electrophoresis

Immuno
globin

Urinary light
chain
excretion

On subsequent
treatment

0.23

0.21

0.19

0.13

0.12

0.05

Off treatment

0.08

0.39

0.33

0.18

0.19

0.09
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B.3.5.6

Adverse reaction unit costs and resource use

To account for differences in exposure time, treatment-specific cumulative
probabilities for the second line population over the whole trial durations were used
to calculate an overall cost of AEs. A per patient overall AE cost was applied as a
lump sum at the start of treatment. AE costs were calculated based on the National
Schedule of Reference Costs (Year 2016-17), reporting the number of resources
consumed/length of stay in hospital associated with each event (Table 53).(92) The
table below presents the calculated average cost for each of the Grade 3 and 4 AEs.
The costs of treating Grade 3 and 4 AEs were applied to the rates of each event for
the intervention and comparators.
Table 53: Grade 3 or 4 adverse event costs
Adverse event

Cost (£)

Source

Neutropenia

₤1,579.9

Anaemia

₤1,112.0

Thrombocytopenia

₤1,447.4

Lymphopenia

₤1,361.7

Pneumonia

₤1,690.1

National Schedule of
Reference Costs Year 2015-16 - NHS
trusts and NHS
foundation trusts (nonelective long and short
stay)

Fatigue

₤878.3

Peripheral neuropathy

₤1,189.6

Hypertension

₤583.8

B.3.5.7

Miscellaneous unit costs and resource use

B.3.5.7.1 End of life cost
Similarly to TA457, a one-time cost of ₤7,920 (inflated to 2018 prices) for terminal
care was incurred at death.(83)

B.3.6

Summary of base-case analysis inputs and assumptions

All inputs used in the model have been reported in Appendix N.
Table 54 outlines the assumptions made in the model.
Table 54: Model assumptions and justification
Area

Assumption

Justification

Time horizon

30 years

This time horizon was considered long
enough to capture the long-term
clinical and economic impacts of
RRMM, an incurable disease requiring
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Area

Assumption

Justification
treatment until end of life. Given the
median age of 63 years(66) for the
CASTOR trial population, 30 years is a
fair approximation of a lifetime time
horizon

Cycle length

1 week

Sufficiently short to accurately capture
clinical outcomes and differences in
treatment administrations, i.e. the fact
that patients only receive treatment on
certain weeks

Discount

Both health benefits and costs were discounted
at an annual rate of 3.5%

Per the Guidelines for the Economic
Evaluation of Health Technologies in
the UK

Extrapolation

OS and PFS curves were extrapolated. Curve
selection based on statistical fit and clinical face
validity of predictions

Per DSU guidance

Treatment
duration

DBd and Bd TTD modelled via fitted parametric
curves based on trial information. Treatment
duration for Cd was calculated by applying an HR
to PFS obtained from TA457)

Fitted curves most consistent with trial
efficacy. For Cd approach is consistent
with TA457

Subsequent
treatments

Subsequent treatment modelled as a basket of
potential treatment.
For carfilzomib, the same percentage of patient
receiving a subsequent treatment was applied as
for daratumumab.
Same duration for all comparators

Information on the proportion of
patients receiving subsequent
treatments and duration of subsequent
treatment were not available from
ENDEAVOR. Assuming the lower
percentage observed in the two arms
of CASTOR for carfilzomib is
conservative.

Adverse event
costs

Costs of adverse events are applied as a lump
sum at the start of each treatment

Total exposure information is not
publicly available for carfilzomib
therefore it is not possible to calculate
a per-person cycle-specific AE rate.

The model includes AEs for which Grade 3 or
higher events were reported in at least 5% of
patients in any treatment arm in CASTOR

This inclusion rule captures important
AEs It is also conservative, because it
ignores AEs that would have a higher
occurrence for carfilzomib.

Modelling
approach

PartSA model

OS data are immature obtained from
CASTOR, no patient-level data (PLD)
were available for carfilzomib.
Published prediction equations do not
capture the unique mode of action of
daratumumab.

Probability of
death within
PFS

The probability of death during the PFS phase
was assumed to be the same for all treatments.

Data available only from CASTOR

Adjusted OS
calculations

Inverse probability of censored weights (IPCW)
methodology was used

All methods of adjustment
recommended by NICE’s DSU were
explored. However, the complexities of
the data and the array of treatment
switches meant that it was only
possible to implement adjustment
using IPCW. The IPCW method
involves censoring patients upon
treatment switch, and then controlling
for this potentially informative
censoring by weighting the follow-up
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Area

Assumption

Justification
information for patients who remain at
risk for the event with a similar
prognosis such that the original
composition of the treatment groups is
recovered.

Utilities

The model uses the same utility for all patients in
the pre-progression health state calculated as the
average of all measured utilities before
progression.
The average of utilities measured at the last
observation when patients had progressive
disease was used for the post-progression health
state.

No significant differences were
observed between treatment arms

Dose intensity

For carfilzomib, the same dose intensities were
assumed as for the components of DBd

No dose intensity data were available
from ENDEAVOR

Routine follow
up care costs

Routine follow-up care was assumed to be the
same for all treatments.

The types and frequencies of medical
resource use were based on types and
frequencies used in multiple NICE
appraisals in MM

AE = adverse event; Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd =
daratumumab, bortezomib and dexamethasone; IPCW = Inverse probability of censoring weights; MM = multiple
myeloma; NICE = National Institute of Health and Care Excellence; OS = overall survival; PFS = progression-free
survival; PLD = patient level data; RRMM = relapsed and refectory multiple myeloma; TTD = time to treatment
discontinuation.

B.3.7

Base-case results

B.3.7.1

Base-case cost-effectiveness analysis results

Table 55 and Table 56 present base case results of the model with the above
described assumptions and inputs (disaggregated results for LYG, QALYs and costs
are presented in Appendix N). DBd was found to provide the highest LY and QALY
gains among all treatments. Total costs associated with DBd were also higher than
the comparator treatments’. As shown in Figure 29, Cd was extendedly dominated in
the analysis. The ICER of DBd versus Bd was £41,633/QALY.
Table 55. Base case results
Health Outcomes

DBd

Bd

Cd

LY accrued

XXX

XXX

XXX

LYs accrued: Progression Free
Survival

XXX

XXX

XXX

LYs accrued: Post Progression
Survival

XXX

XXX

XXX

QALY accrued

XXX

XXX

XXX

QALYs accrued: Progression Free
Survival

XXX

XXX

XXX

QALYs accrued: Post progression
Survival

XXX

XXX

XXX
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QALYs accrued: Adverse Events

XXX

XXX

XXX

PFS Drug Cost

XXX

XXX

XXX

PFS Administration Cost

XXX

XXX

XXX

PFS Co-medication Cost

XXX

XXX

XXX

PFS Medical Resource Use

XXX

XXX

XXX

PPS Subsequent Treatment Drug
Cost

XXX

XXX

XXX

PPS Medical Resource Use

XXX

XXX

XXX

Adverse Event Cost

XXX

XXX

XXX

Terminal Cost

XXX

XXX

XXX

Total Cost

XXX

XXX

XXX

Costs

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone; LY = life year; PFS = progression-free survival; PPS = post-progression survival; QALY =
quality-adjusted life year.

Table 56. Incremental cost-effectiveness results
Incremental results

Bd

Cd

Incremental costs

XXX

XXX

Incremental QALYs

XXX

XXX

Incremental LY

XXX

XXX

Cost per QALY gained

₤41,633

₤7,180

Cost per LY gained

₤29,339

₤5,028

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; LY = life year; QALY = qualityadjusted life year.

Figure 29. Efficiency frontier plot for the reference scenario DARA+BOR+DEX

Bd = bortezomib and dexamethasone (BOR-DEX); Cd = carfilzomib and dexamethasone (CAR-DEX); DBd =
daratumumab, bortezomib and dexamethasone (DARA-BOR-DEX); QALY = quality-adjusted life year.

B.3.7.2

Clinical outcomes from the model

Table 57 compares the median estimates of PFS from CASTOR and ENDEAVOR
with model predictions. Importantly, results demonstrate strong consistency between
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CASTOR and the model results. As noted in Section B.3.3, clinical outcomes are
underestimated for carfilzomib. This is primarily because of differences in the
treatment duration of bortezomib between CASTOR and ENDEAVOR. In
ENDEAVOR, bortezomib was given until progression versus upto 8 cycles (32
doses) in CASTOR. The use of bortezomib until progression is likely to overestimate
the efficacy of Bd versus that seen in clinical practice and in CASTOR.
Consequently, the relative efficacy of DBd versus Cd is likely to be overestimated via
NMA.
Table 57. Summary of model results compared with clinical data
Outcome

Treatment

Median clinical trial result (months)

Median model result (months)

PFS

DBd

26.2

26.5

Bd

7.9

8.0

Cd

22.2

16.2

DBd

23.9

23.5

Bd

n/a1

7.0

Cd

9.2

8.4

TTD

1Patients who completed treatment on the Bd arm of CASTOR were censored and not considered to have
discontinued treatment.

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; PFS =
progression free survival.

B.3.8

Sensitivity analyses

B.3.8.1

Probabilistic sensitivity analysis

To account for the joint uncertainty of the underlying parameter estimates, secondorder stochastic analysis was performed. Distributions used in the PSA are beta,
gamma, log-normal and normal, per convention in economic analyses. (93) The beta
distribution is confined by the interval 0–1 and is typically used for inputs such as
proportions and utility values. The gamma distribution is confined by the interval 0-∞
and is typically used for costs. The log-normal distribution is a normal distribution on
the log scale and is typically used for sampling relative risks, ORs, and HRs.
Treatment and AE costs, utilities for health states and HRs for OS were among the
variables included in the PSA. The PSA was performed with 1,000 iterations.
The following preliminary assumptions for input parameter distributions and their
SE/SD were applied:
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Cost inputs followed gamma distributions with an SE of 20% of default values.



Pre-progression and post-progression utilities were assumed to follow beta
distributions with the SEs calculated from the clinical trials, while AE disutility
values were also assumed to follow the beta distribution, with an SE of 20% of
default values.



OS and PFS HRs were assumed to follow gamma distributions, with an SE
calculated from the reported 95% CIs.



Weight and BSA of patients was assumed to follow a normal distribution with the
reported SD.

Correlation between survival curve parameters was considered using the Cholesky
decomposition method to account for the correlation between the scale and shape
parameters of the two- and three-parameter survival functions. The variance and
covariance matrix of the survival function parameters were obtained from the curvefitting procedure completed and are reported in Appendix L.
Results of the probabilistic analyses confirmed base case results. Cd was
extendedly dominated and the ICER of DBd versus Bd calculated from the
generated mean costs and mean QALY gains across the 1,000 random iterations
was £40,700 (Table 58, Figure 30).
Table 58. Probabilistic analysis results
Comparator

Mean LYs

Mean QALYs

Mean Total cost

ICER

Bd

XXX

XXX

XXX

Base

Cd

XXX

XXX

XXX

Extendedly dominated

DBd

XXX

XXX

XXX

£40,700/QALY

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone; ICER = incremental cost-effectiveness ratio; LY = life year; QALY = quality-adjusted life
year.
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Figure 30. Probabilistic results on the cost-effectiveness plane
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Total cost
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8

QALY
DBd

Bd

Cd

Bd = bortezomib and dexamethasone (BOR-DEX); Cd = carfilzomib and dexamethasone (CAR-DEX); DBd =
daratumumab, bortezomib and dexamethasone (DARA-BOR-DEX); QALY = quality-adjusted life year.

Figure 31 depicts the cost-effectiveness acceptability curves. At the threshold of
£30,000/QALY, DBd had a 92% and 19% chance of being cost-effective versus Cd
and Bd, respectively.

Company evidence submission for daratumumab in RRMM
© Janssen (2018). All rights reserved

Page 132 of 152

9

Figure 31. Cost-effectiveness acceptability curves
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Bd = bortezomib and dexamethasone (BOR-DEX); Cd = carfilzomib and dexamethasone (CAR-DEX); DBd =
daratumumab, bortezomib and dexamethasone (DARA-BOR-DEX); QALY = quality-adjusted life year.

B.3.8.2

Deterministic sensitivity analysis

All major model variables were tested in a number of one-way sensitivity analyses to
identify model drivers and examine key areas of uncertainty. Where possible, CIs or
published ranges were used as alternative values. In the absence of CIs or
published ranges, upper and lower bounds tested in the one-way sensitivity analysis
were calculated as ±20% of the mean base case value, as reported in Table 59.
Table 59. Model parameters varied in deterministic sensitivity analyses
Parameter

Base case

Lower value

Upper value

Dose Intensity DBd

94%

75%

113%

Dose Intensity Bd

87%

70%

104%

Dose Intensity Cd

94%

75%

113%

Mean Body Weight (kg) MMY3004

77.94

62.35

93.53

Mean Body Surface Area (m²)

1.87

1.50

2.24

Admin cost: 1st daratumumab
infusion

₤386

₤309

₤463

Admin cost: Subsequent

₤205

₤164

₤246
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Parameter

Base case

Lower value

Upper value

Admin cost: Each IV administration

₤205

₤164

₤246

Admin cost: Each SC administration

₤82

₤66

₤99

Admin cost: Oral drug initiation

₤164

₤131

₤197

Mix of IV and SC for B

100%

80%

120%

Monitoring unit cost: Haematologist
visit

₤168

₤134

₤201

Monitoring unit cost: Full blood count

₤3

₤2

₤4

Monitoring unit cost: Biochemistry

₤6

₤5

₤7

Monitoring unit cost: Protein
electrophoresis

₤1

₤1

₤1

Monitoring unit cost: Immunoglobin

₤1

₤1

₤1

Monitoring unit cost: Urinary light
chain excretion

₤1

₤1

₤1

Monitoring unit cost: Blood test to
determine blood type

₤3

₤2

₤4

Monitoring unit cost: Renal function
test

₤11

₤9

₤14

Terminal Cost

₤7,920

₤6,336.00

₤9,504.00

AE cost: Neutropenia

₤1,580

₤1,263.89

₤1,895.84

AE cost: Anemia

₤1,112

₤889.62

₤1,334.43

AE cost: Thrombocytopenia

₤1,447

₤1,157.89

₤1,736.84

AE cost: Lymphopenia

₤1,362

₤1,089.39

₤1,634.08

AE cost: Pneumonia

₤1,690

₤1,352.11

₤2,028.16

AE cost: Fatigue

₤878

₤702.62

₤1,053.93

AE cost: Peripheral neuropathy

₤1,190

₤951.64

₤1,427.47

AE cost: Hypertension

₤584

₤467.04

₤700.56

Co-medication costs DBd

₤38

₤30.70

₤46.04

Co-medication costs Bd

₤34

₤27.36

₤41.04

Co-medication costs Cd

₤3

₤2.56

₤3.83

PFS Utility

0.7280

0.7062

0.7497

PPS Utility

0.6950

0.6511

0.7389

AE disutilities DBd

-0.007771972

-0.0062

-0.0093

AE disutilities Bd

-0.004440838

-0.0036

-0.0053

AE disutilities Cd

-0.002828026

-0.0023

-0.0034

PFS HR Cd

0.45

0.28

0.72

OS HR Cd

0.83

0.45

1.52

Subs Tx TTD median DBd

9

7.2

10.8

Subs Tx TTD median Bd

9

7.2

10.8

Subs Tx TTD median Cd

9

7.2

10.8

PFS mortality Death ratio

15%

12%

17%

daratumumab Infusion
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Parameter

Base case

Lower value

Upper value

Pts Continuing to Subs Tx DBd

70%

56%

84%

Pts Continuing to Subs Tx Bd

96%

77%

115%

Pts Continuing to Subs Tx Cd

70%

56%

84%

AE = adverse event; B = bortezomib; Bd = bortezomib and dexamethasone; C = carfilzomib; Cd = carfilzomib
and dexamethasone; D = daratumumab; d = dexamethasone; DBd = DBd = daratumumab, bortezomib and
dexamethasone; HR = hazard ratio; IV = intravenous; L = lenalidomide; OS = overall survival; PFS =
progression-free survival; PPS = post-progression survival; P = pomalidomide; Pts = patients; Subs =
subsequent; SC = subcutaneous; TTD = time to treatment discontinuation’ Tx = treatment.

According to the result of the deterministic sensitivity analyses, OS assumptions
have the largest influence on the calculated ICER of DBd versus Bd (Figure 32).
Body weight determining treatment dosing and DBd treatment duration and PFS
were also important determinants of the outcomes, followed by assumptions around
subsequent treatments.
Figure 32. One-way sensitivity analysis DBd versus Bd
Lower value
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OS parameterization BOR-DEX
OS parameterization DARA-BOR-DEX
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*
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PFS parameterization DARA-BOR-DEX
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Bd = bortezomib and dexamethasone (BOR-DEX); DBd = daratumumab, bortezomib and dexamethasone
(DARA-BOR-DEX); OS = overall survival; PFS = progression-free survival; Pts = patients; Subs = subsequent;
TTD = time to treatment discontinuation; Tx = treatment.
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Figure 33: One-way sensitivity analysis DBd versus Cd
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Pts Continuing to Subs Tx BOR-DEX
PFS parameterization DARA-BOR-DEX
Pts Continuing to Subs Tx DARA-BOR-DEX
Subs Tx TTD median BOR-DEX
Subs Tx TTD median DARA-BOR-DEX
TTD parameterization BOR-DEX
-₤300,000

-₤200,000

-₤100,000

₤0

₤100,000

₤200,000

₤300,000

₤400,000

Difference in ICER (QALY)

Cd = carfilzomib and dexamethasone (BOR-DEX); DBd = daratumumab, bortezomib and dexamethasone
(DARA-BOR-DEX); OS = overall survival; PFS = progression-free survival; Pts = patients; Subs = subsequent;
TTD = time to treatment discontinuation; Tx = treatment.

B.3.8.3

Scenario analysis

Along with the base case, several scenarios were also examined to test the impact
of various model assumptions.
B.3.8.3.1 Unadjusted overall survival
As described in Section B.2.5.2 in the base case inverse probability of censoring
weights (IPCW) methodology is used to adjust OS, to reduce bias since in the
CASTOR trial many patients received subsequent treatment with therapies not
available in UK clinical practice.
In the scenario analysis we evaluated an unadjusted OS approach extrapolating
survival based on the direct observations from CASTOR. A description of the curve
fitting methodology can be found in Appendix L.
B.3.8.3.2 Different survival curve functions to model PFS and OS
As mentioned in Section B.3.3.1, to project time-to-event data for the entire model
time horizon, approaches for extrapolating survival data beyond the trial period were
required. Given the relatively short follow-up available in CASTOR, when selecting
the base case curves less weight was given to the statistical fits and more weight
was given to the clinical face validity of the long-term PFS and OS projections to
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select the base case. In the scenario analysis other types of survival curves for PFS
and OS were also tested as summarised in Table 60.
While the Gompertz function was the best fit for DBd PFS according to the AIC, the
exponential distribution was the best fit statistically according to BIC. Therefore, the
exponential curve was also tested in a scenario analysis.
For Bd OS, clinical experts have indicated that besides the Gompertz function
chosen as the base case, the Weibull distribution also predicted patient numbers to
be alive at different time point which they found clinically reasonable.
Similarly, a scenario was also run where DBd OS was modelled using a Weibull
function as a conservative assumption, as according to clinical experts, DBd patients
are expected to show a different mortality hazard than observed with older
treatments.
In the CASTOR trial, the Bd component of DBd was only given up to 8 cycles,
thereafter patients received daratumumab monotherapy. Analysis of the
daratumumab monotherapy trials suggested an exponential function to describe the
underlying hazards. Therefore, extrapolating DBd OS with an exponential function
was also tested.
According to BIC, the Gompertz was the best fit for TTD. Exponential was the
second best fit, so was chosen as a scenario.
Table 60. Alternative survival curve scenarios for PFS, OS and TTD
Survival curve modelling
Curves
PFS

OS

Treatment duration

Reference

Option 1

Option 2

Option 3

DBd

Gompertz

Exponential

N/A

N/A

Bd

Gompertz

Exponential

N/A

N/A

DBd

Log-logistic

Weibull

Exponential

Log-logistic

Bd

Gompertz

Gompertz

Gompertz

Weibull

DBd

Gompertz

Exponential

N/A

N/A

Bd

Gompertz

Exponential

N/A

N/A

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; OS = overall
survival; PFS = progression-free survival; TTD = time to treatment discontinuation.
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B.3.8.3.3 Subsequent treatment assumptions
Given that patients with MM receive multiple lines of treatment, subsequent
treatments represent a considerable component of costs and health benefits. As
such, modelling subsequent treatments is an important aspect of the costeffectiveness assessment. (See Section B.3.5.4.1). Duration of subsequent
treatments in the base case is modelled through a constant discontinuation rate
estimated from the median treatment duration (9 months). In the scenario analysis, a
longer, 13 month median duration is assumed for subsequent treatments based
upon the weighted average duration of treatment reported by Kumar and
colleagues(90) as well as a median of 15 months reported for the combined 3rd, 4th
and 5th lines of treatment by Yong and colleagues(91).
In the base case analyses, the probability of continuing onto subsequent treatment
was treatment specific. There is, however, no clear clinical explanation as to why a
difference between treatments would exist in terms of the proportion of patients
continuing active treatment after progression on second-line treatment. Therefore,
the average proportion calculated by pooling the two arms of CASTOR (86%) was
tested in the scenario analysis for all treatment arms.
B.3.8.3.4 Utility values from van Agthoven
As detailed in Section B.3.4.1, utility values were applied to each health state and
event in the model to capture patient quality of life associated with treatment and
disease outcomes. Utility values were derived from the analysis of EQ-5D-5L data
from CASTOR. In the scenario analysis, the impact of using utilities used in many
previous models and technology assessments was examined.
B.3.8.3.5 Generic price for bortezomib
Bortezomib will lose its patent next year, estimated to result in a 50% price decrease.
This scenario tested a 50% reduction in the price of bortezomib.
B.3.8.3.6 Other structural assumptions
Base case analysis of the cost-effectiveness evaluation uses a 30-year time horizon,
reflecting a lifetime time horizon for patients in the target population. In the scenario
analysis effects of using shorter time horizons were explored.
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A scenario where vial sharing was allowed was also tested. The results of this
scenario may better reflect the cost-effectiveness of DBd in larger hospitals, where
many patients are treated and vial sharing may be feasible.
To be consistent with the efficacy data, the base case analyses considered the
relative dose intensity of treatments observed in CASTOR. Patients may reduce
dose or skip administrations for multiple reasons; however, a perfect world situation
where all patients have received all planned treatments at the planned dose (i.e. a
relative dose intensity of 100%) was also explored.
Lastly, the effect of discounting was demonstrated by changing rates to 0%, 1.5%
and 6% for both cost and health benefits.
B.3.8.4

Summary of sensitivity analyses results

Results from scenario analysis using unadjusted OS data show a decrease in the
relative survival benefit of DBd versus Bd and Cd. This is a direct consequence of
the bias associated with the use of subsequent treatment not available in England.
That is, the efficacy of comparator treatments is inflated due to higher proportions of
patients receiving currently unavailable therapies. The ICERs of DBd versus Bd and
versus Cd to £43,650 and £7,488, respectively (Table 61).
Table 61 Results of unadjusted OS scenario
DBd

Bd

Cd

Life-years (LY) accrued

XXX

XXX

XXX

LYs accrued: Progression Free Survival

XXX

XXX

XXX

LYs accrued: Post Progression Survival

XXX

XXX

XXX

Quality adjusted life-years (QALY) accrued

XXX

XXX

XXX

QALYs accrued: Progression Free Survival

XXX

XXX

XXX

QALYs accrued: Post progression Survival

XXX

XXX

XXX

Total Cost

XXX

XXX

XXX

Incremental costs

XXX

XXX

Incremental QALYs

XXX

XXX

Incremental LY

XXX

XXX

Cost per QALY gained

₤43,650

₤7,488

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone; LY = life years; OS = overall survival; QALY = quality-adjusted life year.
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As shown in Table 62 and Table 63, most assumptions and alternative scenarios
had relatively little impact on the economic evaluation results. Shortening the model
time horizon had the greatest impact, followed by extrapolating DBd OS using a
Weibull function.
Table 62. Summary results of scenario analyses - cost per QALY gained
Scenario

ICER (₤) DBd vs Bd

ICER (₤) DBd vs Cd

Base case

₤41,633

₤7,180

PFS exponential

₤43,188

₤7,063

DBd OS Weibull

₤63,066

₤10,631

DBd OS
exponential

₤45,011

₤7,811

Bd OS Weibull

₤49,278

₤8,376

TTD exponential

₤40,942

₤7,020

13 months

₤41,633

₤7,180

15 months

₤41,633

₤7,180

Patients continuing subsequent
treatment (86%)

₤46,174

₤6,883

Utility values from van Agthoven

₤42,515

₤7,538

Generic price for B

₤42,507

₤7,180

5 years

₤195,480

₤18,202

10 years

₤77,061

₤12,333

15 years

₤55,120

₤9,051

20 years

₤46,910

₤7,860

25 years

₤43,142

₤7,354

Allow vial sharing

₤40,222

₤13,586

Dose intensity option off

₤45,072

₤8,634

Different survival
curves

Longer
subsequent
treatment duration

Different time
horizons

Bd = bortezomib and dexamethasone; B = bortezomib; Cd = carfilzomib and dexamethasone; DBd =
daratumumab, bortezomib and dexamethasone; ICER = incremental cost-effectiveness ratio; LY = life years; OS
= overall survival; PFS = progression-free survival; TTD = time to treatment discontinuation; QALY = qualityadjusted life year.
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Table 63. Summary results of scenario analyses for discount rates
Scenario 10
Health benefit
discount

0%

1.5%

6.0%

Cost discount

ICER (₤)
DBd vs Bd

ICER (₤)
DBd vs Cd

ICER (₤)
DBd vs Bd

ICER (₤)
DBd vs Cd

ICER (₤)
DBd vs Bd

ICER (₤)
DBd vs Cd

0%

₤30,303

₤6,469

₤36,355

₤7,816

₤58,330

₤12,821

1.5%

₤29,127

₤5,632

₤34,943

₤6,804

₤56,064

₤11,161

6%

₤26,343

₤3,788

₤31,604

₤4,577

₤50,706

₤7,508

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone; ICER = incremental cost-effectiveness ratio.

B.3.9

Validation

B.3.9.1

Validation of cost-effectiveness analysis

B.3.9.1.1 Internal validation
Throughout the validation process a comprehensive and rigorous quality check was
fulfilled, including validating the logical structure of the model, mathematical
formulas, sequences of calculations and the values of numbers supplied as model
inputs. Unexpected model behaviour, implementation and typing errors were all
identified by this review.
The process involved checking the intermediate calculations for references (whether
they are linked to the correct cells, etc.) implementation (whether correct signs for
the parameters are used, etc.), and evaluation of the face validity of predicted
results. The expected function of parameters was checked with extreme value
sensitivity analysis. The process also involved checking the functionality of any builtin Macro programs. Quality check was a repeatable process that produced a
checklist spreadsheet indicating the specific tasks performed and their results
returned.
The appropriateness of distributions used in the probabilistic analysis of the model
was also checked. The model survival predictions were also checked against data
observed in the clinical trials used as data sources.
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B.3.9.1.2

External validation

External validation of the modelling approach and key assumptions was carried out
in several stages. Firstly, an advisory board attended by a clinical nurse specialist, a
lead pharmacist and several NHS Consultant Haematologists with extensive and
ongoing experience of treating patients with RRMM was run. The aim of this advisory
board was to understand the RRMM treatment pathway, including unmet need,
clinical outcomes, diagnostic requirements, service and economic considerations.
Secondly, an advisory board attended by a UK health economic expert with
extensive experience of survival analyses (adjustment and extrapolation) was run.
The aim of this advisory board was to identify evidence gaps and assess the NMA
and economic model methodology. Finally, an advisory board was held just prior to
submission, attended by two NHS Consultant Haematologists and one UK health
economic expert, to validate and finalise model assumptions.

B.3.10

Interpretation and conclusions of economic evidence

The economic analyses presented in this submission are robust, making best use of
available data, minimising assumptions and capturing the novel mechanism of action
of daratumumab. The PartSA approach allows for flexible modelling; where
alternative long-term assumptions can be explored with ease.
Clinical expert advice was sought throughout the modelling process to assess the
appropriateness of the modelled pathway and ensure key aspects of clinical care
were captured. Consequently, clinical outcomes predicted by the economic model
are consistent with those observed in CASTOR.
Due to the international design of CASTOR, many patients received subsequent
treatment with therapies not available in England (see Section B.2.5.2). This
deviation from English clinical practice occurred in a higher proportion of patients
treated with Bd than DBd (as a result of the earlier progression of patients receiving
Bd); thereby introducing bias into the OS analyses.
All methods recommended in NICE DSU TSD 16 to adjust for such bias were
explored. However, the complexities of the data and the array of treatment switches
meant that it was only possible to implement adjustment using IPCW. Every method
of adjustment is associated with theoretical and practical limitations; however, the
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IPCW method is robust, providing switching proportions are low and sample sizes
are sufficient (as is the case in CASTOR). Moreover, the IPCW is a well-known
method with a strong theoretical background that has been accepted in several NICE
appraisals to date.
Where possible, model extrapolations have been validated using a triangulation of
statistical fit, expert clinical opinion and external data. Extrapolation of OS is a key
driver of the model results and as such has been thoroughly explored and externally
validated. For bortezomib, given it has comprised the standard of care for over a
decade, validation of OS used a combination of external data from clinical trials and
observational studies, along with the surrogate relationship identified between PFS
and OS in RRMM. For daratumumab, clinical plausibility of OS projections was
assessed against clinical expert opinion and the surrogate relationship between PFS
and OS.
A comprehensive and robust SLR was carried out to identify clinical evidence on
comparators relevant to the decision problem in second-line patients. No evidence
was identified pertaining to combination chemotherapy regimens that are used in
clinical practice and thus only comparisons against Bd and Cd were undertaken.
Evidence from CASTOR and ENDEAVOR were synthesised in Bayesian NMA to
estimate the relative effectiveness of DBd versus Cd. Both CASTOR and
ENDEAVOR are phase III, open-label RCTs including adult patients with RRMM who
had received at least one prior line of therapy. Some heterogeneity with respect to
study design exists between these studies; however, these differences are expected
to have minimal impact on NMA results. Furthermore, baseline characteristics were
similar with regards to key prognostic factors (age, cytogenetic risk status, number
and type of prior therapies and ISS Stage). Moreover, both CASTOR and
ENDEAVOR were stratified by number of prior treatment lines; in which pre-specified
subgroup analyses were undertaken.
At list price, DBd and Bd extendedly dominate Cd. With a list price ICER of ₤41,633
per QALY versus Bd, a PAS is required to ensure cost-effectiveness versus Bd
which is currently being proposed – economic evaluation results with the proposed
PAS are presented in Appendix X.
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Sensitivity analyses (one-way and probabilistic) indicate that the base case costeffectiveness results are robust with respect to parameter uncertainty. At list price,
with a willingness-to-pay of £30,000, DBd has 52% chance of being the optimal
treatment compared with Cd and Bd. Scenario analyses reveal that the base case
cost-effectiveness results are sensitive to extrapolation of OS and robust with
respect to extrapolation of PFS and TTD, utility and costing assumptions.
Results of the economic analyses demonstrate that DBd is a highly effective, lifeextending treatment for patients with RRMM. DBd is predicted to provide XXX
additional life years (XXX QALYs) versus Cd and XXX additional life years (XXX
QALYs) versus Bd. This substantial predicted OS benefit is supported by the highly
significant and substantial clinical benefits (PFS, ORR and MRD negativity) observed
in CASTOR. Moreover, the innovative mechanism of action of daratumumab and
synergy of effect with the current standard of care, Bd, is expected to fundamentally
change the prognosis of patients, resulting in life expectancy akin to drug therapy
outcomes in front-line patients.
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United Kingdom
+44 (0)300 323 0140
Single technology appraisal
Daratumumab with bortezomib for treating relapsed or refractory multiple myeloma
Dear xxxx,
The Evidence Review Group, Southampton Health Technology Assessments Centre, and
the technical team at NICE have looked at the submission received on 28th February 2018
from Janssen. In general they felt that it is well presented and clear. However, the ERG and
the NICE technical team would like further clarification on the clinical and cost effectiveness
data (see questions listed at end of letter).
The ERG and the technical team at NICE will be addressing these issues in their reports.
Please provide your written response to the clarification questions by 5pm on 4th April 2018.
Your response and any supporting documents should be uploaded to NICE Docs/Appraisals
[embed NICE DOCS LINK on ‘NICE Docs/Appraisals’].
Two versions of your written response should be submitted; one with academic/commercialin-confidence information clearly marked and one with this information removed.
Please underline all confidential information, and separately highlight information that is
submitted as commercial in confidence in turquoise, and all information submitted as
academic in confidence in yellow.
If you present data that are not already referenced in the main body of your submission and
that are academic/commercial in confidence, please complete the attached checklist for
confidential information.
Please do not embed documents (PDFs or spreadsheets) in your response because this
may result in them being lost or unreadable.
If you have any queries on the technical issues raised in this letter, please contact Mary
Hughes, Technical Lead (mary.hughes@nice.org.uk). Any procedural questions should be
addressed to Jeremy Powell, Project Manager (jeremy.powell@nice.org.uk).
Yours sincerely
Ahmed Elsada
Technical Adviser – Appraisals
Centre for Health Technology Evaluation
Encl. checklist for confidential information
www.nice.org.uk
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London
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Section A: Clarification on effectiveness data
A1.

Priority question: For the subgroup of second-line patients please supply a KaplanMeier plot which shows overall survival and adjusted overall survival for subsequent
treatments for DBd and Bd arms on the same plot. Overall survival data for both
arms are shown in Company submission Figure 16 and the adjusted overall survival
plots are shown separately for each arm in Appendix L Figures 4 and 5 but the xaxes have different scales (36 months and 600 weeks) which makes comparison
difficult. It is not necessary to show the long-term projections on the plot we are
requesting.

A2.

Company submission sections B.2.6.3 and B.2.7.3 both state “Responses deepened
over time for patients treated with DBd and with Bd; however, the magnitude of
increase was superior for DBd”. The ERG’s interpretation of this would be that
between 7.4 and 26.9 months follow-up response to treatment moved in the direction
of complete response (e.g. partial response (PR) might “deepen” to become a very
good partial response [VGPR]) and the amount by which a response deepened is the
‘magnitude of increase’ (e.g. PR to complete response (CR) is greater than PR to
VGPR). Please would the company confirm if our understanding is correct or not.
Did responses deepen for all patients?

A3.

Please supply a 95% confidence interval or range for median duration of response
(section B.2.6.5).

A4.

Company submission 2.6.3. Clinical benefit is defined as Overall Response Rate
(ORR) + minimal response. Please indicate whether this is a standard definition of
clinical benefit, and if so, what the source of the definition is.

A5.

Company submission B.2.6.13 refers to a further description of the QoL analyses in
Appendices D1.4.13 and D.1.4.14 but these sections do not exist in Appendix D.
Please supply the correct cross-reference or a description if this is not contained in
the appendices.

A6.

Priority question: Company submission B.2.7 Subgroup analyses. Please supply
the characteristics of the key subgroup of second-line patients from CASTOR (i.e.
reproduce Table 9 but for second-line patients only). Please also indicate what
proportion of the second-line subgroup had received bortezomib at first-line.

A7.

Priority question: Company submission B 2.9 Table 16 indicates the ENDEAVOR
trial was identified for inclusion in the NMA. The reference cited is Dimopoulos et al.
2016 reporting interim data from an analysis with median follow-up for PFS of
approximately 11 months. Please would the company indicate whether any data for
www.nice.org.uk
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ENDEAVOR were included from the second interim analysis (Dimopoulos et al.
Lancet Oncol. 2017 Oct;18(10):1327-1337 with some data also available within the
NICE Committee papers for TA457 published July 2017).
A8.

Leukopenia is included as a safety outcome in the NMA (Company submission
section B.2.9.3 and Appendix D.3.5.2.6) but the TEAEs listed in Company
submission Table 26 do not include leukopenia, only neutropenia and lymphopenia
separately. Please supply the leukopenia data.

A9.

Priority question: Company submission B.2.10 presents data on adverse reactions
but does not indicate which data relate to infusion-related reactions (IRRs) [section
B.3.5.4 indicates that IRRs are a commonly expected adverse event (AE)]. Please
provide data on IRRs for the CASTOR trial.

A10.

Company submission B.2.10 states that systematic searches for additional AE data
from non-randomised studies were carried out. Please confirm if this is the
systematic literature review (SLR) reported in “Appendix F: Adverse reactions” and
clarify whether any of the additional AE data from non-randomised studies
contributes to the evidence presented in Document B (including in the economic
model). If you consider this adverse reactions SLR important for the submission
please (a) provide a summary of the SLR findings, and (b) clarify which of the
“quality” criteria listed in section F.4 of Appendix F (Data extraction) were used to
exclude the non-highlighted studies listed in Table 2 in Appendix F.

A11.

Company submission B2.11 Table 27 Ongoing studies: a) Please provide information
on the study designs, including the number of groups being compared in each study;
(b) please provide the completion dates for GEN501 and GEN 503?; (c) please state
if any of the listed studies will be providing interim data before their completion
dates?

A12.

Company submission B.2.13 states that “adults diagnosed with myeloma in England
and Wales between 2010 and 2011 are estimated to have an age-standardised, oneyear survival of 76.6%”. Please specify the source of this figure.

A13.

Company submission Appendix D.1.2 states “studies reporting results from more
than one RCT/pooled analysis” were excluded from the systematic literature review.
Please clarify the reason for this.

A14.

Company submission Appendix D.1.2.2 states “Whether the accepted studies should
be included was further validated when they underwent data extraction”. It is not
possible to discern from the PRISMA diagram (Appendix D Figure 1) how many
references, if any, were excluded at this stage. Please clarify if, and how many, were
excluded, and please provide the references of those excluded studies along with the
reasons for exclusion.
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A15.

Company submission Appendix D.1.2.3 Figure 1. This PRISMA flow diagram states
that two references were excluded as they reported “extended treatment” studies.
Please clarify which two references were excluded for this reason, and the
interventions, comparators and patient populations they investigated.

A16.

Priority question: company submission Appendix D 2.3 does not report adverse
events for the ENDEAVOR trial. Please provide adverse events for ENDEAVOR, as
consistent as possible with the level of detail reported for CASTOR in CS Table 26.
Please include infusion-related reactions for ENDEAVOR (as per question A8).

A17.

Priority question: company submission Appendix D.2.4 Table 17 provides limited
baseline characteristics of participants in the ENDEAVOR trial. Please provide a full
set of baseline characteristics for ENDEAVOR, as consistent as possible with the
level of detail reported for CASTOR in CS Table 9.

A18.

Company submission Appendix D.3.1. Please provide the original published flow
chart showing the patient flow in the ENDEAVOR trial from which data has been
extracted.

A19.

Priority question: company submission Appendix D.3.2.14.2, states that baseline
time-dependent covariates “were identified following assessment of data collected in
the trial combined with expert opinion”, citing reference 20 (Janssen data on file –
teleconference minutes). However, the meeting minutes do not give any details of the
covariate selection process (other than to say that haemoglobin and platelets were
added); and the minutes identify that most participants in the meeting were Janssen
staff. (a) Please provide a full explanation of the covariate selection process, so as to
provide confidence that key covariates are unlikely to have been missed. (b) Please
provide details of the number and specialties of the clinical experts involved in the
covariate selection process.

A20.

Company submission Appendix D 3.3.3. What is the methodological basis for the
definition of “statistical advantage”? Is this a standard definition?

A21.

Priority question: company submission Appendix D.3.4 Table 36 provides a brief
quality assessment of the ENDEAVOR trial but in a different format to company
submission Table 12. Please provide a risk of bias assessment for the ENDEAVOR
trial in the same format as given for the CASTOR trial in CS Table 12 (CS section
B.2.5.1).

A22.

Company submission Appendix D.3.2.10: Table 28 in this Appendix reports changes
in EORTC QLQ-C30 scores, but not absolute scores. (a) Please provide the EORTC
QLQ-C30 scores at baseline and at each analysis time. (b) The EORTC QLQ-C30
analysis assumes data are missing at random; please provide a justification for this
assumption, giving the reasons why data were missing at each time point.
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A23.

Priority question: company submission Appendix D.3.2.11: Table 29 in this
appendix reports changes in EQ-5D scores, but not absolute scores. (a) Please
provide the EQ-5D scores at baseline and at each analysis time. (b) The EQ-5D
analysis assumes data are missing at random; please provide a justification for this
assumption, giving the reasons why data were missing at each time point.

A24.

Priority question: Appendix D 3.5. For each outcome analysed in the NMA (PFS,
OS, ORR, VGPR or better, CR or better, discontinuations due to AEs, and specific
AEs) please provide the input data for both trials that were used in each NMA
analysis.

A25.

Company submission Appendix E Figure 1 and Figure 2 together report 37 subgroup
analyses of PFS (for 16 characteristics). Please clarify whether the type I error rate
was controlled given the large number of comparisons being made.

Section B: Clarification on cost-effectiveness data
B1.

Priority question: In company submission B 3.3 none of the parametric survival
curves for OS and PFS in Figures 20, 21, 23 and 25 show a visually good fit to the
CASTOR Kaplan Meier curves. This can be seen by closer inspection of the curves
in the model over the trial period. Please state if any alternative approaches to using
parametric survival curves for modelling OS and PFS that were considered and if so
why they were not used. One alternative approach is fractional polynomial analysis.
Please could you test whether a fractional polynomial analysis for PFS and OS will
give a better fit than the parametric curves used in the submission and update the
cost-effectiveness analyses accordingly.

B2.

Priority question: company submission B.3.3.1.2 Table 34. Please state the source
of the estimates of median and mean OS from the Haematological Malignancy
Research Network (HMRN) database and PFS:OS surrogate relationship. Please
explain why there is such a big difference between the predicted median and mean
OS from the parametric model extrapolations from the CASTOR data and the HMRN
and PFS:OS surrogate relationship estimates.

B3.

Company submission B.3.5.1 Table 43: The company submission reports the cost of
dexamethasone as £120.03 for 8mg based on MIMS UK. However, we find that the
cost is reported as £200 for 40 mg on the MIMS UK website (which gives a value of
£40 for 5mg). Please explain this discrepancy.

B4.

Company submission B.3.5.3 Table 45: The ERG obtained slightly different unit costs
for the following modes of administration (shown in the table below) using the same
source i.e. National Schedule of Reference Costs - Year 2016-17. Please explain
how you calculated the unit costs.
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Mode of Administration

Company’s values ERG’s values
Unit Cost

B5.

1st daratumumab infusion

₤385.99
+ £3.10

£355.54

Each subsequent daratumumab Infusion

₤205.09

£304.47

Each IV administration of carfilzomib

₤205.09

£304.47

Oral drug initiation

₤163.82

£170.75

Company submission B.3.8.4 Table 62: For the scenario analyses looking at longer
subsequent treatment duration the ERG obtained different ICERs (as shown in the
table below) than those reported in the company submission. Please note that the
ERG obtained the ICERs in the table below by changing the percentage of patients
continuing to subsequent treatment to 86% for all three treatments in the ‘User’ input
column for these parameters in the model. However, the ERG can get the same
ICER as reported in the company submission when it selects the ‘same for all
treatments’ box. Please explain why the two methods give different results and
which of these methods is correct.
Scenarios

Company results
(ICERs)
Dbd vs Bd

Longer
subsequent
treatment
duration

Dbd vs Cd

ERG results (ICERs)

Dbd vs Bd

Dbd vs Cd

13 months

£41,633

£7,180

£41,959

£8,774

15 months

£41,633

£7,180

£42,326

£9,675

£46,174

£6,883

£46,168

£6,878

Patients continuing
subsequent treatment
(86%)

B6.

Priority question: Please confirm whether the CASTOR Kaplan–Meier data
provided in the ‘ValidationCurves’ sheet of the submitted model relate to the secondline subgroup? Are the OS Kaplan–Meier data in columns M, N, AL and AN adjusted
for subsequent treatments? If so, please provide the Kaplan–Meier data for OS
unadjusted for subsequent treatments.

B7.

Priority question: please confirm whether the modelled costs of daratumumab
monotherapy as a subsequent therapy incorporates the CDF managed access
agreement for daratumumab monotherapy. If not, please provide the cost
effectiveness results (base case and sensitivity analyses) incorporating the CDF
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managed access agreement for daratumumab monotherapy and describe any
changes to the modelling assumptions that are needed to do this.
B8.

Will the patient access scheme for bortezomib taken second line as described in
Technology Appraisal 129 be applied for bortezomib when taken in combination with
daratumumab as a second-line treatment?

B9.

Priority question: the company provides cost effectiveness estimates for
daratumumab plus bortezomib taken as a second-line treatment compared with
bortezomib or carfilzomib, based on trial evidence for a second-line population
including both bortezomib-naïve and –experienced patients. Both bortezomib (used
as a second-line treatment) and carfilzomib are only used in current clinical practice
for people who have not had previous bortezomib. Please clarify which population
you are making a case for:


People who have not received previous bortezomib
o If this is the case please explain the impact of previous use of
bortezomib in the clinical trials on the modelled estimates for the
bortezomib naïve population



The overall second-line population, including people who have had previous
bortezomib and those who have not
o If this is the case please provide a cost effectiveness estimate for
darutumumab plus bortezomib compared with combination
chemotherapy in a population who have received previous
bortezomib. If this is not possible, please describe with justification
what you believe the clinical and cost effectiveness of daratumumab
combination therapy to be compared with chemotherapy is in the
absence of such evidence.

Section C: Textual clarifications and additional points
C1.

For company submission Table 26 reporting adverse events, please explain what the
difference is between events with zero occurrence and those marked as not
applicable.

C2.

Company submission B3.3.3.1.2 Figure 25. Please confirm whether this figure shows
overall survival (the y-axis is labelled “Proportion of patients at risk of progression”).

C3.

Appendix L Figure 5 Please confirm whether this figure shows overall survival (the yaxis is labelled “Proportion of patients at risk of progression”).
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Single technology appraisal
Daratumumab with bortezomib for treating relapsed or refractory multiple myeloma
Dear xxxx
The Evidence Review Group, Southampton Health Technology Assessments Centre, and
the technical team at NICE have looked at the submission received on 28th February 2018
from Janssen. In general they felt that it is well presented and clear. However, the ERG and
the NICE technical team would like further clarification on the clinical and cost effectiveness
data (see questions listed at end of letter).
The ERG and the technical team at NICE will be addressing these issues in their reports.
Please provide your written response to the clarification questions by 5pm on 4th April 2018.
Your response and any supporting documents should be uploaded to NICE Docs/Appraisals
[embed NICE DOCS LINK on ‘NICE Docs/Appraisals’].
Two versions of your written response should be submitted; one with academic/commercialin-confidence information clearly marked and one with this information removed.
Please underline all confidential information, and separately highlight information that is
submitted as commercial in confidence in turquoise, and all information submitted as
academic in confidence in yellow.
If you present data that are not already referenced in the main body of your submission and
that are academic/commercial in confidence, please complete the attached checklist for
confidential information.
Please do not embed documents (PDFs or spreadsheets) in your response because this
may result in them being lost or unreadable.
If you have any queries on the technical issues raised in this letter, please contact Mary
Hughes, Technical Lead (mary.hughes@nice.org.uk). Any procedural questions should be
addressed to Jeremy Powell, Project Manager (jeremy.powell@nice.org.uk).
Yours sincerely
Ahmed Elsada
Technical Adviser – Appraisals
Centre for Health Technology Evaluation
Encl. checklist for confidential information
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Section A: Clarification on effectiveness data
A1. Priority question: For the subgroup of second-line patients please supply a KaplanMeier plot which shows overall survival and adjusted overall survival for subsequent
treatments for DBd and Bd arms on the same plot. Overall survival data for both
arms are shown in Company submission Figure 16 and the adjusted overall survival
plots are shown separately for each arm in Appendix L Figures 4 and 5 but the xaxes have different scales (36 months and 600 weeks) which makes comparison
difficult. It is not necessary to show the long-term projections on the plot we are
requesting.

The Kaplan-Meier (KM) plot of overall survival (OS) for second-line patients is
displayed alongside the adjusted (weighted) OS KM curves in Figure 1.
Figure 1. Kaplan-Meier OS: observed and adjusted (weighted) curves, second-line
patients

DVd = daratumumab, bortezomib (Velcade) and dexamethasone; OS = overall survival; Vd = bortezomib
(Velcade) and dexamethasone.

A2. Company submission sections B.2.6.3 and B.2.7.3 both state “Responses deepened
over time for patients treated with DBd and with Bd; however, the magnitude of
increase was superior for DBd”. The ERG’s interpretation of this would be that
between 7.4 and 26.9 months follow-up response to treatment moved in the direction
of complete response (e.g. partial response (PR) might “deepen” to become a very
good partial response [VGPR]) and the amount by which a response deepened is the
‘magnitude of increase’ (e.g. PR to complete response (CR) is greater than PR to
2

VGPR). Please would the company confirm if our understanding is correct or not.
Did responses deepen for all patients?

The ERG’s interpretation of ‘Responses deepened over time’ is correct; between 7.4
and 26.9 months follow-up response to treatment moved in the direction of complete
response (e.g. partial response (PR) might “deepen” to become a very good partial
response [VGPR]). However, the ‘magnitude of increase’ relates to the proportion of
patients achieving a measured improvement in response, rather than the magnitude
by which responses deepened.
Responses did not deepen over time for all patients; however, a greater proportion of
patients treated with DBd experienced a deepening of response compared with
patients treated with Bd. This is most easily illustrated by comparing first response
with best response.
Table 1 displays the matrix of first response to best response of all CASTOR patients in the
response evaluable population. In patients who had a PR or better following treatment,
64.5% and 35.1% experienced a deepening of response over time with DBd and Bd,
respectively. In second-line patients, responses deepened in 72.5% versus 44.4% of
patients achieving a PR with DBd and Bd, respectively (

3

Table 2).

4

Table 1: First versus best response in patients treated with DBd compared with Bd (CASTOR; all patients, response evaluable
population; median follow-up 26.9 months)
Best response
DBd, n

Bd, n

First
response

sCR

CR

VGP
R

PR

MR

SD

PD

All

%

sCR

CR

CR

1

1

0

0

0

0

0

2

1%

VGPR

7

20

19

0

0

0

0

46

19%

4

6

16

0

0

0

0

26

11%

PR

15

28

60

52

0

0

0

155

65%

2

11

29

80

0

0

0

122

53%

NR

0

0

0

0

7

23

6

36

15%

0

0

0

0

20

47

16

83

36%

All

23

49

79

52

7

23

6

239

100%

6

17

45

80

20

47

16

231

100%

%

10%

21%

33%

22%

3%

10%

3%

100%

3%

7%

19%

35%

9%

20%

7%

100%

0

VGPR

0

PR

MR

0

0

0

SD

PD

0

All

0

0

%
0%

Percentage improvement
N improved

131

52

N
responders

203

148

% improved

64.5%

35.1%

Bd = bortezomib and dexamethasone; CR = complete response; DBd = daratumumab, bortezomib and dexamethasone; MR = minimal response; NR = no response; PD =
progressive disease; PR = partial response; sCR = stringent complete response; SD = stable disease; VGPR = very good partial response.
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Table 2: First versus best response in patients treated with DBd compared with Bd (CASTOR; second-line patients, response
evaluable population; median follow-up 26.9 months)
Best response
DBd, n

Bd, n

First
response

sCR

CR

VGP
R

PR

MR

SD

PD

All

%

sCR

CR

CR

0

1

0

0

0

0

0

1

1%

VGPR

6

12

11

0

0

0

0

29

24%

3

4

10

0

0

0

0

17

16%

PR

11

21

29

18

0

0

0

79

66%

2

7

20

35

0

0

0

64

59%

NR

0

0

0

0

3

3

5

11

9%

0

0

0

0

8

17

3

28

26%

All

17

34

40

18

3

3

5

120

100%

5

11

30

35

8

17

3

109

100%

%

14%

28%

33%

15%

3%

3%

4%

100%

5%

10%

28%

32%

7%

16%

3%

100%

0

VGPR

0

PR

MR

0

0

0

SD

PD

0

All

0

0

%
0%

Percentage improvement
N improved

79

36

N
responders

109

81

% improved

72.5%

44.4%

Bd = bortezomib and dexamethasone; CR = complete response; DBd = daratumumab, bortezomib and dexamethasone; MR = minimal response; NR = no response; PD =
progressive disease; PR = partial response; sCR = stringent complete response; SD = stable disease; VGPR = very good partial response
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A3. Please supply a 95% confidence interval or range for median duration of response
(section B.2.6.5).

These data are available in Table 23, Appendix D, Section D.3.2.5 of the submission
and are reproduced in Table 3 below. Apologies the cross referencing in the
submission did not make this clear.
Table 3. Duration of response among patients treated with DBd compared with Bd
(CASTOR; responders in the response-evaluable set; median follow-up 26.9 months)
Duration of responsea

Bd

DBd

Responders (≥PR)

148

203

Number of events (%)

123 (83.1)

114 (56.2)

Median (95% CI)

7.6 (6.5, 8.5)

18.9 (16.3, 24.0)

Bd = bortezomib and dexamethasone; CI = confidence interval; DBd = daratumumab, bortezomib and
dexamethasone; PR = partial response.
aFirst

response PR or better.

A4. Company submission 2.6.3. Clinical benefit is defined as Overall Response Rate
(ORR) + minimal response. Please indicate whether this is a standard definition of
clinical benefit, and if so, what the source of the definition is.

Clinical benefit, defined as overall response rate (ORR) plus minimal (or minor)
response (MR) has been used in several relapsed and/or refractory multiple
myeloma (RRMM) trials.1-4 The use of this definition stems from an American Society
of Hematology and US Food and Drug Administration workshop (October 26, 2006)
on clinically relevant endpoints for myeloma. The workshop concluded that MR, as
deﬁned in the European Group for Blood and Marrow Transplantation Medical
criteria, can indicate clinical beneﬁt in patients with RRMM.5 This conclusion is
supported by an analysis of bortezomib trial data, for which patients with MR had a
longer time to progression and overall survival compared with non-responders.6
Moreover, the International Myeloma Workshop Consensus Panel recommends that
MR should be reported separately and should be distinguished from partial response
or better responses (ORR) to make clinical study comparisons possible.7 As such,
the use of clinical benefit as distinct from ORR achieves both the inclusion of MR as
a clinically relevant endpoint and maintains the distinction from ORR.
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A5. Company submission B.2.6.13 refers to a further description of the QoL analyses in
Appendices D1.4.13 and D.1.4.14 but these sections do not exist in Appendix D.
Please supply the correct cross-reference or a description if this is not contained in
the appendices.

Apologies, these descriptions were incorrectly cross-referenced in the submission.
The correct cross-references for further descriptions of QoL analyses are D.3.2.10
and D.3.2.11.

A6. Priority question: Company submission B.2.7 Subgroup analyses. Please supply
the characteristics of the key subgroup of second-line patients from CASTOR (i.e.
reproduce Table 9 but for second-line patients only). Please also indicate what
proportion of the second-line subgroup had received bortezomib at first-line.

Baseline characteristics for second-line patients from CASTOR are described in
Table 4. In total 50.6% of patients in the second-line subgroup had received prior
bortezomib treatment. This is in line with current bortezomib usage in newly
diagnosed MM patients in the UK, where 57% of patients starting their therapy prior
to the survey (carried out in November 2017) received a bortezomib based regimen.8
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Table 4: Characteristics of participants in CASTOR across treatment groups (secondline patients, intent-to-treat analysis set) 3,9,10 3,9,10 3,9,10 3,9,10 3,8,9
Bd (n=113)

DBd (n=122)

Total (n=235)

<65

58 (51.3)

67 (54.9)

125 (53.2)

65 to 74

38 (33.6)

47 (38.5)

85 (36.2)

≥75

17 (15.0)

8 (6.6)

25 (10.6)

Mean (SD)

64.2 (9.88)

62.6 (9.83)

63.3 (9.87)

Median

64.0

63.0

63.0

Range

(40; 85)

(30; 84)

(30; 85)

64 (56.6)

74 (60.7)

138 (58.7)

Hispanic or Latino

11 (9.7)

7 (5.7)

18 (7.7)

Not Hispanic or Latino

96 (85.0)

113 (92.6)

209 (88.9)

Unknown

2 (1.8)

1 (0.8)

3 (1.3)

Not Reported

4 (3.5)

1 (0.8)

5 (2.1)

White

99 (87.6)

104 (85.2)

203 (86.4)

Black or African American

2 (1.8)

4 (3.3)

6 (2.6)

Asian

8 (7.1)

10 (8.2)

18 (7.7)

American Indian or Alaska Native

0

1 (0.8)

1 (0.4)

Native Hawaiian or other Pacific
Islander

0

0

0

Other

1 (0.9)

2 (1.6)

3 (1.3)

Unknown

1 (0.9)

0

1 (0.4)

Not Reported

2 (1.8)

1 (0.8)

3 (1.3)

Mean (SD)

77.59 (14.873)

78.26 (17.377)

77.94 (16.185)

Median

75.00

77.00

76.00

Range

(45.0; 131.6)

(45.0; 134.8)

(45.0; 134.8)

Mean (SD)

166.8 (9.14)

167.4 (10.42)

167.2 (9.81)

Median

167.0

168.0

167.0

Range

(142; 185)

(141; 194)

(141; 194)

0

56 (49.6)

57 (46.7)

113 (48.1)

1

51 (45.1)

58 (47.5)

109 (46.4)

2

6 (5.3)

7 (5.7)

13 (5.5)

>2

0

0

0

Age, years, n (%)

Sex, n (%)
Male
Ethnicity, n (%)

Race, n (%)

Weight (kg)

Height (cm)

Baseline ECOG score, n (%)
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Bd (n=113)

DBd (n=122)

Total (n=235)

Type of myeloma by immunofixation, n (%)
IgG

62 (54.9)

64 (52.5)

126 (53.6)

IgA

28 (24.8)

32 (26.2)

60 (25.5)

IgM

0

1 (0.8)

1 (0.4)

IgD

1 (0.9)

5 (4.1)

6 (2.6)

IgE

0

0

0

Light chain

18 (15.9)

15 (12.3)

33 (14.0)

Kappa

9 (8.0)

10 (8.2)

19 (8.1)

Lambda

9 (8.0)

5 (4.1)

14 (6.0)

Biclonal

3 (2.7)

1 (0.8)

4 (1.7)

1 (0.9)

4 (3.3)

5 (2.1)

IgG

54 (47.8)

60 (49.2)

114 (48.5)

IgA

28 (24.8)

31 (25.4)

59 (25.1)

Otherb

3 (2.7)

4 (3.3)

7 (3.0)

Urine only

16 (14.2)

12 (9.8)

28 (11.9)

Serum FLC only

11 (9.7)

15 (12.3)

26 (11.1)

NE

1 (0.9)

0

1 (0.4)

I

51 (45.1)

57 (46.7)

108 (46.0)

II

44 (38.9)

42 (34.4)

86 (36.6)

III

18 (15.9)

23 (18.9)

41 (17.4)

Negative immunofixation
Type of measurable

diseasea,

n (%)

ISS stagingc, n (%)

Time from MM diagnosis to randomisation (years)
Mean (SD)

3.61 (2.533)

3.62 (2.812)

3.61 (2.675)

Median

2.98

2.81

2.84

Range

(0.6; 18.1)

(0.7; 14.9)

(0.6; 18.1)

None

24 (21.2)

20 (16.5)

44 (18.8)

1-3

21 (18.6)

30 (24.8)

51 (21.8)

4-10

31 (27.4)

32 (26.4)

63 (26.9)

>10

37 (32.7)

39 (32.2)

76 (32.5)

Number of lytic bone lesions, n (%)

Presence of diffuse myeloma-related osteopenia, n (%)
Yes

53 (46.9)

36 (29.8)

89 (38.0)

No

60 (53.1)

85 (70.2)

145 (62.0)

Number of extramedullary plasmacytomas, n (%)
0

104 (92.0)

117 (95.9)

221 (94.0)

≥1

9 (8.0)

5 (4.1)

14 (6.0)

Presence of evaluable bone marrow assessment, n (%)
Yes

113 (100.0)

122 (100.0)

235 (100.0)

No

0

0

0
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Bd (n=113)

DBd (n=122)

Total (n=235)

% Plasma cells, bone marrow biopsy, n (%)
<10

9 (20.9)

6 (10.9)

15 (15.3)

10-30

19 (44.2)

23 (41.8)

42 (42.9)

>30

15 (34.9)

26 (47.3)

41 (41.8)

% Plasma cells, bone marrow aspirate, n (%)
<10

27 (24.8)

34 (28.8)

61 (26.9)

10-30

51 (46.8)

47 (39.8)

98 (43.2)

>30

31 (28.4)

37 (31.4)

68 (30.0)

% Plasma cells, bone marrow biopsy/aspirate, n (%)
<10

25 (22.1)

22 (18.0)

47 (20.0)

10-30

52 (46.0)

51 (41.8)

103 (43.8)

36 (31.9)

49 (40.2)

85 (36.2)

Standard-risk

67 (84.8)

70 (76.9)

137 (80.6)

High-risk

12 (15.2)

21 (23.1)

33 (19.4)

Del17p

6 (7.6)

13 (14.3)

19 (11.2)

T(4;14)

5 (6.3)

5 (5.5)

10 (5.9)

T(14;16)

4 (5.1)

3 (3.3)

7 (4.1)

High-risk

4 (3.5)

7 (5.7)

11 (4.7)

Standard-risk

66 (58.4)

73 (59.8)

139 (59.1)

Low-risk

9 (8.0)

11 (9.0)

20 (8.5)

Not done

34 (30.1)

31 (25.4)

65 (27.7)

>30
d

Any cytogenetic abnormality , n (%)

Risk stratificatione, n (%)

Total number of patients with any prior therapies for MM, n (%)
Prior systemic therapy

113 (100.0)

122 (100.0)

235 (100.0)

Prior ASCT

66 (58.4)

76 (62.3)

142 (60.4)

Prior radiotherapy

24 (21.2)

28 (23.0)

52 (22.1)

Prior cancer-related surgery

20 (17.7)

13 (10.7)

33 (14.0)

1

1 113 (100.0)

122 (100.0)

235 (100.0)

2

0

0

0

3

0

0

0

>3

0

0

0

Mean (SD)

1.0 (0.00)

1.0 (0.00)

1.0 (0.00)

Median

1.0

1.0

1.0

Range

(1; 1)

(1; 1)

(1; 1)

Prior PI

59 (52.2)

65 (53.3)

124 (52.8)

Bortezomib

57 (50.4)

62 (50.8)

119 (50.6)

Carfilzomib

2 (1.8)

1 (0.8)

3 (1.3)

Number of prior lines of therapyf, n (%)

Prior therapy exposure, n (%)
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Bd (n=113)

DBd (n=122)

Total (n=235)

Ixazomib

0

2 (1.6)

2 (0.9)

Prior IMiD

81 (71.7)

72 (59.0)

153 (65.1)

Lenalidomide

33 (29.2)

15 (12.3)

48 (20.4)

Pomalidomide

0

0

0

Thalidomide

48 (42.5)

58 (47.5)

106 (45.1)

Prior corticosteroids

111 (98.2)

118 (96.7)

229 (97.4)

Dexamethasone

102 (90.3)

99 (81.1)

201 (85.5)

Prednisone

22 (19.5)

32 (26.2)

54 (23.0)

Prior alkylating agents

94 (83.2)

115 (94.3)

209 (88.9)

Prior anthracyclines

27 (23.9)

28 (23.0)

55 (23.4)

Prior PI+IMiD

33 (29.2)

29 (23.8)

62 (26.4)

Prior PI+IMiD+ALKY

29 (25.7)

29 (23.8)

58 (24.7)

Prior bortezomib+lenalidomide

16 (14.2)

12 (9.8)

28 (11.9)

Prior carfilzomib+pomalidomide

0

0

0

Refractory at any point to prior
therapy, n (%)

25 (22.1)

18 (14.8)

43 (18.3)

PI only

0

2 (1.6)

2 (0.9)

IMiD only

25 (22.1)

14 (11.5)

39 (16.6)

Both PI and IMiD

0

0

0

Refractory to last line of therapy, n (%)

25 (22.1)

18 (14.8)

43 (18.3)

Bortezomib

0

0

0

Carfilzomib

0

1 (0.8)

1 (0.4)

Ixazomib

0

1 (0.8)

1 (0.4)

Lenalidomide

18 (15.9)

6 (4.9)

24 (10.2)

Pomalidomide

0

0

0

Thalidomide

7 (6.2)

8 (6.6)

15 (6.4)

Refractory status, n (%)

Refractory to, n (%)

ALKY = alkylating agents; ASCT = autologous stem cell transplant; Bd = bortezomib and dexamethasone; DBd =
daratumumab, bortezomib and dexamethasone; ECOG = Eastern Cooperative Oncology Group; FISH =
fluorescence in situ hybridisation; FLC = free light chain; IMiD = immunomodulatory drug; ISS = International
Staging System; MM = multiple myeloma; PI = proteasome inhibitor; MM = multiple myeloma; NE = not
evaluable; SD = standard deviation.
aIncludes

patients without measurable disease in serum and urine.

bIncludes

IgD, IgM, IgE and biclonal.

cISS

staging is derived based on the combination of serum β2-microglobulin and albumin.

dCytogenetic

abnormalities are based on FISH or karyotype testing.

eDetermination of a subjects risk stratification is based on three factors: International Staging System (ISS);
presence of chromosomal abnormalities of t(4; 14), del17 or del17p by FISH or Karyotype testing and age.
fBased

on data recorded on prior systemic therapy eCRF page.

A7. Priority question: Company submission B 2.9 Table 16 indicates the ENDEAVOR
trial was identified for inclusion in the NMA. The reference cited is Dimopoulos et al.
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2016 reporting interim data from an analysis with median follow-up for PFS of
approximately 11 months. Please would the company indicate whether any data for
ENDEAVOR were included from the second interim analysis (Dimopoulos et al.
Lancet Oncol. 2017 Oct;18(10):1327-1337 with some data also available within the
NICE Committee papers for TA457 published July 2017).

Data from the second interim analysis of ENDEAVOR (Dimopoulos et al., 2017)
were included in the SLR/NMA. The reference to Dimopoulos et al., 2016 is for the
first full-text publication, which was considered the “primary” publication. Any
additional identified publications for the ENDEAVOR trial, including that for the
second interim analysis, were considered linked or secondary publications, from
which relevant data were extracted wherever appropriate.

A8. Leukopenia is included as a safety outcome in the NMA (Company submission
section B.2.9.3 and Appendix D.3.5.2.6) but the TEAEs listed in Company
submission Table 26 do not include leukopenia, only neutropenia and lymphopenia
separately. Please supply the leukopenia data.

Leukopenia data were not included in Table 26 of the submission as less than 10%
of patients experienced leukopenia of any grade and less than 5% of patients
experienced leukopenia of grade 3 or 4. Leukopenia data are presented in Table 5.
Table 5: TEAEs by preferred term (CASTOR; safety population, median follow-up 26.9
months)
Bd (n=237)

Leukopenia, n (%)

DBd (n=243)

All grades

Grade3/4

All grades

Grade3/4

12 (5.1)

5 (2.1)

21 (8.6)

6 (2.5)

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone.

A9. Priority question: Company submission B.2.10 presents data on adverse reactions
but does not indicate which data relate to infusion-related reactions (IRRs) [section
B.3.5.4 indicates that IRRs are a commonly expected adverse event (AE)]. Please
provide data on IRRs for the CASTOR trial.

As noted by the ERG, infusion-related reactions (IRRs) were not separately reported
in the IA2 data cut but rather grouped with all TEAEs, as reported in Table 26 of the
submission. Therefore, it is not possible to differentiate which TEAEs relate
specifically to IRRs in the IA2 data cut.
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However, IRRs were separately reported for the IA1 data cut and these findings are
presented in Table 6 below. At 7.4 months follow up, IRRs associated with
daratumumab administration were reported in 45% (n=110) of patients, of which
most were of Grade 1 or 2 severity. Given that the vast majority of IRRs occurred on
Day 1 of the first infusion of daratumumab (98% of all IRRs; Table 7), the frequency
and type of IRRs reported in the IA1 analyses could be considered representative of
IRRs expected to be observed following the first administration of daratumumab,
irrespective of follow up time.
Table 6: Treatment-emergent infusion related reactions for DBd by MeDRA systemorgan class and preferred term (CASTOR; safety analysis set; median follow-up 7.4
months)11

14

DBd = daratumumab-bortezomib-dexamethasone.
Note: Adverse events are reported using MedDRA version 18.0. Percentages are calculated with the number of
subjects in each group as denominator.
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Table 7: Treatment-emergent infusion related reactions for DBd by MedDRA systemorgan class, preferred term and event onset time (CASTOR; safety analysis set;
median follow-up 7.4 months)11

16

DBd = daratumumab-bortezomib-dexamethasone.
Note: Adverse events are reported using MedDRA version 18.0. Percentages in the total column are calculated
with the number of treated subjects in each group as denominator. Percentages for event onset time columns are
calculated with the number of treated subjects in each window as denominator.

A10. Company submission B.2.10 states that systematic searches for additional AE
data from non-randomised studies were carried out. Please confirm if this is the
systematic literature review (SLR) reported in “Appendix F: Adverse reactions” and
clarify whether any of the additional AE data from non-randomised studies
contributes to the evidence presented in Document B (including in the economic
model). If you consider this adverse reactions SLR important for the submission
please (a) provide a summary of the SLR findings, and (b) clarify which of the
“quality” criteria listed in section F.4 of Appendix F (Data extraction) were used to
exclude the non-highlighted studies listed in Table 2 in Appendix F.

The systematic literature review (SLR) reported in Appendix F is indeed the SLR for
additional AE data from non-randomised studies discussed in Section B.2.10 of the
submission. As stated in the submission, the purpose of this safety SLR was to
supplement the review of RCT safety evidence carried out as part of the clinical SLR
(Section B.2.1 and Appendix D of the submission). This supplementary safety SLR
was conducted prior to receiving the final NICE scope in January 2018 and as such
17

was carried out with a broader scope than ultimately necessary. A large number of
short-term, small-scale studies were identified; consequently, data extraction was
limited to the highest quality study per treatment. Therefore, the quality criteria listed
in section F.4 was used to select studies for extraction rather than to exclude
studies.
A summary of the findings for treatments of relevance to this submission are
provided in Table 8. Full details of all extracted studies are provided in the Excel file
entitled ‘ID974_Data Extraction workbook_Safety SLR‘. No new safety signals were
identified for any treatments of interest.
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Table 8. Summary of findings from supplementary safety SLR
Trial name

Study
design

Primary
objective

Tx

Median Tx duration

No. of patients

Number of
Prior Lines of
Tx

Number of
Patients with
Treatment
Discontinuation
Due to AEs

Number of
Patients
with SAEs

% of
Patients
with Any
Grade 3+
AE%

Chari 2016

Multicenter,
open-label
early access
treatment
protocol

HRQL

DARA:
daratumumab 16 mg/kg
IV weekly for 8 weeks,
then every 2 weeks for 16
weeks, and then every 4
weeks until disease
progression,
unacceptable toxicity, or
60 days after US
approval.

1.9 months (0.03-6)

348

Median
(range):
8 (1-17)

Total: 9%
Drug-related: 3%

Total: 35%
Drugrelated:
12%

51%

MMY2002

Phase II,
two-part,
open-label,
multicentre
study

ORR

DARA16:
daratumumab 16mg/kg
per week for 8 weeks
(cycles 1 and 2), then
every 2 weeks for 16
weeks (cycles 3-6), then
every 4 weeks thereafter
(cycle 7 or higher)

NR

Total: 124
DARA16: 106
DARA8: 18

Median
(range):
DARA16: 5 (214)

Total: 5 (5)
Drug-related: 0

Total:
32 (30%)
Grade 3/4:
24 (23%)

NR

Median infusions
(range):
DARA8: 10.5
(1-26)
DARA16: 13.5
(1-24)

Total: 72
DARA8: 30
DARA16: 42

Median
(range):
DARA8:
4 (3-10)
DARA16:
4 (2-12)

NR

DARA8:
40%
DARA16:
33%

DARA8:
53%
DARA16:
26%

DARA8:
daratumumab 8mg/kg
every 4 weeks
continuously
GEN501
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Phase I/II,
two-part,
open-label,
multicenter
trial

Safety,
determined
according to
the
frequencies
and
severities of

DARA8:
Daratumumab 8mg/kg in
8 once-weekly infusions
and then in twice-weekly
infusions for 16 weeks.

Trial name

Study
design

Primary
objective

Tx

adverse events
was assessed
at
each treatment
visit

DARA16:
Daratumumab 16mg/kg
once followed by 3-week
washout period. Then
weekly treatment for 7
weeks and twice monthly
for 14 weeks then
monthly infusions.

Median Tx duration

No. of patients

Number of
Prior Lines of
Tx

Number of
Patients with
Treatment
Discontinuation
Due to AEs

Number of
Patients
with SAEs

% of
Patients
with Any
Grade 3+
AE%

Treatment was continued
until disease progression
or until an unmanageable
level of toxic events
occurred.
NCT01615029

Phase I/II,
open-label,
multicenter
study

Safety,
assessed at
each visit by
AE evaluation,
clinical
laboratory
tests, physical
examinations,
vital signs,
ECGs and
ECOG PS.

DARA/LEN/DEX:
Daratumumab 16mg/kg
once per week for cycles
1 and 2, once every 2
weeks for cycles 3
through 6, and once
every 4 weeks thereafter
until disease progression
or unacceptable toxicity.
Lenalidomide 25mg/day
orally on days 1 to 21 of
each cycle;
dexamethasone
40mg/week.

Median months
(range):
14.8
(0-18.5)

32

Median
(range):
2.0 (1-3)

3 (9.4%)

NR

NR

GEN501/
MMY2002

Pooled
analysis

Response

DARA:
Daratumumab 16mg/kg
once followed by 3-week
washout period. Then
weekly treatment for 7
weeks and twice monthly

Median months
(range):
3.4
(0.03-26.0)

148

Median
(range):
5 (2-14)

6 (4.1)

NR

NR
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Trial name

Study
design

Primary
objective

Tx

Median Tx duration

No. of patients

Number of
Prior Lines of
Tx

Number of
Patients with
Treatment
Discontinuation
Due to AEs

Number of
Patients
with SAEs

% of
Patients
with Any
Grade 3+
AE%

for 14 weeks then
monthly infusions.
SUMMIT,
CREST

Pooled
analysis

Incidence and
severity of
thrombocytope
nia

BOR/DEX:
bortezomib 1.3 mg/m2 IV
push over 3-5 seconds
twice weekly (days 1, 4, 8
and 11) for the first 2
weeks pf each 3 week
treatment cycle for up to 8
cycles. Oral
dexamethasone 20 mg
given on the day and day
after treatment with
bortezomib in patients
who had progressive
disease after 2 or stable
disease after the first 4
treatment cycles.

Median weeks
(range):
Duration of
boretzomib: 24.4
(1.1–77.3)
Duration of
dexamethasone:
13.6 (1.3-77.3)

BOR/DEX: 106

Median
(range):
5 (1-15)

NR

NR

NR

CHAMPION-1

Phase I/II,
multi center,
single arm,
dose
escalation
study

Phase 1: MTD
of once-weekly
carfilzomib
with
dexamethason
e.
Phase 2: ORR

CAR/DEX:
Carfilzomab as 30-min IV
infusion on days 1, 8 and
15 of 28-day cycles.
Phase 1 dose escalation
portion, patients received
carfilzomab at 20mg/m2
on cycle 1 day 1,
subsequent doses were
escalated in 3+3 doseescalation scheme at 45,
56, 70 or 88mg/m2 to
determine MTD. Phase 2
carfilzomab same dose
escalation as above, all
patients received DEX 40
mg IV/orally on days 1, 8,
15, and 22 of 28-day

Median months
(range):
7.8
(0.03-31.6)

104

Median
(range): 1 (1-3)

12

NR

62%
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The rates of
treatment
discontinuation
due to adverse
events were 3%
(<65 years),
17% (65-74
years), and 21%
(?75 years)

Trial name

Study
design

Primary
objective

Tx

Median Tx duration

No. of patients

Number of
Prior Lines of
Tx

Number of
Patients with
Treatment
Discontinuation
Due to AEs

Number of
Patients
with SAEs

% of
Patients
with Any
Grade 3+
AE%

NR

51

NR

NR

NR

NR

cycles for the first 8
cycles. At cycle 9, DEX
was omitted on day 22.
Lenhard 1984

Single-arm,
ECOG study

Response

Cyclophosphamide:
Cyclophosphamide 600
mg/m2 as a 1-hour IV
infusion daily for 4 days.
Treatment was repeated
on day
29 in patients not showing
disease progression. All
patients received the first
cycle of treatment at full
dose regardless of blood
counts. Cycle 2 of
treatment was delayed as
needed to permit return of
blood counts to baseline
levels.
Responding patients who
tolerated the treatment
were given additional
cycles of
cyclophosphamide at 3month
intervals until relapse.

AE = adverse event; ECG = electrocardiogram; ECOG = Eastern Cooperative Oncology Group; HRQL = health related quality of life; IV = intravenous; MTD = maximum
tolerated dose; NR = not reported; ORR = overall response rate; PS = performance score; SAE = serious adverse event; SLR = systematic literature review; Tx = treatment.
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A11. Company submission B2.11 Table 27 Ongoing studies: a) Please provide
information on the study designs, including the number of groups being compared in
each study; (b) please provide the completion dates for GEN501 and GEN 503?; (c)
please state if any of the listed studies will be providing interim data before their
completion dates?

The additional information requested for ongoing studies is presented in Table 9.
Table 9. Additional information on ongoing studies
Study

Study design

Completion date

Interim data before
completion?

MMY3003
(POLLUX)

Randomized, openlabel, active-controlled,
multicenter Phase 3
study comparing the
efficacy of DLd vs. Ld
in relapsed or
refractory MM
First-in-human, Phase
1/2, open-label, nonrandomized,
monotherapy
study
Open-label, multicenter
Phase 1/2 safety study
of DLd in the treatment
of subjects with
relapsed or relapsed
and refractory MM

Sep 2020

Next clinical cutoff
(CCO) has not yet been
defined. The next per
protocol analyses are
the final analyses (after
330 death events)

Mar 2017

Not applicable

Feb 2017

Long Term Extension
(LTE) Part I planned to
end in Dec 2019
LTE Part II planned to
end in Dec 2022

GEN501

GEN503

DLd = daratumumab, lenalidomide and dexamethasone; Ld = lenalidomide and dexamethasone.

A12. Company submission B.2.13 states that “adults diagnosed with myeloma in
England and Wales between 2010 and 2011 are estimated to have an agestandardised, one-year survival of 76.6%”. Please specify the source of this figure.

This figure is from Cancer Research UK’s webpage on myeloma survival statistics,
accessible at:
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-bycancer-type/myeloma/survival#collapseZero

A13. Company submission Appendix D.1.2 states “studies reporting results from more
than one RCT/pooled analysis” were excluded from the systematic literature review.
Please clarify the reason for this.
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Pooled analyses were excluded when it was not possible to separate and extract
data from the individual RCTs.

A14. Company submission Appendix D.1.2.2 states “Whether the accepted studies
should be included was further validated when they underwent data extraction”. It is
not possible to discern from the PRISMA diagram (Appendix D Figure 1) how many
references, if any, were excluded at this stage. Please clarify if, and how many, were
excluded, and please provide the references of those excluded studies along with the
reasons for exclusion.

In this case, all studies identified for inclusion during title/abstract and full-text
screening were reconfirmed as meeting the SLR’s selection criteria during data
extraction; and thus, no references were excluded at this stage.

A15. Company submission Appendix D.1.2.3 Figure 1. This PRISMA flow diagram
states that two references were excluded as they reported “extended treatment”
studies. Please clarify which two references were excluded for this reason, and the
interventions, comparators and patient populations they investigated.

Lund et al 2014 and Mineur et al 1998 were excluded as they reported “extended
treatment” studies. That is, in both studies, recruited patients first received nonrandomised treatment and were then observed as to whether they responded, before
being randomised to further treatment. The references in question are as follows:
1. Lund, J.,Gruber, A.,Lauri, B.,Blimark, C.,Swedin, A.,Hansson, M.,Forsberg,
K.,Ahlberg, L.,Carlsson, C.,Waage, A.,Gimsing, P.,Vangsted, A. J.,Frolund,
U.,Hardling, M.,Mellqvist, U. H.,Nahi, H. The REVII trial: Lenalidomide and
dexamethasone as second line treatment in myeloma followed by extended
lenalidomide vs Len/Dex. Haematologica. 2014. 99:104-5
a. Intervention: Lenalidomide + dexamethasone
b. Comparator: Lenalidomide
c. Patient population: Patients with multiple myeloma who had had at
least a partial response to second-line treatment with lenalidomide plus
betamethasone or dexamethasone
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d. Study design: Two-part study. The first part was an observational
study, in which patients were treated with lenalidomide plus
betamethasone or dexamethasone. Patients who responded to
treatment in the first part were then included in the second part of the
study, randomised to lenalidomide with or without dexamethasone.
2. Mineur, P.,Menard, J. F.,Le Loet, X.,Bernard, J. F.,Grosbois, B.,Pollet, J.
P.,Azais, I.,Laporte, J. P.,Doyen, C.,De Gramont, A.,Wetterwald, M.,EullerZiegler, L.,Peny, A. M.,Monconduit, M.,Michaux, J. L.. VAD or VMBCP in
multiple myeloma refractory to or relapsing after cyclophosphamideprednisone therapy (protocol MY 85). Br J Haematol. 1998. 103:512-7
a. Intervention: Vincristine, doxorubicin and dexamethasone (VAD)
b. Comparator: Vincristine, BCNU, cyclophosphamide, melphalan and
prednisone (VMBCP)
c. Patient population: Patients with multiple myeloma refractory to or
relapsing after cyclophosphamide-prednisone therapy
d. Study design: Two-part study. The first part enrolled newly diagnosed
patients with multiple myeloma, who were treated with
cyclophosphamide and prednisone. Patients who responded to the
initial phase of the study were randomised to abstention or
maintenance therapy. Non-responders to the initial treatment were
randomised to VAD or VMBCP.
A16. Priority question: company submission Appendix D 2.3 does not report adverse
events for the ENDEAVOR trial. Please provide adverse events for ENDEAVOR, as
consistent as possible with the level of detail reported for CASTOR in CS Table 26.
Please include infusion-related reactions for ENDEAVOR (as per question A8).

Details of the adverse events in the ENDEAVOR trial are detailed in Table 10.
Infusion-related reactions were not reported in the identified ENDEAVOR
publications.
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Table 10. TEAEs (ENDEAVOR, safety population, median follow-up 37.5 months [Cd],
36.9 months [Bd])10,12,13
Bd (n=456)

Cd (n=463)

All grades

Grade 3/4

All grades

Grade 3/4

Thrombocytopenia, n (%)

84 (18)

43 (9)

100 (22)

41 (9)

Anaemia, n (%)

129 (29)

46 (11)

197 (43)

76 (17)

Neutropenia, n (%)

NR

39 (9)

NR

69 (15)

Lymphopenia, n (%)

25 (5)

14 (3)

31 (7)

22 (5)

Common haematologic adverse event

Common non-haematologic adverse events
Peripheral sensory neuropathy, n
(%)

NR

NR

NR

NR

Neuralgia, n (%)

72 (16)

9 (2)

12 (4)

3 (1)

Dizziness, n (%)

70 (16)

3 (1)

42 (10)

1 (1)

Headache, n (%)

49 (11)

3 (1)

95 (21)

4 (1)

Fatigue, n (%)

140 (31)

35 (8)

149 (33)

31 (7)

Cough, n (%)

72 (17)

1 (1)

128 (28)

0

Diarrhoea, n (%)

178 (41)

39 (9)

168 (36)

18 (4)

Constipation, n (%)

126 (28)

8 (2)

75 (17)

2 (1)

Nausea, n (%)

91 (20)

3 (1)

109 (24)

9 (2)

Vomiting, n (%)

45 (10)

7 (2)

77 (17)

7 (2)

Dyspnoea, n (%)

62 (13)

10 (2)

149 (32)

29 (6)

Insomnia, n (%)

122 (27)

12 (3)

125 (27)

12 (3)

Peripheral oedema, n (%)

87 (19)

3 (1)

116 (25)

5 (1)

Asthenia, n (%)

79 (18)

14 (4)

107 (24)

21 (5)

Pyrexia, n (%)

69 (15)

3 (1)

150 (32)

14 (3)

Pneumonia, n (%)

51 (12)

37 (9)

50 (10)

39 (8)

Bronchitis, n (%)

48 (11)

4 (1)

108 (24)

13 (3)

Upper respiratory tract infection, n
(%)

83 (18)

4 (1)

119 (26)

8 (2)

Viral upper respiratory tract
infection, n (%)

NR

NR

NR

NR

Back pain, n (%)

81 (18)

14 (3)

107 (24)

10 (3)

Pain in extremity, n (%)

50 (11)

4 (1)

55 (12)

3 (1)

Arthralgia, n (%)

52 (12)

4 (1)

60 (13)

3 (1)

Hypokalaemia, n (%)

51 (12)

17 (5)

60 (14)

11 (3)

Decreased appetite, n (%)

62 (13)

6 (1)

50 (11)

4 (1)

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; NR = not reported; TEAE =
treatment-emergent adverse event.

A17. Priority question: company submission Appendix D.2.4 Table 17 provides
limited baseline characteristics of participants in the ENDEAVOR trial. Please provide
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a full set of baseline characteristics for ENDEAVOR, as consistent as possible with
the level of detail reported for CASTOR in CS Table 9.

The full set of baseline characteristics for participants in the ENDEAVOR trial are
detailed in Table 11.
Table 11. Characteristics of participants in ENDEAVOR across treatment groups
(intent-to-treat analysis set)12
Bd (n=465)

Cd (n=464)

<65

210 (45)

223 (48)

65 to 74

189 (41)

164 (35)

≥75

66 (14)

77 (17)

Mean (SD)

NR

NR

Median

65

65

Range

(35; 89)

(30; 88)

229 (49)

240 (52)

Hispanic or Latino

NR

NR

Not Hispanic or Latino

NR

NR

Unknown

NR

NR

Not Reported

NR

NR

White

353 (76)

348 (75)

Black or African American

9 (2)

8 (2)

Asian

57 (12)

58 (13)

Other

1 (1)

0

Not Reported

45 (10)

50 (11)

Mean (SD)

NR

NR

Median

NR

NR

Range

NR

NR

Mean (SD)

NR

NR

Median

NR

NR

Range

NR

NR

0

232 (50)

221 (48)

1

203 (44)

210 (45)

2

30 (6)

33 (7)

Age, years, n (%)

Sex, n (%)
Male
Ethnicity, n (%)

Race, n (%)

Weight (kg)

Height (cm)

Baseline ECOG score, n (%)
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Type of measurable disease, n (%)
IgG

NR

NR

IgA

NR

NR

Other

NR

NR

Urine only

NR

NR

Serum FLC only

NR

NR

NE

NR

NR

I

204 (44)

205 (44)

II or III

261 (56)

259 (56)

Mean (SD)

NR

NR

Median

NR

NR

Range

NR

NR

None

NR

NR

1-3

NR

NR

4-10

NR

NR

>10

NR

NR

Standard-risk

291 (63)

284 (61)

High-risk

113 (24)

97 (21)

Del17p

52 (11)

40 (9)

T(4;14)

61 (13)

50 (11)

T(14;16)

NR

NR

ISS staging, n (%)

Time from MM diagnosis to randomisation (years)

Number of lytic bone lesions, n (%)

Any cytogenetic abnormalitya, n (%)

Total number of patients with any prior therapies for MM, n (%)
Prior systemic therapy

NR

NR

Prior ASCT

272 (58)

266 (57)

Prior radiotherapy

NR

NR

Prior cancer-related surgery

NR

NR

1

229 (49)

231 (50)

2

145 (31)

157 (34)

3

87 (19)

75 (16)

Mean (SD)

NR

NR

Median

2

2

IQR

(1; 2)

(1; 2)

Prior PI

253 (55)

252 (55)

Bortezomib

252 (54)

250 (54)

Carfilzomib

1 (1)

2 (1)

Number of prior lines of therapy, n (%)

Prior therapy exposure, n (%)

28

Ixazomib

NR

NR

Prior IMiD

350 (75)

326 (70)

Lenalidomide

177 (38)

177 (38)

Pomalidomide

NR

NR

Thalidomide

247 (53)

211 (45)

Prior corticosteroids

NR

NR

Dexamethasone

NR

NR

Prednisone

NR

NR

Prior alkylating agents

NR

NR

Prior anthracyclines

NR

NR

Prior PI+IMiD

NR

NR

Prior PI+IMiD+ALKY

NR

NR

Prior bortezomib+lenalidomide

NR

NR

PI only

NR

NR

IMiD only

NR

NR

Both PI and IMiD

NR

NR

Lenalidomide

NR

NR

Refractory status, n (%)

ALKY = alkylating agents; ASCT = autologous stem cell transplant; Bd = bortezomib and dexamethasone; Cd =
carfilzomib and dexamethasone; ECOG = Eastern Cooperative Oncology Group; FISH = fluorescence in situ
hybridisation; FLC = free light chain; IMiD = immunomodulatory drug; ISS = International Staging System; MM =
multiple myeloma; PI = proteasome inhibitor; MM = multiple myeloma; NE = not evaluable; NR = not reported; SD
= standard deviation.
aCytogenetic

abnormalities are based on FISH.

A18. Company submission Appendix D.3.1. Please provide the original published
flow chart showing the patient flow in the ENDEAVOR trial from which data has been
extracted.

The patient flow diagram from the ENDEAVOR trial is displayed in Figure 2.
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Figure 2. ENDEAVOR patient flow diagram

A19. Priority question: company submission Appendix D.3.2.14.2, states that
baseline time-dependent covariates “were identified following assessment of data
collected in the trial combined with expert opinion”, citing reference 20 (Janssen data
on file – teleconference minutes). However, the meeting minutes do not give any
details of the covariate selection process (other than to say that haemoglobin and
platelets were added); and the minutes identify that most participants in the meeting
were Janssen staff. (a) Please provide a full explanation of the covariate selection
process, so as to provide confidence that key covariates are unlikely to have been
missed. (b) Please provide details of the number and specialties of the clinical
experts involved in the covariate selection process.

(a)

The covariate selection process involved the following steps:
1. Compiling a list of all available information from CASTOR
2. Identifying all potential baseline and time-dependent covariates which may
influence the likelihood of treatment switching and prognosis. This was based
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on published literature14 and consultation with clinicians who were
experienced in the treatment of MM. Potential covariates identified in the
published literature were shared with clinical experts at an Advisory Board
held 10th of October 2017. This review resulted in two additional timedependent covariates being identified (haemoglobin and platelet counts).
Table 12 below lists all potential baseline and time-dependent covariates
identified.
Table 12. Potential baseline and time-dependent covariates
Baseline covariates


















Age (<65, >=65)
Sex (Male, Female)
Race (White, Others)
ISS Staging (I,II,III)
Body Surface Area (1,2,3)
Cytogenetic Risk at study entry (High Risk,
Low Risk, Standard Risk, Not Done)
Region (Western Eu+ US, Others)
ECOG Performance Score (0, >=1)
Renal Function (Baseline Crcl) (>60mL/min,
<=60mL/min)
Type of Multiple Myeloma (IgG, Non-IgG)
Prior Bortexomib (yes, No)
Prior IMiD (Yes, No)
Refractory to IMiD (Yes, No)
Refractory to Last Line of Therapy (Yes, No)
Prior Systematic therapies (Yes/No)
Prior Surgery (Yes/No)
Prior Anthracyclines(Yes/No)
Prior ASCT (Yes/No)














Albumin
Alkaline Phosphate
Creatinine Clearance
Serum Monoclonal Protein
Urine Monoclonal Protein
Hemoglobin
Platelets (Percentage change from baseline)
EQ-5D-5L Utility Score
EQ-5D-VAS
Fatigue
Pain
Global Health Status





Time varying covariates

ASCT = autologous stem cell transplant; CrCl = creatine clearance; ECOG = Eastern Cooperative Oncology
Group; IMiD = immunomodulatory agent; ISS = international staging system.
NOTE: Percentage change from baseline was used for ALL laboratory covariates (Albumin, Alkaline Phosphate,
Creatinine Clearance,…, Platelets)
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3. Stepwise selection to determine regression models that best fit the data, and
thus the choice of predictive baseline and time-dependent variables to include
in the IPCW analysis.
Stepwise selection used a minimum significance level of 15% for the first model and
10% for the second model. Variables were added one-by-one to the model as long
as the level of significance (F statistic) was below the predefined threshold.
The stepwise method differs from a forward-selection technique, in the sense that
variables already in the model do not necessarily stay there. Each time a variable is
added, the stepwise method looks at all variables already included in the model and
deletes any variables that do not produce an F statistic at the predefined significance
level. Only after this check is made, and the necessary deletions are accomplished,
another variable is added to the model. The stepwise process ends when none of
the variables outside the model had an F statistic significant at the predefined level
and every variable in the model was significant at the predefined level. In this
process, all baseline and time varying covariates described in Table 34 in appendix
D.3.2.14.2, were included.
In summary, the covariate selection process was both robust and comprehensive;
assessing all available information and applying validated statistical techniques.
(b)

The advisory board held 10th of October 2017 involved a face to face meeting

between two clinical experts, one external health economic expert and three
Janssen employees. Additional Janssen employees and consultants working with
Janssen were able to dial in to hear first-hand the experts’ comments and to take
notes. The two clinical experts in attendance were Professor Kwee Yong and Dr
Karthik Ramasamy. Professor Kwee Yong is a consultant haematologist and has
been clinical and academic lead in multiple myeloma at University College Hospital
and the North London Cancer Network (NLCN) since 1999. Dr Karthik Ramasamy is
a consultant haematologist and is the Lead Clinician for myeloma and other plasma
dyscrasias in Thames Valley Strategic Clinical Network. He is also Chief Investigator
of national myeloma studies and Principal Investigator of a number of myeloma
trials.
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A20. Company submission Appendix D 3.3.3. What is the methodological basis for
the definition of “statistical advantage”? Is this a standard definition?

To define substantive point-estimate differences between compared treatment
regimens, cut-points of less than 0.80 and greater than 1.25 were used for the
relevant hazard ratios and odds ratios as indicators of a minimal clinically important
difference. As the analyses used to generate the summary statistics are Bayesian in
nature, the phrase “statistical significance” was avoided. Accordingly, instead of
saying “statistically significant, with a substantive effect” we used “statistical
advantage” to reflect both the fact that the credible intervals do not cross 1, and that
the size of the HRs/ORs was substantively different from 1.0.
A21. Priority question: company submission Appendix D.3.4 Table 36 provides a
brief quality assessment of the ENDEAVOR trial but in a different format to company
submission Table 12. Please provide a risk of bias assessment for the ENDEAVOR
trial in the same format as given for the CASTOR trial in CS Table 12 (CS section
B.2.5.1).

The risk-of-bias assessment for the ENDEAVOR trial is provided in Table 13.
Table 13. Quality assessment results for parallel group RCTs
ENDEAVOR

Risk of bias

Was randomisation carried out
appropriately?

Yes, randomisation was carried out as per the prespecified randomisation method; patients were
randomised using a central IWRS

Low

Was the concealment of
treatment allocation adequate?

ENDEAVOR was open label. Potential bias was
mitigated by use of an IRC for assessment of the
primary endpoint

Low, as primary
endpoint was
assessed by IRC

Were the groups similar at the
outset of the study in terms of
prognostic factors?

Yes, demographic and baseline characteristics
were well balanced between the two treatment
groups with no categories having a difference of
≥10%

Low

Were the care providers,
participants and outcome
assessors blind to treatment
allocation?

No, CASTOR was open label; funder was blinded to
the results

Low as primary
endpoint was
assessed by IRC

Were there any unexpected
imbalances in drop-outs between
groups?

No, of the 929 patients randomised (464 in the Cd
group and 465 in the Bd group), 919 received study
treatment: 463 patients received Cd and 456
patients received Bd

Low

Is there any evidence to suggest
that the authors measured more
outcomes than they reported?

None

Low

Did the analysis include an
intention-to-treat analysis? If so,
was this appropriate and were
appropriate methods used to
account for missing data?

Yes, the ITT population was used for analysis of the
primary endpoint and other time-to-event efficacy
endpoints, which included all randomised patients

Low
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IRC = independent review committee; ITT = intention-to-treat; IWRS = interactive web response system.
Adapted from Systematic reviews: CRD’s guidance for undertaking reviews in health care (University of York
Centre for Reviews and Dissemination).

A22. Company submission Appendix D.3.2.10: Table 28 in this Appendix reports
changes in EORTC QLQ-C30 scores, but not absolute scores. (a) Please provide the
EORTC QLQ-C30 scores at baseline and at each analysis time. (b) The EORTC
QLQ-C30 analysis assumes data are missing at random; please provide a
justification for this assumption, giving the reasons why data were missing at each
time point.
(a) EORTC QLQ-C30 scores at baseline and at each analysis time are provided in
Table 14.
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Table 14. Summary of EORTC QLQ-C30: value and change from baseline by visit; intention-to-treat analysis set
Global health
status
Bd
Baseline
Cycle 2 Day 1
Cycle 3 Day1
Cycle 4 Day 1
Cycle 5 Day 1
Cycle 6 Day 1
Cycle 7 Day 1
Cycle 8 Day 1
DBd
Baseline
Cycle 2 Day 1
Cycle 3 Day 1
Cycle 4 Day 1
Cycle 5 Day 1
Cycle 6 Day 1
Cycle 7 Day 1
Cycle 8 Day 1
Cycle 9 Day 1
Cycle 10 Day 1
Cycle11 Day 1
Cycle 12 Day 1
Cycle 13 Day 1
Cycle 14 Day 1
Cycle 15 Day 1
Cycle 16 Day 1
35

N

Mean

SD

Median

Min

Max

Base
Mean

Change from baseline
N
Mean SD

SE

Median

Min

Max

219
199
187
168
159
152
137
129

58.37
58.88
59.58
62.20
60.12
60.42
59.85
60.47

23.305
21.040
18.712
18.996
19.742
18.051
18.667
18.758

58.33
58.33
58.33
66.67
66.67
66.67
66.67
66.67

0.0
0.0
8.3
0.0
0.0
16.7
0.0
16.7

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

59.25
60.26
60.25
58.39
59.14
58.96
59.61

190
177
161
149
144
132
124

0.13
-0.71
2.33
2.24
1.16
1.07
0.27

20.277
21.557
22.921
22.732
24.512
23.467
24.485

1.471
1.620
1.806
1.862
2.043
2.043
2.199

0.00
0.00
0.00
0.00
0.00
0.00
0.00

-75.0
-75.0
-100.0
-58.3
-66.7
-75.0
-66.7

50.0
66.7
66.7
75.0
66.7
66.7
66.7

227
207
201
205
193
194
193
186
177
167
171
159
153
140
131
122

59.07
59.82
59.37
60.04
58.77
59.92
60.84
61.51
63.28
64.47
64.96
67.92
69.39
69.94
69.40
66.46

20.157
17.824
18.180
18.610
18.841
19.822
19.400
18.863
17.752
17.456
18.412
15.094
16.771
16.628
15.927
17.124

58.33
58.33
58.33
58.33
58.33
58.33
66.67
66.67
66.67
66.67
66.67
66.67
66.67
66.67
66.67
66.67

0.0
0.0
8.3
8.3
0.0
0.0
16.7
8.3
16.7
8.3
0.0
33.3
16.7
16.7
33.3
0.0

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

59.61
60.08
60.27
60.31
59.92
59.77
59.34
61.08
59.88
60.47
60.47
61.42
60.26
60.30
59.50

196
191
194
181
184
180
174
164
156
160
148
143
130
123
114

-0.17
-0.35
-0.21
-0.87
-0.09
1.25
2.44
1.93
4.65
4.43
7.77
8.04
10.38
9.08
7.09

17.439
19.624
20.976
21.472
22.734
21.076
20.686
20.550
19.566
20.282
19.039
17.868
18.993
19.324
20.177

1.246
1.420
1.506
1.596
1.676
1.571
1.568
1.605
1.567
1.603
1.565
1.494
1.666
1.742
1.890

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
8.33
8.33
8.33
8.33
8.33

-41.7
-75.0
-75.0
-58.3
-50.0
-66.7
-50.0
-50.0
-50.0
-58.3
-50.0
-50.0
-33.3
-41.7
-50.0

58.3
66.7
66.7
66.7
66.7
66.7
58.3
66.7
66.7
58.3
66.7
50.0
66.7
50.0
58.3

Cycle 17 Day 1
Cycle 18 Day 1
Cycle 19 Day 1
Cycle 20 Day 1
Cycle 21 Day 1
Cycle 22 Day 1
Cycle 23 Day 1
Cycle 24 Day 1
Cycle 25 Day 1
Cycle 26 Day 1
Cycle 27 Day 1
Cycle 28 Day 1
Cycle 29 Day 1
Cycle 30 Day 1
Cycle 31 Day 1
Cycle 32 Day 1
Cycle 33 Day 1
Cycle 34 Day 1
Cycle 35 Day 1

113
113
110
108
102
103
99
92
89
86
80
77
73
65
48
33
32
25
16

69.40
68.29
69.17
69.14
68.55
69.26
70.45
69.84
70.04
70.54
70.42
69.81
68.95
68.72
72.40
70.45
71.35
73.00
70.31

17.087
16.773
17.616
17.879
18.426
18.003
15.534
16.659
16.935
16.154
16.125
16.504
16.968
14.880
14.192
15.603
14.501
14.884
15.802

66.67
66.67
66.67
66.67
66.67
66.67
66.67
66.67
66.67
66.67
66.67
66.67
66.67
66.67
75.00
66.67
79.17
75.00
66.67

33.3
33.3
16.7
33.3
16.7
16.7
33.3
33.3
25.0
33.3
33.3
33.3
25.0
33.3
25.0
33.3
33.3
33.3
33.3

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
83.3
100.0
91.7

60.32
59.98
60.18
60.33
60.50
61.98
61.50
61.88
61.81
62.60
63.00
63.43
63.24
63.19
66.85
65.10
63.71
67.36
68.75

105
106
104
100
96
96
92
87
84
80
75
72
68
60
45
32
31
24
16

9.37
8.49
9.38
9.33
8.16
7.55
9.15
8.14
8.04
7.71
7.67
6.83
6.13
5.97
5.74
6.25
7.80
5.56
1.56

19.635
19.953
20.827
20.284
20.014
19.500
17.777
18.976
18.496
17.479
18.622
16.744
18.190
16.316
16.555
18.574
17.735
15.281
13.682

1.916
1.938
2.042
2.028
2.043
1.990
1.853
2.034
2.018
1.954
2.150
1.973
2.206
2.106
2.468
3.283
3.185
3.119
3.421

8.33
0.00
8.33
8.33
4.17
8.33
8.33
8.33
0.00
0.00
0.00
0.00
4.17
0.00
0.00
0.00
8.33
4.17
0.00

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; SD = standard deviation; SE = standard error.

36

-33.3
-33.3
-33.3
-33.3
-41.7
-33.3
-33.3
-41.7
-33.3
-33.3
-41.7
-25.0
-41.7
-33.3
-33.3
-33.3
-16.7
-16.7
-33.3

66.7
50.0
83.3
58.3
58.3
50.0
58.3
58.3
58.3
58.3
58.3
50.0
66.7
50.0
41.7
50.0
50.0
33.3
16.7

(b)

The missing at random assumption as used in the analyses of EORTC-QLQ-

C30 is a standard assumption in this type of analyses. Information on the reasons
why data were missing at each time point were not collected within CASTOR.
However, sensitivity analysis looking at the pattern of missing data has been carried
out to assess the impact (if any) of the missing at random assumption. The general
scheme of the pattern mixture model approach is as follows:
a. Divide the population into groups based on monotonic missing data patterns.
Any patients with a non-monotonic missing data pattern will not be included in
this analysis;
b. Conduct a mixed model analysis on each pattern to obtain an initial estimate of
the parameters;
c. Based on these initial estimates, conduct a multiple imputation (100 iterations)
using neighbouring case estimation of the missing data and derive mixed model
parameter estimates for each iteration;
d. Conduct a meta-analysis to obtain an overall estimate of treatment group
difference and within group change based on these iterations.
A total of 100 iterations were conducted on the EORTC QLQ-C30 global health
status subscale. In each iteration, a Markov chain Monte Carlo (MCMC) method was
used to first impute missing data up to a monotone missing data pattern. Next, a
propensity score method was employed to impute the remaining missing data. The
complete data from each iteration was analysed using the same mixed-effects
repeated measures model. Finally, LS mean estimates from each model were
combined to yield a single estimate summarizing the entire imputation process.
Results are shown in Table 15, as per the original analyses (assuming missing at
random), no significant differences observed at any time point.
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Table 15. Change from Baseline in EORTC QLQ-C30 Global Health Status Score:
Mixed Model for Repeated Measures; Average of 100 Imputations; Intent-to-Treat
Analysis Set
Global
Health
Status
Score

Bd
n

Analysis
set: intentto-treat
Baseline
Week 3
Week 6
Week 9
Week 12
Week 15
Week 18
Week 21
Week 24

247

219
219
219
219
219
219
219
219
219

LSMEANS of
Change from
Baseline (95%
CI)

-0.5 ( -2.9, 1.9)
-1.8 ( -4.4, 0.8)
0.7 ( -2.2, 3.5)
-0.2 ( -3.2, 2.8)
-1.7 ( -5.1, 1.7)
-2.3 ( -5.3, 0.8)
0 ( -3.4, 3.3)
2.1 ( -2, 6.1)

DBd
n
LSMEANS of
Change from
Baseline (95%
CI)
251

227
227
227
227
227
227
227
227
227

-0.3 ( -2.7, 2.2)
-0.2 ( -2.7, 2.3)
-0.2 ( -2.9, 2.6)
-1.6 ( -4.4, 1.2)
-1.1 ( -4.1, 2)
0 ( -2.9, 2.9)
0.5 ( -2.5, 3.5)
2.6 ( -0.5, 5.7)

Difference (DBd-Bd)
LSMEANSa of
P-value
Change from
Baseline (95%
CI)

0.2 ( -2.9, 3.4)
1.6 ( -1.8, 5)
-0.8 ( -4.5, 2.9)
-1.4 ( -5.2, 2.4)
0.6 ( -3.7, 5)
2.3 ( -1.7, 6.3)
0.5 ( -3.9, 4.9)
0.5 ( -4.4, 5.4)

0.8901
0.3543
0.6714
0.472
0.777
0.2593
0.8139
0.8316

Keys: Bd = bortezomib and dexamethasone; DBd = daratumumab,-bortezomib-and dexamethasone.
aLSMEANS are derived based on the mixed effects model with repeated measures, in which the dependent
variable is change from baseline in score, and independent variables are baseline, visit, treatment, visit by
treatment interaction, and randomization stratification factors – ISS (I, II, or III), number of prior lines of therapy (1
vs. 2 or 3 vs. >3), and prior bortezomib treatment (no vs. yes) as fixed effects and individual subject as random
effect.
Note: study week is derived by including all visits with available EORTC QLQ-C30 assessment.
In each iteration, a Markov chain Monte Carlo (MCMC) method is used to first impute missing data up to a
monotone missing data pattern. A propensity score method is then used to impute the remaining missing data

A23. Priority question: company submission Appendix D.3.2.11: Table 29 in this
appendix reports changes in EQ-5D scores, but not absolute scores. (a) Please
provide the EQ-5D scores at baseline and at each analysis time. (b) The EQ-5D
analysis assumes data are missing at random; please provide a justification for this
assumption, giving the reasons why data were missing at each time point.

(a) EQ-5D scores at baseline and at each analysis time are provided in Table 16
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Table 16. Summary of EQ-5D-5L: value and change from baseline by visit; intention-to-treat analysis set
Utility
Bd
Baseline
Cycle 2 Day 1
Cycle 3 Day1
Cycle 4 Day 1
Cycle 5 Day 1
Cycle 6 Day 1
Cycle 7 Day 1
Cycle 8 Day 1
DBd
Baseline
Cycle 2 Day 1
Cycle 3 Day 1
Cycle 4 Day 1
Cycle 5 Day 1
Cycle 6 Day 1
Cycle 7 Day 1
Cycle 8 Day 1
Cycle 9 Day 1
Cycle 10 Day 1
Cycle 11 Day 1
Cycle 12 Day 1
Cycle 13 Day 1
Cycle 14 Day 1
Cycle 15 Day 1
Cycle 16 Day 1
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N

Mean

SD

Median

Min

Max

Base
Mean

Change from baseline
N
Mean SD

SE

Median

Min

Max

216
186
176
165
157
151
136
127

0.68
0.72
0.74
0.74
0.73
0.73
0.72
0.73

0.249
0.227
0.175
0.200
0.190
0.177
0.192
0.196

0.72
0.74
0.74
0.74
0.74
0.73
0.74
0.74

-0.4
-0.4
0.0
-0.2
0.0
0.1
0.0
0.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

0.68
0.69
0.70
0.68
0.68
0.68
0.68

175
164
156
145
141
129
122

0.04
0.05
0.04
0.06
0.06
0.05
0.05

0.179
0.188
0.202
0.209
0.223
0.223
0.210

0.014
0.015
0.016
0.017
0.019
0.020
0.019

0.00
0.00
0.02
0.03
0.02
0.03
0.02

-0.6
-0.5
-0.6
-0.5
-0.5
-0.4
-0.4

0.8
0.8
0.6
0.8
0.9
1.0
1.1

225
199
189
197
187
191
191
182
175
166
169
159
152
139
130
120

0.71
0.73
0.74
0.75
0.72
0.71
0.70
0.73
0.73
0.73
0.74
0.75
0.77
0.77
0.78
0.76

0.210
0.212
0.194
0.178
0.195
0.218
0.209
0.191
0.206
0.204
0.182
0.178
0.172
0.180
0.144
0.180

0.74
0.74
0.75
0.74
0.74
0.73
0.74
0.74
0.74
0.74
0.74
0.74
0.77
0.77
0.77
0.77

-0.3
-0.1
-0.1
-0.1
-0.4
-0.2
-0.4
0.1
-0.4
-0.1
0.0
0.1
0.2
0.0
0.4
0.1

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

0.72
0.73
0.72
0.72
0.72
0.72
0.71
0.72
0.72
0.73
0.72
0.73
0.73
0.74
0.72

186
178
186
174
180
177
169
161
154
158
147
141
128
121
111

0.02
0.01
0.03
0.01
-0.01
-0.01
0.02
0.01
0.01
0.02
0.03
0.04
0.04
0.04
0.04

0.179
0.174
0.195
0.226
0.226
0.235
0.192
0.216
0.197
0.187
0.206
0.186
0.205
0.186
0.209

0.013
0.013
0.014
0.017
0.017
0.018
0.015
0.017
0.016
0.015
0.017
0.016
0.018
0.017
0.020

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00

-0.7
-0.8
-0.6
-1.3
-0.7
-0.9
-0.6
-1.0
-0.8
-0.6
-0.6
-0.5
-0.8
-0.4
-0.7

0.9
0.4
0.9
0.8
0.7
0.9
0.6
0.7
0.6
0.7
1.0
0.6
0.9
0.8
1.0

Cycle 17 Day 1
Cycle 18 Day 1
Cycle 19 Day 1
Cycle 20 Day 1
Cycle 21 Day 1
Cycle 22 Day 1
Cycle 23 Day 1
Cycle 24 Day 1
Cycle 25 Day 1
Cycle 26 Day 1
Cycle 27 Day 1
Cycle 28 Day 1
Cycle 29 Day 1
Cycle 30 Day 1
Cycle 31 Day 1
Cycle 32 Day 1
Cycle 33 Day 1
Cycle 34 Day 1
Cycle 35 Day 1

112
111
109
107
98
103
99
92
89
85
80
77
73
64
48
33
32
25
16

0.76
0.77
0.76
0.75
0.77
0.78
0.78
0.79
0.78
0.79
0.77
0.77
0.79
0.78
0.82
0.80
0.81
0.82
0.81

0.173
0.175
0.181
0.183
0.181
0.169
0.179
0.158
0.187
0.172
0.190
0.214
0.165
0.168
0.139
0.114
0.151
0.132
0.172

0.77
0.77
0.77
0.77
0.79
0.80
0.77
0.80
0.80
0.80
0.77
0.80
0.78
0.75
0.80
0.77
0.80
0.80
0.82

0.1
0.1
0.2
0.2
0.2
0.2
0.3
0.4
0.1
0.3
0.0
0.0
0.3
0.2
0.5
0.6
0.3
0.6
0.4

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

0.72
0.72
0.73
0.72
0.73
0.74
0.73
0.74
0.74
0.75
0.74
0.75
0.75
0.76
0.76
0.74
0.75
0.78
0.79

103
103
102
98
91
95
91
86
83
78
74
71
68
59
45
32
31
24
16

0.04
0.04
0.03
0.03
0.04
0.05
0.05
0.05
0.04
0.04
0.02
0.01
0.05
0.02
0.05
0.05
0.06
0.03
0.01

0.182
0.206
0.202
0.207
0.200
0.205
0.215
0.209
0.216
0.206
0.235
0.232
0.230
0.212
0.180
0.184
0.200
0.175
0.191

0.018
0.020
0.020
0.021
0.021
0.021
0.023
0.023
0.024
0.023
0.027
0.028
0.028
0.028
0.027
0.033
0.036
0.036
0.048

0.02
0.02
0.02
0.02
0.00
0.00
0.03
0.00
0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00

Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; SD = standard deviation; SE = standard error.
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-0.5
-0.6
-0.6
-0.6
-0.5
-0.4
-0.6
-0.4
-0.7
-0.7
-0.7
-0.6
-0.7
-0.7
-0.2
-0.2
-0.3
-0.2
-0.4

0.9
0.7
0.8
0.7
0.6
1.0
1.0
1.0
0.8
0.7
0.7
0.7
1.0
0.7
0.8
0.6
0.7
0.5
0.5

(b)

As above for A22, sensitivity analysis looking at the pattern of missing data

has been carried out to assess the impact (if any) of the missing at random
assumption on the EQ-5D-5L utility analyses. A total of 100 iterations were
conducted on the EQ-5D-5L utility analyses. In each iteration, a Markov chain Monte
Carlo (MCMC) method was used to first impute missing data up to a monotone
missing data pattern. Next, a propensity score method was employed to impute the
remaining missing data. The complete data from each iteration was analysed using
the same mixed-effects repeated measures model. Finally, LS mean estimates from
each model were combined to yield a single estimate summarizing the entire
imputation process.
Results are shown in Table 17, unlike the original analyses (assuming missing at
random), no significant differences were identified at any time point. In addition to
this the results from the pattern analyses are more favourable towards DBd,
suggesting that any bias resulting from the missing at random assumption is against
DBd.

41

Table 17. Change from Baseline in EQ-5D-5L Utility Score: Mixed Model for Repeated
Measures; Average of 100 Imputations; Intent-to-Treat Analysis Set
Utility
score

Bd
n

Analysis
set:
intent-totreat
Baseline
Week 3

247

251

216
216 0.03 ( 0, 0.05)

225
225

Week 6
Week 9
Week 12

216 0.03 ( 0, 0.05)
216 0.02 ( 0, 0.05)
216 0.02 ( 0, 0.05)

225
225
225

Week 15

216 0.01 ( -0.02,
0.05)
216 0 ( -0.03, 0.03)

225

216 0.01 ( -0.02,
0.04)
216 -0.02 ( -0.07,
0.02)

225

Week 18
Week 21
Week 24

LSMEANS of
Change from
Baseline (95%
CI)

DBd
n

225

225

LSMEANS of
Change from
Baseline (95%
CI)

0.01 ( -0.01,
0.04)
0.03 ( 0, 0.05)
0.03 ( 0, 0.05)
0.02 ( -0.01,
0.05)
-0.01 ( -0.04,
0.02)
-0.02 ( -0.05,
0.01)
0.01 ( -0.02,
0.03)
0.01 ( -0.03,
0.04)

Difference (DBd-Bd)
LSMEANSa of
P-value
Change from
Baseline (95%
CI)

-0.01 ( -0.05,
0.02)
0 ( -0.03, 0.03)
0 ( -0.03, 0.04)
0 ( -0.04, 0.03)
-0.02 ( -0.07,
0.02)
-0.02 ( -0.06,
0.02)
-0.01 ( -0.05,
0.03)
0.03 ( -0.02,
0.08)

0.3751
0.9703
0.884
0.8397
0.2902
0.3796
0.6972
0.247

Keys: Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone.
aLSMEANS are derived based on the mixed effects model with repeated measures, in which the dependent
variable is change from baseline in score, and independent variables are baseline, visit, treatment, visit by
treatment interaction, and randomization stratification factors – ISS (I, II, or III), number of prior lines of therapy (1
vs. 2 or 3 vs. >3), and prior bortezomib treatment (no vs. yes) as fixed effects and individual subject as random
effect.
Note: Study week is derived by including all visits with available EQ-5D-5L assessment.
In each iteration, a Markov chain Monte Carlo (MCMC) method is used to first impute missing data up to a
monotone missing data pattern. A propensity score method is then used to impute the remaining missing data.

A24. Priority question: Appendix D 3.5. For each outcome analysed in the NMA
(PFS, OS, ORR, VGPR or better, CR or better, discontinuations due to AEs, and
specific AEs) please provide the input data for both trials that were used in each
NMA analysis.

The efficacy and safety input data for both trials (CASTOR and ENDEAVOR) are
presented in Table 18, Table 19, and Table 20.
Table 18. Efficacy inputs – ITT population
PFS HR
[95% CI]
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OS HR
[95% CI]

Overall
Response

VGPR or Better

CR or Better

CASTOR
0.32
0.77
84.6% vs.
62.9% vs.
(MMY3004):
30.0% vs. 9.8%
[0.25, 0.40]
[0.57, 1.04]
63.2%
29.1%
DBd vs. Bd
ENDEAVOR: 0.53
0.791
76.7% vs.
54.0% vs.
13.0% vs. 6.0%
Cd vs. Bd
[0.44, 0.63]
[0.648, 0.964]
62.4%
29.0%
Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; CI = confidence interval; CR =
complete response; DBd = daratumumab, bortezomib and dexamethasone; HR = hazard ratio; PFS =
progression-free survival; OS = overall survival; VGPR = very good partial response

Table 19. Safety inputs – ITT population
Any
Grade 3+
Grade
Grade
Grad
Gra
Grade 3+ Grade 3+ Peripher
Grade 3+
3+
3+
e 3+
DAE
de
Leukope Neutrope
al
Thrombocytop
Anae
Diarrho Fatig
3+
nia
nia
Neuropa
enia
mia
ea
ue
AE
thy
9.5
81.1
CASTOR
%
%
15.2%
3.7%
4.9%
(MMY300
2.5% vs.
13.6% vs. 5.8% vs.
45.7% vs.
vs.
vs.
vs.
vs.
vs.
4): DBd
2.1%
4.6%
7.6%
32.9%
9.3
63.7
16%
1.3%
3.4%
vs. Bd
%
%
15.8 81.5
ENDEAV
%
%
16.4%
4.0%
7.0%
15.3%
15.3% vs. 1.3% vs.
OR: Cd
vs.
vs.
vs.
vs.
vs.
9.0% vs. 9.4%
vs. 8.6%
8.6%
6.1%
vs. Bd
14.9 71.1
10.1%
8.6%
8.0%
%
%
AE = adverse event; Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DAE =
discontinuations due to adverse events; DBd = daratumumab, bortezomib and dexamethasone

Table 20. Efficacy inputs – 1PL population
PFS HR
[95% CI]

OS HR
[95% CI]

Overall
Response

VGPR or
Better

CR or Better

CASTOR
0.23
0.50
91.6% vs.
76.5% vs.
42.9% vs.
(MMY3004):
[0.16, 0.33]
[0.30, 0.84]
74.3%
42.2%
14.7%
DBd vs. Bd
ENDEAVOR:
0.45
0.83
81.9% vs.
62.1% vs.
11.7% vs. 7.8%
Cd vs. Bd
[0.33, 0.61]
[0.61, 1.14]
65.5%
30.6%
Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; CI = confidence interval; CR =
complete response; DBd = daratumumab, bortezomib and dexamethasone; HR = hazard ratio; PFS =
progression-free survival; OS = overall survival; VGPR = very good partial response

A25. Company submission Appendix E Figure 1 and Figure 2 together report 37
subgroup analyses of PFS (for 16 characteristics). Please clarify whether the type I
error rate was controlled given the large number of comparisons being made.

Type I error rate was not controlled for in subgroup analyses of PFS
A1. Section B: Clarification on cost-effectiveness data
B1. Priority question: In company submission B 3.3 none of the parametric survival
curves for OS and PFS in Figures 20, 21, 23 and 25 show a visually good fit to the
CASTOR Kaplan Meier curves. This can be seen by closer inspection of the curves
in the model over the trial period. Please state if any alternative approaches to using
parametric survival curves for modelling OS and PFS that were considered and if so
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why they were not used. One alternative approach is fractional polynomial analysis.
Please could you test whether a fractional polynomial analysis for PFS and OS will
give a better fit than the parametric curves used in the submission and update the
cost-effectiveness analyses accordingly.

The main source of uncertainty in the cost-effectiveness estimates comes from the
uncertainty around long-term predictions. Due to the relatively short follow-up period
in the trial versus the necessary model time horizon, more closely mirroring the trial
data has only a small impact on the lifetime outcomes.
To address the query, two approaches have been assessed:


Using the Kaplan-Maier (KM) curves from the trial directly in the model for the
trial duration



Estimating curve fits using the suggested fractional polynomial (FP) method

Where possible, the full KM curves from CASTOR were used for PFS and OS
directly in the model. This was possible in most cases, since there were a relatively
high number of patients (>10) under observation at the last steps of the curve. The
exception was PFS for DBd, where the last drop in the curve was based on only 3
patients. In this case the KM curve was used until week 132. When the ends of the
KM curves predicted lower proportions of patients progression free or alive than the
original predictions, KM curves and the original predictions for the post-trial period
were combined assuming the last plateau of the KM curves continuing until they
matched the original predictions. The resulting combined PFS and OS curves are
presented in Figure 3 and Figure 4.
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Figure 3. KM plus extrapolation of PFS

BOR-DEX = bortezomib and dexamethasone; DARA-BOR-DEX = daratumumab, bortezomib and
dexamethasone; PFS = progression free survival.

Figure 4. KM plus extrapolation of OS

BOR-DEX = bortezomib and dexamethasone; DARA-BOR-DEX = daratumumab, bortezomib and
dexamethasone; OS = overall survival.

Detailed list price results between the original base case (with the corrected
dexamethasone price – see response to B3 below) and the KM curve approach are
compared in Table 21. Both incremental costs and incremental QALYs decreased
slightly with the KM curve approach, decreasing the ICER to £40,352.
Table 21. Results of KM scenario analysis
Base case correct DEX price

KM curve approach

Health Outcomes

DBd

Bd

DBd

Bd

LY accrued

XXX

XXX

XXX

XXX
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LYs accrued: Progression Free Survival

XXX

XXX

XXX

XXX

LYs accrued: Post Progression Survival

XXX

XXX

XXX

XXX

QALY accrued

XXX

XXX

XXX

XXX

QALYs accrued: Progression Free Survival

XXX

XXX

XXX

XXX

QALYs accrued: Post progression Survival

XXX

XXX

XXX

XXX

QALYs accrued: Adverse Events

XXX

XXX

XXX

XXX

Cost Outcomes

DBd

Bd

DBd

Bd

PFS Drug Cost

XXX

XXX

XXX

XXX

PFS Administration Cost

XXX

XXX

XXX

XXX

PFS Co-medication Cost

XXX

XXX

XXX

XXX

PFS Medical Resource Use

XXX

XXX

XXX

XXX

PPS Subsequent Treatment Drug Cost

XXX

XXX

XXX

XXX

PPS Medical Resource Use

XXX

XXX

XXX

XXX

Adverse Event Cost

XXX

XXX

XXX

XXX

Terminal Cost

XXX

XXX

XXX

XXX

Total Cost

XXX

XXX

XXX

XXX

Incremental results

DBd

Bd

DBd

Bd

Incremental costs

XXX

XXX

Incremental QALYs

XXX

XXX

Incremental LY

XXX

XXX

Cost per QALY gained

₤41,665

₤40,352

₤29,362
₤28,439
Cost per LY gained
Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; DEX =
dexamethasone; KM = Kaplan-Meier; LY = life years; PFS = progression free survival; PPS = post progression
survival; QALY = quality adjusted life year;

Observed survival curves were also approximated and extrapolated using fractional
polynomials. For PFS, many of the models provided very similar fits to the trial data.
Deviation information criteria (DIC) values are presented in the following table. The
best fitting model used a function of 1/time2 and 1/time, and there were some models
that fit almost exactly as well – all had in common a polynomial with 1/time2. Graphs
produced by the equation types highlighted in grey in Table 22 are also presented in
Figure 5, Figure 6 and Figure 7.
Table 22. Statistical fit of fractional polynomials to PFS
P1
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DIC

P2

pD

1

FirstOrder

234.4

230.5

238.3

3.911

0

FirstOrder

220.5

216.6

224.5

3.981

-1

FirstOrder

207.7

203.8

211.7

3.905

1

FirstOrder

234.4

230.5

238.3

3.911

1

FirstOrder

234.4

230.5

238.3

3.911

0

FirstOrder

220.5

216.6

224.5

3.981

-1

FirstOrder

207.7

203.8

211.7

3.905

-2

FirstOrder

205.7

201.7

209.6

3.966

204.7

200.1

209.3

4.615

-2

-2

-2

-1

204.5

199.8

209.1

4.641

-2

0

205.2

200.4

210

4.789

-2

1

206.2

201.4

211

4.83

-2

2

206.2

201.7

210.7

4.493

-1

-1

208.4

203.6

213.2

4.784

-1

-0.5

208.5

203.8

213.3

4.764

-1

0

208.8

203.8

213.8

4.976

-1

0.5

208.7

203.9

213.5

4.81

-1

1

208.8

203.8

213.8

4.97

-1

2

208.4

203.5

213.3

4.885

-0.5

-0.5

213.8

208.9

218.8

4.961

-0.5

0

213.6

208.6

218.5

4.94

-0.5

0.5

213.2

208.3

218.1

4.901

-0.5

1

212.8

207.9

217.7

4.907

-0.5

2

212.3

207.3

217.2

4.949

0

0

218.6

213.7

223.5

4.891

0

0.5

217.9

213

222.9

4.97

0

1

217.3

212.4

222.2

4.895

0

2

216.8

211.8

221.9

5.036

0.5

0.5

220.3

215.3

225.2

4.922

0.5

1

219.8

214.9

224.8

4.961

0.5

2

220

215.2

224.9

4.847

1

1

220.4

215.5

225.3

4.89

1

2

222.2

217.2

227.1

4.955

-2.5

-3

205.9

201.7

210.1

4.198

-2

-3

205.2

200.6

209.7

4.552

-3

-3

206.3

202.1

210.5

4.224

DIC = deviation information criteria; PFS = progression free survival.
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Figure 5. PFS FP predictions with 1/time2 and 1/time

DVd = daratumumab, bortezomib (Velcade) and dexamethasone; FP = fractional polynomial; PFS = progression
free survival; Vd = bortezomib (Velcade) and dexamethasone.

Figure 6. PFS predictions with 1/time2

48

DVd = daratumumab, bortezomib (Velcade) and dexamethasone; PFS = progression free survival; Vd =
bortezomib (Velcade) and dexamethasone.

Figure 7. PFS predictions with 1/time2 and 1/time3

DVd = daratumumab, bortezomib (Velcade) and dexamethasone; PFS = progression free survival; Vd =
bortezomib (Velcade) and dexamethasone.

However, none of the formulations provided a good fit to the original KM curves,
predicting a higher probability of progression with DBd compared to Bd in the first
few months, which was not observed in the trial and is not clinically plausible.
DIC results for OS are also presented in Table 23. Similar to PFS, there were a
number of models that seemed to fit well, with the best fit provided by curves as a
function of √time and time2.
Table 23. Statistical fit of fractional polynomials to OS
P1
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P2

DIC

pD

1

FirstOrder

168.1

164.2

172.1

3.913

0

FirstOrder

171.2

167.2

175.1

3.947

-1

FirstOrder

172.6

168.7

176.4

3.826

-2

FirstOrder

172.6

169

176.1

3.573

-2

-2

173.4

169

177.8

4.392

-2

-1

173.6

169.1

178.2

4.562

-2

0

172.4

167.8

177

4.575

-2

1

169.6

164.9

174.3

4.717

-2

2

167.4

162.7

172.1

4.679

-1

-1

173.5

168.8

178.2

4.725

-1

-0.5

172.8

168.2

177.5

4.671

-1

0

172

167.2

176.7

4.793

-1

0.5

170.6

165.8

175.5

4.839

-1

1

169.2

164.4

174.1

4.848

-1

2

167.3

162.4

172.3

4.923

-0.5

-0.5

172.2

167.4

177

4.808

-0.5

0

171.1

166.4

175.9

4.788

-0.5

0.5

169.9

165

174.9

4.927

-0.5

1

168.6

163.7

173.5

4.916

-0.5

2

166.9

162

171.8

4.931

0

0

170.1

165.2

175.1

4.909

0

0.5

168.8

163.9

173.7

4.877

0

1

167.7

162.7

172.6

4.951

0

2

166.2

161.3

171.1

4.939

0.5

0.5

167.7

162.7

172.6

4.954

0.5

1

166.6

161.7

171.5

4.888

0.5

2

165.6

160.8

170.4

4.806

1

1

165.8

160.9

170.8

4.942

1

2

165.6

160.5

170.6

5.048

-2.5

-3

172.6

168.7

176.4

3.857

-2

-3

173.1

168.8

177.5

4.35

-3

-3

172.6

168.6

176.5

3.923

DIC = deviation information criteria; OS = overall survival.

However, as shown in the Figure 8, Figure 9 and Figure 10 for selected formulations,
confidence intervals outside of the trial follow-up period are very wide. Therefore this
approach does not help reduce the main source of uncertainty in the economic
evaluation. Furthermore, the better fitting curves predict no patients to be alive after
year 4, which contradicts clinical expert opinion, observations from clinical trials of
comparators in this indication with longer follow-up and information specific to
England from the HMRN registry, where more than 20% of patients were still
observed to be alive 4 years after starting 2nd line treatment.15 As such the fractional
polynomial models are not clinically plausible and have not been implemented in the
model.
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Figure 8. OS FP predictions with √

and time2

FP = fractional polynomial; OS = overall survival.

Figure 9. OS FP predictions with time and log(time)

FP = fractional polynomial; OS = overall survival.
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Figure 10. OS FP predictions with time

FP = fractional polynomial; OS = overall survival.

B2. Priority question: company submission B.3.3.1.2 Table 34. Please state the source
of the estimates of median and mean OS from the Haematological Malignancy
Research Network (HMRN) database and PFS:OS surrogate relationship. Please
explain why there is such a big difference between the predicted median and mean
OS from the parametric model extrapolations from the CASTOR data and the HMRN
and PFS:OS surrogate relationship estimates.

The median and mean OS estimates from HMRN are taken from an audit of HMRN
data commissioned by Janssen and investigating overall survival in multiple
myeloma. The data was sourced from a population-based patient cohort using
individual patient-level data from the Disease Registry. Patients included adults
newly diagnosed with multiple myeloma between 1st January 2008 to 31st August
2015 across the former Yorkshire and Humber & Yorkshire Coast Cancer Networks.
The sample size of the study was 1,986, with 348 second-line patients receiving
treatment with bortezomib.15
Although specific to England, HMRN data are not fully representative of English
patients; with 80% being ineligible for autologous stem cell transplant (ASCT) at
diagnosis compared with 60% nationally. This suggests a generally older patient
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population with a poorer prognosis. The difference in baseline patient characteristics
largely explains the difference observed between the predicted median and mean
OS for bortezomib treated patients from the parametric model extrapolations of
CASTOR and those observed in HMRN.
The surrogate relationship between PFS and OS was reported in the published
literature by Dimopoulos et al. (2017). This study investigated the relationship
between median PFS and median OS using information from 22 RCTs (42 treatment
arms, 7,884 RRMM patients). Results indicate that when adjusted for age, sex and
publication year, 3.10 months (95%CI: 2.20 to 4.00) of OS can be expected for each
month of PFS.
Estimates of median OS based on the surrogate relationship are not treatment
specific and as such may under or overestimate OS. With respect to estimates of OS
for Bd, it would seem that OS has been underestimated by this surrogate
relationship. Similarly, for DBd, the PFS:OS surrogacy relationship is likely to
underestimate OS. This is because, the relationship identified does not explicitly take
into account the innovative mechanism of action of daratumumab; clearly
demonstrated by the substantial PFS benefit and MRD-negative rates observed in
CASTOR. However, for second-line patients treated with DBd, median OS of 72.8
months, 87.7 months and 89.8 months are predicted by the Weibull, log-logistic and
exponential parametric extrapolations, respectively. The surrogate relationship
identified between PFS and OS suggests an 81 month median OS for DBd, and as
such falls within the range of clinically plausible predictions using conventional
techniques of survival curve extrapolation of CASTOR.

B3. Company submission B.3.5.1 Table 43: The company submission reports the cost of
dexamethasone as £120.03 for 8mg based on MIMS UK. However, we find that the
cost is reported as £200 for 40 mg on the MIMS UK website (which gives a value of
£40 for 5mg). Please explain this discrepancy

Drug acquisition costs reported in the submission were checked against the MIMS
UK database and it was found that £200 for 10x40mg (£0.5 per mg) dexamethasone
is a more appropriate input to be used in the model compared to £120.02 for 50x8mg
(£0.3 per mg). This change has an insignificant effect on the results as
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dexamethasone is relatively uncostly and it is administered in combination with all
the included comparators as well as daratumumab.
The reason for discrepancy is that the original value was mistakenly based on
dexamethasone in the indication of endocrine and non-endocrine disorders, cerebral
oedema, diagnostic test for adrenocortical hyperfunction rather than symptomatic
multiple myeloma.
List price results between the old base case and the corrected base case are
compared in Table 24.
Table 24. Cost-effectiveness results with corrected dexamethasone price.
Original DEX price
Correct DEX price
Cost Outcomes
DBd
Bd
Cd
DBd
Bd
Cd
PFS Drug Cost
XXX
XXX
XXX
XXX
XXX
XXX
PFS Administration Cost
XXX
XXX
XXX
XXX
XXX
XXX
PFS Co-medication Cost
XXX
XXX
XXX
XXX
XXX
XXX
PFS Medical Resource Use
XXX
XXX
XXX
XXX
XXX
XXX
PPS Subsequent Treatment Drug Cost XXX
XXX
XXX
XXX
XXX
XXX
PPS Medical Resource Use
XXX
XXX
XXX
XXX
XXX
XXX
Adverse Event Cost
XXX
XXX
XXX
XXX
XXX
XXX
Terminal Cost
XXX
XXX
XXX
XXX
XXX
XXX
Total Cost
XXX
XXX
XXX
XXX
XXX
XXX
Incremental results
DBd
Bd
Cd
DBd
Bd
Cd
Incremental costs
XXX
XXX
XXX
XXX
Incremental QALYs
XXX
XXX
XXX
XXX
Incremental LY
XXX
XXX
XXX
XXX
₤41,633 ₤7,180
₤41,665 ₤7,188
Cost per QALY gained
₤29,339 ₤5,028
₤29,362 ₤5,034
Cost per LY gained
Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib
and dexamethasone; DEX = dexamethasone; LY = life year; PFS = progression free survival; QALY = quality
adjusted life year.

B4. Company submission B.3.5.3 Table 45: The ERG obtained slightly different unit costs
for the following modes of administration (shown in the table below) using the same
source i.e. National Schedule of Reference Costs - Year 2016-17. Please explain
how you calculated the unit costs.
Mode of Administration

Company’s values

ERG’s values

Unit Cost
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1st daratumumab infusion

₤385.99
+ £3.10

£355.54

Each subsequent daratumumab Infusion

₤205.09

£304.47

Each IV administration of carfilzomib

₤205.09

£304.47

Oral drug initiation

₤163.82

£170.75

Administration unit costs reported in the submission were checked against the
National Schedule of Reference Costs - Year 2016-17 database and it was found
that the ERG’s values are based on the mean of all type of visits (i.e. daycase and
reg day/night, outpatient and other) weighted by the number of activities compared to
the company’s values which were intentionally linked to a specific type of visit.
It was suggested by clinical experts that a proportion of patients would stay overnight
in the hospital to receive their first daratumumab infusion thus the visit type “daycase
and reg day/night” was selected with the national mean unit cost of ₤385.99. A oneoff blood test was assumed to be done before the first administration for all patients
receiving daratumumab (£3.10) to determine blood type. Subsequent infusions and
oral drug initiation was assumed to be administered during outpatient visits (£205.09
and 163.82, respectively).

B5. Company submission B.3.8.4 Table 62: For the scenario analyses looking at longer
subsequent treatment duration the ERG obtained different ICERs (as shown in the
table below) than those reported in the company submission. Please note that the
ERG obtained the ICERs in the table below by changing the percentage of patients
continuing to subsequent treatment to 86% for all three treatments in the ‘User’ input
column for these parameters in the model. However, the ERG can get the same
ICER as reported in the company submission when it selects the ‘same for all
treatments’ box. Please explain why the two methods give different results and
which of these methods is correct.
Scenarios

Company results
(ICERs)
Dbd vs Bd

Longer
subsequent
treatment
duration

Dbd vs Cd

ERG results (ICERs)

Dbd vs Bd

Dbd vs Cd

13 months

£41,633

£7,180

£41,959

£8,774

15 months

£41,633

£7,180

£42,326

£9,675

£46,174

£6,883

£46,168

£6,878

Patients continuing
subsequent treatment
(86%)

Longer subsequent treatment duration: the list price ICERs reported by ERG are
correct, the company values were reported based on an error in the scenario tool
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included in the model. All results can be reproduced when changed one-by-one
using the user inputs sheets, all other results are correct.
Patients continuing subsequent treatment (86%): when the “Same for all
treatments” option is selected then the “Patients continuing subsequent treatment” is
calculated based on the MMY3004 trial where 85.71% of the patients received
treatments after progression. The discrepancy is due to using 86% instead of
85.71%.

B6. Priority question: Please confirm whether the CASTOR Kaplan–Meier data
provided in the ‘ValidationCurves’ sheet of the submitted model relate to the secondline subgroup? Are the OS Kaplan–Meier data in columns M, N, AL and AN adjusted
for subsequent treatments? If so, please provide the Kaplan–Meier data for OS
unadjusted for subsequent treatments.

The curves included are based on the second line subgroup and were not adjusted
for subsequent treatments.

B7. Priority question: please confirm whether the modelled costs of daratumumab
monotherapy as a subsequent therapy incorporates the CDF managed access
agreement for daratumumab monotherapy. If not, please provide the cost
effectiveness results (base case and sensitivity analyses) incorporating the CDF
managed access agreement for daratumumab monotherapy and describe any
changes to the modelling assumptions that are needed to do this.

The base case model has been set up to exclude all patient access schemes,
managed access agreements and other commercial arrangements applicable for
subsequent therapy (incl. daratumumab monotherapy). The rational for this is
consistency, as Janssen is not privy to the detail of other manufacturer’s confidential
pricing arrangements. The model does, however, incorporate functionality on the
‘PAS options’ tab to allow the ERG to re-run the cost effectiveness results (base
case and sensitivity analysis) with the correct discounts applied.
To enable the daratumumab monotherapy CAA, simply select “Yes” from the drop
down option in Cell D26 (named rage ‘DARAmono.PASYN’) on the ‘PAS options’ tab
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B8. Will the patient access scheme for bortezomib taken second line as described in
Technology Appraisal 129 be applied for bortezomib when taken in combination with
daratumumab as a second-line treatment?

The Velcade (bortezomib) Response Scheme (VRS) will apply to patients receiving
bortezomib in combination with daratumumab providing the terms and conditions of
the scheme are met. For simplicity, a simple discount has been implemented in the
model (‘PAS options’ tab, cell D34), to align with other recent RRMM appraisals the
equivalent simple discount is assumed to 15%. However, it is important to note that
Velcade (bortezomib) loses patent in May 2019. Velcade patent expiry will lead to
the introduction of generic bortezomib and a reduction in the cost of bortezomib. The
model allows for the entry of generic bortezomib following patent expiry (May 2019)
in a scenario analysis, by assuming that the bortezomib price will fall by 50%.

B9. Priority question: the company provides cost effectiveness estimates for
daratumumab plus bortezomib taken as a second-line treatment compared with
bortezomib or carfilzomib, based on trial evidence for a second-line population
including both bortezomib-naïve and –experienced patients. Both bortezomib (used
as a second-line treatment) and carfilzomib are only used in current clinical practice
for people who have not had previous bortezomib. Please clarify which population
you are making a case for:


People who have not received previous bortezomib
o If this is the case please explain the impact of previous use of
bortezomib in the clinical trials on the modelled estimates for the
bortezomib naïve population



The overall second-line population, including people who have had previous
bortezomib and those who have not
o If this is the case please provide a cost effectiveness estimate for
darutumumab plus bortezomib compared with combination
chemotherapy in a population who have received previous
bortezomib. If this is not possible, please describe with justification
what you believe the clinical and cost effectiveness of daratumumab
combination therapy to be compared with chemotherapy is in the
absence of such evidence.
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As stated in the submission, DBd is being positioned as a second-line treatment
option, regardless of prior bortezomib exposure. The rationale for the positioning of
DBD is three-fold:


There is a clear unmet need for triple therapies in second-line patients;



This position reflects where daratumumab in combination with bortezomib and
dexamethasone (DBd) provides the greatest clinical benefit;



This position optimises the cost effectiveness of DBd, because of the
substantial clinical benefit observed in second-line patients

As noted by the ERG, currently bortezomib-based treatment and carfilzomib with
dexamethasone are only available for bortezomib-naïve second-line patients.
However, with patent expiry of bortezomib in May 2019, wider use of bortezomibbased treatment is anticipated. Currently, however, a significant unmet need for
effective, evidence based treatments exists in patients receiving bortezomib-based
treatment in the front-line setting.
Moreover, prespecified, stratified subgroup analyses of CASTOR demonstrate that
the efficacy of DBd is consistent regardless of prior bortezomib exposure. patients
with and without prior bortezomib exposure (Prior bortezomib: HR 0.34, 95% CI:
0.26, 0.45; No prior bortezomib HR 0.28, 95% CI: 0.18, 0.43).
Given the consistent efficacy of DBd and the reasonable assumption of inferior
efficacy with chemotherapy, it is anticipated that DBd would be highly clinically
effective versus conventional chemotherapy. Moreover, even taking into account the
lower price of chemotherapy versus Bd it is anticipated that DBd would be more
cost-effective versus combination chemotherapy than versus Bd. For example,
assuming the QALYs gained and drug acquisition cost of combination chemotherapy
are half that of Bd the ICER becomes ₤34,047 at list price; i.e., lower than the ICER
of DBd vs Bd.

A2. Section C: Textual clarifications and additional points
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C1. For company submission Table 26 reporting adverse events, please explain what the
difference is between events with zero occurrence and those marked as not
applicable.

Events reporting 0 adverse events have been assessed and confirmed that no cases
were reported. ‘Not applicable’ has been used to indicate events that were not
reported in the clinical data. This was the case for Grade 3 and 4 events of vomiting
and coughing, which were not reported in the clinical data.

C2. Company submission B3.3.3.1.2 Figure 25. Please confirm whether this figure shows
overall survival (the y-axis is labelled “Proportion of patients at risk of progression”).

Company submission B3.3.3.1.2 Figure 25 shows overall survival. The y-axis was
labelled incorrectly. The right label is “Proportion of patients alive”. Please see graph
with corrected labels below:

Figure 25: Long-term prediction of DBd

C3. Appendix L Figure 5 Please confirm whether this figure shows overall survival (the yaxis is labelled “Proportion of patients at risk of progression”).

Appendix L Figure 5 shows overall survival. The y-axis was labelled incorrectly. The
right label is “Proportion of patients alive”. Please see graph with corrected labels
below:
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Figure 5: Long-term adjusted overall survival projection for DBd (CASTOR; secondline patients)
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Daratumumab in combination with bortezomib and dexamethasone for treating relapsed or refractory multiple myeloma [ID974]
Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on conditions and their treatment that is not typically available from other sources.
To help you give your views, please use this questionnaire with our guide for patient submissions.
You do not have to answer every question – they are prompts to guide you. The text boxes will expand as you type.
Information on completing this submission




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make the
submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission you must have
copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 10 pages.

About you
1.Your name
2. Name of organisation

Myeloma UK
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3. Job title or position
4a. Brief description of the
organisation (including who funds
it). How many members does it

Head of Patient Advocacy
Myeloma UK is the only organisation in the UK dealing exclusively with myeloma. Our broad and innovative range
of services cover every aspect of myeloma from providing information and support, to improving standards of
treatment and care through research and campaigning. We receive no government funding and rely entirely on the
fundraising efforts of our supporters and unrestricted educational grants from a range of pharmaceutical companies.

have?
4b. Do you have any direct or
indirect links with, or funding from,

No.

the tobacco industry?
5. How did you gather information
about the experiences of patients
and carers to include in your
submission?

The information included in this submission has been gathered from the myeloma patients and carers we engage
with through our research and services programmes, including:
 Telephone interviews with myeloma patients about their expectations of treatment, and their thoughts on the
myeloma treatment pathway
 A Myeloma UK patient experience survey of over 1,000 patients, conducted alongside the myeloma results
of the National Cancer Patient Experience Survey
 A multi-criteria decision analysis study of 560 myeloma patients funded by Myeloma UK and run by the
European Medicines Agency (EMA) and University of Groningen which explored patient preferences for
different benefit and risk outcomes in myeloma treatment
It has also been informed by analysis of the experiences and views of patients, family members and carers
gathered via our Myeloma Infoline, Patient and Family Myeloma Infodays and posts to our online Discussion
Forum.
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Living with the condition
6. What is it like to live with the
condition? What do carers
experience when caring for
someone with the condition?

What is it like to live with myeloma?
Myeloma creeps up on you, engulfs you and, if you win the battle, leaves you wondering when it will come back.”
Myeloma is a highly individual and complex cancer originating from abnormal plasma cells in the bone marrow.
There is currently no cure, but treatment can halt its progress and improve quality of life. Myeloma is also a
relapsing and remitting cancer which evolves over time and becomes resistant to treatment. That is why a range of
different treatment options with different mechanisms of action is so vital for myeloma patients.
The complications of myeloma can be significant, debilitating and painful and include: severe bone pain, bone
destruction, kidney damage, fatigue and a depleted immune system. Myeloma patients are more likely to be
diagnosed late and often present in secondary care with bone lesions, fractures and, in the worst cases, collapsed
vertebrae. This compounds the distress of their diagnosis and impacts negatively on pain levels, mobility and their
ability to complete everyday tasks.
Treatment side-effects and frequent hospital visits have a social and practical impact on patients’ lives, including
significant financial implications. Reduction in mobility over time and a perceived increase in reliance on carers and
family members, also impacts on patients’ sense of control.
However, many myeloma patients can have durable responses to treatment and good quality of life – but only if
they have access to effective and innovative treatments.
What do carers experience?
“I feel angry that I’m not going to get the future I wanted, but the hardest thing to feel is how my life at the moment is
in limbo”
A recent Myeloma UK study1 into the experiences of carers and family members found that looking after someone
with myeloma has a significant emotional, social and practical impact: 25 per cent of those in work had been unable
to work or had to retire early to care for the person with myeloma; 84 per cent always put the needs of their relative

The study, “A Life in Limbo” conducted between May and June 2016, was designed with the input of carers and involved a survey of 374 carers and a second stage of
interviews to explore issues in more depth.
1
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or friend with myeloma before their own; and 42 per cent of carers were not given enough information at diagnosis
about how myeloma may affect them
Living with myeloma is therefore often extremely challenging physically and emotionally for patients, carers and
family members.

Current treatment of the condition in the NHS
7. What do patients or carers
think of current treatments and
care available on the NHS?

Patients and carers appreciate the wider range of effective treatments that are now available for treating relapsed
and refractory myeloma which has delivered significant improvements in survival in myeloma over the past decade.
However, myeloma remains a challenging cancer to treat. Patients need access to a range of treatments and
treatment combinations and there is a continual need to develop and bring new drugs and drug combinations to
market that improve progression-free (PFS) and overall survival.
Critically, patients and carers do not view myeloma treatments in isolation. They want access to a lifetime (however
long that may be) of effective treatment options at every stage of their myeloma; whether they are newly diagnosed,
at first or second relapse and so on.
Given the individual, heterogeneous nature of myeloma, it is difficult to compare treatments in head-to-head terms.
The treatment options available to patients in the context of this appraisal will also vary depending on NICE final
guidance and where daratumumab, bortezomib and dexamethasone is placed in the treatment pathway. For that
reason, rather than list the advantages and disadvantages of individual treatments, we have set out below what is
most important to patients and the extent to which current treatments deliver this.


The treatment pathway –Treatment sequencing, the need to provide a range of treatments that deliver an
optimum and thought-through treatment pathway, is a high priority for patients. Patients do not think the
current treatment pathway delivers the holistic, life long, sequence of treatment options that they need. For
example, there is significant unmet need at first relapse where patients who have had bortezomib when
newly diagnosed do not have access to any novel treatments
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Survival - We know from our research and programmes of engagement that myeloma patients and their
carers place a very high value on treatments that put their myeloma into remission for as long as possible2.
PFS gain is therefore the most valued outcome for myeloma patients and their family members and carers.
Patients and carers need more treatments that deliver better remission and survival
Side effects - Patients value treatments with fewer side-effects, of low severity and which do not persist
when treatment ends. However, in practice patients will accept varying levels of toxicity in a treatment if it
delivers good survival benefit and depending on the stage of their myeloma
Innovation – Since myeloma becomes resistant to treatment, new mechanisms of action are very important
to patients. Access to innovative treatment also delivers psychological benefits for patients who are
encouraged and reassured that they are accessing optimum treatment. Patients want access to more
treatments with innovative mechanisms of action
Treatment administration - Some patients place a high value on oral regimens which give them more
control over their day to day lives. However, views on the importance of how a treatment is administered will
vary depending on patients’ individual circumstances (eg if travel to hospital is difficult due to distance or
frailty, or if patients work or look after dependents.) The issue of treatment administration is also inextricably
linked to survival benefit. Patients view the inconvenience of hospital visits as a small price to pay when
treatments deliver good remission
The right treatment at the right time – What patients and carers want from treatments may vary at
different points in their myeloma. An important aspect of this is to ensure that patients get the best and
deepest responses at an early stage in their myeloma. Failure to do this may advantage the evolution of the
myeloma clone so that they cannot gain the full benefit from approved NICE treatments further down the
treatment pathway. Patients feel strongly that treatments with innovative mechanisms need to be made
available much earlier in the pathway

Finally, due to its relapsing and remitting nature, patients see gains in survival as a “bridge” to further treatments
coming down the line. “A drug like this can be a gateway to other treatments that can extend your life even further”



2

In the joint Myeloma UK, EMA, University of Groningen study, the majority of patients considered progression free survival (PFS) to be
the most important attribute to consider when making a decision on a new treatment.
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8. Is there an unmet need for
patients with this condition?

Yes. The individual and heterogeneous nature of myeloma means that some patients may tolerate a treatment well
and others may not. In addition myeloma evolves and becomes resistant to treatment. It is therefore essential to
have a range of treatment options throughout the myeloma pathway.
However, unmet need is especially pressing at particular points in the pathway. The need for wider access is
particularly acute at first relapse (see the response to question 7). NICE Committee B has acknowledged this unmet
need as part of its consideration of the appraisal of lenalidomide and dexamethasone at first relapse. This illogical
gap in the pathway, which means that patients are receiving sub-optimal treatment at a critical time, needs to be
addressed as a matter of urgency.

Advantages of the technology
9. What do patients or carers
think are the advantages of the
technology?

Patients and carers are very excited and optimistic about the potential of daratumumab. We know from engagement
with patients on social media, our Infoline and at Infodays that clinicians are describing daratumumab, as a first in
class monoclonal antibody, as a “game changer” in myeloma.
The most important advantages of daratumumab are:
Survival - Daratumumab has been shown to deliver impressive survival benefit, which is what patients value most
from any treatment. When you are living with an incurable cancer being able to spend more time with loved ones is
an incredibly important benefit. “I am all about survival. Where there is longevity there is hope.”
Treating underlying disease - Daratumumab delivers a deep response which, by effectively controlling a patient’s
myeloma, prevents the progressive damage that it does to the body and which leads to complications such as bone
fractures and renal impairment. This has a positive impact on quality of life enabling patients to take part in day to
day activities they enjoy and find fulfilling.
Innovation - As a first-in-class monoclonal antibody, daratumumab is a highly innovative development. The
myeloma community is extremely hopeful and excited about the potential of immunotherapies. It is very important
that this innovation is made widely available for patients. “It is an innovative treatment. You never know when a new
treatment might be the one – that is what we are all looking and striving for”
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Well tolerated - The CASTOR trial recorded the side effect profile of daratumumab, bortezomib and
dexamethasone. The daratumumab arm did show higher rates of some side effects than the control arm. However,
overall it is very well tolerated and these side effects can be effectively managed. In speaking with patients who had
received daratumumab, it was striking how many felt that its side effect profile was far better than other treatments.
“Daratumumab feels like a much ‘cleaner’ treatment than anything else I’ve been on. You really do feel it’s less
toxic, you feel better in yourself”
Improves emotional wellbeing - Patients often experience significant negative psychological impact when they
relapse. Knowing that an effective treatment, with a good survival benefit, is available is very important
psychologically – not just for the patient population that is currently eligible for this treatment but for all those who
will be eligible in the future.
These benefits also apply to carers and family members, for example:
 Improved psychological and emotional wellbeing knowing that the patient has effective treatment options
 Alleviation of symptoms and prevention of complications enables patients to be more independent and
reduces day-to-day reliance on carers
 A good side-effect profile improves quality of life and improves patients’ ability to live a fuller life,
Disadvantages of the technology
10. What do patients or carers
think are the disadvantages of the
technology?

Giving the treatment by IV infusion does mean taking time out of the day to attend hospital and may involve an
overnight stay for the first infusion, due to a risk of infusion-related reactions. (The risk of reactions reduces
significantly after the first infusion.) For some patients there are cost/capability issues associated with this and it
may lead to anxiety issues. In addition, it can place an additional burden on carers who have to accompany the
patient to hospital.
Infusion related reactions of low severity occur in a relatively high percentage of patients on first infusion, but
patients we interviewed said that they had been warned in advance and that any reactions were dealt with swiftly
and professionally by clinical staff. It did not dissuade patients from continuing with the treatment. Patients saw
receiving infusions as a small price to pay for the benefits that daratumumab could deliver when their treatment
options are limited.
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“I did have a reaction to my first infusion but the specialist nurses were brilliant.”
“My reaction happened after the first hour. It was quite scary at the time but it helped a lot to have been forewarned
and I was well monitored. The main thing is I am glad that my myeloma is under control and not progressing.”

Patient population
11. Are there any groups of
patients who might benefit more
or less from the technology than
others? If so, please describe
them and explain why.

Equality
12. Are there any potential
equality issues that should be
taken into account when
considering this condition and the
technology?
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Other issues
13. Are there any other issues
that you would like the committee
to consider?

14. To be added by technical
team at scope sign off. Note that
topic-specific questions will be
added only if the treatment
pathway or likely use of the
technology remains uncertain
after scoping consultation, for
example if there were differences
in opinion; this is not expected to
be required for every appraisal.]
if there are none delete
highlighted rows and renumber
below

Key messages
15. Key messages


Myeloma is a highly individual, relapsing and remitting cancer which evolves and becomes resistant to treatment and it is therefore particularly
important that there are a range of treatments available at all stages of the disease pathway
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As a first-in-class monoclonal antibody daratumumab is a highly innovative development in the exciting field of immunotherapy, seen as a “game
changer” by the clinical community worldwide. It is important, given the efficacy that has been demonstrated in this combination, that this
innovation is made widely available for patients
Daratumumab, bortezomib and dexamethasone delivers significant survival benefit which is highly valued by patients. It is also well tolerated and
offers a new mechanism of action which is critical to an effective myeloma treatment pathway
Adding another treatment option to the pathway, particularly with such a new and innovative mechanism of action, increases doctors' ability to
provide treatment suited to the patient's individual circumstances and helps alleviate the psychological burden of patients who are refractory to
other treatments. This also improves the emotional well-being of myeloma carers and family members

Thank you for your time.
Please log in to your NICE Docs account to upload your completed submission.
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Professional organisation submission

Daratumumab in combination with bortezomib and dexamethasone for treating relapsed or
refractory multiple myeloma [ID974]
Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from the
published literature.
To help you give your views, please use this questionnaire. You do not have to answer every question – they are prompts to guide you. The
text boxes will expand as you type.
Information on completing this submission




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 13 pages.

About you
1. Your name

xxxxxxxxxxxxxxxxxxxxxxx

2. Name of organisation

UK Myeloma Forum/NCRI Haemato-oncology CSG Myeloma Working Group
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3. Job title or position

Professor of Haematology

4. Are you (please tick all that

X

an employee or representative of a healthcare professional organisation that represents clinicians?

apply):

X

a specialist in the treatment of people with this condition?
a specialist in the clinical evidence base for this condition or technology?
other (please specify):

5a. Brief description of the
organisation (including who
funds it).
5b. Do you have any direct or

Professional organisation representing clinicians and allied healthcare professionals
working in myeloma care, a registered charity, that derives funding from membership
fees, an endowment fund (Michael Morley Fund) and from tiered industry
(pharmaceutical and IVD) sponsorship
No

indirect links with, or funding
from, the tobacco industry?
The aim of treatment for this condition
6. What is the main aim of
treatment? (For example, to
stop progression, to improve

MM remains an incurable disease but treatment advances aimed at deep remissions, and thus translating
into durable remissions, provide respite from disease-related symptoms and enduring improvements in
survivorship.

mobility, to cure the condition,
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or prevent progression or
disability.)
7. What do you consider a
clinically significant treatment
response? (For example, a
reduction in tumour size by

A clinical benefit can be obtained when there is a reduction in the serological markers (greater or equal to a
Minimal response; MR). The deeper the response (PR<VGPR<CR), the more durable response that is
obtained. Durability (TTP, PFS) is still the goal, increasing durability of responses equate to improve
functionality and quality of life, including return to work. Minimally, any response that alleviates symptoms is
considered of clinical benefit.

x cm, or a reduction in disease
activity by a certain amount.)
8. In your view, is there an
unmet need for patients and
healthcare professionals in this
condition?

Despite recent improvements in in both OS and PFS, myeloma remains incurable and patients develop
resistance to both proteasome inhibitors and IMiDs. Thus, there is a need for new strategies for managing
patients prior to this stage to augment the benefits from early intervention with novel agents. The unmet
need is the induction of deep and durable remissions through novel therapeutic interventions (monoclonal
antibodies) that have proven clinical benefit in other areas of Haemato-oncology (in lymphoma for
example), with the availability of continuous treatment using such novel class of agents in this disease.

What is the expected place of the technology in current practice?
9. How is the condition
currently treated in the NHS?

Therapeutic options for myeloma have changed for both the young and the elderly patients with the
arrival of potent novel agents such as proteasome inhibitors (PI) and IMiDs. Multi-agent combination
chemotherapies with both conventional (Cyclophosphamide, Corticosteroids, Melphalan) and novel agents
(Bortezomib, Lenalidomide, Thalidomide) when employed together, elicit frequent, rapid, and deep
responses. What is clear is that the disease-controlling effect lessens with each passing line of therapy in the
majority of patients, thus early management strategies should capitalise on this effect, aiming to maximise
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the depth and durability of responses in first to third line therapy, where the best healthcare resource
utilisation can be observed1.


Are any clinical
guidelines used in the
treatment of the
condition, and if so,
which?

The UKMF diagnosis and treatment guidelines, as well as specific technology position statements, forms
the basis of routine haematology practice in the UK. The NICE Myeloma guidelines, primarily focussed on
improvements in diagnosis, with the only therapeutic tool commented on being stem cell transplantation.
This is largely due to the limitations of choice of agents at each successive treatment spell now laid out by
the NICE STAs and MTA to date. There is to some degree an ability to “personalise” treatments, but true
personalised medicine is not feasible under the current raft of STAs.



Is the pathway of care
well defined? Does it
vary or are there
differences of opinion
between professionals
across the NHS? (Please
state if your experience is
from outside England.)

There are clear regional pathways of care, developed under the old structure of Cancer Networks.
Nationally, there is a move to generate a Treatment Algorithm for patients in England, though given the
complexity of the treatment landscape, this is proving somewhat of a challenger too generate, in a fair and
equitable fashion, with due car and attention to the published results.



What impact would the
technology have on the
current pathway of care?

The current technology under review, will change how patients are treated at either 2 nd of 3rd line,
depending on the outcome of the STA. Also, given recent trends of sub-grouping patients for STA approval,
there could be a resulting inequality of access (as was seen in the Carfilzomib STA which prevented prior
Bortezomib exposure, despite clinical trial evidence demonstrating efficacy and tolerability in this patient
group).

10. Will the technology be
used (or is it already used) in

1.

The technology under review will be “slotted” inot the evolving care pathway, providing that is made
available to all, not sub-grouped which will provide inequality of access and this treatment effects.

San Miguel et al, Haematologica, 2015, 100, 10, 1334
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the same way as current care
in NHS clinical practice?


How does healthcare
resource use differ
between the technology
and current care?

The main difference is the logistics of delivering the infusional monoclonal antibody, which will require
logistical planning for service delivery. Though the frequency of infusions reduces with time, the cumulative
numbers of patients receiving will increase, keeping pressure on supportive care and therapeutic delivery
services.



In what clinical setting
should the technology be
used? (For example,
primary or secondary
care, specialist clinics.)

In line with the summited application, and not sub-group for fiscal reasons, resulting in equality of access
and survivorship for patients.



What investment is
needed to introduce the
technology? (For
example, for facilities,
equipment, or training.)

Supportive care and therapeutic delivery services will have developed a clinical action plan to manage
Daratumumab infusions based on the use of Daratumumab monotherapy in line 4 on the CDF. This will
have helped in ability to accept this current technology appraisal being facilitated into clinical care.

11. Do you expect the
technology to provide clinically
meaningful benefits compared

Yes. Deeper responses and more durable responses compared to standard of care. Though a survivorship
advantage has yet to be defined, this is to be expected given the significant durability advantage
demonstrated.

with current care?


Do you expect the
technology to increase

Yes, though a survivorship advantage has yet to be defined, this is to be expected given the significant
durability advantage demonstrated.
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length of life more than
current care?


Do you expect the
technology to increase
health-related quality of
life more than current
care?

12. Are there any groups of
people for whom the
technology would be more or
less effective (or appropriate)

Deeper responses and more durable responses equate to improved quality of life, this technology will shift
the emphasis to improved quality of life compared to current standard of care.

Great care and attention should be focused on NOT producing inappropriate sub-grouping which will result
in inequality of access to this clear beneficial technology.
Given the physical nature of the technology, some older, less able patients may find treatment delivery
more arduous, especially patients travelling from rural areas. Novel strategies to take the treatment
technology to the patients are warranted, so that all may benefit from this paradigm shift technology in MM.

than the general population?
The use of the technology
13. Will the technology be

The technology will be equally easy to use, though the “chair-time” will be significantly longer. This is a

easier or more difficult to use

logistical and planning issue for supportive care centres, not a technical difficulty.

for patients or healthcare
professionals than current
care? Are there any practical

The first infusion takes the longest and if infusional reactions are likely to occur, then these tend to be
associated with this first infusion much more than others.

implications for its use (for

Also, there is an issue for cross-matching patients whilst on therapy. This si easily managed through full

example, any concomitant

phenotyping prior to therapy (cheaper test) though genotyoing (more expensive) could be done if therapy
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treatments needed, additional

has begun. Local policies need to be in place for this, though there is a clear patient information system

clinical requirements, factors

that has been developed by the company to highlight this, including a patient alert card. Most centres will

affecting patient acceptability

be familiar with this and have processes in place, given the use of Daratumumab monotherapy in 4 th line

or ease of use or additional

under the CDF.

tests or monitoring needed.)
14. Will any rules (informal or

Standard disease response/progression rules apply here, as do tolerability tolerance limits.

formal) be used to start or stop
treatment with the technology?
Do these include any
additional testing?
15. Do you consider that the

Hopefully the QALY calculations will dully take notice of the improved depth of response and PFS that are

use of the technology will

associated with productive QOL improvements.

result in any substantial healthrelated benefits that are
unlikely to be included in the
quality-adjusted life year
(QALY) calculation?
16. Do you consider the

Yes, this technology is a true “game-changer”. For a long time now, myeloma clinicians have been envious

technology to be innovative in

at our lymphoma colleagues, who have had at their disposal a therapeutic antibody for many years. We
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its potential to make a

have researched many potential candidates, most have failed at the clinical trial stage. The only one to

significant and substantial

make it through to phase III prior to this technology is Elotuzumab, which sadly didn't present itself to NICE

impact on health-related

because they could not make the iCER work under current rules. That said, Elotuzumab doesn't have any

benefits and how might it

single agent efficacy. Daratumumab does have single agent efficacy, but has a significant anti-myeloma

improve the way that current

effectiveness when used in combination with either an IMID or a PI.

need is met?


Is the technology a ‘stepchange’ in the
management of the
condition?

Yes, for the reason highlighted above.



Does the use of the
technology address any
particular unmet need of
the patient population?

Yes, it can significantly prolong disease control in the relapse setting, out-preforming any other technology
in this space. This extension of response duration (PFS) is associated with improved QOL.

17. How do any side effects or

As highlighted above, the main side effects are seen on the first insfuisn, which is a prolonged clinical

adverse effects of the

episode. Once beyond this, the therapy is generally well tolerated. The only realistic limitations is

technology affect the

associated with hospital visitation for IV therapy, compared to the convenience of oral therapy, but given

management of the condition

the potency of the combinations including Daratumumab, patients are willing to forgo this, especially as the

and the patient’s quality of life?

frequency of the Daratumumab reduces over time. The side-effects of VelDex are well documented.

Sources of evidence
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18. Do the clinical trials on the

Yes, both phase III combination studies (CASTOR and POLLOX) reflect UK SoC and parctice

technology reflect current UK
clinical practice?


If not, how could the
results be extrapolated to
the UK setting?

As above.



What, in your view, are
the most important
outcomes, and were they
measured in the trials?

Depth of response, durability of response and QOL. Yes they were measured to satisfaction in the studies.



If surrogate outcome
measures were used, do
they adequately predict
long-term clinical
outcomes?

N/A



Are there any adverse
effects that were not
apparent in clinical trials
but have come to light
subsequently?

No. There is limited real-world experience currently of monotherapy, and none with combination therapy.

The survivorship advantage is pending.

AS always, the applicability of trial populations and real world raises questions.

19. Are you aware of any
relevant evidence that might
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not be found by a systematic
review of the trial evidence?
20. Are you aware of any new

No new evidence of the comparator (VelDex) since the NICE STA that is relevant in this analysis other than

evidence for the comparator

Velcade has been on label as a subcutaneous administration now for 4 years, which significantly reduces

treatment(s) since the

the neurotoxicity and reduces the time-at-hospital for administration. IN the study (CASTOR) it was

publication of NICE technology

administered subcutaneously.

appraisal guidance [TAXXX]?
[delete if there is no NICE
guidance for the comparator(s)
and renumber subsequent
sections]
21. How do data on real-world

No real world combinational experience as not reimbursed by NHSE. `real world experience of

experience compare with the

Daratumumab monotherapy is increasing by the week since the CDF position in December 2017

trial data?
Equality
22a. Are there any potential

None of note, provided that no post-analysis, pre-commisioing sub-groupings are mandated (as per recent

equality issues that should be

NICE STA) which then bring in inequality of access to the technology.
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taken into account when
considering this treatment?
22b. Consider whether these
issues are different from issues
with current care and why.
Topic-specific questions
23 [To be added by technical
team at scope sign off. Note
that topic-specific questions
will be added only if the
treatment pathway or likely use
of the technology remains
uncertain after scoping
consultation, for example if
there were differences in
opinion; this is not expected to
be required for every
appraisal.]
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if there are none delete
highlighted rows and
renumber below
Key messages
24. In up to 5 bullet points, please summarise the key messages of your submission.


“Game-changer” technology in treating myeloma.



Superior depth and durability of responses



Logistical issues for clinical units to provide



Awareness of transfusion issues in wider clinical community



Well tolerated

Thank you for your time.
Please log in to your NICE Docs account to upload your completed submission.
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NHS England submission for the NICE appraisal of the combination of daratumumab,
bortezomib and dexamethasone as 2nd line treatment of myeloma patients (ie in whom
there has been 1 prior line of therapy)
1. The issue of the comparator in this appraisal is complicated in view of a number of
factors: the increased use of bortezomib as part of 1st line therapy, whether
bortezomib was part of induction chemotherapy prior to high dose chemotherapy
and how TA129 (bortezomib for relapsed myeloma as 2nd line therapy) is
implemented in the NHS.
2. At least 50% of patients who are transplant ineligible now receive bortezomib 1 st line
which in responding patients is given for a fixed duration. The timing of when such
patients subsequently relapse is important in determining a clinician’s desire to rechallenge with bortezomib. If the response duration was relatively short after
completing bortezomib, re-challenge would not be considered. If the response
duration was substantial, bortezomib re-challenge would be considered. It would
thus be important in the CASTOR 1-prior subgroup patients who had previous
bortezomib and did not receive high dose therapy to know what was the response
duration beyond completing 1st line bortezomib-based chemotherapy.
3. Patients having induction chemotherapy and then a transplant would only receive
bortezomib for a short time and then many of these patients have prolonged
remissions following high dose therapy. Bortezomib re-challenge would certainly be
considered in such scenarios. It would this be important in the CASTOR 1-prior
subgroup to know how many patients had had high dose therapy in whom
bortezomib had been part of induction chemotherapy.
4. TA129 recommends bortezomib for relapsed myeloma after 1 prior line of therapy
and this TA of course preceded that of the TA of 1st line bortezomib (TA228). Some
commissioners have used TA228 to exclude re-use of bortezomib for relapsed
patients in those that have had previous bortezomib. NHS England is planning to
resolve this issue via the development of national myeloma treatment algorithms
which will be used in future commissioning so that bortezomib re-challenge can be
used in those patients with either substantial previous responses to 1st line
bortezomib in the transplant ineligible population and in those who responded to
bortezomib-containing induction chemotrherapy prior to a transplant. The fact that
bortezomib will be generic from the spring of 2019 will aid this rationalisation of
myeloma treatment pathways.
5. Thus it is reasonable for NICE to use bortezomib as a comparator for the
daratumumab combination if patients have had a substantial time off treatment
since previous bortezomib therapy.
6. The comparator for those patients treated with thalidomide-based 1st line therapy
(25% of the 1st line transplant ineligible treatment population in England) is
bortezomib-based or carfilzomib-based 2nd line treatment. The current split in use

between bortezomib and carfilzomib in this group of patients is 60-70% vs 30-40% in
bortezomib’s favour.
7. NHS England does not consider that cytotoxic chemotherapy is a reasonable
comparator as 2nd line treatment.
8. The interplay between the issues outlined above thus impact on any conclusion as to
the generalisability of the 1-prior CASTOR subgroup in respect of practice in NHS
England.
9. That the issue of previous treatment with bortezomib is important is demonstrated
in the CASTOR trial as previous treatment with bortezomib makes a great difference
to the absolute gain of the daratumumab combination over bortezomib plus
dexamethasone. The ITT PFS figures for previous bortezomib are 12.1 mo for the
daratumumab combination versus 6.7 mo for the bortezomib arm. In those patients
without previous bortezomib treatment, the respective figures are 27.6 vs 7.5
months. The company has mixed these two populations in its 1-prior subgroup. If the
1-prior subgroup analysis is considered to be robust, then the issue of absolute gain
resulting from the daratumumab combination should also be examined in relation to
previous bortezomib or not.
10. The CASTOR trial inclusion criteria specified that patients must have responded to at
least 1 prior regimen. As the 1–prior subgroup is the centre of the company’s
submission, it must be that this population must have responded to 1st line therapy
ie the subgroup does not include any patient who was refractory to any 1 st line
regimen. It is thus a better prognosis group of patients.
11. The definition of what constitutes a line of therapy is a complex one. The only
definition that has been published was made by the International Myeloma
Workshop Consensus recommendation for the reporting of clinical trials
(http://doi.org/10.1182/blood-2010-10-299487). ‘A line of therapy is defined as one
or more cycles of a planned treatment program. This may consist of one or more
planned cycles of single-agent therapy or combination therapy, as well as a sequence
of treatments administered in a planned manner (eg induction chemotherapy and
stem cell transplantation is considered to be 1 line of therapy). A new line of therapy
starts when a planned course of therapy is modified to include other treatment
agents (alone or in combination) as a result of disease progression, relapse or
toxicity. A new line of therapy also starts when a planned period of observation off
therapy is interrupted by a need for additional treatment for the disease’. NHS
England understands that this definition was conceived for use in clinical trials and
can be viewed as being strict. NHS England is working with its national myeloma
algorithm group to define what constitutes a line of therapy relevant to everyday
practice.
12. NHS England notes with great concern Janssen’s plans to replace the current ability
and flexibility of Trusts being able to order 400mg and 100mg vials of daratumumab
separately with a new fixed package which contains 6 x 400mg vials and 2 x 100 mg

vials. Over time this will lead to imbalances of having too many 100mg or 400mg
vials. Whilst an excess of 100mg vials can be used without wastage, an excess of
400mg vials will lead to wastage as these will result in being used for doses in the
100-400mg range. Daratumumab is only stable in solution for 15 hours and so
preparation of multiple doses in advance cannot be done. It is unclear from the
company’s economic model whether this use of the planned new packages has been
incorporated into an analysis of wastage.
13. NHS England notes that the median duration to follow-up in the CASTOR trial was 27
months in the company’s submission. In terms of the economic modelling of life
years gained (8 years in the company model, 6 years in that of the ERG), this median
duration of follow-up is modest and thus the overall survival results can only be
considered as being immature.
14. NHS England notes that though the trial’s inclusion criteria allowed ECOG
performance status 2 patients to enter the study, 94% of patients were of PS 0 or 1
ie the CASTOR trial population was a fit one.
15. NHS England notes imbalances in the 1-prior subgroup in that 30% of patients
treated with bortzomib plus dexamethasone had previous lenalidomide whereas the
figure for the daratumumab combination was 12%. This therefore could mean that
the daratumumab combination arm had a better prognosis than the bortezomib
arm.
16. NHS England notes that whilst treatment emergent grade 3 and 4 adverse events
were greater with the daratumumab combination (81% vs 63%), as were serious
treatment-related events (51% vs 34%), treatment discontinuations were similar in
both arms. The greater percentages of treatment-related adverse events in the
daratumumab arm probably relate to the greater treatment duration.
17. NHS England notes that the company assumes very different rates of subsequent
individual treatments in its economic model to what is likely to happen in NHS
England. The 3rd line treatment in NHS patients relapsing after CASTOR trial
therapies is most likely to be lenalidomide plus dexamethasone (or CDF ixazomib
plus lenalidomide and dexamethasone). A high usage of daratumumab monotherapy
in the bortezomib arm seems unlikely as this is as 4th line treatment. In addition, NHS
England does not consider any CDF indications to be routinely commissioned and
thus should not be entered into economic analyses. The impact of this would be to
increase the ICER for the daratumumab combination.
18. NHS England regards the Life Years Gained (LYG) in the company’s model as being
highly optimistic at 8.1 years (an almost trebling of survival) and that of the ERG as
being much more plausible at 6.1 years. Daratumumab combination therapy will
significantly add to survival gain with therapy but to add 5.1 years in the 1-prior
group is implausible. The survival gain of 2.2 years from the ERG analysis is much
more reasonable.

19. NHS England is unsure as to how drug administration costs have been incorporated
into the economic model but does note that Janssen has used incorrect figures. The
2017/18 chemotherapy tariff figure for SB14Z is £451 (not £386), SB15Z is £301 (not
£205) and for SB12Z (simple parenteral adminsitartion ie bortezomib
subcutaneously) is £150. Any oral administration charge is SB11Z and is £120 (not
£164). It is unclear to NHS England how the incorrect figures were used in terms of
costs per ‘cycle’. The incremental cost of administration of the daratumumab
combination is substantial per cycle.
20. NHS England notes that Janssen did not submit to NICE for the appraisal of the
licensed combination of daratumumab with lenalidomide and dexamethasone and
thus NICE had to terminate this TA.
21. If NICE recommends daratumumab plus bortezomib and dexamethasone as a
treatment option for the 1-prior group, then NHS England would currently wish to
apply the following treatment criteria (subject to considerations contained within
any ACD/FAD):

Daratumumab in combination with bortezomib and dexamethasone as 2 nd line treatment
in relapsed multiple myeloma
1. I confirm that this application is made by and the first cycle of systemic anti-cancer
therapy with the combination of daratumumab, bortezomib and dexamethasone will
be prescribed by a consultant specialist specifically trained and accredited in the use
of systemic anti-cancer therapy
2. I confirm the patient has a diagnosis of multiple myeloma
3. I confirm that the patient has received 1 and no more than 1 prior line of treatment
(induction chemotherapy and stem cell transplantation is considered to be 1 line of
therapy)
4. I confirm that the patient responded to this previous line of treatment
5. I confirm that in relation to the previous line of systemic therapy, the patient has
documented relapse of disease after initial response
6. I confirm that the patient is of performance status 0 or 1 or 2
7. I confirm that the patient has had no previous therapy with daratumumab or an antiCD38 antibody
8. I confirm that daratumumab is only to be used in combination with bortezomib and
dexamethasone. It is not to be used in combination with other agents
9. I confirm that a formal medical review as to whether treatment with daratumumab
in combination with bortezomib and dexamethasone should continue or not will be
scheduled to occur at least by the end of the first 6 weeks of treatment
10. I confirm that daratumumab is to be continued until disease progression or
unacceptable toxicity or patient choice to stop treatment

11. I confirm that no treatment breaks of more than 6 weeks beyond the expected cycle
length are allowed (to allow any toxicity of current therapy to settle or intercurrent
comorbidities to improve)
12. I confirm that daratumumab will be otherwise used as set out in its Summary of
Product Characteristics

xxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxx
June 2018

Clinical expert statement

Daratumumab in combination with bortezomib for treating relapsed or refractory multiple
myeloma [ID974]
Thank you for agreeing to give us your views on this technology and its possible use in the NHS.
You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from the
published literature.
To help you give your views, please use this questionnaire. You do not have to answer every question – they are prompts to guide you. The
text boxes will expand as you type.
Information on completing this expert statement




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make the
submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 13 pages.

About you
1. Your name

Dr. Matthew Streetly

2. Name of organisation

UK Myeloma Forum
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3. Job title or position

Consultant haematologist / Advocacy Lead UKMF

4. Are you (please tick all that

an employee or representative of a healthcare professional organisation that represents clinicians?

apply):

a specialist in the treatment of people with this condition?
a specialist in the clinical evidence base for this condition or technology?
other (please specify):

5. Do you wish to agree with

yes, I agree with it

your nominating organisation’s

no, I disagree with it

submission? (We would

I agree with some of it, but disagree with some of it

encourage you to complete

other (they didn‘t submit one, I don’t know if they submitted one etc.)

this form even if you agree with
your nominating organisation’s
submission)
6. If you wrote the organisation

yes

submission and/ or do not
have anything to add, tick
here. (If you tick this box, the
rest of this form will be deleted
after submission.)
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Topic-specific questions
7. How are low and

Not relevant – this question is about prostate cancer

intermediate risk localised
prostate cancer defined in
clinical practice?
8. What treatment options are

Not relevant – this question is about prostate cancer

available for low and
intermediate risk localised
prostate cancer?
9. Do you envisage

After either thalidomide or bortezomib. The phase 3 trial evidence does not suggest prior treatment with

daratumumab combination

bortezomib is disadvantageous in terms of progression free survival.

therapy would be used after
thalidomide, bortezomib, or
either?
10. Are both bortezomib and

In practice they are both used however following the NICE guidance (TA457) which oddly restricts

carfilzomib used in clinical

carfilzomib to bortezomib naïve patients at 2nd line only most patients will not be eligible for carfilzomib as a

practice at second line? What

significant proportion of patients (>50%) will receive a bortezomib 1 st line therapy.

is the proportion of 2nd line
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patients that receive each

The true proportional split between bortezomib and carfilzomib 2 nd line is not yet known but is likely to be at

treatment?

least 60%:40% in favour of bortezomib

11. Is chemotherapy a relevant

No. In view of the types of potential agents available (bortezomib, bortezomib retreatment, carfilzomib).

treatment option at second
line? If so, in which
circumstances?

However, it is used for a small group of patients (e.g. cyclophosphamide / dex) as an interim measure as
there are no alternatives for some patients (ineligible for carfilzomib, unable to access bortezomib,
refractory / intolerant to 1st line bortezomib). This is not a valid comparator for DVd – there is not evidence
at this timepoint for chemotherapy in the modern era and it is mainly used as a holding measure prior to
accessing 3rd line therapy with e.g. Ixazomib / lenalidomide / dex.

12. In clinical practice, patients

There is no evidence that prior lenalidomide at 1st line will reduce the efficacy of the DVd combination

eligible for second-line

treatment. The phase 3 evidence suggests that efficacy is similar between those who have and have not

treatment will have received

had prior treatment with an immunomodulatory agent. I would expect similar outcome as those who are

thalidomide or bortezomib as

lenalidomide naïve.

first-line treatment. The
evidence on daratumumab
combination therapy comes
from patients who may have
also received lenalidomide as
first-line treatment (~20% of
patients). Would you expect
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prior lenalidomide therapy to
affect the performance of
subsequent second-line
treatment? If so, in which way?
13. Do you expect the effect of

The data available suggests that there is similar efficacy between those who have previously been treated

second-line treatment to differ

with bortezomib and bortezomib naïve patients. According to the Phase 3 data the magnitude of benefit

depending on whether or not

may be slightly greater for those who are bortezomib naïve but with significant confidence interval overlap.

the patient has had first-line

It should be noted that patients who were refractory to bortezomib were excluded from the trial

bortezomib? If so, how?
14. Would you expect the

Improved quality of life is generally a result of deeper responses (i.e. achieving VGPR or better) and longer

quality of life of patients

progression free survival. This would generally occur at an earlier treatment time point as there has been

receiving second-line

less accumulation of toxicities that can occur with multiple therapies and the accumulation of myeloma

treatment to differ from that of

associated effects that can occur with more prolonged disease and a greater number of relapses.

the overall trial population who
were on second- or
subsequent-line treatment?
The aim of treatment for this condition
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15. What is the main aim of
treatment? (For example, to

The main aim is reduce symptom burden associated with the disease and to prevent further progression
and disability associated with disease. These effects are generally achieved by controlling the myeloma

stop progression, to improve
mobility, to cure the condition,
or prevent progression or
disability.)
16. What do you consider a

At least a partial response (PR) to therapy (i.e. >50% reduction in paraprotein / light chains)

clinically significant treatment
response? (For example, a
reduction in tumour size by
x cm, or a reduction in disease
activity by a certain amount.)
17. In your view, is there an
unmet need for patients and
healthcare professionals in this
condition?

Yes. It is incurable and will relapse for most people. There is a need for novel active treatments and
daratumumab represents the first monoclonal antibody which has monotherapy activity but also
appears to combine well with existing therapies such as lenalidomide and bortezomib. Its efficacy
appears not to be diminished by the specific prior treatment that patients have been exposed to. It is
extremely well tolerated.

What is the expected place of the technology in current practice?
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18. How is the condition
currently treated in the NHS?


Are any clinical
guidelines used in the
treatment of the
condition, and if so,
which?



Is the pathway of care
See previous UKMF submission regarding this question
well defined? Does it
vary or are there
differences of opinion
between professionals
across the NHS? (Please
state if your experience is
from outside England.)



What impact would the
technology have on the
current pathway of care?

19. Will the technology be

See previous UKMF submission regarding this question

See previous UKMF submission regarding this question

See previous UKMF submission regarding this question

used (or is it already used) in
the same way as current care
in NHS clinical practice?
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How does healthcare
resource use differ
between the technology
and current care?

See previous UKMF submission regarding this question



In what clinical setting
should the technology be
used? (For example,
primary or secondary
care, specialist clinics.)

See previous UKMF submission regarding this question



What investment is
needed to introduce the
technology? (For
example, for facilities,
equipment, or training.)

See previous UKMF submission regarding this question

20. Do you expect the

See previous UKMF submission regarding this question

technology to provide clinically
meaningful benefits compared
with current care?


Do you expect the
technology to increase
length of life more than
current care?

See previous UKMF submission regarding this question
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Do you expect the
technology to increase
health-related quality of
life more than current
care?

21. Are there any groups of

See previous UKMF submission regarding this question

See previous UKMF submission regarding this question

people for whom the
technology would be more or
less effective (or appropriate)
than the general population?
The use of the technology
22. Will the technology be

See previous UKMF submission regarding this question

easier or more difficult to use
for patients or healthcare
professionals than current
care? Are there any practical
implications for its use (for
example, any concomitant
treatments needed, additional
clinical requirements, factors
Clinical expert statement
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affecting patient acceptability
or ease of use or additional
tests or monitoring needed.)
23. Will any rules (informal or

See previous UKMF submission regarding this question

formal) be used to start or stop
treatment with the technology?
Do these include any
additional testing?
24. Do you consider that the

See previous UKMF submission regarding this question

use of the technology will
result in any substantial healthrelated benefits that are
unlikely to be included in the
quality-adjusted life year
(QALY) calculation?
25. Do you consider the

See previous UKMF submission regarding this question

technology to be innovative in
its potential to make a
significant and substantial
Clinical expert statement
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impact on health-related
benefits and how might it
improve the way that current
need is met?


Is the technology a ‘stepchange’ in the
management of the
condition?

See previous UKMF submission regarding this question



Does the use of the
technology address any
particular unmet need of
the patient population?

See previous UKMF submission regarding this question

26. How do any side effects or

See previous UKMF submission regarding this question

adverse effects of the
technology affect the
management of the condition
and the patient’s quality of life?
Sources of evidence
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27. Do the clinical trials on the

See previous UKMF submission regarding this question

technology reflect current UK
clinical practice?


If not, how could the
results be extrapolated to
the UK setting?

See previous UKMF submission regarding this question



What, in your view, are
the most important
outcomes, and were they
measured in the trials?

See previous UKMF submission regarding this question



If surrogate outcome
measures were used, do
they adequately predict
long-term clinical
outcomes?

See previous UKMF submission regarding this question



Are there any adverse
effects that were not
apparent in clinical trials
but have come to light
subsequently?

See previous UKMF submission regarding this question

28. Are you aware of any

See previous UKMF submission regarding this question

relevant evidence that might
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not be found by a systematic
review of the trial evidence?
29. How do data on real-world

See previous UKMF submission regarding this question

experience compare with the
trial data?
Equality
30a. Are there any potential

No

equality issues that should be
taken into account when
considering this treatment?
31b. Consider whether these

No

issues are different from issues
with current care and why.
Key messages
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32. In up to 5 bullet points, please summarise the key messages of your statement.


Game changing technology in treating myeloma



Excellent efficacy in combination with bortezomib even if prior bortezomib treatment



Well tolerated therapy



Potential logistical issues for administration



Need clinician education re:transfusion testing interference
Thank you for your time.
Please log in to your NICE Docs account to upload your completed statement, declaration of interest form and consent form.
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SUMMARY
Scope of the company submission
The company’s submission (CS) includes a narrower patient group than that specified in the
NICE scope. This is because the company’s decision problem population is adults with
relapsed or refractory multiple myeloma (RRMM) who have received one previous treatment
(i.e. second-line patients) whereas the NICE scope is adults with RRMM with no limitation by
the number of lines of previous treatment. The company’s rationale for focussing on secondline patients is that daratumumab in combination with bortezomib and dexamethasone (DBd)
“offers the greatest benefit to patients on second-line treatment”. Two of the three comparators
listed in the NICE scope for second-line treatment [bortezomib-based therapy and carfilzomib in
combination with dexamethasone (Cd)] are only used in current clinical practice for those who
are bortezomib naive but the company have not distinguished in their decision problem between
those second-line patients who received bortezomib as a first-line therapy and those who are
bortezomib naive. The company have confirmed in response to clarification question B9 that
DBd is being positioned as a second-line treatment option regardless of prior bortezomib
exposure status.

Summary of submitted clinical effectiveness evidence
The company’s systematic review of clinical effectiveness identified one relevant randomised
controlled trial (RCT) of DBd.


The CASTOR trial (phase III, open label, multicentre, superiority trial) compared DBd
versus bortezomib and dexamethasone (Bd)

The ERG believes the company has identified all the relevant RCTs of DBd.
There are no head-to-head RCTs of DBd versus bortezomib alone, Cd, or combination
chemotherapy which are the comparators defined in the company’s decision problem for
second-line treatment. Therefore the company conducted a network meta-analysis (NMA) to
perform an indirect treatment comparison. The company’s systematic review identified a further
two RCTs that were considered for inclusion in the NMA. One, the ENDEAVOR trial, compared
Cd versus Bd and the other, an RCT conducted by Phillips and colleagues1 compared the
chemotherapy regimens of vincristine, doxorubicin, and dexamethasone (VAd) versus
mitozantrone, vincristine and dexamethasone (MOD). The company states the combination
chemotherapy regimens examined by Phillips and colleagues1 are not currently used for the
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treatment of RRMM (the study having been carried out between 1986 and 1992) and in the
absence of a common comparator, it was not feasible to connect this study to the other two
trials (CASTOR and ENDEAVOR) in the NMA. Consequently an NMA was carried out to
enable a comparison of DBd versus Cd using the CASTOR and ENDEAVOR trials.
To be enrolled in the CASTOR RCT, patients had to have received at least one prior line of
therapy (there was no upper limit) and in the ENDEAVOR RCT enrolled patients had received
one to three previous treatments. Consequently only a proportion of the participants in both
trials are relevant to the company’s decision problem which has focussed on second-line
patients. Second-line patients account for 47.2% of those enrolled in the CASTOR trial and
50% of those in the ENDEAVOR trial. In both the CASTOR and ENDEAVOR RCTs
randomisation was stratified by the number of previous lines of treatment and subgroup data for
second-line participants from both RCTs were available for progression-free survival (PFS) and
overall survival (OS) which are two of the five clinical effectiveness outcomes that contribute
data to the economic model.
The CS reports the effects of DBd treatment across a range of outcomes relevant to the NICE
scope and the company decision problem, which are summarised below.
PFS is the primary outcome of the CASTOR RCT. For the subgroup of second-line patients
median PFS was approximately 18 months longer in the DBd arm than in the Bd arm and this is
a statistically significant improvement (HR = 0.23, 95% CI 0.16 to 0.33, p<0.0001). In the whole
trial population the improvement in PFS was not as great (9.7 months) in favour of DBd (HR
0.32, 95% CI 0.25, 0.40, p<0.0001).
Results from the NMA to indirectly compare DBd versus Cd gave PFS hazard ratios in favour of
DBd for both the subgroup of second-line patients and the whole trial population, and in both
cases the probability that DBd was the best treatment was estimated at 100%. The hazard
ratio for Cd from the NMA is used in the economic model. The company also conducted NMA
sensitivity analyses of PFS efficacy of DBd compared with Bd and compared with Cd among
bortezomib naïve second-line patients. The resulting hazard ratios favoured DBd, with
probabilities of this being the best treatment of 100% versus Bd and 97.2% versus Cd.
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OS is a secondary outcome for the CASTOR trial and the OS data are immature so a median
OS is not available for either study arm for the second-line patient subgroup. However, the
proportion of deaths in the DBd arm is lower than in the Bd arm (20.5% versus 35.4%
respectively), and a statistically significant difference in favour of DBd is reported (HR 0.50, 95%
CI 0.30 to 0.84, p=0.008). In the whole trial population the improvement in OS is not statistically
significant (HR 0.77, 95% CI 0.57 to 1.04, p=0.0884). At the 26.9 month median follow-up
reported in the CS there had been 179 deaths in total in the whole trial population, 32.7% in the
DBd arm versus 39.3% in the Bd arm. Final OS analysis will occur after 320 deaths.
The NMA for OS in the subgroup of second-line patients returned a hazard ratio for DBd vs Cd
of 0.60 [95% credible interval (CrI) 0.33 to 1.10] and a probability of DBd being better than Cd of
95%. For the whole trial population, in the OS NMA, the probability of DBd being better than Cd
was just 55.8% and the hazard ratio was 0.97 (95% CrI 0.68 to 1.39). The hazard ratio for Cd
from the NMA is used in the economic model. The company conducted NMA sensitivity
analyses of OS for DBd versus Bd and versus Cd among bortezomib naïve second-line
patients. The resulting hazard ratios favoured DBd, with probabilities of this being the best
treatment of 94.2% versus Bd and 76.8% versus Cd.
Although CASTOR was a multicentre, multinational trial, there were no UK trial centres. The CS
stresses that during the trial some participants received treatments after disease progression (in
both the DBd and Bd arms) that are not available in England. Furthermore the proportion of
participants in receipt of treatment after disease progression differed between the trial arms.
Consequently the company made an adjustment [using the inverse probability of censored
weights (IPCW) methodology] to the overall survival outcome from the CASTOR trial which
aimed to reduce the bias introduced by a higher proportion of participants in the Bd arm than in
the DBd arm receiving subsequent treatments not available in England.
The effect of adjusting OS to account for subsequent treatments not available in England was a
**** in the HR for OS (i.e. a ***************** in the risk of death for those in the DBd group). In
the subgroup of second line-patients the adjusted HR for OS is **** (95% CI ***********). The
DBd and Bd OS estimates in the subgroup of second-line patients adjusted for the use of
subsequent therapies not available in England were used in the base case of the economic
model.
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The other outcomes from the CASTOR RCT that contribute data to the economic model are
time to treatment discontinuation (TTD), adverse events and health-related quality of life
(specifically the EQ-5D-5L).
TTD data come from a post-hoc analysis conducted to inform the economic model. DBd was
associated with a 56% reduction the risk of treatment discontinuation at 26.9 month of follow-up
compared with Bd.
TEAEs are summarised for the total CASTOR trial population and data on eight adverse events
(neutropenia, anaemia, thrombocytopenia, lymphopenia, pneumonia, fatigue, peripheral
neuropathy and hypertension) which occurred in at least 5% of the patients in either arm of the
trial as a grade 3 event or higher were included in the economic model. No new safety signals
were identified by the company.
HRQoL outcomes [European Organisation for Research and Treatment of Cancer Quality of
Life Questionnaire (EORTC-QLC-C30) and EQ-5D-5L] were not reported separately for the
subgroup of second-line patients. In the total trial population there was no significant different
between the two groups at any time point (from baseline to week 24).
Among the remaining secondary outcomes that did not contribute data to the economic model
the results were reported separately for the subgroup of second-line patients only for MRD,
response and TTP. The results were in favour of the DBd group.
In addition to the subgroup of second-line patients who meet the company’s decision problem,
subgroup analyses for PFS, TTP, ORR and rate of VGPR or better were conducted on the
whole CASTOR trial population. Among the subgroups of bortezomib-naive and bortezomibexperienced patients outcomes favoured the DBd treated group with results being numerically
better in the bortezomib naive subgroup than the bortezomib experienced subgroup for all four
outcomes. In contrast, as noted above, the NMA sensitivity analysis results were slightly less
favourable in the 2LBN group than in the 2L group as a whole. A consistent effect in favour of
DBd was observed across the other subgroups tested.
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Summary of submitted cost effectiveness evidence
The company’s submission includes a review of published cost-effectiveness evidence and a
new economic model developed for this appraisal. The model compares the cost-effectiveness
of DBd with Bd or Cd in patients with RRMM and one prior treatment.

Review of published economic evidence
The company conducted a systematic search for published cost-effectiveness evidence, but did
not identify any studies relevant to the decision problem.
The ERG updated the company’s search and identified two recent papers that report costeffectiveness studies comparing DBd with Bd in patients with RRMM: Carlson et al. (2018) and
Maise et al. (2018). Both studies were conducted from a US perspective, so the costs and costeffectiveness results are not relevant for the UK NHS. However, the methods, data sources and
estimated health outcomes from these studies provide a useful crosscheck for the face validity
of the company’s model.
The company compared key features of their economic analysis with methods and results from
seven previous NICE technology appraisals of treatments for RRMM. We note that the recent
NICE appraisal of carfilzomib for previously treated multiple myeloma (TA457) is particularly
relevant to the current decision problem, as it compared Cd with Bd for patients with one prior
therapy not including bortezomib. We draw comparisons with the TA457 committee preferred
assumptions and ‘most plausible’ Incremental Cost-Effectiveness Ratio (ICER) estimate for Cd
versus Bd in our critique of the company model.

The company’s economic analysis deviates from the NICE scope for this appraisal, but
otherwise it follows NICE reference case methods
The company’s economic evaluation does not fully address the NICE scope: the analysis is
restricted to the second-line population and it does not include combination chemotherapy as a
comparator. Otherwise, the methods of economic evaluation are consistent with the NICE
reference case. The company states that they adopted an NHS perspective for costing, rather
than the NHS and local authority funded personal social services (PSS) perspective specified
for the reference case. However, no significant PSS costs are omitted from the company’s
model.
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The structure and assumptions of the submitted model are reasonable
The company’s submitted model has three main health states, pre-progression, postprogression and death, with the pre- and post-progression states subdivided into ‘on’ and ‘off’
treatment stages. Patients enter the model in the pre-progression state at the start of secondline treatment. This stops on disease progression, or earlier if, for example, the patient
experiences an adverse event. After disease progression, a proportion of patients start other
treatments. Subsequent relapses and lines of treatment are not modelled explicitly, but costs
are added for a defined bundle of other treatments and effects on survival are reflected in the
OS curves. This limits the ability of the model to assess the cost-effectiveness of treatment
sequencing, but is a reasonable simplification.
The company uses a partitioned survival approach to estimate the rates at which patients move
between the modelled health and treatment states. This relies on a set of PFS, OS and TTD
curves for each treatment, estimated from clinical trial data. Implementation of the partitioned
survival approach entails some assumptions and logical constraints (e.g. that PFS cannot
exceed OS). The model sets the number of deaths that occur pre-progression as a fixed
proportion (14.6%) of the number progressions. The rationale for this assumption is not clear,
but it does not cause an unrealistic imbalance in mortality pre/post progression. The model also
includes a check that mortality rates in the modelled cohort cannot be lower than would be
expected in people of the same age and gender-mix in the general population.
Additional model assumptions include:


The initial age of the cohort is 63.3 years and 58.7% are male.



A time horizon of 30 years (effectively lifetime given the initial age)



The model cycle length is 1 week, with a half-cycle correction



Treatment effects are extrapolated over the time horizon using survival curves fitted to
trial data, with no additional ‘waning’ of effects over time

The ERG consider that the 3-state model structure is reasonable and appropriate for the
decision problem. The partitioned survival approach does entail assumptions, but we are not
concerned that these will have biased results.
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Parametric survival curves were fitted to CASTOR data for patients with one prior treatment, but
did not exclude patients with prior exposure to bortezomib
To extrapolate beyond the trial period, the company employed parametric survival analysis. Six
candidate functions (exponential, Weibull, log-normal, log-logistic, Gompertz and generalised
gamma) were fitted to individual-level data from the CASTOR trial to estimate PFS, OS and
TTD survival curves for DBd and Bd. The company concluded that the assumption of
proportional hazards does not hold for these outcomes in CASTOR, and so fitted separate
curves to the trial arms. The ERG considers that the proportional hazards assumption cannot be
assumed to hold for PFS, but that evidence is more equivocal for OS.
The survival curves were fitted using data for the second-line (2L) subgroup of patients with one
prior therapy. Curves were not estimated for the second-line bortezomib naïve (2LBN) subgroup
for whom Bd and Cd are currently available in England. Treatment effects tended to be more
favourable in the 2L than 2LBN subgroup. Although these differences were small and not
statistically significant, the use of data for the 2L group will tend to bias ICER estimates in favour
of DBd.

Adjustment of OS for use of subsequent treatments not available in England is appropriate for
the economic evaluation, but is likely to be subject to confounding
For OS, the fitted curves were adjusted for subsequent treatments used in the trial but not
available in England. The adjustment was made using the IPCW method. The ERG considers
that this method is appropriate in principle, but that it may give biased results if important
covariates are omitted. The company’s backward stepwise approach to covariate selection led
to a very parsimonious reduced model, containing only two covariates (baseline ISS staging and
race). We consider that it is highly likely that there are unmeasured confounders. However,
cost-effectiveness results are not sensitive to the inclusion or omission of the subsequent
treatment adjustment.

The process of curve selection was not well justified and the choice of OS curves exaggerates
the projected survival advantage for DBd based on immature data
The company states that they based their choice of parametric functions for OS, PFS and TTD
on two factors: statistical fit and clinical plausibility of the projections, informed by expert input
from an advisory board. The company argue that long-term plausibility should be given more
weight than statistical goodness of fit, because of the short follow-up time in CASTOR. They
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compare the parametric curve projections against long-term external data on survival for Bd.
Their rationale for the choice of a different, and much more optimistic, functional form for DBd
survival was to cite opinion on ‘the transformational nature’ of the treatment. The company
notes the higher rate of MRD negativity with DBd than with Bd in CASTOR and argue that this is
associated with prolonged OS.
The ERG considers that the company’s selection of OS curves (Gompertz for Bd and loglogistic for DBd) gives an overly optimistic prediction of the survival gain from DBd that is not
warranted given the immature trial data. We suggest more conservative assumptions, with the
same functional form for DBd and comparators, selected for plausibility of 5 and 10-year
outcomes. In the recent NICE TA of carfilzomib (TA457), the committee concluded that the
Weibull distribution was supported for Bd and Cd by OS data from ENDEAVOR and external
validation for the second-line comparison in patients without prior bortezomib. We therefore
consider that the Weibull distribution for OS provides a consistent foundation for modelling Bd in
this current appraisal, and that there is no reason to prefer a different function for DBd.

The ERG agrees with the company’s choice of survival curves for PFS and TTD
The company assessed log hazard plots of the CASTOR data and concluded that the
proportional hazards assumption does not hold. They therefore fitted independent PFS curves
for DBd and Bd. Of the six fitted curves, the company choose the Gompertz distribution for DBd
and Bd in their base case, arguing that it provides a balance of fit to the trial data with
reasonable long-term projections. The ERG agrees with these conclusions.
A similar approach was taken to select TTD curves for DBd and Bd. The company fitted
independent parametric functions to the CASTOR data, as the proportional hazards assumption
does not hold. They noted that in this case the statistical fit of the parametric functions was
similar, so chose to use the same function as for PFS (Gompertz) for consistency. This
recognises the likely correlation between PFS and TTD. We agree with this approach.

OS and PFS curves for Cd are estimated from ENDEAVOR results, but are not adjusted for the
duration of bortezomib treatment, which leads to underestimation of the effectiveness of Cd
For Cd, the PFS and OS curves were estimated by applying hazard ratios to the fitted curves for
Bd. This entails a proportional hazards assumption for the comparison of Cd with Bd. The
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company does not discuss the evidence for or against this assumption, but we consider it
appropriate based on committee conclusions in the carfilzomib appraisal (TA457).
There is a the discrepancy between the length of treatment approved in the marketing
authorisation for bortezomib (24 weeks), as used in CASTOR, and the ongoing use of
bortezomib until progression in ENDEAVOR. The effect of this will be to underestimate the the
relative effect of Cd compared with Bd and hence to overestimate the effect of DBd compared
with Cd. This is acknowledged in the CS as a source of bias, but no attempt is made to address
it in the quantitative modelling. This issue was considered in detail in the carfilzomib appraisal
(TA457), and analyses of ENDEAVOR data provided estimates of the relative effect on PFS and
OS of shortening the duration of bortezomib treatment. The ERG makes use of these
adjustments in additional analysis.
The TTD curve for Cd was modelled using a proportional hazard of 0.477 compared with Cd
PFS, based on ENDEAVOR. We agree with these assumptions.

Health state utilities are estimated from CASTOR, but are uncertain due to poor reporting
Health state utilities were estimated from the CASTOR trial, but the methods of analysis and
results are poorly reported in the CS. In particular, it is not stated whether the EQ-5D analysis
was restricted or adjusted for 2L patients. In the factual accuracy check, the company stated
that utilities in the model were based on 2L patients only. The ERG is unable to verify this as
we have not seen any results or description of methods used for this subgroup analysis.
The company mapped the EQ-5D-5L scores to EQ-5D-3L values, using a ‘crosswalk’ method
reported by van Hout and colleagues. Pre-progression utility, estimated as the average of all
measured utilities before the date of progression, using repeated measures mixed-effects
modelling, was assumed to be same for all patients in DBd and Bd arms. ERG agrees with this
approach.
The CS reports that utility in the progressed state was estimated by using the last recorded EQ5D data collected prior to progression. However, in their response to the factual accuracy check,
the company state that this was incorrect and that post-progression utility was actually
estimated using a linear mixed model from any utility measured after the date of progression.
The ERG cannot assess the quality or accuracy of this analysis as we have not seen details of
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the methods or results. We are also concerned that the company uses similar utility estimates
for pre- and post progression states which seems unrealistic.
The ERG addresses these issues in the additional analyses.

In general, company’s approach to costing is appropriate and consistent with related NICE
guidance, albeit with a few errors in estimation
Costs and resources associated with drug acquisition, drug administration and co-medication,
subsequent treatment, follow-up monitoring and care, adverse events and terminal care were
included in the company’s cost-effectiveness analyses. These were in line with previous TAs
(including TA457). Overall, the costs inputs and sources used were appropriate although the
ERG identified two errors in the model. First, the cost of dexamethasone was estimated
incorrectly which the company corrected as part of their clarification response. Second, costs
associated with administration and co-medication for bortezomib were included in the model
after the end of treatment cycles (i.e. 24 weeks). Although these costs were low their inclusion
overestimated the total costs of Bd slightly. This is corrected in the ERG’s additional analyses.

Company’s base case results
In the original company’s base case, DBd was more expensive and more effective compared
with Bd as well as Cd. The ICER for DBb vs Bd was £41,633 and £7,180 for DBd vs Cd,
respectively (Table 40).
Table 1 Cost effectiveness: company base case (list prices)
Total
costs (£)

Total
LYG

Total
QALYs

Bd

***********

****

Cd

***********

DBd

***********

Pairwise (DBd vs comparator)
ICER (£ per
QALY
gained)

Full
Incremental
ICER

Incremental
cost (£)

QALYs
gained

****

***********

****

£41,633

-

****

****

**********

****

£7,180

Ext. dom.

****

****

*

*

*

£41,633

Ext. dom, extended dominance
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A range of uncertainty analyses were conducted by the company, but they have been selective
in the scenarios they present
The company performed a range of deterministic- , probabilitistic- and scenario analyses to
assess the methodological as well as parameter uncertainty of their base case analyses. The
ERG agrees with their assumptions for DSA and PSA and their results, in general. However, we
identified an error in the scenario relating to longer subsequent treatment duration which the
company corrected in their response to clarification question. Further, we view that the company
did not explore the full range of survival functions or the impact of changing OS or PFS
functions for more than one treatment at a time. To address this issue, we conducted a wider
range of scenarios in ERG additional analyses.

Commentary on the robustness of submitted evidence
Strengths
 The ERG believes that the company have identified all the key studies of DBd and potential
comparators for the population of second-line RRMM patients specified in their decision
problem. One RCT provides evidence for the effectiveness of DBd versus Bd for people with
RRMM and one RCT provides evidence for the effectiveness of Cd versus Bd allowing an
indirect comparison of DBd with Cd for selected outcomes (including PFS and OS).
 The model structure is consistent and follows the conventional design for cancer appraisals.
 The perspective of the analysis aligns with the NICE guide to the methods of Technology
Appraisal
 The model uses a time horizon of 30 years which is a fair approximation of the life time
horizon, given the median age of 63 years for the CASTOR population.
 PFS and TTD are modelled appropriately
 The model uses appropriate sources for costs and resource use and in line with other
technology appraisals
 The model cycle length adequately captures differences between dosing schedules regularly
used in RRMM.
 Discounting and half cycle correction are applied correctly and aligns with NICE guide to the
methods of Technology Appraisal
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Weaknesses and Areas of uncertainty
 The company does not present evidence specific to patients who have already received two
lines of therapy or more.
 The company does not provide any comparison of DBd with combination chemotherapy
 OS data used in the analysis is immature. The company’s choice of log-logistic for DBd and
Gompertz for the Bd arm to extrapolate OS curves, overestimates the cost-effectiveness of
DBd vs Bd and Cd. The company did not provide sufficient justification for the selection of
curves.
 The company did not provide any evidence for the subgroup of 2LBN patients, aside from the
NMA sensitivity analyses for PFS and OS. The company’s cost-effectiveness analyses are
for 2L patients without distinguishing between 2L and 2LBN patients. This does not align with
clinical practice in England which differs for 2LBN patients and 2L patients who have
previously received bortezomib.
 The company does not adjust for the difference in treatment duration for bortezomib in the
ENDEAVOR and CASTOR trials. Whilst bortezomib is administered until disease progression
in ENDEAVOR, in CASTOR the drug is administered for 24 weeks. In our view it is
appropriate to make an adjustment to account for this, which is in line with the NICE
committee’s conclusion in TA457.
 The ERG has concerns relating to the company’s reporting of methods used to derive utilities
for the model:
o The CS does not state whether the EQ-5D analysis in CASTOR was restricted or adjusted
for 2L patients. In the factual accuracy check, the company state that it was, but the ERG
have not seen any results or description of methods for this subgroup analysis.
o The CS states that estimated utility for progressed disease from the CASTOR analysis
was based on the last recorded EQ-5D data collected prior to progression. It is not
plausible that this utility will reflect average utility across the post-progression period. In
their response to the factual accuracy check, the company state that in fact, postprogression utility was estimated using a linear mixed model from any utility measured
after the date of progression. The ERG cannot assess the quality or accuracy of this
analysis as we have not seen details of the methods or results.
o The company’s estimates for pre-progression and post –progression utilities are similar,
which we view as unrealistic.
 The ERG agrees with the company’s overall approach to estimating resource use and costs.
However, the company incorrectly included administration- and co-medication costs for
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bortezomib after the end of treatment cycles (i.e. 24 weeks) thereby overestimating the total
costs of bortezomib slightly.

Summary of additional work undertaken by the ERG
The ERG conducted a number of scenario analyses. Our preferred assumptions, alongside the
scenarios are presented in Table 2.
Table 2 ERG’s preferred assumptions and scenarios
Aspect of the
model
OS curves

Patient group
PFS curves

Treatment
effect

Utilities

ERG Preferred assumptions

ERG scenarios

DBd: Weibull
Bd: Weibull

We test the effect of assuming proportional
hazards to model DBd in relation to the
independently fitted Weibull curve for Bd

Second line Bortezomib-naïve RRMM
(2LBN)
Persistence of OS and PFS benefits

KM data with parametric tail
We test the effect removing the 2LBN
adjustment
Test effect of modelling DBd in relation to Bd
curve.

Persistence of OS and PFS benefits
HR for Cd vs. Bd adjusted for 24week duration of treatment with
bortezomib, as in TA457
Utilities as in TA457: ENDEAVOR
data mapped to EQ-5D with
Proskorovsky algorithm

KM data parametric tail.
Assume loss of survival benefit for Cd and
DBd, relative to Bd, from 5 to 20 years
Analysis is conducted without the adjustment
for Bd treatment duration
Other sources of utilities: CASTOR (company
base case); Carlson et al.2; and van
Agthoven3.

Subsequent
treatment

DBd and Bd OS adjusted for
treatments not available in England
(IPCW method) Cd not adjusted

Use the unadjusted survival model

Mortality

Deaths from the PFS state estimated
using fixed ratio of deaths to
progression (0.146)

Vary ratio of deaths to progression

The results of the ERG’s preferred assumptions are presented in Table 3. Our preferred
assumptions increase the ICER for DBd vs Bd significantly. When DBd is compared with Cd, Cd
is dominated as it is more expensive and less effective. The following additional scenarios
(Table 4) were performed on the ERG’s preferred base case model.
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Table 3 Cost-effectiveness: ERG preferred base case (list prices)
Total
Total
Total
Pairwise (DBd vs comparator)
costs (£) LYG QALYs Incremental QALYs
ICER (£ per
cost (£)

gained

QALY gained)

Full
Incremental
ICER

Bd

£93,061

-

Cd

DBd dominates

-

-

£93,061

DBd

-

-

Table 4 Additional ERG scenarios
Aspect of the model
ERG scenarios
All second line (2L): includes patients with prior bortezomib
Patient population
OS and PFS extrapolation:
 For PFS, KM data till 12 months, then Gompertz
Treatment effects
 For OS, KM data till 27 months, then Weibull
No adjustment of OS for subsequent treatment
Waning for OS: HR=1 for DBd vs. Bd and Cd vs. Bd after:
 5 years
Persistence of effects
 10 years
 20 years
No waning with model time horizon of:
 5 years
Time horizon
 10 years
 20 years
Source of health state utilities (PF and PD):
 CASTOR trial (company base case)
Utilities
 van Agthoven 2004
 Carlson et al. 2018
Vary ratio of pre-progression deaths to progression:
 5%,
Mortality
 10%
 20%
Longer subsequent treatment duration:
 15 months
Subsequent treatment mix based on expert feedback
Resource use and costs
 100% for Lenalidomide and dexamethasone (Ld)
Allow vial sharing (no wastage)
No dose intensity considered (costs for 100% of dose)
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1 Introduction to ERG Report
This report is a critique of the company’s submission (CS) to NICE from Janssen on the clinical
effectiveness and cost effectiveness of daratumumab in combination with bortezomib and
dexamethasone (DBd) for relapsed or refractory multiple myeloma. It identifies the strengths
and weaknesses of the CS. Clinical experts were consulted to advise the ERG and to help
inform this review.
Clarification on some aspects of the CS was requested from the company by the ERG and
NICE on 19 March 2018. A response from the company via NICE was received by the ERG on
05 April 2018 and this can be seen in the NICE committee papers for this appraisal.

2 BACKGROUND
2.1

Critique of company’s description of underlying health problem

Aetiology
The CS provides a clear and accurate, albeit brief, overview of MM and its aetiology (CS section
B.1.3.1). MM starts with the proliferation of abnormal blood plasma cells within the bone marrow
and the overproduction of abnormal immunoglobulin fragments (referred to as myeloma proteins
or M proteins). Accumulation of these within the bone, blood and multiple organs leads to
serious complications including hypercalcaemia, renal impairment, anaemia, bone disease and,
less frequently, increased blood viscosity, infections, thrombosis and extramedullary disease
(tumours which form outside of the bone marrow).
MM is a heterogeneous disease in terms of its clinical course and prognosis, with considerable
variability among patients. Clinical outcomes, including OS, are influenced by several prognostic
factors, including the cancer’s stage and cytogenetic profile, and the number of prior treatments.
A key feature of MM is that patients have multiple relapses, each of which is associated with a
reduction in the degree and duration of response to treatment. All surviving patients therefore
eventually relapse from, or become refractory to, existing treatments. As a result, prognosis
worsens with each successive relapse and each line of treatment (as depicted in CS Figure 1).
As explained in the CS, relapsed or refractory MM (RRMM) is defined by the IMWG4 as a
disease that is non-responsive while on salvage therapy or progresses within 60 days of last
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treatment in patients who have achieved a minimum response or better at some previous point
before then progressing (CS section B.1.3.1.1). The company state that epidemiology of RRMM
is assumed to be similar to that of MM (CS section B.1.3.1.2), and clinical experts advising the
ERG agreed.
Prevalence and incidence
MM is a rare cancer, accounting for approximately 1% of all cancers and 15-20% of all blood
cancers worldwide. In England, 4,632 people were diagnosed with MM in 2015, representing
2% of all new cancer cases. Incidence rates have increased in the UK by 17% in the last
decade and rates are expected to continue to increase during the next two decades.5 The CS
states that the increase largely reflects the changing prevalence of (unspecified) risk factors and
improvements in diagnosis (CS section B.1.3.1.2). According to Cancer Research UK, risk
factors for myeloma are not well understood, but the prevalence of myeloma is higher in older
people, males and black people.5
Survival and mortality
The CS reports OS rates for MM but not specifically for RRMM (CS section B.1.3.1). The
company state that global survival has more than doubled, as a result of improvements in MM
treatment, increasing from approximately 3 years of survival before 1998 to ≥6 years after 2006
(references cited6-8). The ERG notes that the data cited by the company are from a small
number of specific trials rather than a broad range of international studies, some of which were
on specific populations (e.g. with smouldering myeloma6). However, according to Cancer
Research UK, myeloma survival in the UK has quadrupled in the past 40 years.5 The CS states
that a recent review of anti-myeloma therapies8 reported a median survival of 6.1 years and 8year overall survival (OS) of 57%. The ERG notes that these long-term data are taken from two
specific trials included in the review, and that the review8 focused on trials in which patients had
received a novel MM treatment following autologous stem cell transplant (ASCT). According to
the latest data available from Cancer Research UK (reference 27 cited by the CS),5 the 5-year
and 10-year survival rates for adults with MM in England and Wales in 2010-2011 were
approximately 47% and 33%. The latest mortality data from Cancer Research UK show that
there were 2,928 deaths from MM in the UK in 2014.
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Impact of MM on patients and carers
The CS summarises the effect of MM on patients (CS section B.1.3.1.3), citing evidence from a
systematic review (abstract)9 which found that symptoms and complications of MM reported by
patients, as a result of the disease and its treatment, are worse than those for other blood
cancers. Among the problems experienced by MM patients are weakness, fatigue, bone pain,
weight loss, confusion, excessive thirst, and constipation. Clinical experts advising the ERG also
highlighted infections, peripheral neuropathy, bruising/bleeding, diarrhoea, indigestion, low
mood and insomnia as problems that patients may experience as a result of MM and/or its
treatment.
The prognosis and symptom burden of patients worsens with each relapse, due to the
progressive nature of the disease and the cumulative adverse effects of treatment (CS Figure
2).10 The CS cites a survey showing that patients in their first treatment-free interval (TFI)
relative to other phases and those experiencing a longer TFI had significantly better HRQoL
scores.11 The CS, and other authors,10 argue that prolonging earlier remissions is therefore key
to improving patients’ HRQoL.
A targeted search for information on the experiences and preferences of patients with MM found
that patients’ main treatment preferences are to achieve: lasting remission; maximum life
expectancy; improved emotional quality of life; further treatment options; and TFIs (CS Figure
3).
The CS briefly summarises the effect of MM on patients’ caregivers (CS section B.1.3.1.3),
noting that the emotional impact of caring for someone with MM may affect the carer’s ability to
work. The CS cites a study which found that 49% of MM patients’ partners reported anxiety and
14% reported depression, and that carers reported having an unmet need for help with
managing the side effects and complications of MM therapy.12 The ERG concurs that patients’
carers may suffer negative impacts of MM and its treatment, but there have been few studies on
this.

2.2

Critique of company’s overview of current service provision

Current service provision (CS section B.1.3.2) is mentioned only briefly by the company. The
CS emphasises that the available treatments for RRMM in England are limited compared to
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those available in Scotland, Wales, other European countries and the United States (CS Figure
4). Currently, the only NICE-recommended treatments for second-line patients with RRMM are
bortezomib monotherapy (NICE Technology Appraisal Guidance 129) and carfilzomib in
combination with dexamethasone (Cd) (NICE Technology Appraisal Guidance 457) but both of
these treatments are only available for bortezomib-naïve patients. In the case of bortezomib
monotherapy this is because of an NHS England (NHSE) restriction to the bortezomib naive
group and in the case of Cd due to the recommendation made by NICE. In particular, no
second-line (2L) triple therapies are recommended in England, and there are no therapies
currently available upon relapse for bortezomib-experienced patients. Clinical experts advising
the ERG agreed in general with the company’s depiction of treatment availability and the clinical
pathway in England in CS Figure 4 and CS Figure 5 respectively, but noted that, in practice,
other therapies that are not currently recommended by NICE may be given to patients. For
example, one expert stated it is widespread practice to add cyclophosphamide to bortezomib
and dexamethasone (Bd) for second-line patients who are bortezomib-naïve (2LBN), and
patients who have relapsed after first-line bortezomib-based therapy may receive
cyclophosphamide, thalidomide and dexamethasone (CTD). The ERG and clinical experts
consulted agree that in clinical practice Bd is used in preference to bortezomib monotherapy as
a 2L therapy (as the company indicates in footnote 2 for CS Figure 5).
The company state (and clinical experts advising the ERG agreed) that most of the clinical
management of MM takes place in the outpatient setting and that the bulk of care is informal
and provided by caregivers. The CS section on current service provision does not refer to any
other aspects of NHS infrastructure, staffing or costs (CS section B.1.3.2). However, elsewhere
the CS states that administration of IV treatments requires an outpatient visit that may include
additional nursing and pharmacist preparation time; and that administration of subcutaneous
bortezomib requires an outpatient visit with a specialist cancer nurse (CS section B.3.5.3). The
CS does not comment on whether administration of DBd in the NHS would require additional
staff training or resource allocation compared to the administration of other RRMM therapies.
The ERG assumes that NHS service provision for treating 2L RRMM patients with DBd would
follow the general service organisation for MM as specified in the current NICE Guideline on
myeloma diagnosis and management [NG35].13 Clinical experts advising the ERG concurred,
and one commented that administration of DBd requires day unit time and staff training, and the
first infusion in particular requires several hours spent in the day unit.
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2.3

Critique of company’s definition of decision problem

Population
The population described in the decision problem is adults with RRMM who have had one
previous treatment (i.e. 2L patients). This population is appropriate for the NHS. However, it is
narrower than the population specified in the NICE scope, which is adults who have had at least
one previous treatment (i.e. not limited to the number of previous lines of treatment). The
company justifies the use of DBd as a 2L therapy on the basis that there is an unmet need for
2L triple therapies, and because this is where they believe DBd would provide the greatest
clinical benefit and cost effectiveness (CS section B.1.1). We note that the key phase III pivotal
trial (CASTOR) which informs the CS includes adult patients with RRMM, not limited by the
number of previous lines of treatment. As a consequence of the company’s focus on 2L
patients, only a subgroup of the patients randomised in the CASTOR trial (47.2%) is relevant to
the company’s decision problem. Furthermore the ERG note that the company have not
distinguished between those 2L patients who received bortezomib as a first-line therapy and
those who are bortezomib naïve; this is relevant because the comparators for 2L treatment
(bortezomib and carfilzomib) are only available in current clinical practice for those who are
bortezomib naive as noted above in section 2.2. In response to clarification question B9 the
company confirmed that DBd is being positioned as a 2L treatment option regardless of prior
bortezomib exposure status.
Intervention
The intervention as described in the decision problem is daratumumab (Darzalex®), in
combination with bortezomib and dexamethasone (DBd) (i.e. triple therapy), which is consistent
with the intervention specified in the NICE scope and the marketing authorisation. According to
the marketing authorisation (as specified in the Summary of Product Characteristics, SmPC14),
DBd triple therapy is licensed “for the treatment of adult MM patients who have received at least
one prior treatment” (CS Table 2). However, (as noted above) the population specified in the
decision problem (2L patients) is narrower than this.
DBd is a relevant triple therapy for use in the NHS in the 2L setting where, as the company point
out, recommended treatment options are very limited in England (CS Figures 4 and 5).
The dosing of daratumumab specified by the company (CS Table 2) is consistent with the
SmPC.14 Daratumumab is administered as an intravenous infusion at a dose of 16 mg per kg
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body weight weekly in weeks 1-9 (cycles 1-3), every three weeks in weeks 10-24 (cycles 4-8),
and every four weeks from week 25 onwards. Each cycle is 21 days.
The CS and the SmPC14 do not explicitly specify the recommended posology of bortezomib and
dexamethasone for co-administration with daratumumab. In the CASTOR trial, bortezomib and
dexamethasone were administered as follows, which clinical experts advising the ERG agreed
reflects NHS clinical practice (CS Tables 5 and 8):


Bortezomib: 1.3 mg per m2 body area, administered subcutaneously twice weekly on
days 1, 4, 8 and 11 for eight 21-day cycles (cycles 1-8).



Dexamethasone: 20mg given orally on days 1, 2, 4, 5, 8, 9, 11 and 12 in each of the first
eight treatment cycles (total dose of 160mg per cycle). In weeks when the patient
received daratumumab, dexamethasone was administered as a 20mg intravenous (IV)
infusion instead of orally, prior to the daratumumab infusion. Some adjustments were
permissible to the dexamethasone dosing for patients who were older than 75 years,
underweight (body mass index [BMI] <18.5), had poorly controlled diabetes mellitus or
prior intolerance or adverse event (AE) to steroid therapy (CS Table 8).

According to the SmPC,14 several concomitant medications are recommended for administration
with daratumumab to reduce the risk of infusion-related reactions (IRR):


1-3 hours pre-infusion: corticosteroid (long-acting or intermediate-acting), antipyretic
(oral paracetamol) and antihistamine (oral or IV diphenhydramine or equivalent);



Post-infusion: low-dose oral methylprednisone or equivalent on the day after
daratumumab infusion.

The CS states that methylprednisone is given on the first and second days after infusion, and
that post-infusion medications may be discontinued after >4 infusions if there are no major IRRs
(CS Table 46).

Comparators
The company has limited their decision problem to the 2L setting, whereas the NICE scope lists
comparators for second-, third- and fourth-line settings (CS Table 1).
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The comparators specified in the company’s decision problem are consistent with those
specified in the NICE scope for 2L patients (bortezomib with or without dexamethasone [the
NICE scope specifies ‘bortezomib-based therapy’]; Cd; or combination chemotherapy).
The company’s decision problem does not include the following comparators which are
specified in the NICE scope for third-line and fourth-line patients:


3rd line: lenalidomide with dexamethasone; or panobinostat with bortezomib and
dexamethasone;



4th line: pomalidomide with dexamethasone; panobinostat with bortezomib and
dexamethasone; or daratumumab monotherapy (available under the Cancer Drugs
Fund; CDF)

Outcomes
The outcomes specified in the company’s decision problem are standard outcomes for
assessing the clinical effectiveness and safety of cancer interventions and include all of those
listed in the NICE scope [OS, progression-free survival (PFS), response rates, adverse effects
of treatment, and HRQoL).
In addition to the outcomes stated in the NICE scope, the decision problem includes minimal
residual disease (MRD) as an indicator of response to therapy, and time to treatment
discontinuation (TTD) which is an input parameter in the company’s economic model. The ERG
agrees that these are appropriate and clinically meaningful outcomes.
Economic analysis
The decision problem does not specify the economic analysis.
Subgroups
The NICE scope specifies that, if evidence allows, subgroups based on the number of lines of
previous therapy will be considered. The company’s decision problem does not explicitly
describe any subgroups. However, as noted above, the company focuses on the 2L setting,
which is a subgroup of the RRMM population specified in the NICE scope (and a subgroup of
the population included in the pivotal RRMM phase III CASTOR trial). The CS also reports
further subgroup analyses which were pre-specified in the CASTOR trial.
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Equality considerations
The CS states that there are no equality issues arising in relation to DBd (CS section B.1.4).
The ERG, and clinical experts advising the ERG, are not aware of any equality issues.

3 CLINICAL EFFECTIVENESS
3.1

Critique of company’s approach to systematic review

3.1.1 Description of company’s search strategy
The company submission comprises the following five systematic literature searches:


Clinical Evidence (CS Appendix D). Run on 11th December 2017.



Adverse Reactions (CS Appendix F). A previous search conducted for the NICE appraisal of
daratumumab monotherapy was extended and run for the period July 2016 to September
2017.



Cost Effectiveness (CS Appendix G). Run for the period 1st March 2005 to 22nd August
2017.



Health Related Quality of Life (CS Appendix H). Run for the period 1st March 2005 to 22nd
August 2017.



Cost & Healthcare Resource Identification, Measurement & Valuation (CS Appendix I). Run
for the period 1st March 2005 to 22nd August 2017.

An acceptable range of databases was used in all five searches. The strategies employed an
appropriate balance of descriptors and suitably truncated free text, with sets combined correctly.
The searching syntax appears to be of sound quality, and appropriate search filters have been
applied in all searches. PRISMA charts are provided for each search.
Extensive supplementary grey literature searching was undertaken for all five searches. Key
conferences searched included: the American Society of Clinical Oncology (ASCO), American
Society of Hematology (ASH), European Hematology Association (EHA), International Myeloma
Working Group (IMWG), International Society for Pharmacoeconomics and Outcomes Research
(ISPOR) with additional searches performed on Embase to identify conference material.
Conference proceedings were searched for the period 2013-2017 (except ASH searches, 20132016). Other sources searched included: English language technology appraisals conducted by
the Pharmaceutical Benefits Advisory Committee (PBAC), Canadian Agency for Drugs and
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Technologies (CADTH), National Institute for Health and Care Excellence (NICE) and Scottish
Medicines Agency (SMC). Clinicaltrials.gov was examined to identify ongoing trials.
The clinical effectiveness search focused on the health condition with a clinical trial search filter
appended. There was no specification of individual drugs; searches for these were therefore
broad, with a filter applied at the eligibility screening step. The Adverse Reactions search
modified a search used originally in the NICE appraisal of daratumumab monotherapy (the
original search method is documented in CS Appendix F.6). The modified search included DBd
as an intervention, included a wider range of comparators, and specified the population as
having ≥1 prior therapy (CS Appendix F Table 1). This updated search for adverse reactions
was limited to a 14-month period up to September 2017 and was intended to complement safety
data identified in the Clinical Evidence search. The cost, quality of life and healthcare resource
identification searches used the condition (multiple myeloma) with appropriate search filters
appended.
The ERG identified some minor issues (e.g. only the Adverse Reactions search documented the
number of hits per line; there is a typographical error in the NOT operator in all searches; and
the company does not provide a justification for searching conferences only after 2012) but
these are not considered to have resulted in any key evidence having been missed.
The ERG did not re-run the full clinical effectiveness search, given that this is nearly up-to-date,
but we consulted abstracts presented at ASH 2017, checked for ongoing trials at WHO ICTRP
and NIHR UKCTG, and ran a Delphis overarching database search to identify any late 2017 and
2018 papers. No additional comparative clinical effectiveness studies or ongoing studies likely
to report additional data in the next 12 months were identified.
The cost-effectiveness search was updated by the ERG in March 2018, run on Embase Medline
and Econlit. All supplementary search results carried out by the ERG Information Specialist
were checked independently against the inclusion criteria by two researchers and two
publications relevant to the decision problem were identified. These are discussed further in
section 4.2.2 of this report.
An ERG search of the Health Utilities Database in March 2018 did not identify any further
relevant unique studies on health utilities.
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In summary, the company’s searches are well documented, generally comprehensive and do
not appear to have missed any key relevant studies.

3.1.2 Statement of the inclusion/exclusion criteria used in the study selection.
The company reports the inclusion and exclusion criteria for the systematic literature review in
the CS (CS Appendix D, Table 10). References were screened against the criteria to identify
both direct and indirect evidence: that is, to find studies comparing the efficacy of DBd directly
with specified 2L comparator treatments, and to identify trials comparing the stated 2L
comparator treatments which could potentially be used in a network meta-analysis (NMA). Table
5 summarises the systematic review eligibility criteria.
Table 5 Summary of the CS systematic review eligibility criteria
People with RRMM who had received “at least one prior line of therapy”
Population
(CS Appendix D Table 10)
Intervention

DBd

Comparators

Licensed or treatments under investigation for RRMM, including:


bortezomib-based therapy



Cd



combination chemotherapy

Or if they compared any of the specified comparators to each other
Outcomes

Studies needed to measure and report extractable data for the following
outcomes:


OS



PFS



TTP



tumour response outcomes [CR, stringent complete response
(sCR), VGPR, partial response (PR), minimal response,
progressive disease and stable disease]

Study design
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Publication

Full publications of studies indexed in the literature in or prior to 1994

type and/or

were excluded. Only conference abstracts presented in 2012 or

date

afterwards, from named conferences, were included (section 3.1.1). a
References reporting more than one RCT or pooled analyses were
excluded, but no rationale for this is provided. The company subsequently
explained that this was applicable in cases where it was not possible to
separate and extract data from the individual RCTs (clarification response
A13). b
The ERG agrees these eligibility criteria for publication type and date are
reasonable.

Source: Parts of CS Appendix D Table 10 & Appendix section D.1.2.
Note. The company does not specify treatment setting as an inclusion criterion nor place any limits on
inclusion relating to the quality of the RCTs. We agree that this is appropriate for ensuring that all relevant
evidence was identified (the quality of included trials was assessed subsequently).

The inclusion criteria reflect the licensed indication for daratumumab when used as a triple
therapy in combination with bortezomib and dexamethasone (although drug doses and
regimens are not specified in the criteria). The criteria, however, do not wholly reflect the
decision problem presented in the CS or the NHS position, in the following notable ways:
Eligible population:


The patient population eligibility criterion specifies people who had received “at least
one” previous line of treatment (CS Appendix D Table 10), whereas the decision
problem states patients eligible for 2L treatment were of interest. This means that whilst
RCTs on patients receiving subsequent therapy lines were eligible, data from these
patients do not inform the decision problem.

Eligible comparators:


The comparator eligibility criteria do not fully reflect NICE’s15 16 and NHS England’s17
restriction of the use of Cd and bortezomib-based therapy, respectively, to 2LBN
patients. The company’s systematic review did not restrict eligible studies according to
first-line therapy received. This means RCTs of 2LBN and 2L bortezomib-experienced
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patients were eligible for inclusion in the review (and the company is positioning DBd for
the treatment of both these patient populations; clarification response B9). The range of
eligible comparators is wider than that specified in the decision problem in two ways:
First, the company specified bortezomib-based therapy as an eligible comparator, but
this is wider than the decision problem, which more specifically states bortezomib with or
without dexamethasone is a comparator of interest. Second, RCTs of “licensed or
treatments under investigation for RRMM” could be included (CS Appendix D, Table 10).
While these criteria are wider than the decision problem, we agree that they are
appropriate for the purposes of the review because the company used the criteria to
identify both indirect and direct evidence to inform their NMA. It is appropriate to include
studies of comparators outside the decision problem if they contribute evidence to the
network.
Overall, we consider the systematic review inclusion and exclusion criteria were adequate for
identifying evidence broadly relevant to the decision problem and NICE’s scope.
The CS includes a PRISMA flow diagram showing the number of studies included and excluded
at each main stage of the review (CS Appendix D, Figure 1). The diagram provides the reasons
for excluding references, along with the number excluded for each reason [all references
excluded at full-text screening (n=214) are listed in CS Appendix D Table 12]. The company
excluded two references because they reported “extended treatment” studies (CS Appendix D,
Figure 1). At the clarification stage, the company explained that these involved mixed study
designs that were not solely RCTs (clarification response A15). As such, we agree that these
exclusions are appropriate.
The flow diagram states that 45 references were included in the review, but does not specify
how many RCTs these reported. CS Appendix D.1.2.3 clarifies that three RCTs that
investigated 2L treatments were included, and the 45 references describing them are listed in
CS Appendix D Table 11. These RCTs were CASTOR,18 ENDEAVOR19 and Phillips 1995, and
they are described further in the following section of this report (3.1.3).
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3.1.3 Identified studies
The company’s systematic review identified three RCTs: CASTOR,18 ENDEAVOR19 and Phillips
1995. CASTOR was the only RCT that evaluated DBd. This was a head-to-head trial of DBd
versus Bd in adults with documented relapsed or refractory multiple myeloma. The CASTOR
trial was sponsored by Janssen Research and Development (i.e. by the company).18 The
CASTOR trial meets the systematic review inclusion criteria, but only addresses the decision
problem’s focus on 2L patients through pre-specified subgroup analyses of these patients
(around half the trial population: 45.7% of the patients in the DBd arm and 48.6% in the Bd arm
had received one prior line of therapy). The remaining trial patients had received two or more
prior therapies.
ENDEAVOR and Phillips 1995 investigated comparator treatments for 2L patients and were
considered by the company for inclusion in their NMA. Further details about these latter two
RCTs and their eligibility for inclusion in the MTC are provided in section 3.1.7 of this report.
ENDEAVOR was sponsored by Onyx Pharmaceuticals, Inc. (an Amgen subsidiary).
The company provides a publication for the CASTOR RCT (Palumbo 2016, Doc B ref 67) which
reports on methods and results from the interim analysis conducted after approximately 60% of
the planned events for the final analysis. The data cut off for this interim analysis was January
11th 2016 when the median follow-up period was 7.4 months. The CS reports results from a
later analysis point (median follow-up 26.9 months) for which there is no publication. In addition
the CASTOR Clinical Study Report (CSR) is also provided (Doc. B ref. 68)
An RCT report is also provided for the ENDEAVOR RCT (Doc. B ref 77, Dimopoulos et al 2016)
which contributes data to the NMA. In response to clarification question A7 the company
clarified that data were also included from the second interim analysis of ENDEAVOR
(Dimopoulos 2017) which is not cited separately.
The company considered a second RCT, Phillips 1995, for possible inclusion in their NMA but
an incorrect reference is cited (the CS cites ref. 73 but this is not Phillips 1995). Data from
Phillips 1995 are not used in the CS as this RCT was not included in the NMA.
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Non-randomised studies
The company did not include any non-randomised studies in the review of DBd or in the indirect
comparison. The company conducted additional searches, though, for non-randomised studies
that provided AE data additional to that provided in the CASTOR trial. It is unclear if the data
from the non-randomised studies contributes to the evidence presented in the CS. In response
to clarification question A10 the company supplied full details for the 20 studies from which data
were extracted which included many non-randomised studies. Data from these 20 studies were
not presented in the CS but the company notes that no new safety signals were identified for
any of the treatments of interest.
Overview of the CASTOR trial
We have provided summary details of the CASTOR trial in Table 6. The treatment regimens,
and doses of each drug, used in the DBd and Bd treatment arms match those specified in the
SmPC for daratumumab14 and the SmPC for bortezomib (when it is combined with
dexamethasone).20 That is, the treatment regimens of the individual drugs are in line with their
licensed indications. We note, however, that the SmPC for bortezomib states that it is to be
administered by intravenous injection,21 but in both arms of the CASTOR trial it was
administered subcutaneously. It is unclear if these different modes of administration might have
an impact on outcomes – this is not discussed in the CS, CSR or trial protocol. A published
RCT22 that we found compared these modes of administering bortezomib in patients with
relapsed multiple myeloma and reported that subcutaneous administration provided non-inferior
efficacy to intravenous injection, and reduced AEs. The ERG’s clinical experts advised us that
bortezomib is now administered subcutaneously in practice. Intravenous injection would only be
used in the rare instance of a severe local reaction to the drug. The experts agreed that toxicity
is higher with intravenous injection than subcutaneous administration. Therefore, subcutaneous
administration of bortezomib in the CASTOR trial reflects how bortezomib is administered in
practice.
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Table 6 Summary of the CASTOR RCT
Design, patient population,
Intervention: DBd
length of follow-up and N
(%) of 2L patients
Design: Phase III, open-label, Daratumumab: 16mg/kg of
multicentre RCT carried out in body weight weekly for three
16 countries (no UK centres). 21-day cycles, then every 3
weeks for cycles 4 to 8 and
Patient population: Adults with thereafter every 4 weeks
documented evidence of
relapsed or refractory multiple Bortezomib: 1.3mg/m2 body
myeloma, as assessed
surface area,
against IMWG criteria.
subcutaneously, twice
weekly on days 1, 4, 8, and
Key eligibility criteria:
11, for up to eight 21-day
To be eligible for the trial,
cycles (cycles 1 to 8)
patients had to have received
at least one prior line of
Dexamethasone: total dose
treatment, and to have
of 80mg weekly in 2 out of 3
achieved at least a partial
weeks of a 21-day cycle (on
response to the previous
days 1, 2, 4, 5, 8, 9,11 and
treatment. ECOG PS of 0, 1
12), for up to 8 cycles
or 2.

Comparator: Bd
Bortezomib: 1.3mg/m2 body
surface area,
subcutaneously, twice
weekly on days 1, 4, 8, and
11 for up to eight 21-day
cycles (cycles 1 to 8)
Dexamethasone: total dose
of 80mg weekly in 2 out of 3
weeks of a 21-day cycle (on
days 1, 2, 4, 5, 8, 9,11 and
12), for up to 8 cycles

N randomised = 498 (251
DBd; 247 Bd).
Median length of follow-up:
Interim data reported in the
CS, at a median follow-up of
26.9 months.
N (%) of 2L patients:
DBd: 122 (48.6); Bd: 113
(45.7)
Source: CS Tables 5 and 6 and the trial publication.18 The full list of eligibility criteria is given in CS Table
6.

CASTOR trial patient eligibility criteria
The population of interest in this appraisal includes people with refractory MM. However
patients refractory to bortezomib or another proteasome inhibitor (that is, patients who had
progression of disease while receiving PI therapy or within 60 days of ending PI therapy) were
not eligible to enter the CASTOR trial (CS Table 6). That is, patients in the 2L subgroup who
had previously had bortezomib were only eligible to take part in the trial if they had relapsed
after bortezomib treatment. The ERG’s clinical experts advised that this exclusion criterion was
reasonable and reflects clinical practice. This is also a minor point, however, as the ERG
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believes the most relevant 2L patient population for this appraisal is 2LBN patients. We also
note that to be eligible for the trial “Patients must have achieved a response (PR [partial
response] or better) to at least one prior regimen” (CS Table 6). Clinical expert advice to the
ERG is that patients who have not had a response of PR or better (i.e. those with refractory
disease) with a non-proteasome inhibitor treatment would be offered treatment with agents from
another group (proteasome inhibitor or immunomodulatory drug, depending on the resistance
pattern) in clinical practice. Expert advice was also that those with refractory disease in practice
would likely to be refractory to bortezomib, as most patients are treated with this at first-line.
Therefore, we suggest this exclusion criterion does not fully reflect clinical practice, as it
excludes the minority of patients seen in practice who were refractory to a non-proteasome
inhibitor first-line treatment. To be included, all patients were also required to have “documented
relapsed multiple myeloma with measurable disease in the serum and/or urine as defined by the
IMWG [International Myeloma Working Group] criteria” (CS section B.2.3.1.1). The CS does not
state if these criteria are used in clinical practice in England to assess disease progression, so it
is unclear how well the trial patient population reflects those seen in clinical practice. The ERG’s
clinical experts advised that these criteria are used in clinical practice, but that this inclusion
criterion excludes a minority of patients with non-secretory myeloma who in theory could be
monitored with serial bone marrow examinations. Expert advice is that there are few treatment
options for these patients.
CASTOR baseline characteristics
The CS states that the CASTOR trial18 patient baseline characteristics for the whole trial
population were well balanced between the treatment arms (p. 34). We mostly agree with this,
but note that the trial paper reports that the difference in the proportions of patients receiving
previous immunomodulatory drug therapy in the DBd arm (71.3%) versus in the Bd arm (80.2%)
was statistically significant (p = 0.02). The ERG’s clinical experts believe that this difference is
unlikely to impact on the treatment effect. The CS does not report the baseline characteristics
for the 2L treatment subgroup, but the company provided these in their clarification response
A6. We have reproduced part of the company’s table below (Table 7) and the full table is
available in clarification response A6. We note that the 2L patient baseline characteristics were
well balanced between treatment arms, with some exceptions, including the patients’ prior
treatment and refractory to last line of therapy statuses. The proportion of patients who received
prior lenalidomide was higher in the comparator group (Bd 29.2% vs DBd 12.3%, difference
16.9%). Proportionally more patients in the Bd arm (22.1%) had been refractory prior to therapy

Version 1

39

Confidential until published
to an immunomodulatory drug therapy than in the DBd arm (11.5%), and refractory to
lenalidomide specifically (Bd 15.9% vs. DBd 4.9%). The company indicate that refractoriness to
lenalidomide and the type of prior treatment received are prognostic factors (CS sections
B.1.3.1.1 and B.2.5.2). However, The ERG’s clinical advisors stated the differences were
unlikely to impact on the treatment effect (see section 3.1.4 for discussion regarding the
potential impact of these differences on risk of bias).
Clinical expert advice to the ERG is that the 2L patients’ baseline characteristics are
representative of the patients seen in clinical practice, except the trial patients were on average
slightly younger and proportionally more had had prior exposure to lenalidomide at first-line
treatment than patients treated in practice. Furthermore, patients treated in practice do not
receive anthracycline.
Table 7 Key characteristics of patients in the 2L treatment subgroup of the CASTOR trial
Population characteristic
DBd (n=122)
Bd (n=113)
Total (n=235)
Age, years, mean (SD) [range]

62.6 (9.83) [3084]

64.2 (9.88) [4085]

63.3 (9.87) [3085]

Male, n (%)

74 (60.7)

64 (56.6)

138 (58.7)

White

104 (85.2)

99 (87.6)

203 (86.4)

Asian

10 (8.2)

8 (7.1)

18 (7.7)

Black or African American

4 (3.3)

2 (1.8)

6 (2.6)

Other, unknown or not reported

4 (3.3)

4 (3.5)

8 (3.4)

Weight, kg, mean (SD) [range]

78.3 (17.4)
[45-135]

77.6 (14.9)
[45-132]

77.9 (16.2)
[45-135]

Baseline ECOG score, n (%): 0

57 (46.7)

56 (49.6)

113 (48.1)

1

58 (47.5)

51 (45.1)

109 (46.4)

2

7 (5.7)

6 (5.3)

13 (5.5)

Time from MM diagnosis, years,
mean (SD) [range]

3.6 (2.8)
[0.7-14.9]

3.6 (2.5)
[0.6-18.1]

3.6 (2.7)
[0.6-18.1]

Any cyto-

Standard risk

70 (76.9)

67 (84.8)

137 (80.6)

High risk

21 (23.1)

12 (15.2)

33 (19.4)

abnormality,

Del17p

13 (14.3)

6 (7.6)

19 (11.2)

n (%)

T(4;14)

5 (5.5)

5 (6.3)

10 (5.9)

T(14;16)

3 (3.3)

4 (5.1)

7 (4.1)

Race:

genetic
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Population characteristic

DBd (n=122)

Bd (n=113)

Total (n=235)

Risk stratification:

7 (5.7)

4 (3.5)

11 (4.7)

73 (59.8)

66 (58.4)

139 (59.1)

Low risk

11 (9.0)

9 (8.0)

20 (8.5)

Not done

31 (25.4)

34 (30.1)

65 (27.7)

Prior ASCT

76 (62.3)

66 (58.4)

142 (60.4)

Prior radiotherapy

28 (23.0)

24 (21.2)

52 (22.1)

Prior cancer-related surgery

13 (10.7)

20 (17.7)

33 (14.0)

Prior protease inhibitor, n (%)

65 (53.3)

59 (52.2)

124 (52.8)

Bortezomib

62 (50.8)

57 (50.4)

119 (50.6)

Carfilzomib

1 (0.8)

2 (1.8)

3 (1.3)

Ixazomib

2 (1.6)

0

2 (0.9)

72 (59.0)

81 (71.7)

153 (65.1)

Lenalidomide

15 (12.3)

33 (29.2)

48 (20.4)

Thalidomide

58 (47.5)

48 (42.5)

106 (45.1)

a

High risk

Standard risk

Prior IMiD, n (%)

Refractory to IMiD only, n(%)

14 (11.5)

Refractory to last line of therapy, n
(%)

18 (14.8)

25 (22.1)
b

25 (22.1)

39 (16.6)
b

43 (18.3) b

Refractory to Lenalidomide

6 (4.9)

18 (15.9)

24 (10.2)

Refractory to Thalidomide

8 (6.6)

7 (6.2)

15 (6.4)

Source: Reproduction of data in Table 4 in clarification response A6.
a Risk stratification is based on three factors: International Staging System (ISS); presence of
chromosomal abnormalities of t(4; 14), del17 or del17p by fluorescence in situ hybridisation (FISH) or
Karyotype testing and age.
b Most of these patients were refractory to lenalidomide or thalidomide.

2L patients’ prior exposure to bortezomib
The company reports in clarification response A6 that 50.6% of the patients in the 2L subgroup
had previously received bortezomib (50.4% in the Bd arm and 50.8% in the DBd arm). The
company indicates that this is in line with bortezomib usage in the multiple myeloma population
at first-line treatment in the UK, and our clinical experts concurred with this. In clinical practice in
England, however, bortezomib is not recommended for use at second-line treatment in patients
who have previously received it.16 17 Therefore, around half the patients in the 2L trial subgroup
do not provide data relevant to clinical practice guidance in England. The company does,
however, provide estimates of PFS and OS in the post-hoc 2LBN subgroup for DBd versus BD
and DBd versus Cd in NMA sensitivity analysis.
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Summary of key limitations of the evidence provided by the CASTOR trial
In summary, we consider the CASTOR trial evidence has limitations in terms of addressing the
decision problem and reflecting clinical guidance in England in the following ways:


The trial provides evidence relevant to the decision problem through subgroup analysis
only. 2L patients formed 47.2% (n = 235/498) of the trial population.



50.6% of the patients in the 2L subgroup had previously received bortezomib. Therefore,
around half the patients in the 2L trial subgroup do not provide data relevant to clinical
practice guidance in England, which states bortezomib to be used only in bortezomibnaïve patients. Estimates of OS and PFS for this population are available in the CS from
a post-hoc NMA sensitivity analysis.



The trial patient eligibility criteria do not fully reflect the 2L patients seen in clinical
practice in England, as they excluded the following two patient groups: one, patients who
had been refractory to prior treatment with a non-proteasome inhibitor; and, two, patients
with non-secretory myeloma. Both these groups form a minority of the patients treated in
practice.

ERG’s appraisal of whether all relevant studies were included in the review
The ERG believes the company has included all relevant studies in the review. The ERG’s
searches did not identify any additional evidence (see section 3.1.1).
Ongoing studies
The CS lists three ongoing trials that are expected to provide additional clinical evidence in the
next 12 months, and details the populations and interventions investigated in these. None of the
trials are relevant to the company’s decision problem or to NICE’s scope for this appraisal. NICE
and the ERG asked the company for additional information about the ongoing studies’ designs,
including the number of comparator arms, completion dates and whether interim will become
available before the completion dates and this information was provided in response to
clarification question A11. This information confirmed that none of the trials are relevant to the
company’s decision problem.
The ERG searched for ongoing trials and no additional relevant RCTs expected to provide
evidence in the next 12 months were identified.
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3.1.4 Description and critique of the approach to validity assessment
The company has provided a risk of bias assessment for the CASTOR trial based on standard
NICE criteria (CS Table 12). The company’s and ERG’s judgements are shown in Table 8 (full
details including explanation for the judgments is available in Appendix 1). Although we agree
with most of the company’s judgements, there are some differences.
The ERG considers that all the CASTOR trial outcomes are at an unclear risk of selection bias
in the whole trial population and the 2L treatment subgroup, due to an imbalance in the
proportion of patients who received lenalidomide as a first-line therapy, but the direction of the
bias is unclear, since the reasons why patients received prior lenalidomide (as opposed to
receiving other possible therapies), are not reported. Additionally, in the 2L subgroup,
proportionally more patients in the Bd arm were refractory to their previous treatment, including
to lenalidomide. The company indicate that the type of prior treatment received and
refractoriness to lenalidomide are prognostic factors (CS sections B.1.3.1.1 and B.2.5.2).
However, The ERG’s clinical advisors stated the imbalances observed between trial arms for
these factors were unlikely to impact on the treatment effect. Due to these differing statements
we are unclear if these differences could potentially lead to less favourable efficacy results for
2L patients in the Bd arm compared with the DBd arm.
The ERG considers that the HRQoL outcomes in CASTOR are at high risk of performance bias
due to the lack of blinding. However, as indicated in Table 8, we believe the lack of blinding is
unlikely to have introduced bias for other outcomes which are less subjective. We are unclear
about the risk of selection bias. For the remaining domains of bias (detection bias, attrition bias
and reporting bias) we agree with the company that the risk of bias is likely to be low. An
exception is that we consider the risk of attrition bias for HRQoL outcomes to be unclear, due to
lack of clarity on how missing data were handled.
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Table 8 Company and ERG assessments of risk of bias
Question
Risk of bias
Was randomisation carried out
appropriately?
Was the concealment of treatment allocation
adequate?

Company Low
ERG

Potential risk of bias as open label
design could have influenced
Company
investigator’s assessment of PFS
events
ERG

Were the groups similar at the outset of the
study in terms of prognostic factors?
Were the care providers, participants and
outcome assessors blind to treatment
allocation?

Low

Probably low

Company Low
ERG

Unclear

Company

Low, as an IDMC reviewed the
data
Low for OS and TTD

ERG

Probably low for response
outcomes and PFS
High for HRQoL

Were there any unexpected imbalances in
drop-outs between groups?

Company Low
ERG

Is there any evidence to suggest that the
authors measured more outcomes than they
reported?
Did the analysis include an intention-to-treat
analysis? If so, was this appropriate and
were appropriate methods used to account
for missing data?

Low risk, provided that outcomes
are interpreted in the context of
the expected imbalance

Company Low
ERG

Low

Company Low
Low for time-to-event outcomes
ERG

Low for response outcomes
Unclear for HRQoL outcomes

Source: Company risk of bias judgements from CS Table 12

3.1.5 Description and critique of company’s outcome selection
We have tabulated the CASTOR trial outcomes reported by the company in the CS and we
indicate which were used in the economic model (Table 9). The outcomes match all those
specified in the NICE final scope and the company’s decision problem. As shown in the table,
the company also included a number of other outcomes which were not specified in the final
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scope or decision problem. None of these were used in the company’s economic model. We did
not identify any relevant outcomes from the trial that were not reported in the CS.
Table 9 CASTOR trial18 outcomes reported in the CS
Outcome
specified in the
scope and
decision problem
(in bold)/in the
decision problem
only (non-bold)
PFS
OS
Response rates,
including MRD
negativity

AEs
HRQoL
Time to treatment
discontinuation
(TTD)
Outcomes not
specified in scope
or decision problem

Version 1

Outcomes reported
in the CS (CASTOR
trial)

Whole
trial

2L
patients
subgroup

NMA
Whole
trial

NMA 2L
patients

Used in
economic
model
(2L
patients)

PFS (primary
outcome)
OS
OS adjusted for
subsequent treatment
PR
CR, and CR or better

Yes

Yes

Yes

Yes

Yes a

Yes
Yes

Yes
Yes

Yes
No

Yes
No

Yes b
Yes c

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

No
CR or
better
No
VGPR or
better

No
No

sCR
Rate of VGPR, and
VGPR or better
Overall response rate
(ORR)
DOR
Time to response
(TTR): time to first
response; time of
VGPR of better, time
to CR or better
Minimal residual
disease (MRD)/MRD
negative status
% of patients achieving
clinical benefit (ORR +
minimal response)
AEs (safety and
tolerability)
EORTC QLQ-C30
EQ-5D-5L
Time to treatment
discontinuation (TTD)
(post-hoc analysis)
TTP
Time to subsequent
anticancer therapy
PFS on the
subsequent line of
therapy
Best M-protein
response

Yes

Yes

No
CR or
better
No
VGPR
or
better
Yes

Yes

No

Yes
Yes

No
No

No
No

No
No

No
No

Yes

Yes

No

No

No

Yes

No

No

No

No

Yes

No

Yes d

Yes d

Yes e

Yes
Yes
Yes

No
No
Yes

No
No
No

No
No
No

No
Yes
Yes

Yes
Yes

Yes
No

No
No

No
No

No
No

Yes

No

No

No

No

Yes

No

No

No

No

No
No
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Yes
No
No
No
No
Best response to first
subsequent anticancer
therapy
a PFS data for DBd and Bd taken from the CASTOR trial. For carfilzomib PFS is modelled by applying
the hazard ratio from the NMA to the reference Bd curve from CASTOR. b Unadjusted OS data used in a
scenario analysis. c OS data for DBd and Bd in the basecase are taken from the CASTOR trial and
adjusted for use of subsequent therapies not available in England. For carfilzomib OS is modelled by
applying the hazard ratio from the NMA to the reference Bd curve from CASTOR. d specifically the
following 9 outcomes: discontinuation due to adverse events; grade 3+ AEs; Grade 3+ anaemia; Grade
3+ diarrhoea; Grade 3+ fatigue; Grade 3+ leukopenia; Grade 3+ neutropenia; Grade 3+ peripheral
neuropathy; Grade 3+ thrombocytopenia. e Grade 3 or higher AEs with data taken directly from the
CASTOR whole trial population for DBd and Bd and from the ENDEAVOR trial for carfilzomib.

ERG’s assessment of the appropriateness of the outcomes selected
The outcomes selected by the company are appropriate to this appraisal, but we have identified
a few caveats, as we detail next.
PFS was the primary outcome in the CASTOR trial. It was defined as the time from patient
randomisation to either disease progression or death (whichever came first). The CS and trial
paper18 state disease progression was assessed using a computerised algorithm and in
accordance with the International Myeloma Working Group (IMWG) criteria, which the ERG’s
clinical advisors confirmed are used in clinical practice in England. The CS does not state,
however, if there was a review of PFS or any of the other time to event or response outcomes.
The trial paper states that a previous trial using the computer algorithm found “strong
concordance” (Palumbo et al., 2016, p. 756) with the results derived from the independent
review committee in that trial. The trial paper18 furthermore states that all responses, including
progressive disease, were verified by another assessment, but it is unclear how this was
conducted (by trial clinicians, a central independent review or other means).
The company included MRD as an outcome, as they argue it is a more sensitive measure of
disease burden than CR. The CS states (CS Section B.2.3.1.4) the IMWG guidelines
recommend that MRD assessment is considered at the end of each treatment phase among
patients who have had a CR. The MRD outcome is assessed through measuring residual
tumour cells in the bone marrow. The response is then categorised according to IMWG criteria.
The CS states that MRD negative status is associated with longer OS and PFS (CS p. 50 and p.
102). A reference we found also states this.23 The MRD outcome results from the CASTOR trial
are not used directly in the economic model, but the results are used to justify the company’s
choice of OS extrapolation curve (i.e. its estimate of OS beyond the trial period) which is used to
inform the economic model. It is unclear from the CS if this outcome is measured in clinical
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practice in England and if it is used to inform treatment or monitoring decisions. It is therefore
unclear how clinically relevant it is. Clinical expert advice to the ERG is that it is a prognostic
factor, but that it does not inform treatment or monitoring decisions.
The company includes an outcome called ‘% of patients achieving clinical benefit’, which is
defined as ORR plus minimal response. NICE and the ERG asked the company in clarification
question A4 if this is a standard definition of clinical benefit and, if so, the source of the
definition. The company explained that the use of this definition stemmed from an American
Society of Hematology and US Food and Drug Administration workshop and several trials in
relapsed &/or refractory MM have used this outcome definition. Clinical experts advising the
ERG commented that, at second line treatment, this outcome is of limited relevance; as
treatment becomes increasingly more palliative, minimal response becomes more acceptable.
HRQoL measures
HRQoL was measured in the CASTOR trial using the European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire (EORTC-QLQ-C30) and the EuroQol Five
Dimensions Questionnaire (EQ-5D-5L). The company’s economic model uses data from the
EQ-5D, but not the EORTC-QLQ-C30.
EQ-5D-5L is a validated, generic measure of HRQoL and is NICE’s preferred measure of
HRQoL in adults.24 The EQ-5D-5L is a more recent version, and NICE states it can be used in
its technology appraisals (with appropriate mapping to EQ-5D-3L, as the 5D version utilities are
yet to be validated) (NICE, 2013).24 Results for the EQ-5D-5L utility score and VAS are
reported in the CS.
The EORTC-QLQ-C30 is a generic, self-administered measure of quality of life in cancer
patients that has been validated among people with multiple myeloma.25 26 The instrument has
the following scales: Global Health Status/QOL subscale, functional scales (physical, role,
cognitive, emotional and social), and symptom scales (fatigue, pain, nausea and vomiting). It
also measures financial difficulties, loss of appetite, insomnia, dyspnoea, constipation and
diarrhoea. A higher score represents a higher (“better”) level of functioning, or a higher (“worse”)
level of symptoms.26 A brief overview of the results for all the subscales is reported in the CS.
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Summary
The outcomes selected by the company are appropriate and match the NICE scope, the
company’s decision problem and NICE’s preferred method for measuring HRQoL.24 The ‘% of
patients achieving clinical benefit’ outcome is of limited relevance in the 2L treatment setting in
clinical practice, though.

3.1.6 Description and critique of the company’s approach to trial statistics
The CS reports results for all of the outcome measures specified in the NICE scope. Outcomes
were either defined in the CS or in the statistical analysis plan (Doc B ref. 70). The results
presented are from an interim analysis with median follow-up of 26.9 months. Key efficacy
results are time-to-event data presented in the CS predominantly in terms of events and
proportions (n/N, %) alongside medians and hazard ratios (HRs) (with the associated 95%
confidence intervals). Kaplan-Meier (K-M) survival curves are presented for PFS, OS and TTD
and (except for TTD) these show the number of patients at risk at each time interval. Response
rates are presented as proportions and percentages (n/N, %) alongside odds ratios (with
associated 95% confidence intervals). P-values are presented for comparisons between groups.

Sample size & statistical procedures used
The primary outcome in the CASTOR RCT was PFS. The power calculation is reported in the
CS (Table 10 and section B.2.4.1). Approximately 480 participants (randomised 1:1, i.e. 240 per
group) were required to achieve 295 PFS events which would provide 85% power to detect a
reduction of 30% in the risk of either progression or death (i.e. HR for DBd vs Bd of 0.70) with a
log-rank test (two-sided alpha=0.05). The ERG notes that the required sample size was
achieved (DBd N = 251; Bd N = 247) with 480 participants receiving study treatment (DBd n =
243; Bd n = 237). The statistical analysis plan states that the primary analysis was a stratified
log-rank test for comparison of the PFS distribution in the ITT population between DBd and Bd.
The hazard ratio and its two-sided 95% confidence interval was estimated using a stratified Cox
regression model with treatment as the only explanatory variable. Three stratification factors
were used in the analyses: ISS staging (I, II, and III); number of prior lines of therapy (1 vs 2 or
3 vs >3); and prior bortezomib treatment (no vs yes).
Long-term follow-up is to continue for OS until 320 deaths have been observed at which point
the study will have approximately 80% power to detect a 27% reduction in the risk of death (HR
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for DBd vs Bd of 0.73) with a log-rank test (two-sided alpha=0.05). This calculation takes into
consideration an annual dropout rate of 5%.
The statistical analysis plan specified that if the testing of the primary endpoint, PFS, were
statistically significant then secondary endpoints would be sequentially tested (using a
hierarchical testing approach to control for Type I error rate) in the following order:
- TTP
- Rate of VGPR or better
- Overall response rate
- MRD negative rate
- OS.

Analysis populations
The CS reports on three patient analysis population: the ITT population, the response-evaluable
population and the safety population.
The ITT population includes all randomised trial participants. The analyses of PFS (primary
endpoint) and all other time-to-event efficacy endpoints are based on this population (CS
section B.2.4.1). Based on information reported in the CS the ERG agrees believes that ITT
analysis was used for the time-to-event outcomes. Although not explicitly stated it appears,
from CS Appendix sections D.3.2.10 and D.3.2.11 that and HRQoL outcomes were also
analysed using the ITT population (this is discussed further below in the context of the handling
of missing data).
The response-evaluable population is defined as trial participants who have a confirmed
diagnosis of multiple myeloma and measurable disease (defined in CS Table 6) at baseline or
the screening visit, who received at least one administration of study drug, and who have had at
least one post-baseline disease assessment (CS section B.2.4.1). The analyses of the major
secondary endpoints of ORR, rate of VGPR or better and the duration of and time to response
outcomes are based on the response-evaluable population.
The safety population is not defined in the CS but the Statistical Analysis Plan27 states that the
safety population comprised participants who received at least one administration of any study
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treatment (partial or complete). Safety analysis grouping was according to treatment actually
received.

Censoring and missing data
Censoring rules were the same for PFS and TTP and these are presented in (CS Table 10):
- if subsequent anticancer therapies for MM were started without disease progression,
participants were censored at the last disease assessment before the start of subsequent
therapies.
- if patients withdrew consent before disease progression they were censored at the last
disease assessment before withdrawal of consent.
- if patients were lost to follow-up they were censored at the last disease assessment before
being lost to follow-up
- if disease progression had not occurred and the patient was still alive at the cut-off date for
assessment they were censored at the last disease assessment
- if the patient had no post-baseline disease assessment they were censored at randomisation.
For OS, data were censored at the date the subject was last known to be alive if vital status was
unknown or the patient was alive at the time of data analysis.
The CS states that, unless otherwise specified, no data imputation has been applied for missing
safety and efficacy evaluations, and the CS does not mention imputation further. However,
HRQoL results presented in CS Appendix D Tables 28 and 29 appear to have incorporated
imputation for missing data under a missing at random assumption (the table captions refer to
the analysis being by ITT and with data missing at random, which implies the missing values
must have been imputed), but no method of imputation is described. In response to a
clarification request the company has provided sensitivity analyses based on multiple imputation
for EORTC QLC-C30 scores (clarification A22b) and for EQ-5D scores (clarification A23b) to
test the assumption that these HRQoL data were missing at random. However, the clarification
response does not explain the base case imputation approach used to derive the HRQoL
results reported in CS Appendix D Tables 28 and 29. Furthermore, the description of the
sensitivity analyses in the clarification responses is superficial and a clear rationale for the
choice of the sensitivity analysis scenario is not given. We agree that multiple imputation may
reduce the risk of bias compared to a complete-cases analysis, but this depends on the amount
of data missing, the reasons for the data being missing, and on the use of an appropriate
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analysis method.28 We also agree that sensitivity analysis on the missing at random assumption
is good practice. Ideally, a multiple imputation analysis should report the number of
observations which are missing in each study group, the reasons why the data are missing, any
differences in the characteristics of missing and non-missing subjects, and a comparison of the
results of the multiple imputation against a complete cases analysis.28 29 This information is
either not provided, or unclear, in the CS and clarification responses. The ERG is therefore
uncertain whether the analyses of HRQoL presented by the company in CS Appendix sections
D.3.2.10 and D.3.2.11 account appropriately for the missing data and, hence, whether they are
unbiased.

Adjustment of OS in consideration of post-progression therapies not available in England.
As described earlier (cross ref to appropriate section) the CASTOR trial was an international
trial but there were no trial centres in the UK. Therefore some participants in the trial received
treatments, after disease-progression, that they would not have had access to if they had been
located in England. Additionally, because patients in the Bd arm experienced earlier disease
progression than patients in the DBd arm a higher proportion of Bd treated patients received
post-progression therapies (43% Bd versus 17% DBd).
A number of adjustment methods are available that aim to reduce the bias that can be
introduced to the effect estimate for OS by treatment switching in cancer trials. These have
been reviewed in NICE Technical Support Document 16.30 We note that treatment switching of
interest in cancer trials is often specifically from a control arm to an active treatment arm30
whereas the company’s current application of an adjustment method adjusts for switching in
both active treatment arms (i.e. DBd and Bd) to address the problem that some patients in each
arm received a post-progression therapy unavailable in England.
The method used for adjustment by the company is the Inverse Probability of Censoring
Weights (IPCW), as described in CS Appendix D.3.2.14. The IPCW method is one of four
possible “complex” adjustment approaches that could be used to adjust for treatment switching,
each of which has different strengths and limitations.30 The company justifies their selection of
IPCW on the grounds that the three other approaches [Rank Preserving Structure Failure Time
Models (RPSFTM), Iterative Parameter Estimation (IPE), and Two-stage methods] would not be
suitable for use in this case, for several reasons which are clearly stated in CS Appendix section
D.3.2.14.1 and are consistent with criteria suggested by the NICE Technical Support
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Document.30 The ERG agrees with the company’s choice of the IPCW methods to adjust for
treatment switching and we note that the IPCW method has been applied to adjust for switching
from a control arm to an active treatment arm in NICE appraisals TA215, TA377 and TA432.
The IPCW method as applied by the company involves censoring those patients who switched
to a post-progression treatment that would not have been available in England, at the point of
the switch. However, this censoring is potentially informative (i.e. the patients whose data are
censored may differ from other patients in an informative way). To address this, the
observations from the remaining patients (i.e. those who switched to a post-progression
treatment that could be received in England and those who had not yet switched) are weighted
such that they effectively account for the patients with similar characteristics who have been
censored. The aim of the weighting is to remove any censoring-related selection bias. We
assume that patients who had not yet experienced disease progression or who had not yet
started a post-progression therapy would not have been weighted to account for any censored
patients, given that their prognostic characteristics would be different, although this is not
explicit in the CS. The weights have not been provided in the submission and therefore we have
not been able to check their plausibility.
The main steps of the IPCW adjustment method were: reformatting of individual patient data
from the CASTOR trial to create panel data (one record per individual per time interval);
estimation of the time-dependent weights using two logistic regression models; and then
running Cox regression analyses on the censored panel data to estimate the IPCW hazard ratio
for OS. The estimation of the weights for the IPCW is described briefly in CS Appendix
D.3.2.14.2, and CS Appendix D Table 34 lists 17 baseline covariates and 12 time varying
covariates which were used in the two logistic regression models that estimated the probability
of each patient switching. Although the methods reported by the company appear generally
appropriate, the description of the methods is rather brief and general, and no examples of the
input/output data at each of the analysis steps have been provided. The ERG is therefore
unable to comment on whether the methods have been applied correctly.
In common with other statistical methods of adjustment, the IPCW method involves some
assumptions and has some limitations.30 A key assumption for the IPCW method is that there
are no unmeasured confounders. The CS states that the validity of the IPCW method relies on
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this assumption and states that baseline characteristics and time varying covariates were
identified from data collected in the trial and from expert clinical opinion.
For logistic regression model 1 the full model included all the baseline and time-varying
covariates listed in CS Appendix D Table 34. A reduced model 1 was derived using a stepwise
variable selection method with a significance level of 15%. This stepwise variable selection
method is described in more detail in the response to clarification question A19. The ERG
believes that the IPCW-adjusted hazard ratios for OS were obtained from a final reduced model
which included just two covariates (baseline ISS staging and race, p.74 of CS appendix D).
Although not explicitly stated in the CS, we assume that the other variables in the model were
deleted because they had not produced an F statistic at the predefined significance level of 15%
(as described in the response to clarification question A19). We consider that it is highly likely
that there are unmeasured confounders.

Subgroups
Subgroup analyses are reported in CS section B.2.7. However, it should be noted that the CS
focuses on the subgroup of 2L patients and hence only the results for this subgroup are
reported in the main body of the CS. Subgroups based on the number of previous lines of
therapy are listed in the NICE scope under ‘Other considerations’. Outcomes from other
subgroup analyses are reported in CS Appendix E.
Pre-planned subgroup analyses were conducted for the outcomes of PFS, TTP, ORR and rate
of VGPR or better. Analysis of OS by subgroup is not planned until final analysis, but an
analysis based on the data from the 26.9 month median follow-up is presented for 2L patients
as per the company’s decision problem. A subgroup analysis of data for 2L patients is also
presented in CS Section 2.7.7 for the post-hoc TTD outcome which informs the economic
model.
Three of the subgroups were randomisation stratification factors in the CASTOR trial. These
were ISS disease stage (stage I, II, or II), the number of previous lines of therapy (1 vs. 2 or 3
vs. >3), and previous treatment with bortezomib (no vs. yes).
In response to clarification question A25 the company confirmed that type 1 error rate was not
controlled for in subgroup analyses.
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Summary the company’s approach to trial statistics
In summary, the statistical procedures used in the CASTOR trial are clearly reported in the CS
or in the cited Statistical Analysis Plan and are appropriate for the evaluation of a cancer
treatment. The randomised sample size is adequate and the ITT population is appropriately
defined and used for the efficacy analyses. However the ERG notes that the CS presents
evidence from an interim analysis with median follow-up of 26.9 months. The IPCW method
used for adjusting for bias in treatment switching appears appropriate (subject to the
assumption that there are no unmeasured confounders being met) and has been adequately
justified by the company; however, the method is reported rather generally and does not provide
sufficient information for the ERG to be certain that the methods were applied correctly.

3.1.7 Description and critique of the company’s approach to the evidence
synthesis
A narrative review of the evidence from the CASTOR18 RCT is presented in CS Section B.2. As
there was only one RCT of DBd versus Bd there is no direct meta-analysis.
There were no RCTs that compared DBd with the other possible comparators in 2L RRMM
patients, Cd or combination chemotherapy. The company therefore conducted an NMA to
perform an indirect treatment comparison. The company’s systematic review identified a further
two RCTs that were considered for inclusion in the NMA. One, the ENDEAVOR trial, compared
Cd versus Bd and the other, an RCT conducted by Phillips and colleagues1 compared the
chemotherapy regimens of vincristine, doxorubicin, and dexamethasone (VAd) versus
mitozantrone, vincristine and dexamethasone (MOD). The CS states that the combination
chemotherapy regimens examined by Phillips and colleagues1 are not currently used for the
treatment of RRMM (the study having been carried out between 1986 and 1992) and in the
absence of a common comparator, it was not feasible to connect this study to the other two
(CASTOR and ENDEAVOR) in the NMA. The ERG agrees with the exclusion of the Phillips
and colleagues study. Consequently NMA using a Bayesian framework was carried out to
enable a comparison to DBd versus Cd using the CASTOR and ENDEAVOR trials. The ERG
notes that the company’s search identified two trials of Bd vs cyclophosphamide + Bd which
were excluded by the company but not commented on; however the ERG agrees that neither of
these studies provided evidence that could have been included in the NMA.
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The NMA followed a Bayesian approach, as described by the company in CS Appendix D,
section D.3.3. With only two trials in the network a fixed-effect model was fitted which the ERG
agrees is appropriate.
CS B.2.9.1 states that “CASTOR and ENDEAVOR were considered sufficiently comparable for
analysis”. However, there are some key differences between the trials (Table 10) and the CS
does not explicitly state whether the assumption of similarity has been assessed. Therefore it is
not clear whether the assumption of similarity has been met.
Table 10 Comparative summary of key differences between trial methodologies
CASTOR
ENDEAVOR
Trial number
Eligibility criteria
for participants

1. Subject must have received
at least 1 prior line of therapy
with no upper limit
2. Excluded patients refractory
to bortezomib
3. Bortezomib administered
subcutaneous
4. Bd treatment duration limited
until disease progression,
unacceptable toxicity or up to
eight cycles

1. One to three previous treatments
2. Requirement for patients to have
a left ventricular ejection fraction
of at least 40%
3. Requirement for patients to have
creatinine clearance of at least 15
mL/min.
4. Bortezomib administered
intravenous or subcutaneous
5. Bd treatment duration limited until
disease progression or
unacceptable toxicity with no
upper limit on the number of
cycles

Participant
characteristics

5. 66% of patients with prior
exposure to bortezomib

6. 54% patients with prior exposure
to bortezomib

Source: Reproduction of CS Table 18 with minor amendments to formatting

Patient characteristics for the two trials are compared with key differences tabulated (Appendix
D.2.4 Table 17). The ERG has reorganised this table to aid comparison between the two trials
(Table 11) but notes that these characteristics are for the whole trial population, characteristics
for the 2L subgroup from both trials are not reported. The CS states (p.65) that baseline
characteristics were similar for age, sex, high cytogenetic risk, Eastern Cooperative Oncology
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Group (ECOG) performance status and ISS Stage. Differences in the patient eligibility criteria
regarding creatinine clearance and LVEF were not expected to have an impact on the
comparison of trials. The potential impact of differences in bortezomib administration is
described and the indirect comparison is conducted despite this. The company states these
differences are likely to overestimate the efficacy of DBd compared with Cd. For each
comparison only one trial was available and therefore issues of homogeneity and consistency
were not applicable in this case.
Table 11 Characteristics of participants in the studies across treatment groups
CASTOR (N=498)
ENDEAVOR (N=929)
DBd (N=251) Bd (N=247)

Cd (N=464) Bd (N=465)

Median age, years (range)

64.0 (30–88)

64.0 (33–
85)

65 (35–89)

65 (30–88)

Male sex, %

54.6%

59.5%

52%

49%

ECOG Performance Status

0: 42.4%

0: 47.0%

0: 48%

0: 50%

1: 52.5%

1: 45.3%

1: 45%

1: 44%

2: 5.2%

2: 7.7%

2: 7%

2: 6%

>2: 0%

>2: 0

ISS Stage

I: 39.0%
II: 37.5%
III: 23.5%

I: 38.9%
II: 40.5%
III: 20.6%

I: 44%
II–III: 56%

I: 44%
II–III: 56%

Median number of prior lines of
treatment (range)

2 (1–9)

2 (1–10)

2 (1-2)

2 (1-2)

Number of prior lines of treatment

1: 48.6%
2: 27.9%
3: 14.7%
>3: 8.8%

1: 45.7%
2: 30.0%
3: 13.0%
>3: 11.3%

1: 50%
2: 34%
3: 16%

1: 50%
2: 31%
3: 19%

Source: CS Appendix D Table 17

The company conducted a sensitivity analysis for their NMA (CS section B.2.9.5) for the
subgroup of 2LBN patients within the subgroup of 2L patients. This sensitivity analysis was
conducted because the NICE recommendation for Cd is in 2LBN patients only. For this
sensitivity analysis OS data from the CASTOR study were not adjusted for the use of postprogression therapies not available in England. Although not explicitly stated in the CS the ERG
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assumes that this is because data were not available to make a similar adjustment for the
ENDEAVOR study. The ERG agrees that it was appropriate to conduct this sensitivity analysis.
The ERG has used the indirect treatment comparison (ITC) software available from the
Canadian Agency for Drugs and Technologies in Health (CADTH)31 (which uses the Bucher
method and extensions of this method) as a rapid check of some of the company’s NMA
outcomes and we obtained almost identical results.

3.2

Summary statement of company’s approach

Table 12 provides the ERG’s quality assessment appraisal of the company’s systematic review
of clinical effectiveness. As the table shows, the systematic review meets four of the five criteria
of a good quality systematic review, and partly meets the remaining criterion. The CASTOR trial
is generally appropriately summarised in the CS, but we note that the HRQoL and AE results
are provided for the whole trial population rather than the 2L subgroup that is relevant to the
decision problem.
Table 12 Quality assessment (CRD criteria) of the company’s clinical effectiveness
review
CRD quality item
ERG comments
1. Are any inclusion/exclusion criteria
reported relating to the primary studies
which address the review question?

2. Is there evidence of a substantial effort
to search for all relevant research? i.e. all
studies identified
3. Is the validity of included studies
adequately assessed?

4. Is sufficient detail of the individual
studies presented?
5. Are the primary studies summarised
appropriately?

Version 1

Yes. Broad inclusion and exclusion criteria are reported, to
identify RCTs comparing the 2L therapies specified in the
NICE scope. Although the eligibility criteria are wider than the
decision problem (see section 3.1.2 of this report), they
address the company’s review questions about the efficacy
and safety of daratumumab and relevant comparators in
RCTs involving patients with RRMM.
Yes (please see section 3.1.1 of this report for our critique of
the company’s searches). A wide range of electronic
databases and other sources was searched.
Yes. The quality of the CASTOR trial was assessed using
standard NICE criteria (CS Section B.2.5.1). However, the
company only provided a one-word overall rating of
“moderate” quality for the ENDEAVOR trial, without
explaining how this was derived (CS Appendix D Section
D.3.4). The company subsequently provided on request a full
risk of bias assessment for ENDEAVOR (clarification
response A21).
Yes. Sufficient information is provided about the CASTOR
and ENDEAVOR trials’ methodology and statistical analyses.
Partly. Results of the studies are on the whole appropriately
summarised, but we note HRQoL and AE results are
provided for the whole trial population rather than for the 2L
subgroup relevant to the decision problem. The CS gives
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limited patient baseline characteristics from the ENDEAVOR
trial and does not provide baseline characteristics for the 2L
subgroups from either the CASTOR or ENDEAVOR trials
(patient characteristics of the whole ENDEAVOR trial
population and the 2L subgroup of the CASTOR trial
population were subsequently provided in clarification
responses A17 and A6). Patient characteristics for the 2L
subgroup in ENDEAVOR were not available.

The processes for inclusion and exclusion screening are detailed in CS Appendix D (Sections
D.1.2.1 and D.1.2.2). Two independent reviewers conducted title and abstract screening. One
reviewer conducted full text screening, with a second reviewer (not specified whether they were
independent) checking that excluded studies should have been excluded, and a third reviewer
was consulted if there were disagreements. Two independent reviewers conducted data
extraction (as is recommended in systematic reviewing32), with an additional final check of
extracted data (detailed in CS Appendix D, D.1.3).
Relevance of evidence to the company’s decision problem
We consider that the submitted evidence does not fully reflect the company’s decision problem.
This is because the decision problem focuses on 2L patients, whereas the CASTOR trial18
included patients with RRMM who had received at least one prior line of therapy (i.e. patients
receiving second and subsequent lines of therapy). Relevant data from the CASTOR trial for
the 2L population are only available in the CS through pre-specified subgroup analyses. This
approach means the statistical analyses are based on smaller sample sizes, which increases
uncertainty around the treatment effect estimate and lowers statistical power. The CS provides
results for 2L subgroup for some of the outcomes specified in the decision problem, but not for
HRQoL or AEs. The submitted evidence also does not reflect the NICE scope or the NHS
position, because 2L patients’ receipt of DBd and Bd in the CASTOR trial was not restricted by
the prior therapy they had received. That is, the trial included both bortezomib naïve and
experienced patients when NHS England guidance restricts use of bortezomib at 2L treatment
to bortezomib naïve patients.
Summary
Overall, the company’s systematic review is of a good quality, and there is a low risk of
systematic error based on the methods described in the CS. However, the submitted evidence
only addresses the company’s decision problem focus on 2L patients through subgroup
analyses that are at risk of being statistically under-powered. The evidence also does not fully
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reflect NICE’s final scope or clinical practice guidance in England, because the CASTOR trial
included both bortezomib experienced and naïve patients whereas bortezomib-based
treatments are only recommended for patients who have not received first-line bortezomibbased treatment.

3.3

Summary of submitted evidence

In this section the ERG focuses on the population that matches the decision problem (i.e. the
focus is on 2L patients) and the outcomes of the CASTOR trial presented in the CS that match
the decision problem and feed into the economic model (with cross-references provided to the
economic section of the ERG report). These outcomes are PFS, OS and TTD. CS data have
been supplemented with data from other sources (e.g. trial publications and clinical study
reports) if necessary. The outcomes from the NMA are also included in this section. AE data,
some of which feeds into the model, are presented in section 3.3.7 of this ERG report. EQ-5D5L data, which also feed into the model, are presented in section 3.3.5.
Outcomes presented in the CS that do not feed into the economic model are summarised in
section 3.3.4.

3.3.1 Summary of results for PFS (Primary endpoint)
The CS presents the PFS results for the CASTOR trial which was the primary outcome for this
trial (subgroup of 2L patients CS B.2.7.1 and whole trial CS B.2.6.1). The whole trial analysis
presented in the CS was undertaken when 362 progression events had occurred at a median
follow-up of 26.9 months (the power calculation is based on 295 PFS events). The proportion of
PFS events occurring in the DBd arm was lower than that in the Bd arm in for both the whole
trial and the subgroup of 2L patients which is the focus of the appraisal (Table 13 and Figure 1).
For 2L patients median PFS was approximately 18 months longer in the DBd arm than the Bd
arm. The improvement in PFS with DBd was statistically significant [HR = 0.23, 95% confidence
interval (CI) 0.16 to 0.33, p<0.0001].
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Table 13 PFS results for the CASTOR trial
Parameter
Subgroup of 2L patients
Events, n/N
(%)
Median PFS
(95% CI),
months
HR, (95% CI)

Total trial population

DBd (n=122)

Bd (n=113)

DBd (N=251)

Bd (N=247)

60/122 (49.2)

94/113 (83.2)

158/251 (62.9)

204/247 (82.6)

7.92 (6.77, 9.03)

16.72 (13.14, 19.38) 7.06 (6.21, 7.66)

0.23 (0.16, 0.33)

0.32 (0.25, 0.40)

p<0.0001

p<0.0001

26.22 (21.19,
NE)

p-value
Source: Parts of CS Table 13 and CS Table 15

Figure 1 Kaplan-Meier plot of PFS among 2L patients treated with DBd compared with Bd
in the CASTOR trial (median follow-up 26.9 months, CS Figure 14)
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As described earlier (ERG report section 3.1.7) the company conducted an indirect comparison
to compare DBd, with Bd and Cd. As shown in Table 14, for both the subgroup of 2L patients
and for the total trial population the hazard ratios were in favour of DBd and the probability that
DBd was the best treatment was 100%.
Table 14 NMA results for PFS
Comparison
Subgroup of 2L patients
HR (95% CrI)
DBd vs Bd
DBd vs Cd

Total trial population

Probabilitya HR (95% CrI)

0.21 (0.15, 0.30) 100%
0.47 (0.29, 0.75) 99.9%

Probabilitya

0.32 (0.25, 0.40) 100%
0.60 (0.45, 0.81) 100%

a Probability of DBd being better than the comparator
Source: CS Appendix D Table 37 and CS Appendix D Figure 23

The company conducted an NMA sensitivity analysis for the subgroup of 2LBN patients in
CASTOR and ENDEAVOR. In the CASTOR trial stratification factors at randomisation included
both number of prior lines of treatment (1 versus 2 or 3 versus >3) and prior treatment with
bortezomib (no versus yes). In the ENDEAVOR trial stratification factors included number of
prior lines of treatment (1 versus 2 or 3) but prior treatment with bortezomib was not a
stratification factor.19 Creating a subgroup of 2LBN patients involves breaking randomisation for
both trials. In the ERG’s view the stratification of CASTOR by prior lines of treatment and prior
treatment with bortezomib may lessen the impact of breaking randomisation. However, as the
ENDEAVOR trial was not stratified by prior treatment with bortezomib the risk of bias being
introduced between the trial arms may be greater for this trial.
Results of the sensitivity analysis are similar to the analyses of all 2L patients but the hazard
ratios are slightly higher (so slightly less advantage for DBd versus the comparator) and the
95% credible intervals (CrIs) wider (Table 15). The hazard ratios were in favour of DBd and in
comparison to both Bd and Cd, DBd has the greatest probability of being the better treatment.
However, for the comparison with Cd, the 95% CrI now crosses one.
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Table 15 NMA sensitivity analysis for PFS in 2L bortezomib naive patients
Probability of DBd being better than the
Comparison
HR (95% CrI)
comparator
DBd vs Bd
100%
0.23 (0.14, 0.38)
DBd vs Cd
97.2%
0.52 (0.27, 1.02)
Source: Part of CS Table 24

3.3.2 Summary of results for OS (secondary outcome)
OS is a secondary outcome of the CASTOR trial and the OS data are currently immature. The
final OS analysis will occur after 320 deaths have been observed whereas, at the analysis after
a median follow-up of 26.9 months there had been 179 deaths. As a consequence of the
immaturity of the data a median OS for either study arm of the subgroup of 2L patients is not yet
available (Table 16). It can be observed however that the proportion of deaths in the DBd arm
is lower than in the Bd arm (20.5% vs 35.4% respectively), and a statistically significant
difference between survival in the study arms in favour of DBd is reported (HR 0.50, 95% CI
0.30 to 0.84, p=0.008) (Table 16 and Figure 2). In the total trial population immaturity of the
data also precludes calculation of a median OS for the DBd arm. Although a difference in the
proportion of deaths in favour of the DBd group is reported (DBd 32.7% vs Bd 39.3%), as Table
16 shows, the improvement in OS for the total trial population is not statistically significant (HR
0.77, 95% CI 0.57 to 1.04, p=0.0884).
Table 16 OS results for the CASTOR trial
Parameter
Subgroup of 2L patients

Total trial population

DBd (n=122)

Bd (n=113)

DBd (N=251)

Bd (N=247)

Events, n/N (%)

25/122 (20.5)

40/113 (35.4)

82/251 (32.7)

97/247 (39.3)

Median OS

NE (NE, NE)

NE (28.85, NE)

NE (NE, NE)

31.18 (28.85,

(95% CI),

NE)

months
HR, (95% CI)

0.50 (0.30, 0.84)

0.77 (0.57, 1.04)

p=0.008

p=0.0884

p-value
NE: not estimable
Source: Parts of CS Table 13 and CS Table 15
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Figure 2 Kaplan-Meier plot of OS among 2L patients treated with DBd compared with Bd
in the CASTOR trial (median follow-up 26.9 months, CS Figure 16)
The CS states the indirect comparison to compare DBd, with Bd and Cd indicated that DBd had
the highest probability of being the best treatment (Table 17). However, the 95% CrIs for the
hazard ratios were wide and crossed 1 for DBd vs Cd in 2L patients, as well as DBd vs Bd and
DBd vs Cd in the total trial population. This reflects greater uncertainty about where the true HR
for OS lies, which is unsurprising given the immature nature of the OS data. The company do
not comment in detail on the OS NMA results but the ERG notes that for the DBd vs Cd
comparison in the subgroup of 2L patients the HR is 0.60 with a probability of DBd being the
best treatment of 95%, whereas in the total trial population the HR is close to 1.00 at 0.97 and
the probability of DBd being the best treatment has dropped to 55.8%.

Version 1

63

Confidential until published
Table 17 NMA results for OS
Comparison
Subgroup of 2L patients
HR (95% CrI)

Total trial population
a

Probability

HR (95% CrI)

Probabilitya

DBd vs Bd

0.50 (0.30, 0.84) 99.6%

0.77 (0.57, 1.04) 95.6%

DBd vs Cd

0.60 (0.33, 1.10) 95.0%

0.97 (0.68, 1.39) 55.8%

a Probability of DBd being better than the comparator
Source: Combines data from CS Appendix D Table 39 and CS Appendix D Figure 24

The company conducted an NMA sensitivity analysis for the subgroup of 2LBN patients in
CASTOR and ENDEAVOR in the same way as reported for PFS (Section 3.3.1).
Results of the OS sensitivity analysis are similar to the analyses of all 2L patients but, similarly
to the PFS sensitivity analysis, the hazard ratios are slightly higher (so slightly less advantage
for DBd versus the comparator) and the 95% CrIs wider (Table 18). The 95% CrI crosses 1 for
both the DBd vs Bd and the DBd vs Cd comparisons. Nevertheless the hazard ratios are in
favour of DBd and DBd has the greatest probability of being the better treatment.
Table 18 NMA sensitivity analysis for OS in 2L bortezomib naive patients
Probability of DBd being better
Comparison
HR (95% CrI)
than the comparator
DBd vs Bd
94.2%
0.53 (0.24, 1.17)
DBd vs Cd
76.8%
0.66 (0.22, 1.98)
Source: Part of CS Table 24

As described in CS Section B.2.5.2 some participants in the CASTOR trial received therapies
not available in the England when they experienced disease progression and started their next
line of therapy. To reduce bias in the effect estimate for OS caused by the use of therapies not
available in England and bias caused by the greater proportion of patients in the Bd arm of the
trial who received a post-progression therapy, the company adjusted the OS data using the
IPCW method. The effect of the adjustment was ***** in the HR for OS (*************************
****************** in comparison to the unadjusted value. In the subgroup of 2L patients the
adjusted HR is ***** (95% CI ****, ****) representing a *** reduction in the risk of death for the
DBd arm in comparison to the Bd arm (Table 19) whereas the unadjusted HR reported above
represents a 50% reduction in the risk of death for DBd versus Bd. In response to clarification
question A1 the company provided a Kaplan-Meier plot showing the observed and adjusted OS
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curves for 2L patients on the same plot (********). The OS estimate in the subgroup of 2L
patients adjusted for the use of subsequent therapies not available in England was used in the
base case of the economic model.
Table 19 OS adjusted for subsequent treatments not available in England for the
CASTOR trial
Subgroup of 2L patients
Total trial population
Parameter
DBd (n not

Bd (n not

DBd (N not

Bd (N not

reported)

reported)

reported)

reported)

HR (95% CI)

**** (****, ****)

**** (****, ****)

Source: CS sections B.2.6.9 and B.2.7.6

Source: clarification response A1

Figure 3 Kaplan-Meier plots of OS for observed and adjusted data in 2L patients treated
with DBd compared with Bd in the CASTOR trial (median follow-up 26.9 months)
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An NMA based on OS adjusted for therapies received after progression that are not available in
England could not be conducted because these data are not available from the ENDEAVOR
trial of Cd vs Bd.

3.3.3 Summary of results for time to treatment discontinuation (post-hoc
analysis)
TTD was a post-hoc analysis conducted at 26.9 months follow-up. It should be noted that Bd
treatment (either as part of DBd or as the comparator treatment) has a defined endpoint (after
eight 21-day cycles) whereas the daratumumab component of DBd was administered until
disease progression or unacceptable toxicity. In 2L patients the CS reports that DBd treatment
was associated with a 56% reduction in the risk of treatment discontinuation compared with Bd
(HR 0.44, 95% CI 0.26 to 0.76, p<0.0031) (Table 20 and Figure 4).
Table 20 TTD results for the CASTOR trial (post-hoc analysis)
Parameter
Subgroup of 2L patients
Total trial population
DBd (n=122)

Bd (n=113)

HR, (95% CI)
p-value. Data
from CSa
Events, n/N

DBd (N=251)

Bd (N=247)

0.44 (0.26, 0.76)

0.40 (0.29, 0.57)

p<0.0031

p= not reported

67/119

41/111

169/243

104/237

23.98

Not evaluable

13.37

5.91

(%)b
Median TTDb
(95% CI),
months
HR, (95% CI)b
p-value
a

The CS cites reference

6633

0.407 (0.240, 0.691)

0.385 (0.275, 0.540)

p = 0.0009

p < 0.0001

as the source of these TTD data but data in the cited reference are slightly

different and are shown in the bottom section of the table.
b Data

from the reference cited by the CS.33 Although not explicitly stated, from the number of patients

included in the analyses, the data in the reference appear to be from analyses of patients who received
the study treatment.
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Source: CS Figure 17

Figure 4 Kaplan-Meier plots for time to treatment discontinuation in 2L patients treated
with DBd compared with Bd in the CASTOR trial (median follow-up 26.9 months)
An indirect comparison to compare DBd with Cd could not be undertaken for the TTD outcome
because TTD was not reported for the ENDEAVOR RCT.

3.3.4 Summary of other secondary outcomes reported for the CASTOR trial
Secondary outcomes reported in the CS that were not used in the economic model were: MRDnegative rate; outcomes for response to treatment and duration of and time to response; time to
disease progression (TTP); use of subsequent treatment; time to subsequent anticancer
therapy; PFS on the subsequent line of therapy; best M-protein response; and best response to
first subsequent anticancer therapy (Table 22 and Table 23).

3.3.4.1 Minimal residual disease
A higher MRD-negative rate was apparent in the DBd group at the 26.9 month follow-up for both
the subgroup of 2L patients and the total trial population.
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Table 21 MRD-negative rate results for the CASTOR trial (at median 26.9 months followup)
MRD-negative
Subgroup of 2L patients
Total trial population
rate at 10-5
DBd (n=122)
Bd (n=113)
DBd (N=251)
Bd (N=247)
threshold
n/N
20/122
3/113
30/251
4/247
% MRD (95%
CI)

16.4 (10.3, 24.2)

OR (95% CI),
p-value from

2.7 (0.6, 7.6)

12.0 (8.2, 16.6)

1.6 (0.4, 4.1)

7.19 (2.07, 24.92)

8.25 (2.86, 23.78)

p = 0.00018

p = 0.000001

CS
Source: Parts of CS Tables 13 and 15

3.3.4.2 Response outcomes
ORR, sCR, CR and VGPR rates were in favour of DBd in the subgroup of 2L patients and in the
whole trial population. Among the subgroup of 2L patients a CR or better was obtained by 43%
of the DBd group in comparison to 15% of the Bd group (p<0.0001) and a VGPR or better by
77% of DBd group in comparison to 42% of the Bd group (p< 0.0001) (Table 22).
Table 22 Response rates results for the CASTOR trial at median follow-up 26.9 months
(response-evaluable population)1
Subgroup of 2L patients
Total trial population
Outcome
DBd (n=119) Bd (n=109)
DBd (n=240) Bd (n=234)
ORR (sCR + CR + VGPR +
PR), %

CR or better
(sCR + CR), %

91.6 (n=109)

74.3 (n=81)

OR, 3.60; 95% CI, 2.24, 5.81;

p < 0.0007

p < 0.0001

42.9 (n=51)

14.7 (n=16)

OR, 4.95; 95% CI, 2.38,
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76.5 (n=91)

30.0 (n=72)

9.8 (n=23)

OR, 4.67; 95% CI, 2.65, 8.25;
p <0.0001

p < 0.0001
(sCR + CR + VGPR), %

63.2 (n=148)

OR, 3.97; 95% CI, 1.74, 9.04;

10.27;
VGPR or better

84.6 (n=203)

42.2 (n=46)

62.9 (n=151)

29.1 (n=68)

OR 4.19; 95% CI, 2.33, 7.53;

OR, 4.94; 95% CI, 3.23, 7.55;

p < 0.0001

p <0.0001
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sCR, %

14.3

4.6

9.6 (n=23)

2.6 (n=6)

CR, %

28.6

10.1

20.4 (n=49)

7.3 (n=17)

VGPR

33.6

27.5

32.9 (n=79)

19.2 (n=45)

PR, %

15.1

32.1

21.7 (n=52)

34.2 (n=80)

87.5 (n=210)

71.8 (n=168)

% of patients achieving
clinical benefit (ORR +
minimal response), %

No analysis of this outcome in
this subgroup is presented

Source: CS Tables 13 and 15; CS Figure 15; and CS Appendix D Table 21
1Results from the intention-to-treat analyses of these outcomes are reported in CS Appendix D Section
D.3.2.4 for the whole trial population. Intention-to-treat analysis results for the 2L patient subgroup are not
reported in the CS or CS appendices. Therefore, we have presented the results for the responseevaluable population here. Results for the response-evaluable and ITT populations are comparable (CS
Appendix D.3.2.4).

Median time to disease progression was almost 20 months longer in the DBd group (27.63
months versus 8.02 months in the Bd group; HR 0.21, 95% CI 0.15 to 0.32), p<0.0001) (Table
23).
Table 23 TTP for the CASTOR trial at median follow-up 26.9 months
Parameter
Subgroup of 2L patients
Total trial population
DBd

Bd

DBd

Bd

n/N (%)

56/122 (45.9)

88/113 (77.9)

137/251 (54.6)

192/247 (77.7)

Median months

27.63 (22.11, not

(95% CI)

evaluable)

HR (95% CI),
p-value

8.02 (7.23, 9.69)

0.21 (0.15, 0.32), p<0.0001

18.60 (15.80,
21.19)

7.23 (6.41, 8.02)

0.27 (0.21, 0.35), p<0.0001

Source: Parts of CS Table 13 and CS Table 15

Outcomes where data were not presented separately for the subgroup of 2L patients have not
been included in this ERG report (DOR, time to response, time to subsequent anticancer
therapy, PFS on the subsequent line of therapy, best M-protein response in serum, best Mprotein response in urine, best response to first subsequent anticancer therapy).

3.3.5 Summary of Health related quality of life
Health-related quality of life outcomes were not reported separately for the subgroup of 2L
patients which is the focus of the company’s decision problem. However, for the total trial
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population the company states that baseline values for the EQ-5D-5L utility score and VAS
score were comparable for the DBd and Bd groups with no significant differences over time for
“most time points” (CS B.2.6.13). Similarly for the EORTC-QLQ-C30 measure, baseline values
for all subscales were comparable for the DBd and Bd groups and there was no significant
difference between the two groups at any time point.
Additional information on HRQoL data from CASTOR as used in the economic model can be
found in ERG report section 4.3.5.

3.3.6 Sub-group analyses results
The CS decision problem already focuses on the subgroup of 2L patients within the CASTOR
trial and results for this subgroup have been presented in the sections above. As stated in
Section 3.1.6 of this report, subgroup analyses of the whole trial population were pre-planned
and conducted for the outcomes of PFS, TTP, ORR and rate of VGPR or better and results of
these analyses are reported in CS Appendix E. The subgroups covered a range of 15
demographic, clinical and risk variables (16 for PFS), including the number of prior lines of
therapy and prior bortezomib treatment.
As can be observed from CS Appendix E Figures 1 to 5 some of the subgroups were small and
consequently had wide 95% CIs which in some cases cross the line of no effect in the forest
plots. Overall, however, a consistent effect is seen in favour of DBd across the subgroups
tested.
In particular data are presented for the subgroups of patients who had not received prior
bortezomib treatment (only patients who have not received prior bortezomib are currently
eligible for treatment with Bd or Cd as a 2L therapy) (Table 24). As Table 24 shows, the results
consistently favoured DBd across the outcomes presented for this subgroup. The CS does not
present data for PFS, TTP, ORR or VGPR or better for 2LBN patients (such data would
effectively be subgroup analyses of the existing 2L patient subgroup from CASTOR), aside from
the NMA sensitivity analysis for PFS (ERG report section 3.3.1) and OS (ERG report section
3.3.2).
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Table 24 Subgroup analyses by prior bortezomib therapy
Outcome
Prior
DBd (N=251)
Bd (N=247)
bortezomib

Event/N Median

Event/N Median

(95% CI)
Yes
PFS

116/162

12.1

Hazard Ratio
(95% CI)

(95% CI)
135/164

6.7

0.34 (0.26,
0.45)

No

42/89

27.6

69/83

7.5

0.28 (0.18,
0.43)

Yes
TTP

101/162

13.9 (11.5,

126/164

17.8)
No

36/89

30.6 (23.2,

66/83

NE)
Outcome
ORR

Prior

DBd (N=240)

0.29 (0.22,

8.1)

0.40)

7.5 (6.1,

0.24 (0.15,

9.4)

0.37)

Bd (N=234)

Odds Ratio

bortezomib

n/N

% (95% CI)

n/N

% (95% CI)

(95% CI)

Yes

125/154

81.2 (74.1,

91/153

59.5 (51.3,

3.23 (1.86,

67.3)

5.63)

70.4 (59.2,

4.72 (1.85,

80.0)

12.04)

22.2 (15.9,

4.89 (2.89,

29.6)

8.27)

42.0 (31.1,

4.90 (2.39,

53.5)

10.03)

87.0)
No

78/86

90.7 (82.5,

57/81

95.9)
VGPR or

7.1 (6.2,

Yes

86/154

better

55.8 (47.6,

34/153

63.8)
No

65/86

75.6 (65.1,
84.2)

34/81

Source: CS Appendix E

In addition to the pre-planned subgroup analyses reported above, the CS also reports on the
MRD-negative rate in patients defined as high-risk [having at least one high-risk cytogenetic
abnormality including del17p, t(4:14) or t(14:16)]. It is presumed that this is a post-hoc
subgroup analysis. MRD-negativity in the subgroup of high-risk patients only occurred in the
DBd arm of the trial (18.2% at the 10-5 threshold).
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3.3.7 Summary of adverse events
The CS presents an overview of the treatment-emergent AEs (TEAEs) for the safety population
at the median 26.9 month follow-up. The majority of patients had experienced at least one
TEAE (DBd 99.2%, Bd 95.4%) (Table 25). The proportions of TEAEs leading to discontinuation
or to death were similar between the trial arms but a greater proportion of participants in the
DBd arm experienced Grade 3/4 TEAEs and serious TEAEs. The CS does not indicate what
types of TEAEs resulted in discontinuation or death.
Table 25 Summary of TEAEs at median 26.9 months of follow-up (CASTOR safety
population).
DBd (n=243)
Bd (n=237)
Any TEAE, n (%)

241 (99.2)

226 (95.4)

Grade 3/4 TEAE, n (%)

197 (81.1)

149 (62.9)

Serious TEAE, n (%)

123 (50.6)

81 (34.2)

TEAE leading to discontinuation, n (%)

23 (9.5)

22 (9.3)

TEAEs leading to death, n (%)

15 (6.2)

14 (5.9)

Source: Data reproduced from CS Table 25

The most frequently reported TEAEs (≥20%) are presented in Table 26. A more detailed
summary of TEAEs is provided in CS Table 26.
Table 26 Most frequently reported TEAEs
TEAEs (≥20%)
DBd (n=243) Bd (n=237)
Common haematologic AEs
Thrombocytopenia, n (%)

60%

44%

Anaemia, n (%)

28%

32%

Peripheral sensory neuropathy, n (%)

50%

38%

Fatigue, n (%)

22%

25%

Cough, n (%)

28%

Diarrhoea, n (%)

35%

Constipation, n (%)

22%

Common nonhaematologic AEs

22%

Upper respiratory tract infection, n (%) 33%
Back pain, n (%)

20%

Source: This is a modified and reduced version of CS Table 26
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The clinical experts consulted by the ERG indicated that the toxicity risks differed between DBd,
Bd, and Cd (the latter not part of the CASTOR trial but included in the NMA). One expert
highlighted the risk of infusion related reaction and cytopenia for DBd whereas for Cd risks were
cardiac, pulmonary and renal. The other expert also highlighted cardiac AEs as a particular
concern for carfilzomib but stated daratumumab is relatively well tolerated as is subcutaneously
administerd bortezomib.
Infusion-related reactions (a commonly expected AE) were not reported separately in the IA2
data cut on which the CS is based. However data on IRRs are available from the median 7.4
months follow-up. The company state these data are likely to be representative of all the IRRs
expected to be observed because the vast majority of IRRs occurred on day 1 of the first
infusion of daratumumab (Table 27). Note that in the CASTOR trial bortezomib was delivered
subcutaneously and therefore data on IRRs only applies to the DBd arm who received
daratumumab by intravenous infusion.
Table 27 Infusion-related reactions at 7.4 months follow-up
DBd
(n=243)
All grades

Grade 3

Total number of participants with infusion related reactions, n
(%)

110 (45.3%)

21 (8.6%)

Number of subjects with IRRs in more than one infusion

4 (1.6%)

1 (0.4%)

Number of subjects with IRR at first infusion

108 (44.4%)

Not
reported

Number of subjects with IRR at second infusion

2 (0.8%)

Not
reported

Number of subjects with IRR at subsequent infusion

4 (1.7%)

Not
reported

Source: Data from Tables 6 and 7 provided in response to clarification question A9

The company indicated in response to clarification question A10 that no new safety signals
were identified from their systematic literature review for AE data from non-randomised studies
which is reported in CS Appendix F (with further data presented in the response to clarification
question A10).
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3.4

Summary

The company’s decision problem defines a population narrower than that described in the NICE
scope for this appraisal because it is limited to adults with RRMM who had received only one
previous treatment (i.e. 2L patients). In contrast the NICE scope allows for patients who have
received two or more prior therapies (at third-line and beyond). In other respects (intervention,
comparators, and outcomes) the company’s decision problem meets the NICE scope, albeit
with comparators limited to those relevant to 2L patients. However two of the three comparators
for 2L treatment, bortezomib-based therapy and Cd, are only available for use in current clinical
practice for patients who are bortezomib naive. The company does not distinguish between
2LBN and 2L bortezomib-experienced patients in their decision problem.
The systematic review of clinical effectiveness evidence in the CS includes one RCT of DBd
versus Bd (CASTOR). CASTOR is an open-label trial that enrolled patients who had received
at least one prior line of therapy (with no upper limit). Therefore only a proportion of the
CASTOR trial (47.2%) are 2L patients relevant to the company’s decision problem.
The CASTOR RCT was judged in the CS to be of moderate methodological quality (CS
Appendix D section D.3.4). Overall, CASTOR appears to have been well conducted. The
clinical efficacy outcomes reported in the CS that contribute data to the economic model are
PFS, OS, TTD, some AE data and HRQoL data. The results presented come from an interim
analysis with a median follow-up of 26.9 months. The CS also reports outcomes that do not
contribute to the economic model which have been summarised in the ERG report.
There is no direct evidence comparing DBd when used as a 2L therapy to any of the 2L
comparators listed in the NICE scope and included in the company’s decision problem (i.e.
bortezomib-based therapy other than Bd, Cd and combination chemotherapy). Therefore the
company searched for evidence to include in an NMA. The evidence identified for combination
chemotherapy (one trial) could not be connected to the network and involved chemotherapy
regimens not used in current practice. The ENDEAVOR trial was identified which provides
evidence on Cd vs Bd and this was included in the network (which in essence is a simple
indirect comparison of two RCTs, DBd vs Bd vs CD), to allow indirect comparison of DBd vs Cd.
The ENDEAVOR trial contributing data to the NMA was judged by the company to be of
moderate methodological quality.
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With only two trials included in the NMA, a fixed-effect NMA using a Bayesian framework was
carried out. For the subgroup of 2L patients, outcomes assessed by NMA were PFS, OS, ORR,
VGPR or better, and CR or better. NMA sensitivity analyses were conducted for the subgroup
of 2LBN patients for the outcomes of PFS and OS only.
PFS was the primary outcome of the CASTOR trial and a statistically significant benefit was
observed for 2L patients in the DBd group where median PFS was approximately 18 months
longer than in the Bd group (median PFS DBd 26.22 months versus Bd 7.92 months, HR =
0.23, 95% CI 0.16 to 0.33, p <0.0001). The hazard ratios from the fixed-effect NMA for 2L
patients were in favour of DBd versus both Bd and Cd with a reported 100% probability that
DBd was the best treatment. The NMA sensitivity analysis for 2LBN patients produced similar
results but with slightly higher hazard ratios and wider 95% CrIs such that the 95% CrI for the
DBd vs Cd hazard ratio crossed one (DBd vs Bd HR 0.23 95% CrI 0.14 , 0.38; DBd vs Cd HR
0.52 95% CrI 0.27, 1.02).
OS is a secondary outcome of the CASTOR trial but the data are immature and median survival
has not yet been reached. Among 2L patients there is a difference in the proportion of deaths in
favour of DBd (DBd 20.5% vs Bd 35.4%) which is statistically significant (HR 0.50, 95% CI 0.30,
0.84; p=0.008). The fixed-effect NMA in 2L patients indicated that DBd had the highest
probability of being the best treatment (99.6% vs Bd and 95.0% vs Cd) but the DBd vs Cd 95%
CrI crossed one. The NMA sensitivity analysis for 2LBN patients also indicated DBd had a high
probability of being the best treatment but the 95% CrIs for both comparisons (DBd vs Bd and
DBd vs Cd) crossed one (DBd vs Bd HR 0.53 95% CrI 0.24 , 1.17; DBd vs Cd HR 0.66 95% CrI
0.22, 1.98).
After disease progression, some participants in the CASTOR trial received a therapy not
available in England. Furthermore, at the data analysis point more participants in the Bd arm
than in the DBd arm had progressed. These factors could have introduced bias into the OS
estimate. To reduce any bias the company adjusted the OS data using the IPCW method which
involves censoring those patients who received a post-progression therapy that would not be
available in England and weighting outcomes from the remaining patients with similar
characteristics to account for the patients who have been censored. In the adjusted OS
analysis for the subgroup of 2L patients there was a **** reduction in the risk of death for the
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DBd arm in comparison to the Bd arm whereas the unadjusted value was a 50% reduction in
the risk of death. The adjusted OS value is used in the base-case of the economic model.
TTD data contribute to the economic model and come from a post-hoc analysis. DBd was
associated with a 56% reduction the risk of treatment discontinuation at the median 26.9 months
of follow-up compared with Bd. Bd has a maximum treatment duration (eight 21-day cycles)
whereas the daratumumab component of DBd can be administered until disease progression
(or unacceptable toxicity).
Other clinical efficacy outcome reported in the CS (MRD, response, duration of and time to
response, TTP, best M-protein response, time to subsequent anticancer therapy, PFS on the
subsequent line of therapy, and best response to first subsequent anticancer therapy) were not
all reported separately for the subgroup of 2L patients. However, for those that were (MRD,
response, and TTP) results were in favour of the DBd group.
HRQoL outcomes (EORTC-QLQ-C30) and EQ-5D-5L) were not reported separately for the
subgroup of 2L patients. In the total trial population there was no significant difference between
the two groups at any time point (from baseline to week 24).
The subgroup of 2L patients is the focus of the company’s decision problem population but
other subgroup analyses of the CASTOR trial were pre-planned and conducted for four
outcomes (PFS, TTP, ORR and rate of VGPR or better). Included in the subgroup analysis of
the whole CASTOR trial data were the subgroups of BN and bortezomib-experienced patients.
Outcomes favoured the DBd treated group in both subgroups with results being numerically
better in the BN subgroup than the bortezomib experienced subgroup for all four outcomes. It is
not clear to the ERG whether in the subgroup of 2L patients, the patients who are bortezomib
naive would have better outcomes than those who are bortezomib experienced (the NMA
sensitivity analysis demonstrated slightly less favourable results in the bortezomib naive group
in comparison to all 2L patients). Across all the other subgroups tested a consistent effect
favour of DBd is observed.
TEAEs are summarised and although there are some differences in the types of TEAEs
experienced and the proportions of patients experiencing them in the DBd and Bd groups the
company states that no new safety signals were identified from their systematic review of AE
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data. Data on eight AEs (neutropenia, anaemia, thrombocytopenia, lymphopenia, pneumonia,
fatigue, peripheral neuropathy and hypertension) which occurred in at least 5% of the patients in
either arm of CASTOR as a grade 3 event or higher were included in the economic model.
Overall, the ERG has identified the following key limitations of the evidence presented in the
CS:


Interim trial data are presented and the OS data are currently immature.



No trials directly comparing DBd with Cd were identified, so only an indirect comparison
was possible through an NMA containing two trials.



Limited evidence was presented for the subgroup of 2LBN patients; the group eligible to
receive Cd and bortezomib-based treatment at 2L. The company states they are
positioning DBd for the treatment of both 2LBN and 2L bortezomib-experienced patients.



We considered the 2L subgroup results to be at an unclear risk of selection bias. A
greater proportion of patients in the BD arm received prior lenalidomide and were
refractory to their previous treatment than in the DBd arm at baseline. We were unclear if
the differences observed would bias the results, as our clinical experts advised that the
differences were unlikely to be important, yet the company stated in the CS that these
are prognostic factors.



The CASTOR trial patient eligibility criteria do not fully reflect the 2L patients seen in
clinical practice in England, as they excluded the following two patient groups: one,
patients who had been refractory to prior treatment with a non-proteasome inhibitor; and,
two, patients with non-secretory myeloma. Both these groups form a minority of the
patients treated in practice.
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4 COST EFFECTIVENESS
4.1

Overview of company’s economic evaluation

The company’s submission to NICE includes:
i)

a review of published economic studies and full economic evaluations of treatments for
patients with RRMM (CS B.3.1 and Appendix G).

ii) a report of an economic evaluation undertaken for the NICE STA process. The cost
effectiveness of DBd is compared with Bd and Cd for patients with one prior treatment
for RRMM (CS B.3.2).

4.2

Review of published economic evaluations

4.2.1 Critique of company review
See section 3.1.1 of this report for discussion of the company’s search strategy, including their
search for published cost-effectiveness evidence. We consider that the search was welldocumented and comprehensive. However, as it only included papers published before 22
August 2017, we updated the search.
The inclusion and exclusion criteria for the company’s systematic review are listed in Table 10 in
Appendix G of the CS, page 15. The inclusion criteria state that economic studies and full
economic evaluations of pharmacological treatments under investigation, other licensed
pharmacological treatments and standard of care/best supportive care were included. Table 10
reports that studies indexed before March 2005, not relevant to the UK perspective, not
reporting QALY or ICER data that could be extracted and abstracts from conferences other than
those in the grey literature search were excluded. In addition, it is stated in the text that articles
based on expert opinion, commentary, letters, editorials, reviews, studies with no abstracts or
articles written in a language other than English were excluded.
59 studies were identified by the company from screening 151 titles and abstracts. Of these 57
studies were excluded, mainly because they did not report a study design (n=25) or outcomes
(n=8) of interest, or that they were not relevant to the UK perspective (n=14). Results from the
14 studies judged not relevant to the UK perspective are summarised in Table 13 of CS
Appendix G.34-48 The ERG agrees that these 14 publications are not directly relevant to the UK
NHS, although we cannot verify the appropriateness of the other exclusions as the references
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are not provided in the CS. One of the publications excluded as not relevant to the UK
perspective - an abstract by Carlson et al. (2017) – reports a cost-utility analysis of treatments
for RRMM that is relevant to the current decision problem.45
The PRISMA diagram (Figure 1 on page 17 of Appendix G) shows that 2 publications were
included in the review: 1 primary and 1 secondary publication. The secondary publication is not
cited or discussed further. The primary paper (Brown et al. 2013)46 related to a UK cost-utility
analysis that used a discrete event simulation model to evaluate a combination of lenalidomide
and dexamethasone (Ld) compared with dexamethasone alone in patients with MM after failure
of first-line therapy (Table 12, CS Appendix G, page 20). We agree with the company’s
conclusion that the technologies in this study are not relevant to the decision problem.

4.2.2 ERG update of review
The ERG update search found two publications relevant to the decision problem:


Carlson et al. 2018.2 This is a full report of an abstract excluded by the company, and
relates to a 2016 health technology assessment prepared by the Institute for Clinical and
Economic Review (ICER) for the Midwest Comparative Effectiveness Public Advisory
Council (Midwest CEPAC).49 The 2016 ICER report did not include DBd, due to a lack of
evidence at the time, but the Carlson et al. 2018 paper does.



An abstract by Maiese et al.38 reporting a cost-effectiveness analysis based on CASTOR
data. The analysis was funded by Janssen.

Both of these analyses used a US perspective, so the costs and ICERs are not relevant for the
UK. However, the model methods, input parameters and health outcomes provide a useful
cross-check for the face validity of the company’s economic analysis. Models developed for
previous NICE appraisals for RRMM also provide a useful comparison for the company’s
submitted model. The CS includes an overview of methods and results from appraisals (CS
section B.3.2.2.1 Table 29, pages 87 to 90). Analyses conducted for the recent NICE appraisal
for Carfilzomib (TA457)16 are particularly relevant, as they assess the cost-effectiveness of the
two comparators Cd and Bd in the subgroup of interest (MM patients who have had one
previous therapy, not including bortezomib). We present a brief summary of the Carlson, Maiese
and NICE TA Carfilzomib models here and then compare with the company’s results in our
validation section (Section 4.4.1 of this report).
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Carlson et al. (2018) cost-effectiveness analysis
Carlson et al.2 compared the cost-effectiveness of treatments for RRMM: seven treatments at
second-line, including DBd and Bd (but not Cd); and eight treatments at third-line. They used
partitioned survival model with three health states: progression-free survival (PFS); progressed
disease (PD); and death. The PFS state was divided into ‘on’ and ‘off’ treatment stages, and
costs for subsequent treatments in the PD state were included. The analysis used a 1-week
model cycle, a lifetime horizon and a 3% discount rate for costs and health outcomes, with a
half-cycle correction. Costs were estimated from a health sector perspective in 2016 US dollars.
Second-line health utilities were based on estimates submitted to ICER by Amgen, derived from
analysis of the ASPIRE trial: 0.82 (0.78 to 0.88) for PFS on treatment; 0.84 (0.82 to 0.97) for
PFS off treatment; and 0.65 (0.62 to 0.74) for PD. A disutility of 0.08 (0.07 to 0.08) was used for
adverse events, based on NICE TA42750).
PFS was modelled by fitting parametric survival curves to KM data for a baseline comparator,
Ld in second and third line settings and then applying HRs for other treatments compared with
Ld from an NMA. The Weibull distribution was selected for the Ld base case curve, based on
measures of model fit and face-validity of the extrapolations. Although the authors preferred a
random-effects NMA model, they had to use fixed-effects to obtain the statistically significant
results observed in the trials, because the network relied mainly on single-study connections.
The method of Ouwens et al.51 was used to test whether the proportional hazards assumption
was violated for NMA results. For the trials including daratumumab in the NMA (CASTOR18 and
POLLUX52), results for the whole trial populations were used, as sub-group analyses for second
and third line treatment were not available. This means that results for DBd at second-line are
conservative and of limited use for comparison with the results from the company model
described below.
Due to the lack of OS data for some comparisons and susceptibility to bias from treatment
crossover and differences in subsequent treatments, OS curves were derived using an
estimated relationship between OS and PFS. This was based on a meta-regression by Felix et
al. 201353 (see section 4.4.1 below for our critique of methods to estimate OS from PFS). Felix
et al. reported an increase in median OS of 2.45 months (95% CI 1.71 to 3.20) for every 1
month increase in median PFS. Carlson et al. used this result to approximate a HR for OS
compared with PFS of 0.41 (1/2.45), which they applied to the fitted PFS curves for each
treatment. This HR was varied in sensitivity analysis and tested in a scenario with an estimate of
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the OS/PFS relationship derived only the Carlson et al. review of RCTs for RRMM: 3.27 month
increase in median OS for each month increase in median PFS.
Maiese et al. cost-effectiveness study38
This analysis was based on CASTOR trial data. A decision analytic model was used to estimate
the cost-effectiveness of DBd compared with Bd for patients previously treated for MM and in a
subgroup of patients with only one prior treatment. The model follows a partitioned survival
approach, with three health states (PFS, PD and death). Parametric PFS curves were fitted to
individual patient data from CASTOR, with the Weibull reported as giving the best fit for the firstrelapse subgroup. OS was estimated from PFS using the surrogate relationship estimated by
Felix et al.53 as in the Carlson et al. study.2 Analysis was conducted over a lifetime horizon, with
a 3% annual discount rate applied to costs and outcomes. Utility data was taken from the
literature (source not cited).
Model submitted for NICE appraisal of carfilzomib (TA457)16
The model submitted to NICE for the appraisal of carfilzomib for previously treated MM included
an analysis focussed on the comparison of Cd with Bd for patients with one previous treatment,
not including bortezomib.16 This aligns with the scope in this current appraisal. The carfilzomib
model was also a partitioned survival model with PFS, PD and death states. It used parametric
PFS and OS curves fitted to ENDEAVOR trial data, with adjustment for the subgroup of interest.
The analysis followed NICE reference assumptions with an NHS and PSS perspective, 3.5%
annual discount rate for costs and effects, lifetime horizon (40 years), 28-day cycle with a half
cycle correction. The ERG who worked on the carfilzomib appraisal were critical of the
company’s original approach to survival modelling, utility estimation and assumption of ongoing
Bd treatment. After publication of an Appraisal Consultation Document, a new version of the
model was submitted following committee preferred assumptions:


Jointly-fitted Weibull models for PFS and OS (assumption of proportional hazards);



Bortezomib treatment limited to 8 3-week treatment cycles (24 weeks), with capping of
costs and adjustment of efficacy for the shorter duration of treatment than in the
ENDEAVOR trial;



Utility data mapped from EORTC quality of life observations from ENDEAVOR to EQ-5D
values, using the Proskorovsky et al. (2014) algorithm without adjustment for
treatment.54
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4.3

Critique of the company’s submitted economic evaluation

4.3.1 NICE reference case
Table 28 NICE reference case requirements
NICE reference case requirements:

Included? Comment
No

Model is restricted to second-line. It does
not address use of daratumumab at third or
fourth line, as in the scope.

Comparator: As listed in the scope

No

Combination chemotherapy not included.
Model includes patients with prior
bortezomib exposure, who are not currently
eligible for Bd or Cd.

Perspective on costs: NHS and PSS

Yes

Company specify NHS perspective. But
end of life costs are similar to estimates
with local authority-funded social care.55

Evidence on resource use and costs: Costs
should relate to NHS and PSS resources and
should be valued using the prices relevant to
the NHS and PSS

Yes

Perspective on outcomes: All direct health
effects, whether for patients or, when relevant,
carers

Yes

Type of economic evaluation: Cost utility
analysis with fully incremental analysis

Yes

Synthesis of evidence on outcomes: Based on
a systematic review

Yes

Time horizon: Long enough to reflect all
important differences in costs or outcomes
between the technologies being compared

Yes

Measuring and valuing health effects: Health
effect should be expressed in QALYs. The EQ5D is the preferred measure of health related
quality of life.

Yes

Source of data for measurement of health
related quality of life: Reported directly by
patients and/or carers.

Yes

Source of preference data: Representative
sample of the UK population

Yes

Equity considerations: An additional QALY has
the same weight regardless of the other
characteristics of the individuals receiving the
health benefit.

Yes

Discount rate: 3.5% pa for costs & health
effects

Yes

Decision problem: As per the scope
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4.3.2 Modelled decision problem
The company models the cost-effectiveness of DBd compared with Bd and Cd in a population of
adults with multiple myeloma who have received one prior therapy. Combination chemotherapy
is not included in the model. The company state that they made every effort to identify clinical
effectiveness evidence for chemotherapies used in clinical practice at second-line.
The population in the model is narrower than that in the licensed indication and NICE scope,
reflecting the company’s target positioning of DBd at 2L, where they argue it will have the
greatest effect (CS section B.3.2.1). However, the model does not distinguish 2L patients who
have been treated previously with bortezomib from those who have not. As we discussed in
section 2.3 above, clinical practice guidance differs for these groups in England: consequently
Cd and Bd are only recommended for use in the 2LBN group. The company notes that the
patent for bortezomib is due to expire in May 2019, anticipating a subsequent fall in price and
lifting of the NHS England restriction on repeat use of bortezomib at first and second line (CS
B.2.5.2). We acknowledge that this may be correct, but for the moment suggest that the
comparison of DBd with Bd and Cd is only appropriate for the 2LBN subgroup.
NMA results for the 2L and 2LBN subgroups are presented in section B.2.9.5 of the CS. The
company advise that the 2LBN analysis should be treated with caution, as it is post hoc. This is
true and there is also greater uncertainty over the results than in the pre-planned second-line
subgroup analysis. It is reassuring to note that the estimated effects of DBd are similar in the 2L
and 2LBN subgroups – although the latter are slightly less favourable for DBd, suggesting some
bias in the company’s ICER estimates (see Table 29). We consider this issue in ERG analysis
(4.4.3).
Table 29. Summary of NMA results
DBd
vs:

HR [95% Credible Interval]
Base case (ITT popn)

Subgroup analyses (2L)

Sensitivity analyses (2LBN)

PFS

OS

PFS

OS

PFS

OS

Bd

0.32
[0.25, 0.40]

0.77
[0.57, 1.04]

0.21
[0.15, 0.30]

0.5
[0.30, 0.84]

0.23
[0.14, 0.38]

0.53
[0.24, 1.17]

Cd

0.60
[0.45, 0.81]

0.97
[0.68, 1.39]

0.47
[0.29, 0.75]

0.60
[0.33, 1.10]

0.52
[0.27, 1.02]

0.66
[0.22, 1.98]

Key: 2L, second-line; 2LBN, second-line bortezomib naive.
Source: adapted from CS A.8 Table 5
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4.3.3 Model structure and assumptions
The company describes the structure and key features of their model in CS section B.3.2.2
(page 82). Figure 5 below reproduces the company’s illustration of the model structure. It is a
partitioned survival model of conventional design for cancer appraisals. The model has three
main health states: pre-progression; post-progression; and death. The pre- and postprogression states are subdivided into ‘on’ and ‘off’ treatment stages. The arrows illustrate how
the cohort moves between health states over time.

Figure 5. Model diagram (reproduced from Figure 19, CS B.3.2.2)
OS = overall survival; PFS = progression-free survival; Tx = treatment
Dotted lines represent the fact the transitions between health states are not directly tracked, but proportions of
patients in each health state are calculated through the partition approach at each time point.

Patients enter the model in the pre-progression state at the start of second-line treatment. From
there, they may stop treatment (e.g. due to an adverse event), experience disease progression
or die. After progression, a proportion of patients have further treatment. Subsequent relapses
and lines of treatment are not modelled explicitly, but are captured implicitly through costs for a
bundle of subsequent treatments with effects on survival reflected in the OS curves. The model
is run three times, once for each treatment (DBd, Bd and Cd) and costs and health outcomes
(life years and QALYs) are estimated for each treatment based on the average time that
members of the cohort spend in the different health states, cost and utility parameters.
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Movement of the cohort between the health and treatment states is calculated using a
partitioned survival approach.56 This relies on a set of PFS, OS and TTD curves for each
treatment and some additional assumptions described below.
First, the proportion of patients in the three main health states is calculated at each time point.


Death: calculated as 1 minus the minimum of OS and survival in the general population
(from the life table for the same age and gender mix as the cohort). This ensures that as
patients age, their death rate is no lower than if they had not had MM.



Pre-progression: the minimum of PFS and OS. This prevents progression exceeding
survival in any sensitivity or scenario analyses.



Post-progression: the residual of the cohort who are not pre-progression or dead.

Patients in the pre and post-progression states are divided by treatment status:


For pre-progression, the proportion receiving second-line treatment at each time point is
calculated as the minimum of TTD and the total who are progression free at that time.
Thus, patients are assumed to stop second-line treatment at disease progression.



For post-progression, the proportion of patients on subsequent treatment is defined by
two parameters: a fixed proportion who have further treatment after progression; and a
median duration of subsequent treatments (9 months), which is converted to a constant
probability of discontinuation per model cycle.

However, to calculate post-progression treatment costs it is also necessary to estimate the
number of new progressions in each period. This is not defined in the partitioned survival
approach without an additional assumption. As illustrated by the dotted arrows in Figure 5
above, to calculate the number of progressions one needs to know the number of deaths from
the pre-progression state. But the OS curve only gives the total number of deaths, both pre and
post-progression. The company tackles this problem by fixing the number of pre-progression
deaths as a constant proportion of the number of progressions in each model cycle (CS
B.3.3.1.3 pages 104 to 105). The proportion of pre-progression deaths to progressions (14.6%)
was estimated from CASTOR and is assumed the same for all treatment arms and unchanging
over time. The ERG has concerns about this method, as it may lead to unrealistic mortality rates
pre and post-progression. We check this and discuss this further in section 4.4.3 below.
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The cost of treatment after progression is calculated using a bundle of therapies used in
CASTOR that are available in England: Ld, pomalidomide and dexamethasone (Pd) and
daratumumab monotherapy, but not the three-drug combinations (PBd and ILd) which are also
now recommended by NICE at third or fourth-line. The effect of subsequent treatment on
survival is embedded in the OS curves. In their base case, the company use DBd and Bd OS
curves for the second line subgroup from CASTOR, adjusted for treatments not available in
England (see section 3.1.6 above). This adjustment was not possible for Cd, as individual
patient data were not available from the ENDEAVOR trial.
The model also includes treatment costs and health effects of adverse events associated with
the second-line (but not subsequent) treatments. These are applied as a one-off cost and QALY
loss in the first period.
The company summarise key features of the model in comparison with previous NICE
appraisals of treatments for RRMM in Table 29 (CS B.3.2.2.1). We repeat the company’s
justification for their assumptions alongside ERG comments in Table 30.
Table 30 Other model features
Factor
Company justification
Best use of available
Partitioned
Summary
data, minimum
survival
of analytic
amount of
model
methods
assumptions and
captures the novel
mechanism of action
of daratumumab.
Patient
Adult patients Population identical to
the second-line
population
with multiple
myeloma who population included in
have received the CASTOR phase III
clinical study
one prior
therapy.

Perspective NHS

Version 1

Aligns with NICE
guide to the methods
of technology
appraisal

ERG comments
We agree with 3-state model
structure and partitioned survival
approach. This is common in RRMM
appraisals, and given immaturity of
OS data, estimation of postprogression survival would be highly
uncertain.
Analysis for whole scope population
would have been preferable, but we
acknowledge the superior outcomes
for the 2L subgroup. Given NHS
England and NICE restrictions, the
population should also have been
restricted to patients without prior
bortezomib (2LBN subgroup).
Local authority funded social care
should also be included. However,
end of life care costs in model are
similar to Nuffield Trust estimates
that include these costs.55
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Factor
Time
horizon

Waning of
treatment
effect

Model
cycle
length

Half-cycle
correction
Source of
utilities

Discount

Company justification
30 years
Given the median age
of 63 years for
CASTOR population,
30 years is a fair
approximation of a
lifetime time horizon
No,
Due to mechanism of
independently action of
fitted curves
daratumumab, which
results in fundamental
change to OS
1 week
Adequately captures
differences between
dosing schedules
regularly used in
RRMM (3 or 4 weeks)
Applied
EQ-5D-5L
data from
trial, mapped
to EQ-5D-3L;
van Agthoven
(2004) tested
in scenario
analysis

Allows utility
calculation from the
exact population from
which efficacy data
were derived. Aligns
with NICE position
statement

3.5%

Align with NICE guide
to the methods of
technology appraisal

ERG comments
We agree with the use of a lifetime
horizon. But extrapolation of
treatment effects over this very long
period is not reasonable given
immaturity of survival data.
Long-term effect on survival is not
yet demonstrated. We use more
conservative assumptions about
persistence of effects and test in
scenario analysis.
Agree

Agree
Trial-based EQ-5D data valued
using the van Hout cross-walk
approach is theoretically preferable.
But we have concerns over the
CASTOR EQ-5D analysis (see 4.3.5
below). We therefore prefer the
health state utility values from the
mapping of ENDEAVOR EORTC
data to EQ-5D, as used in TA457.16
Agree

The model requires three main sets of input parameters:


Clinical inputs that govern rates of disease progression (PFS) and mortality (OS), as
well as the duration of treatment (TTD) and incidence of adverse events;



Utilities for pre and post-progression health states and disutility and adverse events;



Resource use and costs for second-line and subsequent treatments, monitoring and
medical follow-up and end of life care.

Base case values and sensitivity ranges for model parameters are shown in CS Appendix N.

Version 1

87

Confidential until published
4.3.4 Treatment effectiveness and extrapolation
The key parameters driving clinical effectiveness in the model are survival functions of PFS, OS
and TTD for the three included treatments. The company approach is described in CS section
B.3.3. We outline this below, before discussing the choice of PFS, OS and TTD curves in more
detail.

4.3.4.1 Summary and critique of approach to fitting survival curves
To extrapolate beyond the trial period, the company employed parametric survival analysis. Six
candidate functions (exponential, Weibull, log-normal, log-logistic, Gompertz and generalised
gamma) were fitted to individual-level data from the CASTOR trial to estimate PFS, OS and
TTD survival curves for DBd and Bd. The company concluded that proportional hazards does
not hold for these outcomes in CASTOR, and so fitted separate curves to the trial arms. They
do not present any curve parameters or model results for jointly-fitted PFS, OS or TTD curves.
The ERG considers that the proportional hazards assumption cannot be assumed to hold for
PFS, but that evidence is more equivocal for OS – see below for further discussion.
The survival curves were all fitted using data for the second-line (2L) subgroup of patients with
one prior therapy. Curves were not estimated for the second-line bortezomib naïve (2LBN)
subgroup for whom Bd and Cd are currently available in England. Given relative effects in the
2L subgroup compared with the 2LBN subgroup (Table 29), the fitted curves will tend to bias
results in favour of DBd. We attempt to adjust for this in additional ERG analysis (4.4.3 below).
For OS, the fitted curves were adjusted for subsequent treatments used in the trial but not
available in England. The adjustment was made using the IPCW method, as described in
section 3.1.6 above. The ERG considers that this method is appropriate in principle, but that
results may be biased if important covariates are omitted or conversely if the model is overfitted, with the inclusion of too many covariates with weak explanatory power. The company’s
model has an option to include or exclude subsequent treatment adjustment of OS. We test the
impact of excluding the adjustment in ERG scenario analysis.
The company states that they based their choice of parametric functions for each curve on two
factors: statistical fit, as measured by Akaike Information Criterion (AIC) and Bayesian
Information Criterion (BIC) statistics; and clinical plausibility of the projections, informed by
expert input from an advisory board. The company argue that long-term plausibility should be
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given more weight than statistical goodness of fit, because of the short follow-up time in
CASTOR (median 26.9 months). The ERG broadly agrees with this, although we note that
achieving a good fit during the trial period is also important for face validity of results and
accurate estimation of the ICER.
In response to a clarification question, the company present two other methods for estimating
PFS and OS curves:


Piecewise modelling, using Kaplan-Meier (KM) data directly for the trial period,
followed by a parametric ‘tail’ to extrapolate over the long term. The facility to use this
KM+tail approach was built into a revised version of the company model. The company
attached the tail at the end of the KM data: when at least 10 patients remained at risk,
except for PFS with DBd for which only 3 patients remained at risk. The last horizontal
segment of the KM curve was continued until it met the parametric curve. The ERG
believes that the KM+tail approach is useful to test the effect of a more accurate fit to the
trial data, but only if this does not add to uncertainty or give implausible predictions. We
question the use of KM data with so few patients remaining at risk. A threshold of at
least 20 patients remaining at risk in each arm is more conventional, and we test this
more conservative threshold in ERG scenario analysis.



Fractional polynomials. The company also tested a range of fractional polynomial
curves to see if they could give a better fit to CASTOR PFS and OS data. They
concluded that for PFS, many of the curves provided a similar fit to the parametric
curves, and that the best-fitting curves (as measured by minimum Deviance Information
Criteria) have a higher probability of progression in the first few months that was not
observed in the trial and is not clinically plausible. For OS, the company argues that the
approach is not effective at reducing uncertainty for the economic analysis, as the
confidence intervals around the fractional polynomial curves are wide, and the bestfitting fractional polynomial curves give unrealistic estimates of survival: with no patients
surviving beyond 4 years. We agree with this conclusion and do not pursue the fractional
polynomial approach in further ERG analysis.

For Cd, the PFS and OS curves were estimated by applying hazard ratios from the NMA to the
fitted curves for Bd. This entails a proportional hazards assumption for the comparison of Cd
with Bd. The company does not discuss the evidence for or against this assumption, but we
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consider it appropriate based on committee conclusions in the recent carfilzomib appraisal
(TA457), which apply to the same patient group (2LBN) and source of data (ENDEAVOR).
Another committee consideration from TA457 that is relevant for this current appraisal relates to
the duration of bortezomib treatment. The TA457 committee noted the discrepancy between the
length of treatment approved in the marketing authorisation for bortezomib (24 weeks), as used
in CASTOR, and ongoing use until progression in ENDEAVOR. Following consultation, the
carfilzomib manufacturer submitted a revised model truncating the cost of bortezomib at 24
weeks and adjusting PFS and OS estimates from ENDEAVOR for this shorter duration of
treatment, which the committee accepted. However, in this current appraisal, the model applies
costs for bortezomib for 24 weeks (in both DBd and Bd arms) but uses unadjusted PFS and OS
hazard ratios from ENDEAVOR. The effect of this omission will be to underestimate the costeffectiveness of Cd compared with Bd and hence to overestimate the cost-effectiveness of DBd
compared with Cd. We attempt to adjust for this factor in additional ERG analysis (section 4.4.3
below).
The TTD curve for Cd was estimated by applying a hazard ratio to the Cd PFS curve. The
hazard ratio for PFS compared with TTD was estimated from ENDEAVOR. We consider this
acceptable in the absence of KM data on TTD from ENDEAVOR.

4.3.4.2 Progression free survival curves
The company presents plots of log hazard functions of CASTOR data (Figure 3 CS Appendix L,
reproduced in Figure 6 below). These clearly show that the proportional hazards assumption
does not hold, as the Weibull log-log cumulative survival curves cross. The company therefore
fits independent PFS curves for DBd and Bd. We agree with this approach.
Parameter values and measures of fit for the six PFS survival distributions are shown in Tables
1 and 2 in CS Appendix L. Based on AIC /BIC alone, log-logistic is the best fit for Bd, while
Gompertz has the worst fit. However, for DBd Gompertz has the lowest AIC and second-lowest
BIC. The company choose the Gompertz distribution for both DBd and Bd in their base case to
maintain consistency between the trial arms (as recommended by the NICE Decision Support
Unit 57) and because it provides a good visual fit to the KM data and reasonable long term
projections.

Version 1

90

Confidential until published

We show the CASTOR KM and fitted PFS curves over a 3-year time horizon in Figure 7. The
Gompertz provides a good visual fit to the data for DBd but a poor fit for Bd. The generalised
gamma provides a better fit to trial data for Bd without greatly compromising the fit to DBd. In
terms of long-term projections, all functions predict that a small proportion of patients will remain
progression-free after 5 years with Bd. But the functions differ in their long-term predictions for
DBd. After 5 years, the Gompertz predicts 9% of patients to be progression-free, whereas the
generalised gamma predicts that all patients will have progressed.
For Cd a HR of 0.45 (95% credible interval 0.28 to 0.72) compared with Bd was estimated from
the NMA.
Table 31 Goodness of fit for PFS parametric models (second line)
Bd
DBd
AIC
BIC
AIC
BIC
Exponential
634.32
637.05
562.58
565.39
Weibull

625.72

631.17

564.41

570.02

Log-normal

622.23

627.69

575.84

581.45

Log-logistic

616.19

621.65

568.39

574.00

Gompertz

634.77

640.23

562.50

568.11

Generalized gamma

621.60

629.78

563.43

571.84

Source: CS Table 30
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Figure 6 Log hazard plots for PFS for DBd versus Bd (second line)
(Reproduced from CS Appendix L Figure 3)
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a) Exponential

d) Log-normal

b) Weibull

e) Log-logistic

c) Gompertz

f) Generalised gamma

Figure 7 Progression free survival (CASTOR; second-line)
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4.3.4.3 Overall survival curves
The company examined the OS log hazard curves from CASTOR, concluding that the
proportional hazards assumption between the treatment arms does not hold. Consequently,
they fit DBd and Bd curves separately. We reproduce the company’s log hazard plots in
Figure 8 (from CS Appendix L Figure 6). Here the conclusion about proportional hazards is
less clear-cut. The DBd curve in particular is ‘noisy’ crossing over the Bd curve and then
back. It is not clear if this reflects real changes in relative treatment effects, or if it is a
chance finding, due to the small sample sizes and immature data.

Figure 8 Log hazard plots for adjusted OS for DBd versus Bd (second line)
(Reproduced from CS Appendix L Figure 6)
Goodness of fit statistics for OS in the 2L subgroup and adjusted for subsequent treatments
not available in England are reproduced in Table 32 below (from CS Table 33). There is little
difference between the AIC/BIC values for different functions. This may indicate, as the
company suggest, that all the curves are well-matched to the data, or that they are equally
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ill-matched. Despite the similar fits to trial data, the six survival functions give a very wide
range of long-term survival predictions.
For Bd, the exponential has the best statistical fit, followed by Gompertz and Weibull. The
company choose the Gompertz for their base case, based on the comparison of predicted
median and mean survival with external data and shape of the mortality hazard curve
predicted by experts (Table 34 and Figure 24 CS B.3.3.1.2). For DBd, the company note that
the Gompertz and exponential have the best statistical fit, closely followed by the Weibull
and log-logistic. They also note that clinical expert opinion supported the Weibull based on
predicted survival at 5 and 10 years. However, the company choose the log-logistic curve
for their base case, based on opinion about the “transformational nature” of DBd as a novel
therapy. They note the higher rate of MRD negativity with DBd than with Bd and argue that
this is associated with prolonged OS.
For Cd, a HR of 0.83 is applied to the Bd curve (95% credible interval: 0.45 to 1.52).
Table 32 Goodness of fit for adjusted OS parametric models (second line)
Bd

DBd

AIC

BIC

AIC

BIC

Weibull

302.80

308.20

261.30

266.90

Log-normal

304.50

309.90

263.50

269.10

Log-logistic

303.20

308.70

261.90

267.50

Exponential

301.50

304.20

260.00

262.80

Generalized gamma

304.50

312.70

262.60

271.00

Gompertz

302.60

308.00

259.30

264.90

Source: CS Table 33

The comparative fit of the different Bd and DBd curves is illustrated in Figure 9. The ERG
considers that the company’s selection of curves (Gompertz for Bd and log-logistic for DBd)
gives a very optimistic prediction of the survival gain from DBd that is not warranted given
the immature OS data. We suggest more conservative assumptions, with the same
functional form for DBd and comparators, selected for plausibility of 5 and 10-year
outcomes. In the recent NICE TA of carfilzomib (TA457),16 the committee concluded that the
Weibull distribution was supported by OS data from ENDEAVOR and external validation for
the second-line comparison in patients without prior bortezomib. We therefore conclude that
the Weibull distribution for OS provides a consistent foundation for modelling Bd in this
current appraisal, and that there is no reason to prefer a different function for DBd.
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a) Exponential

d) Log-normal

b) Weibull

e) Log-logistic

c) Gompertz

f) Generalised gamma

Figure 9 Overall survival adjusted for subsequent treatment (CASTOR; second-line)
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4.3.4.4 Time to treatment discontinuation curves
TTD curves are assigned to DBd and Bd based on analysis of individual patient data from
CASTOR. The log hazard plots are shown in Figure 10. In this case it is not surprising that
the proportional hazards assumption is not met, because Bd had a maximum treatment
duration of 24 weeks in CASTOR, whereas daratumumab continued until progression or
discontinuation for other reasons. The company fitted independent parametric functions to
the two study arms (2L subgroup). The model parameters and fit statistics are shown in
Table 9 and 11 of CS Appendix L. We summarise the AIC/BIC results in Table 33.
Differences between the models are small and the company chose to use the same function
as for PFS (Gompertz) for consistency. This recognises the likely correlation between PFS
and TTD. The TTD curve for Cd was modelled using a proportional hazard of 0.477
compared with PFS, based on ENDEAVOR. We agree with these assumptions.

Figure 10 Log hazard plots for TTD for DBd versus Bd (second line)
Source: CS Appendix L Figure 10
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Table 33 Goodness of fit for adjusted TTD parametric models (second line)
Bd
DBd
AIC

BIC

AIC

BIC

Weibull

285.91

291.32

610.00

615.56

Log-normal

284.99

290.41

616.29

621.85

Log-logistic

285.11

290.53

612.60

618.16

Exponential

288.69

291.40

608.03

610.81

Generalized gamma

286.89

295.02

610.88

619.22

Gompertz

288.33

293.75

609.59

615.15

Source: Table 33

4.3.4.5 Mortality assumptions
As noted above, the partitioned survival model requires additional assumptions to estimate
the numbers of death and progression events per model cycle from the PFS state. The
company assumes a constant ratio of death versus progression events, set at 14.56% based
on CASTOR data. The model also includes an option to define a fixed mortality rate from
the PFS state, set at 0.136% per week. In addition, the model includes a check to ensure
that the mortality rate for the modelled cohort is not less than that in the general population
from UK Life Tables (adjusted for age and gender-mix).

4.3.5 Health state utilities
The company model used health state utility values estimated from the CASTOR trial. As
per the trial protocol, utility values obtained from EQ-5D-5L were assessed at the first day of
each treatment cycle, end of treatment, post-treatment week 8 and post treatment week 16.
A schema of the utility scores from the trial is reproduced from CS Figure 28 in Figure 11
below.
Methods of analysis are outlined in CS B.3 and D.3.2.11, but the description is sparse. To
adhere to NICE guidelines, the company mapped the EQ-5D-5L scores to EQ-5D-3L values,
using a ‘crosswalk’ method reported by van Hout and colleagues.58 Methods of handling
missing EQ-5D data are described in response to clarification question A23.
The company state that there was no statistically significant difference in the utility scores
between the two treatment arms. The company assumed the same utility for all patients in
pre-progression health state across the two treatment arms: 0.7280 (95% CI 0.7062 to
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0.7497). This was calculated as the average of all measured utilities before the date of
progression, using repeated measures mixed-effects modelling.
For patients in the progressed health state, the company use an estimated utility of 0.6950
(95% CI 0.6511 to 0.7389). They state in the CS that this was derived from utility at last
observation as a proxy (CS page 109). However, in their response to the factual accuracy
check, the company state that:
“Post-progression utility was defined as any utility measured after the date of
progression. Eligible patients were patients who progressed and whose progression
was not death. Average utility was calculated using a linear mixed model because of
multiple measurements per subject. A subject random intercept was used to handle
the different values for each individual.” (Factual Accuracy Check, Issue 8)
The ERG cannot assess the quality or accuracy of this analysis as we have not seen details
of the methods or results.

Figure 11 EQ-5D-5L utility score-CASTOR (reproduced from CS Figure 28)
The ERG is satisfied with the methods used to estimate pre-progression utility from the
CASTOR EQ-5D data, but we are concerned about poor reporting of methods used to derive
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the estimate of post-progression utility. We also note the similarity of the pre and postprogression utility estimates, which seems unrealistic.
The company conducted a systematic literature review to identify HRQoL studies for patients
with RRMM who had failed at least one prior therapy. The review methods are described in
CS Appendix H. Of 1,031 studies identified, 10 publications were included: six primary and
four secondary. The primary studies are summarised in CS Table 39 and CS Appendix H
Table 12. None of these six studies informed the utility parameters in the company’s costeffectiveness analyses. The ERG updated the search on ScHARR Health Utilities Database
in March 2018 which yielded four papers, but these did not provide utility estimates relevant
to this appraisal. However, the cost-effectiveness analysis reported by Carlson et al.2 that we
discuss in Section B.2.2 above, reported utility estimates provided to them from an analysis
of ASPIRE trial data by Amgen (data submitted to ICER).
The ERG compared the utility values reported by previous technology appraisals in MM
submitted to NICE with the values used by the company. Details of the utility values are
presented below in Table 34. The ERG view is that the patient population in TA457 is the
same as the relevant population in the current appraisal: RRMM patients with one prior
therapy excluding bortezomib. In response to the ACD consultation, Amgen provided
additional estimates of utility from the ENDEAVOR trial: mapped from EORTC data using a
mapping algorithm from Proskorovsky et al (2014)54 and assuming no difference in utility
between treatments.
Table 34 ERG’s comparison of the utility values used in previous NICE TAs
Source
CASTOR
ASPIRE

Treatments
DBd and Bd
CLd and Ld

TA45716

Cd

TA12915

Bortezomib
(monotherapy)

TA17159

Ld

Version 1

Patient group
Not specified
MM patients relapsed
with 1 prior treatment
MM patients if they
have had only 1
previous therapy, which
did not include
bortezomib

PFS
0.728
0.82 on treatment
0.84 off treatment
Treatment cycle 12: 0.737
Later cycles: 0.741

PD
0.695
0.65

Source
CS B.3.4.2

0.638

Amgen
Carfilzomib
ACD
response
December
2016

People who are at first
relapse having had 1
prior therapy and who
have undergone, or are
unsuitable for bone
marrow transplantation
MM patients who have
received 2 or more prior
therapies

0.81

0.64

van
Agthoven
et al.
2004.3

Complete
response, partial
response and
stable disease
states: 0.82

0.64

Carlson
et al.2
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Source

Treatments

TA38060

PBd

TA42750

Pd

Patient group

MM patients who have
received at least 2 prior
therapies including
bortezomib and an
immunomodulatory
agent
MM adults with 3rd or
subsequent relapse

PFS
After 2 years,
patients whose
disease had not
progressed had a
utility of 0.77
Bd: 0.725
Pano+Bd: 0.706;
No treatment:
0.762
0.76

PD

Source

Len+dex
and last
line
treatment:
0.64
0.62

MM-003

On balance, the ERG prefers the mapped utility values from the ENDEAVOR trial as used in
the NICE carfilzomib appraisal (TA457) to the CASTOR EQ-5D estimates used in the
company model, because the latter do not reflect adequately disutility for progressed
disease. Use of the same values as in TA457 also has the advantage of aligning the
present analysis with previous committee conclusions for the same patient group and
comparator treatments. We consider alternative sources of utility estimates in scenario
analysis: Carlson et al.2 and van Agthoven et al. 2004.3

4.3.6 Adverse events
The company included disutility and treatment costs for grade 3 or 4 adverse events with
reported incidence of at least 5% of the patients in any treatment arms in CASTOR. Table 35
below (reproduced from CS Table 40) outlines the AEs included in the company’s economic
model along with the cumulative probabilities of AE occurrence during the treatment period.
The company applied one-off utility decrements due to AEs at the start of treatment. These
decrements were based on treatment specific rates of AEs, AE duration and associated
disutility, which were obtained from published literature. A summary of the AE disutilities are
reproduced from CS Table 41 in Table 35.
Costs of treating the included adverse events were also included in the economic model,
applied as a one-off cost at the start of treatment. These costs were based on the National
Schedule of Reference Costs for Year 2016-17.
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Table 35 AEs included in the cost-effectiveness analysis
Adverse Event
Reported incidence during
Duration Disutility
(Days)
treatment period
a
a
b
DBd
Bd
Cd
Neutropenia
13.2
-0.145
11.8%
3.6%
0.9%

Cost per
AE
₤1,580

Anaemia

10.1%

9.0%

12.9%

10.7

-0.310

₤1,112

Thrombocytopenia

42.0%

20.7%

6.5%

14.1

-0.310

₤1,447

7.6%

3.6%

4.3%

15.5

-0.065

₤1,362

11.8%

9.0%

6.5%

12.0

-0.190

₤1,690

Fatigue

3.4%

4.5%

6.0%

14.6

-0.115

₤878

Peripheral neuropathy

7.6%

6.3%

2.2%

8

-0.065

₤1,190

Hypertension

5.0%

–

10.3%

0

0

₤584

Lymphopenia
Pneumonia

Mean QALY loss

0.0078

0.0044

0.0028

Mean cost

£1,359

£772

£559

Source: CS Tables 40, 41 and 53
a) From CASTOR study; b) From ENDEAVOR study

4.3.7 Resource use and costs
The economic model included the following costs:


Drug acquisition



Drug administration and co-medication



Subsequent treatment



Follow up monitoring and care



Adverse events; and



Terminal care

Drug acquisition costs
The company’s base case uses the list prices for all drugs, as shown in Table 36 below. The
company’s base case model is built to include Patient Access Scheme (PAS) and
confidential commercial access agreements (CAAs) for comparator and subsequent
therapies, but no PAS discounts are included in results reported in the CS. We present
results including all available PAS/CAA agreements in a confidential addendum to this
report.
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Table 36 Drug acquisition costs for company base case
Drug
Drug units
Strength Price per
Pack
(vials or capsules)
per pack
Daratumumab 100 mg

1

100 mg

Daratumumab 400 mg

1

400 mg

21

4 mg

Carfilzomib

1

60 mg

₤1,056.00

Bortezomib

1

3.5 mg

₤762.38

Thalidomide

28

50 mg

₤298.48

Lenalidomide

21

25 mg

₤4,368.00

Dexamethasone

50

8.0 mg

₤120.03

Pomalidomide

Source

₤360.00 MIMS UK Drug
Database.
₤1,440.00
Access date:
₤8,884.00 Jan 9, 2018.

Source: CS Table 43

The costs of the drugs are informed by dosing of the treatment regimens (CS Table 42). The
dosing is, in turn, dependent on patient characteristics including body weight (mean 77.94
Kg) and/or body surface area (1.87 m2). For DBd and Cd, the CS obtained the relevant
information on dosing from CASTOR whereas dosing information for Cd was obtained from
ENDEAVOR. The company base case includes an allowance for drug wastage, assuming
vial sharing is not practised. The model also includes assumptions about dose intensity – the
proportion of doses received by the patient before treatment discontinuation (CS Table 44).
Due to lack of available data on dose intensity for Cd, the company assumed the same dose
intensity as for daratumumab. We agree with this assumption.
Table 37 Dose intensity
Dose Intensity Component 1
DBd

DEX

Source

93.8% 81.7% 87.3% CASTOR

Bd
Cd

BOR

87.2% 90.9% CASTOR
93.8%

87.3% Assumption: same as daratumumab

Source: CS Table 44
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Drug administration and co-medication costs
Drug administration costs included in the economic model are reproduced from CS Table 45
and summarised in Table 38. The unit costs were sourced from National Schedule of
Reference Costs for Year 2016-17. For co-medications, the company sourced the prices
from MIMS UK Database (CS Tables 46 and 47). The company assumed that bortezomib
would be administered by subcutaneous injection twice weekly. As noted in TA457, clinical
opinion suggests that in practice weekly subcutaneous injection is preferred to twice-weekly
intravenous infusion as specified in the marketing authorisation, because this is associated
with fewer adverse reactions.
Table 38 Drug administration costs
Mode of
Unit
Source
Administration
Cost
1st daratumumab
infusion

SB14Z Deliver Complex Chemotherapy, including
₤385.99 Prolonged Infusional Treatment, at First Attendance –
+ £3.10 Daycase and Regular Day/Night admissions + blood
sample prior 1st infusion

Each subsequent
daratumumab
Infusion

SB15Z - Deliver Subsequent Elements of a
₤205.09 Chemotherapy Cycle - Outpatient

Each IV
administration of
carfilzomib

SB15Z - Deliver Subsequent Elements of a
₤205.09 Chemotherapy Cycle - Outpatient

Each SC
administration of
bortezomib
Oral drug initiation

N10AF – Specialist Nursing, Cancer Related, Adult,
₤82.09 Face to face

₤163.82

% of SC
administration of
bortezomib on
daratumumab
infusion days

SB11Z – Deliver Exclusively Oral Chemotherapy Outpatient

0% On days when daratumumab is also administered, no
additional cost is assumed

Source: CS Table 45. National Schedule of Reference Costs - Year 2016-17 - NHS trusts and NHS
foundation trusts (chemotherapy and community health services)

Subsequent treatment costs
The model included costs associated with subsequent treatments, using a simple approach
wherein a proportion of patients who discontinued from the initial modelled treatment
continued to a basket of potential treatment options. This basket consisted of treatments
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which were received by patients in CASTOR, with adjustment for treatments not available in
England. The proportion of patients receiving subsequent treatment was obtained from
CASTOR for DBd and Bd (70% for DBd and 96% for Bd). For Cd, the company assumed
the lower of the proportions observed for DBd and Bd (i.e. 70%). The economic model
assumed the same duration of subsequent treatment (9 months) for each RRMM treatment.
The distribution of subsequent treatment per treatment arm is presented in Table 39. The
treatment acquisition costs of subsequent therapies are the same as the list prices, as in
Table 36 above.
Table 39 Distribution of subsequent treatments
After DBd
After Bd

After Cd

% continuing to
subsequent treatment

70%

96%

70%

Daratumumab monotherapy

0.0%

56.2%

56.2%

Ld

64.7%

31.5%

31.5%

Pd

35.3%

12.3%

12.3%

Cd

0.0%

0.0%

0.0%

Source: CS Table 48

Routine follow up
The economic model analysed costs associated with routine follow-up care for each health
state: progression free and progressed disease. The CS assumed same routine follow up
care per health state for all the comparators. Previous NICE TAs in MM (ie. TA228 and
TA338) were used to inform the types and frequencies of medical resource use. These are
detailed in CS Tables 51-52. Costs of treating the included adverse events were also
included in the economic model (see Table 35 above). Further, the company included a onetime cost of £7,920 for terminal care at death. This was in line with TA457.
In summary, the ERG considers that the company’s approach to costing is appropriate and
consistent with related NICE guidance.

4.3.8 Model validation
The company describe their approach to model validations in CS section B.3.9. They state
that they conducted a range of checks of internal validity, using a checklist spreadsheet to
document specific tasks and results. The face validity of the model predictions was
assessed by two advisory board meetings with clinical experts and consultation with a UK
health economist.
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They also report model predictions against observed data from the trials used as data
sources and against external evidence. These comparisons showed that:


Median PFS (Table 32 CS B.3.3.1.1): Modelled estimates for second-line DBd and
Bd (independently fitted Gompertz) were close to observed values from CASTOR.
But the modelled estimate for Cd was very different to the ENDEAVOR value (16.2
months versus 22.2 months respectively). The company argues this is due to
differences between the two trials in patient populations and Bd treatment schedule
and duration.



Median OS (Table 34 CS B.B.1.2): Median results not yet reached for OS. The
comparison with external estimates of survival under standard treatment (Bd) are
relatively poor. For example, the Gompertz curve fitted to the Bd 2L subgroup data
from CASTOR gave a prediction of 36.8 months for median OS, compared with 19.2
months for an observational HMRN cohort and 24.5 months using the surrogate
relationship between PFS and OS (as estimated by Dimopoulos et al. 2017).61 The
company note that the HMRN cohort are older with a poorer prognosis than the trial
populations (clarification response to question B2).



Visual fit of OS (Figure 23 CS B.3.3.1.2). This figure shows the fitted parametric
curves against selected long-term OS data sources. Comparison with observed
survival from Orlowski et al. 201662 shows a fair fit to the Weibull function fitted to
CASTOR Bd ITT data. We discuss external evidence for selection of model curves
further in section 4.4.1 below

4.3.9 Cost effectiveness results
Results of the company’s base case model are presented as incremental cost effectiveness
ratios (ICERs) for DBd compared with Bd and Cd (CS Table 56). Disaggregated costs, LYs
and QALYs for each treatment are shown in CS Table 55. At list price for all drugs, the
company reported an incremental cost per QALY gained of £41,633 for DBd compared to Bd
and £7,180 for DBd compared to Cd (Table 40). In this analysis, Cd is extendedly dominated
by DBd and Bd. Thus, the relevant ICER for the full incremental analysis is £41,633 for DBd
versus Bd. However, we note that these analyses are conducted at list prices for all drugs,
so do not reflect agreed discounts that are available within the NHS.
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Table 40 Cost effectiveness: company base case (list prices)
Total
costs (£)

Total
LYG

Total
QALYs

Pairwise (DBd vs comparator)
Incremental
cost (£)

QALYs
gained

ICER (£ per
QALY gained)

Full
Incremental
ICER

Bd

********

****

****

***********

****

£41,633

-

Cd

**********

****

****

********

****

£7,180

Ext. dom.

DBd

**********

****

****

*

*

*

£41,633

Ext. dom, extended dominance.

We present results including PAS price discounts for daratumumab and other comparator
and subsequent treatments in a confidential addendum to this report.

4.3.10 Assessment of uncertainty
The CS reported a range of sensitivity and scenario analyses to assess structural and
parameter uncertainties. The results of these analyses are summarised below.
Probabilistic sensitivity analysis
The company conducted a probabilistic sensitivity analysis (PSA) on their base case to
assess parameter uncertainty. Assumptions used to characterise uncertainty are described
in CS B.3.8.1. Whilst the CS reported that beta distributions were assigned to AE disutilities,
the economic model used normal distributions. This is unlikely to have an impact on results.
Otherwise, the ERG considers that the parameters and their assigned distributions are
appropriate and correctly implemented. PSA results are summarised in CS Table 58 and
diagrammatically presented as scatterplots in CS Figure 30 and Cost-Effectiveness
Acceptability Curves (CEACs) in CS Figure 31. The PSA results are similar to the
deterministic base case results. The CS stated that at a willingness to pay threshold of
£30,000 per QALY, the probability of DBd being cost-effective compared to Cd was 92%, but
only 19% relative to Bd.
Deterministic sensitivity analysis
The company reports parameters and ranges included in their Deterministic Sensitivity
Analysis (DSA) in CS Table 59. They state that where information was available, parameters
were varied using confidence intervals or published ranges. Otherwise, upper and lower
bounds were varied by ±20% of the mean base case value. The ERG considers that all
relevant parameters were included in the DSA, with appropriate ranges and we could
replicate the results. We observed a few inconsistencies in parameters included in the DSA
within the economic model and those reported in the CS (e.g. unit costs for monitoring tests
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are listed in CS Table 59 but excluded from DSA in the model), but none of these differences
impact on conclusions. The company present DSA results as tornado plots (CS Figures 32
and 33). The tornado plots show that the model was most sensitive to parameters defining
the OS curves for Bd and DBd. The very wide ranges illustrate the considerable impact of
uncertainty over the prediction of OS for Bd and DBd. Note that parameterisation of the OS
curve for Bd impacts on the cost-effectiveness of DBd compared with Cd because the OS
curve for Cd is calculated by applying a hazard ratio to the OS curve for Bd. Other
parameters including mean body weight (which determines treatment dosing and hence
cost) and DBd treatment duration and PFS also influence the base case ICERs, but to a
lesser extent.
Scenario analyses
The company conducted a range of scenario analyses to assess the impact of structural
uncertainties over their base case assumptions. We noted inconsistencies in the ICERs
reported in the CS and the values that we obtained from the scenarios relating to longer
subsequent treatment duration. The company corrected this in response to Clarification
question B5. A summary of the company’s scenarios, along with their justifications and the
results obtained are presented in Table 41. To note, this table uses the corrected ICER for
the longer subsequent treatment scenario mentioned above. The company concluded that
most assumptions and alternative scenarios had relatively little impact on the results. They
noted that shortening the time horizon had the greatest impact, followed by assuming a
Weibull function for DBd OS. The ERG considers that the company has been very selective
in the scenarios that they present. In particular, they do not explore the full range of survival
functions or the impact of changing OS or PFS functions for more than one treatment at a
time. We present a wider range of scenarios in ERG additional analysis below.
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Table 41 Company scenario analyses (list prices) (CS Tables 61 to 63)
Scenario and cross
Brief rationale
ICER
reference
(DBd vs Bd)
£41,633
Company base case
£43,650
Unadjusted overall survival To assess the results by
using direct observations
of OS from CASTOR
Different survival curves
£43,188
Due to relatively short
 PFS exponential
follow
up
of
the
trial
data,
£63,066
 DBd OS Weibull
to
extrapolate
long
term
£45,011
 DBd OS extrapolation
data
more
emphasis
was
£49,278
 Bd OS Weibull
given to statistical fits and
£40,942
 TTD exponential
clinical validity
Longer subsequent treatment duration
£41,959
Subsequent treatment is
 13 months *
an important element in
£42,326
 15 months *
the economic analysis as
£46,174
Patients continuing
MM patients receive
subsequent treatment
multiple lines of treatment
(85.71%)
which influence the costs
as well as health benefits
£42,515
To assess the impact of
Health state utilities
(van Agthoven)
using utility values from
previous models and
technology assessments
Bortezomib to lose its
£42,507
Generic Price for
patent in 2019 which
Bortezomib
potentially could lead to a
decrease in price by 50%
Different time horizons
To test structural
£195,480
 5 years
assumptions
£77,061
 10 years
£55,120
 15 years
£46,910
 20 years
£43,142
 25 years
£40,222
Allow vial sharing
£45,072
Dose intensity option off
Discounting
To demonstrate the effect
£30,303
 Utilities 0%; Costs 0%
of discounting
£36,355
 Utilities 1.5%; Costs 0%
£58,330
 Utilities 6.0%; Costs 0%
£29,127
 Utilities 0%; Costs 1.5%
£34,943
 Utilities 1.5%; Costs 1.5%
£56,064
 Utilities 6%; Costs 1.5%
£26,343
 Utilities 0%; Costs 6%
£31,604
 Utilities 1.5%; Costs 6%
£50,706
 Utilities 6%; Costs 6%

ICER
(DBd vs Cd)
£7,180
£7,488

£7,063
£10,631
£7,811
£8,376
£7,020
£8,774
£9,675
£6,883

£7,538

£7,180

£18,202
£12,333
£9,051
£7,860
£7,354
£13,586
£8,634
£6,469
£7,816
£12,821
£5,632
£6,804
£11,161
£3,788
£4,577
£7,508

Source: CS Table 62. * ERG corrected values (Company response to clarification question B5)
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4.4

Additional work undertaken by the ERG

4.4.1 ERG model validation
4.4.1.1 Model verification procedures
We conducted a range of manual checks to verify model inputs, calculations and outputs
(‘white box’ tests). This included:


Cross-checking of all parameter inputs against values in the CS and cited sources;



Tracing input parameters from entry cells to the “Parameters” sheet, survival curve
and ‘Model Engine’ (the Markov trace) sheets;



Use of PFS, OS and TTD results to estimate the distribution of the cohort by health
state and the numbers of events over time in the ‘Model Engine’ sheet



We checked QALY and cost calculations in the Model Engine;



And the links from the total costs and outcomes from the Model Engine back to the
results tables



We checked all model outputs against results cited in the CS, including the base
case, PSA and DSA and we manually ran scenarios.

In addition, to check the company curve fitting and coding of the survival function in the
spreadsheet, we re-estimated exponential and Weibull survival functions based on KM
estimates of survival data from the company submitted model. We linearised the survival
functions and used least squared methods to estimates the parameters.

4.4.1.2 Relationship between PFS and OS
Felix et al.53 conducted a meta-regression analysis to estimate the relationship between
median OS and median time dependent surrogate outcomes (TDE); which included time to
progression (TTP); progression-free survival (PFS); and event-free survival (EFS). OS and
TDE results and study-level covariates were extracted from 153 prospective observational
and experimental studies with 230 study arms (22,696 patients) identified from a systematic
review. Two-stage least squares regression was used to control for endogeneity
(confounding) and heteroskedasticity (non-constant variance) in the study-level data. The
authors’ preferred model specification was adjusted for year of publication, demographics
(age and gender), patient type (newly diagnosed MM, RRMM, or mixed), type of TDE (TTP,
PFS or EFS) and included censored outcomes. Results for alternative model specifications
ranged from 1.82 to 2.64 (compared with 2.45 in the preferred specification), all with
overlapping confidence intervals. Trials reporting results for patients with RRMM reported a
higher median survival than trials in patients with newly diagnosed MM (p=0.06), though it is
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unclear whether the surrogate relationship differs by stage of MM. The model was
reasonably accurate at predicting median OS for first-line treatments, with 13 out of 16
observed values lying within the 95% confidence interval for the prediction for RCTs
comparing thalidomide-based treatments (although the confidence intervals were wide). The
model was less good at predicting OS in RCTs for RRMM: with 3 out of 4 observed values
lying outside the prediction interval.
In the CS, the company use an estimate of the relationship between OS and PFS as
supporting evidence to validate their model results. They rely on results from an abstract by
Dimopoulos et al. (2017), which criticised the previous analysis for combining studies of
newly-diagnosed and relapsed and refractory MM and noted that several new RCTs of
treatments for RRMM are now available.61 Dimopoulos et al. analyse OS, PFS and covariates from 22 RCTs (including 7,884 RRMM patients) identified through a systematic
review. After adjusting for median age, sex and publication year, median OS was estimated
to be 3.10 months (95% CI 2.20 to 4.00) longer for each additional month of median PFS.
This study is only reported in abstract form, without detailed description of methods or
declaration of interests. And there is no information about the accuracy of the model
predictions. The ERG therefore considers that the predicted relationship between PFS and
OS from the Dimopoulos et al.61 and Felix et al.53 studies provide weak evidence for model
validation.

4.4.1.3 Comparison with long-term survival data
The company present a comparison of OS curves fitted to the Bd arm of CASTOR against
long-term survival data (CS Figure 23). Sources of external data included over 8 years of
follow up from a trial of bortezomib-based therapies for patients with RRMM with one or
more previous lines of therapy (Orlowski et al. 2016)62 and 5-year follow up from the Bd arm
of the PANORAMA 1 trial in patients with RRMM and 1 to 2 previous treatments (San-Miguel
et al. 2016).63 We reproduce KM curves from these two studies and the Bd arm of CASTOR
alongside the company’s parametric curves fitted to Bd CASTOR data in Figure 12. This
illustrates the wide spread of long-term projections from the fitted parametric curves. For
comparison, Cancer Research UK statistics indicate 47% of newly diagnosed MM patients
surviving to 5 years and 33% surviving to 10 years. One might expect rather worse survival
rates for patients starting second-line treatment after relapse. Two clinical experts advising
the ERG suggested 5-year survival rates in this population of 50% and 40% and 10-year
rates of 15% and 20%. We conclude that the Weibull curve gives the best fit to the long-term
external data. The NICE TA457 committee came to a similar conclusion regarding the
validity of extrapolations from the ENDEAVOR trial.
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Figure 12 Bd OS projections compared with external data (adapted from CS Figure 23)
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4.4.1.4 Comparison with other model outcomes
In section 4.2.2 above we described three other models that provide outcome estimates for
patients treated with at least one of the comparators (DBd, Bd or Cd) after one prior therapy
for MM. These provide sources for cross-validation of results from the company base case
analysis. There are methodological differences between the models, as well as differences
in the decision problem. Modelled estimates of mean discounted progression-free and
overall life years and QALYs are summarised in Table 42.
Table 42 Comparison of modelled outcomes
Treatment Outcome
Discounted mean (years) a
Carlson et al. Maiese et al.
TA457
2018 2
2017 38
(preferred
assumptions)
PFS
1.83
0.80
Bd
LY
3.73
1.90
3.34
QALY
2.74
1.55
2.20
PFS
Cd
LY
5.87
QALY
3.96
PFS
2.56
DBd
LY
5.74
QALY
4.78

Submitted
model
(base case)
0.83
****
****
1.57
****
****
2.32
****
****

a Discount rate 3.5% per year for TA457 and company base case, 3% per year for Carlson and Maiese results.

The most relevant analysis for the current appraisal is the final version from the recent NICE
TA of Carfilzomib (TA457), reflecting the committee’s preferred assumptions. This appraisal
relates to the subgroup of patients with RRMM after one prior therapy not including
Bortezomib and the results are adjusted for a limited duration of bortezomib treatment (24
weeks), rather than ongoing treatment. Compared with the final TA457 model, the
company’s base case produces similar mean LY and QALY estimates for Bd, but lower
estimates for Cd. This contributes to a very high estimated ICER for Cd vs. Bd from the
company’s base case model that does not align with the ‘most plausible’ estimate from
TA457 (even accounting for the Carfilzomib PAS discount). We address this inconsistency in
additional ERG analysis below: aligning our preferred version of the company model to
reflect committee preferences and the ICER estimate from TA457.
Results from the base case model as submitted are also more favourable than the company
funded analysis reported by Maiese et al.
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4.4.2 ERG corrections to company analyses
We identified a few errors in the company’s original model: see Table 43 below. The
company corrected issues 1 and 3 as responses to the clarification questions and submitted
a revised model for their base case. The ERG implemented the correction in the costs
estimation of Bd (Problem 2 in Table 43) in this version of the company’s model. The ERG
corrections resulted in a small increase in the ICERs (see Table 44).
Table 43 ERG corrections to company model
Aspect of
Problem
model
Cost
calculations

Scenario
analysis

ERG Correction

1. Costs of dexamethasone: CS
reported cost as £120.03 for
50X8mg; instead of £200 for
10x40mg

The company corrected their
base case model as response
to clarification question B3.

2. Costs of BD: The model includes
administration and co-medication
costs of BD beyond the duration
of treatment administration which
is for 24 weeks in CASTOR

Recoded column CQ and DD in
sheet ‘Drug Cost calculations’

3. Scenarios relating to longer
subsequent treatment duration of
13 months and 15 months gave
base case ICERs for DBd vs Bd
and DBd vs Cd

Corrected in company’s
response to clarification
question B5.

Table 44 Cost-effectiveness: ERG corrected company base case (list prices)
Total
costs (£)

Total
LYG

Total
QALYs

Pairwise (DBd vs comparator)
Incremental
cost (£)

QALYs
gained

ICER (£ per
QALY)

Full
Incremental
ICER

Bd

£42,190

-

Cd

£7,188

Ext. dom.

-

£42,190

DBd

-

-

Ext. dom, extended dominance.

Sensitivity and scenario analysis results for the ERG corrected version of the company’s
model are shown below in Figure 13 to Figure 16, Table 45 and Table 46.

Version 1

114

Confidential until published

Figure 13 Tornado plot DBd vs Bd: ERG corrected company base case (list prices)

Figure 14 Tornado plot DBd vs Cd: ERG corrected company base case (list prices)

Table 45 PSA results from ERG corrected company base case (list prices)
Comparator
Mean LY
Mean QALY
Mean Total cost
DBd
Bd
Cd
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Figure 15 Scatter plots for ERG corrected company base case (list prices)

Figure 16 CEACs for ERG corrected company base case (list prices)
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Table 46 Scenario analysis: company base case, ERG corrected (list prices)
ICER
ICER
Scenarios
(DBd vs Bd) (DBd vs Cd)
Company base case (ERG corrected)
£42,190
£7,188
DBd:
Exponential
/
Bd:
Exponential
₤43,739
₤7,066
PFS curves
Piecewise: KM up to 12 months
₤41,545
₤7,182
DBd: Weibull / Bd: Gompertz
₤63,919
₤10,642
DBd: Exponential / Bd: Gompertz
₤45,615
₤7,821
DBd: log-logistic / Bd: Weibull
₤49,945
₤8,385
OS curves
DBd: Weibull / Bd: Weibull
₤84,534
₤14,978
Piecewise: KM up to 27 months
₤42,049
₤7,996
Unadjusted for subsequent treatment
₤44,236
₤7,496
TTD curves
DBd: Exponential / Bd: Exponential
₤42,040
₤7,027
van Agthoven
₤43,085
₤7,546
Utilities
ENDEAVOR mapped (TA457)
£44,565
£7,700
Carlson et al. 2018
₤42,470
₤7,435
Duration 13 months
₤42,529
₤8,799
Duration 15 months
₤42,903
₤9,708
Subsequent
treatment
Patients continuing 85.7%
₤46,750
₤6,900
100% Ld at third line
₤46,311
₤9,356
Bortezomib price Generic after end of patent
₤44,635
₤7,188
Vial sharing
Allow (no wastage)
₤40,779
₤13,594
Dose intensity
Do not apply (100% of dose)
₤45,633
₤8,637
5 years
₤198,365
₤18,182
10 years
₤78,119
₤12,349
Time horizons
15 years
₤55,868
₤9,063
20 years
₤47,543
₤7,869
25 years
₤43,722
₤7,363
Hazards equal after 5 years
₤150,843
₤25,108
Persistence of
Hazards equal after 10 years
₤76,431
₤13,205
OS effect
Hazards equal after 20 years
₤47,811
₤8,168
Ratio of deaths to progressions 5%
₤41,455
₤7,045
Mortality from PF
Ratio of deaths to progressions 10%
₤41,840
₤7,120
state
Ratio of deaths to progressions 20%
₤42,422
₤7,274
Utilities 0%; Costs 0%
₤30,690
₤6,477
Utilities 1.5%; Costs 0%
₤36,818
₤7,826
Utilities 6.0%; Costs 0%
₤59,073
₤12,836
Utilities 0%; Costs 1.5%
₤29,506
₤5,638
Discounting
Utilities 1.5%; Costs 1.5%
₤35,399
₤6,812
Utilities 6%; Costs 1.5%
₤56,796
₤11,174
Utilities 0%; Costs 6%
₤26,706
₤3,792
Utilities 1.5%; Costs 6%
₤32,039
₤4,582
Utilities 6%; Costs 6%
₤51,405
₤7,516
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4.4.3 ERG preferred analysis and scenarios
Table 47 lists the ERG’s preferred assumptions, and further explanation is given in Table 48.
Table 47 ERG’s preferred modelling assumptions
Company base case

ERG preferred assumptions

Patient group



Second line (2L)



2L Bortezomib-naïve (2LBN)

OS curves



DBd: Log-logistic



Bd: Weibull



Bd: Gompertz



DBd and Cd: HR vs. Bd



Cd: Proportional hazard

(proportional hazard

assumption; HR vs Bd

assumptions)

PFS curves

TTD curves



DBd: Gompertz



Bd: Gompertz



Bd: Gompertz



DBd and Cd: HR vs. Bd



Cd: Proportional hazard

(proportional hazard

assumption; HR vs Bd

assumptions)



DBd: Gompertz



DBd: Gompertz



Bd: Gompertz



Bd: Gompertz



Cd: Proportional hazard to PFS



Cd: Proportional hazard to PFS
for 2LBN

for 2LBN
Utilities



EQ-5D-5L from CASTOR



Utility values from TA457:

mapped to EQ-5D-3L using

ENDEAVOR EORTC data

van Hout crosswalk procedure

mapped to EQ-5D using
Proskorovsky algorithm

Treatment



effectiveness

Subsequent
treatment



HR for Cd vs Bd for PFS and



Adjustment of the HR for Cd vs

OS from ENDEAVOR not

Bd for PFS and OS to reflect 24

adjusted for duration of

week bortezomib treatment in

bortezomib treatment

practice (from TA457)

OS adjusted for subsequent



Same as company model

treatments used in trials but not
available in England
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Table 48 ERG preferred assumptions and scenarios
Aspect of
the model
OS curves

Company base
case
DBd: log-logistic
Bd: Gompertz

ERG Preferred
assumptions
DBd: Weibull
Bd: Weibull

ERG scenarios

Reason for analysis

We test the effect of
assuming proportional
hazards to model DBd
in relation to the
independently fitted
Weibull curve for Bd

We test the effect
removing the 2LBN
adjustment

We prefer the Weibull distribution for OS because:
 In TA457, the committee preferred assumptions included
Weibull curves for OS from the ENDEAVOR trial, jointly fitted for
Cd and Bd and with an assumption of proportional hazards.
 Validation against external data (Orlowski et al. 201662) indicates
that the Weibull gives realistic long-term predictions of survival
with under current treatment.
 The Weibull provided a good visual fit for Bd and DBd KM
curves from CASTOR and CS Table 33 showed that Weibull had
the second lowest AIC and BIC values for model fit
 CS Appendix L Figure 6 lends support to the assumption of
proportional hazards between the two arms of DBd and Bd.
 We consider it appropriate to use the same survival function for
both treatment arms.
For scenario analysis, we use the KM data with a cut-off point where
number of people at risk is at least 20: 27 months, when 39 and 47
patients are still at risk in Bd and DBd arms respectively. The aim of this
analysis is to test the impact of a better fit to trial data.
We adjust the OS and PFS curves for DBd relative to the fitted curves
for Bd using the reported hazard ratios from the company’s NMA for the
2LBN subgroup (presented in CS Table 24).

Test effect of
modelling DBd in
relation to Bd curve.

We agree that the Gompertz function provides the best fit to CASTOR
PFS data for both treatment arms. CS Appendix L Figure 3 indicated
that proportional hazard assumption does not hold for DBd vs Bd.

KM data parametric
tail.

KM data up to a point with at least 20 people still at risk in both arms: 12
months, 22 patients remain in the Bd arm and 89 in the DBd arm.

KM data with
parametric tail

Patient
group

Second line RRMM
(2L)

PFS curves

DBd: Gompertz
Bd: Gompertz
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Aspect of
the model
Treatment
effect

Company base
case
Persistence of OS
and PFS benefits

ERG Preferred
assumptions
Same as
company

No adjustment of Cd
vs. Bd hazard ratios
from ENDEAVOR for
shorter duration of
Bd treatment in
practice (24 weeks)

HR for Cd vs.
Bd adjusted for
24-week
duration of
treatment with
bortezomib, as
in TA457

Utilities

EQ-5D-5L from
CASTOR mapped to
EQ-5D-3L using van
Hout crosswalk
algorithm

Utilities as in
TA457:
ENDEAVOR
data mapped to
EQ-5D with
Proskorovsky
algorithm

Other sources of
utilities: CASTOR
(company base case);
Carlson et al.2; and
van Agthoven3.

Subsequent
treatment

DBd and Bd OS
adjusted for
treatments not
available in England
(IPCW method) Cd
not adjusted

Same as
company

Use the unadjusted
survival model

It is appropriate to adjust OS for differences in subsequent treatments
given in the trial and current provision in England. The CS adjusted OS
curve estimates for DBd and Bd based on CASTOR data. However, no
adjustment was made for Cd arm, due to the lack of individual level data
from ENDEAVOR. This inconsistency could bias results, so we test the
effect of using unadjusted survival data for all the three arms.

Mortality

Deaths from the PFS
state estimated
using fixed ratio of
deaths to
progression (0.146)

Same as
company

Vary ratio of deaths to
progression

Exploratory analysis

Version 1

ERG scenarios

Reason for analysis

Assume loss of
survival benefit for Cd
and DBd, relative to
Bd, from 5 to 20 years
Analysis is conducted
without the adjustment
for Bd treatment
duration

Given the immature OS data from CASTOR, we test a more
conservative approach and explore scenarios where the mortality
hazards for DBd and Cd equal to those of Bd after 5, 10 and 20 years.
To align with the NICE committee’s conclusion in TA457 that adjustment
should be made for the treatment duration of bortezomib in ENDEAVOR
(until progression) compared with marketing authorisation (24-weeks).
This adjustment also addresses the difference in Bd treatment duration
in the two trials used for the indirect comparison of DBd with Bd. To
apply this adjustment, we use the relative increase in the hazards when
bortezomib is stopped after 24 weeks: 1.36 for PFS and 1.46 for OS,
reported in Carfilzomib ERG review of additional evidence (April 2017).
We are concerned about the poor reporting of methods used to estimate
utilities from CASTOR EQ-5D data. Details of the methods of analysis
and results have not been supplied. We also consider the small
difference between pre and post-progression utilities to be implausible.
ENDEAVOR utilities also provide consistency with values used in the
recent appraisal of carfilzomib (TA457).
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The impact of the ERG preferred assumptions on cost-effectiveness results at list prices are
shown in Table 49. This table includes step-by-step changes made to the company’s base case
model, which cumulative comprise the ERG preferred analysis. The change that has the biggest
impact is the adoption of Weibull distributions for OS, which doubles both pairwise ICERs.
Adding the assumption of proportional hazards for DBd vs. Bd on its own makes little difference
to the results. Adjusting for the 2LBN population causes a modest increase in the ICERs, while
adjusting the Cd vs. Bd HR estimated from ENDEAVOR for the shorter duration of Bd treatment
makes Cd relatively less cost-effective. Finally, the change to health state utilities makes little
difference to estimated cost-effectiveness.
Table 49 Cumulative effect of ERG preferred assumptions (at list prices)
Comparator
Total cost
Total
Pairwise ICERs (DBb
QALYs
vs comparators)
DBd
Company base case
Bd
₤42,190
(ERG corrected)
Cd
₤7,188
Independent Weibull curves for DBd and Bd
DBd
OS curves
Bd
£84,534
Cd
£14,978
+ DBd estimated relative to Bd
DBd
PFS and OS
Bd
₤83,565
Cd
₤17,759
+ HR for DBd and Cd vs. Bd from 2LBN subgroup analysis
DBd
Adjustment for 2LBN
subgroup
Bd
₤91,816
Cd
₤19,225
+ HR for Cd vs Bd adjusted for 24-week Bd (as in TA457)
DBd
Adjustment for 24week Bd treatment
Bd
₤91,816
Cd
DBd dominates
+ ENDEAVOR mapped (same utilities as in TA457)
DBd
Utilities
Bd
£93,061
Cd
DBd dominates
All the above assumptions
DBd
ERG preferred analysis
Bd
£93,061
Cd
DBd dominates
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Results of the ERG’s preferred analysis are detailed in Table 50. The pairwise ICERs are
£92,071 for DBd vs Bd; whereas DBd dominates Cd (Cd is estimated to be more expensive and
less effective than DBd at list prices).
Table 50 Cost-effectiveness: ERG preferred base case (list prices)
Total
costs (£)

Total
LYG

Total
QALYs

Pairwise (DBd vs comparator)
Incremental
cost (£)

QALYs
gained

Full
Increment
al ICER

ICER (£ per
QALY gained)

Bd

£93,061

-

Cd

DBd dominates

-

-

£93,061

DBd

-

-

Table 51 Additional ERG scenarios
Aspect of the model
ERG scenarios
All second line (2L): includes patients with prior bortezomib
Patient population
OS and PFS extrapolation:
 For PFS, KM data till 12 months, then Gompertz
Treatment effects
 For OS, KM data till 27 months, then Weibull
No adjustment of OS for subsequent treatment
Waning for OS: HR=1 for DBd vs. Bd and Cd vs. Bd after:
 5 years
Persistence of effects
 10 years
 20 years
No waning with model time horizon of:
 5 years
Time horizon
 10 years
 20 years
Source of health state utilities (PF and PD):
 CASTOR trial (company base case)
Utilities
 van Agthoven 2004
 Carlson et al. 2018
Vary ratio of pre-progression deaths to progression:
 5%,
Mortality
 10%
 20%
Longer subsequent treatment duration:
Resource use and costs
 15 months
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Aspect of the model

ERG scenarios
Subsequent treatment mix based on expert feedback
 100% for Lenalidomide and dexamethasone (Ld)
Allow vial sharing (no wastage)
No dose intensity considered (costs for 100% of dose)

We performed a range of additional scenario analyses on the ERG preferred base case: listed
in Table 51, with results in Table 52.
Under this list price analysis, DBd dominates Cd in all the scenarios except one (scenario when
vial sharing is allowed). The ICERs for DBd vs Bd ranged between £83,858 (scenario: 2L
patient population) and £248,621 (scenario: model time horizon of 5 years). However, these
results do not take account of PAS discounts that are available in the NHS for daratumumab,
carfilzomib and bortezomib, and subsequent treatments. It is therefore not possible to draw
conclusions about cost-effectiveness from the results presented in the body of this report. We
present a confidential addendum that repeats our analyses with costs accounting for all agreed
PAS and CAA price discounts.
We do note however, that with PAS discounts, the ICER for the comparison of Cd with Bd under
the ERG preferred analysis closely mirrors the TA457 committee’s ‘most plausible’ ICER. This
is not surprising because the two analyses share the same population (2LBN) and build from
the same clinical evidence for the comparison of Cd with Bd (the ENDEAVOR trial). We have
also adopted the TA457 committee’s preferred assumptions relating to the choice of OS curves
(Weibull for both comparators), the adjustment of ENDEAVOR results for the duration of
bortezomib treatment and source of health state utilities, because we think they are equally
relevant to this current appraisal.

Table 52 Scenarios analysis: ERG preferred base case (list prices)
Scenario
ERG preferred
base case
Patient
population
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Comparator

Total cost

Total QALY

Pairwise ICER
(DBb vs comparator)

DBd
Bd
₤93,061
Cd
DBd dominates
2L (no adjustment of DBd relative to Bd for PFS and OS)
DBd
Bd
£84,804
Cd
DBd dominates
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Scenario
Treatment
effects

Persistence of
effects

Time horizon

Utilities

Version 1

Pairwise ICER
(DBb vs comparator)
KM data for OS and PFS and distributions fitted to the tails
DBd
Bd
₤89,258
Cd
DBd dominates
OS not adjusted for subsequent treatments
DBd
Bd
₤96,440
Cd
DBd dominates
Equal OS hazards for DBd, Cd and Bd from 5 years
DBd
Bd
₤154,485
Cd
DBd dominates
Equal OS hazards for DBd, Cd and Bd from 10 years
DBd
Bd
₤110,234
Cd
DBd dominates
Equal OS hazards for DBd, Cd and Bd from 20 years
DBd
Bd
₤94,656
Cd
DBd dominates
5 years
DBd
Bd
₤238,026
Cd
DBd dominates
10 years
DBd
Bd
₤134,555
Cd
DBd dominates
20 years
DBd
Bd
₤97,279
Cd
DBd dominates
Trial based: CASTOR
DBd
Bd
₤91,816
Cd
DBd dominates
Van Agthoven
DBd
Bd
₤86,595
Cd
DBd dominates
Carlson et al.
Comparator

Total cost

Total QALY
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Scenario

Mortality

Resource use
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Comparator

Total cost

Total QALY

Pairwise ICER
(DBb vs comparator)

DBd
Bd
₤85,473
Cd
DBd dominates
Ratio of death to progression 5%
DBd
Bd
₤91,370
Cd
DBd dominates
Ratio of death to progression 10 %
DBd
Bd
₤92,296
Cd
DBd dominates
Ratio of death to progression 20 %
DBd
Bd
₤93,651
Cd
DBd dominates
Percentage of patients starting subsequent treatment (85.7%)
DBd
Bd
₤103,003
Cd
DBd dominates
Duration of subsequent treatment: 15 months
DBd
Bd
₤92,045
Cd
DBd dominates
Subsequent treatment mix: 100% Ld (expert opinion)
DBd
Bd
₤102,457
Cd
DBd dominates
Allow vial sharing (no wastage)
DBd
Bd
₤89,878
Cd
₤19,489
No dose intensity (100% of patients use full dose)
DBd
Bd
₤100,797
Cd
DBd dominates
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5 End of life
The NICE end of life treatment criteria are not applicable and are not included in the CS.

6 Innovation
The CS makes the case (CS Section B.2.12) that daratumumab is the first and only licensed
human monoclonal antibody that binds the CD38 antigen which is expressed on MM tumour
cells. CD38 is also expressed on other immune system cell types which are associated with
decreased immune function and disease progression. Daratumumab therefore targets MM
directly as well as modulating the CD38-expressing immune-suppressing cells. This
combination of direct and indirect effects is believed to explain the efficacy of daratumumab.
The CS describes DBd as a step-change in the management of MM making the case that DBd
“offers patients a second chance at a front-line prognosis”. The company believe that DBd will
result in a change in the management of RRMM patients from the current situation of limiting
relapses to one of prolonging remission.

7 DISCUSSION
7.1

Summary of clinical effectiveness issues

The company’s decision problem population is narrower than the NICE scope
The company have limited their decision problem to second-line patients (i.e. those who had
received one prior therapy) which is a narrower population than described in the NICE scope.
Of the 498 patients randomised in the CASTOR trial (DBd n=251; Bd n=247), just under half
were second-line patients (47.2%, DBd n=122; Bd n=113). The whole CASTOR trial population
includes patients who had received two prior therapies (28.9%), three prior therapies (13.9%)
and more than three prior therapies (10%). Outcomes from subgroup analyses including by
number of prior lines of therapy are presented in CS Appendix E for PFS, TTP, ORR and VGPR
or better but no economic analysis is presented for these groups.
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Clinical effectiveness evidence for bortezomib-naive second-line patients from the CASTOR trial
is not presented
As described in CS Section B.1.3.2, the only recommended therapies in England for patients
who are refractory to or have relapsed after their first-line therapy (i.e. second-line patient) are:
a bortezomib-based therapy; Cd; or combination chemotherapy. Bortezomib-based therapy and
Cd are currently only available to those second-line patients who have not previously received
bortezomib but, aside from NMA sensitivity analyses for PFS and OS, the company does not
present separate clinical effectiveness evidence from the CASTOR trial for bortezomib-naive
second-line patients. Just under half of the second-line patients in the CASTOR trial had not
previously received bortezomib (DBd n= 60; Bd n= 56). Therefore less than a quarter (23%) of
the patients within the CASTOR trial, if they were located in England, would meet the criteria for
receipt of a bortezomib-based therapy or Cd as their second-line treatment option.

Combination chemotherapy is not included as a comparator
All second-line patients (regardless of prior bortezomib exposure) could receive combination
chemotherapy as their next therapy. However only one trial of combination chemotherapy was
identified by the company’s systematic review and this did not reflect current clinical practice nor
could it be linked to the NMA. Consequently the CS does not include a comparison of DBd
versus combination chemotherapy as a second-line treatment.

Data for overall survival data are immature
The CASTOR trial is ongoing and the results presented are from an interim analysis with 26.9
months follow-up. Data are therefore immature and for OS this means that in the subgroup of
second-line patients median survival has not been reached in either arm however there is a
statistically significant OS benefit (HR for DBd versus Bd OS 0.50, 95% CI 0.30, 0.84; p=0.008).
No OS Kaplan-Meier curve has been presented for the subset of bortezomib-naive second-line
patients but the NMA sensitivity analysis produced a similar HR as for second-line patients
overall but a credible interval that crosses one (HR for DBd versus Bd OS in bortezomib-naive
second-line patients 0.53, 95% Cr 0.24, 1.17). Therefore there is some uncertainty regarding
the extent of the OS benefit, particularly for bortezomib-naive second-line patients.
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7.2

Summary of cost effectiveness issues

Patient population
The company’s analyses are on 2L patients; they do not distinguish between 2L and 2LBN
patients. As noted throughout the document, clinical practice in England differs for patients who
have received prior bortezomib in comparison those who have not; Cd and Bd are not routinely
used for 2LBN patients. Further, TA457 (the most recent appraisal on MM) recommended Cd in
for 2LBN patients, based on sub-group of the ENDEAVOR trial. In line with this, we view that it
is only appropriate to compare DBd with Bd and Cd for the subgroup of 2LBN patients.

Extrapolation of OS
For the base case analysis, the company used the log-logistic function for DBd and the
Gompertz function for the Bd arm to extrapolate OS curves beyond the trial period. We do not
believe the company provides sufficient justification for the selection of curves. We view that the
Weibull distribution provides the best fit for the following reasons:
 In TA457, the committee’s preferred assumptions included Weibull curves for OS from the
ENDEAVOR trial, jointly fitted for Cd and Bd and with an assumption of proportional
hazards.
 Validation against external data (Orlowski et al. 2016) indicates that the Weibull gives
realistic long-term predictions of survival under current treatment.
 The Weibull provided a good visual fit for Bd and DBd KM curves from CASTOR, and CS
Table 33 showed that Weibull had the second lowest AIC and BIC values for model fit.
 CS Appendix L Figure 6 lends support to the assumption of proportional hazards between
the two arms of DBd and Bd.
 We consider it appropriate to use the same survival function for both treatment arms.

Treatment effect of Cd vs Bd
The company does not adjust for the difference in treatment duration for bortezomib in the
ENDEAVOR and CASTOR trials. Whilst bortezomib is administered until disease progression in
ENDEAVOR, in CASTOR the drug is administered for 24 weeks. This is in line with the
marketing authorisation. This issue was discussed in TA457. To align with the NICE
committee’s conclusion in TA457, that adjustment should be made for the treatment duration of
bortezomib in ENDEAVOR (until progression) compared with marketing authorisation (24weeks), we view it is appropriate to use a relative increase in the hazards when bortezomib is
stopped after 24 weeks (which is: 1.36 for PFS and 1.46 for OS as reported in Carfilzomib ERG
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review of additional evidence, April 2017). This adjustment also addresses the difference in Bd
treatment duration in the two trials used for the indirect comparison of DBd with Bd.

Utilities
We have concerns about poor reporting of methods used to estimate utilities from CASTOR EQ5D data. The CS did not specify the population for the pre-progression analysis (ITT or 2L) and
the company has indicated that they had misreported methods of analysis for the postprogression utilities. Details of the correct methods of analysis and results have not been
supplied. In addition, we consider the small difference between pre and post-progression utilities
used in the company base case to be implausible. These issues can be addressed by using the
estimates from previous appraisal TA457 where utility values of ENDEAVOR are mapped using
published algorithm by Proskovsky et al. This provides consistency between the analysis of Bd
and Cd in TA457 and this current appraisal.

Resource use
In general, we view the company’s overall approach to estimating resource use and costs as
appropriate and in line with previous TAs (including TA457). However, the company incorrectly
included administration costs and co-medication costs for bortezomib after the end of treatment
(i.e. 24 weeks), thereby overestimating the total costs of bortezomib slightly. We corrected this
issue in our preferred base case. Further, the clinical experts advised the ERG that cost of cotrimoxazole was excluded from the company’s analyses. The weekly cost of the drug is £4.22.
Whilst we acknowledge this, we view that the inclusion of this cost will have a negligible impact
on the overall results and as such this cost is not included within ERG’s preferred base case.
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9 APPENDICES
Appendix 1 Company and ERG assessments of risk of bias
Question
Response and explanation
Was
randomisation
carried out
appropriately?

Was the
concealment of
treatment
allocation
adequate?

Were the groups
similar at the
outset of the
study in terms of
prognostic
factors?

Were the care
providers,

Version 1

Risk of bias

Company

Yes, randomisation was carried out as per
the pre-specified randomisation method;
patients were randomised using a central
interactive web response system (IWRS).

Low

ERG

Yes. The IWRS used a computer-generated
randomization schedule.20 Randomization
was stratified by ISS at screening (I, II, or III),
number of prior lines of therapy (1 vs 2 or 3
vs >3) and prior lenalidomide/bortezomib
treatment (no vs yes).

Low

Company

CASTOR was open label. Concealment of
treatment was not practical in CASTOR
owing to the different dosing schedules.
Potential bias was mitigated by use of an
IDMC that was masked to treatment
allocated

Potential risk
of bias as
open label
design could
have
influenced
investigator’s
assessment
of PFS
events

ERG

Unclear. Details of the IWRS and whether it
concealed allocation are not reported in the
CS, trial publication18 or CSR. The
company’s response here refers to blinding,
instead of allocation concealment.

Probably low

Company

Yes, demographic and baseline
characteristics were well balanced between
the two treatment groups with no categories
having a difference of ≥10%

Low

ERG

Unclear. A higher proportion of the Bd group
received prior lenalidomide in the whole trial
population and the 2L subgroup. In the 2L
subgroup a greater proportion of patients in
the Bd arm were refractory to last line of
therapy and refractory to lenalidomide
specifically. The ERG is unclear whether the
noted imbalances present a risk of selection
bias (we discuss the reasons for this in more
detail in the text in this section).

Unclear

Company

No, CASTOR was open label and only
Janssen were blinded to the results.

Low, as an
IDMC
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participants and
outcome
assessors blind
to treatment
allocation?

Were there any
unexpected
imbalances in
drop-outs
between groups?

reviewed the
data
ERG

No. CASTOR was open label. Review of
outcomes by a blinded IDMC would reduce
the risk of detection bias but would not
reduce the risk of performance bias.
Outcomes that are objective (OS) or timelimited (TTD) would be unlikely to incur bias.
Subjective outcomes (HRQoL) are at high
risk of bias where blinding is lacking. The CS
and trial publication18 state that response
outcomes and PFS were assessed by a
computer algorithm based on uniform
response criteria recommendations, but the
method of data input to the algorithm is not
reported.

Low for OS
and TTD

Company

No, of the 498 patients randomised (251 in
the DBd group and 247 in the Bd group), 480
received study treatment: 243 patients
received DBd and 237 patients received Bd
(see Section B.2.4.4)

Low

ERG

No. The proportions of treated patients who
discontinued treatment differed between the
trial arms, but this was expected. 70% of
treated patients in the intervention arm and
44% in the comparator arm discontinued
treatment, primarily reflecting withdrawal due
to progressive disease (54% in the
intervention arm and 25% in the comparator
arm). This is explained by a difference in the
treatment protocol between the intervention
arm (treated until progression) and the
comparator arm (fixed treatment duration)
(CS section D.3.1). Treatment withdrawals
due to other reasons were not unbalanced
(15% in the intervention arm and 18% in the
comparator arm).

Low risk,
provided that
outcomes
are
interpreted
in the
context of
the expected
imbalance

Probably low
for response
outcomes
and PFS
High for
HRQoL

The proportion of randomised patients who
discontinued the study was 10.3 percentage
points higher in the comparator arm, mainly
due to slight imbalances in the rate of deaths
(6.2 percentage points higher in the
comparator arm) and withdrawals by the
patient (3.7 percentage points higher in the
comparator arm).
Company

Version 1

None

Low
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Is there any
evidence to
suggest that the
authors
measured more
outcomes than
they reported?

ERG

No. The trial protocol does not list any
outcomes that are not reported in the CS.

Low

Did the analysis
include an
intention-to-treat
analysis? If so,
was this
appropriate and
were appropriate
methods used to
account for
missing data?

Company

Yes, the ITT population was used for analysis
of the primary endpoint and other time-toevent efficacy endpoints, which included all
randomised patients

Low

ERG

Time-to-event outcomes: Yes. ITT analysis
was defined as including all randomised
patients. Missing data were accounted for by
censoring rules (CS Tables 10 and 11). CS
section B.2.4.2 states sensitivity analyses on
different censoring assumptions were
conducted; results of these are not given in
the CS or trial publication but are provided in
the CSR. The CSR (section 6.2.1.2) states
that the sensitivity analyses on censoring
assumptions showed results consistent with
the primary analysis.

Low for timeto-event
outcomes

Response outcomes: Yes. The company
presented results for the total trial ITT and
response-evaluable populations in the CS.
The company, however, only presented
results from the response-evaluable
population for the 2L patients subgroup. As
only 11 patients from the total trial population
ITT group were not included in the responseevaluable analyses and the results for the
two populations were similar, we consider
there to be a low risk of bias from the
company presenting only the responseevaluable population results for the 2L
subgroup.

Low for
response
outcomes

HRQoL outcomes: Unclear. The results
presented in CS Appendix D sections
D.3.2.10 and D.3.2.11 appear to be ITT
analyses with missing data imputed under a
missing at random assumption. However, this
is not explicitly stated and, as noted in
section 3.1.5 of this report, the data
imputation method is unclear. We are
therefore uncertain whether the HRQoL
results presented in the appendix are
unbiased.

Unclear for
HRQoL
outcomes

Version 1
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National Institute for Health and Care Excellence
Centre for Health Technology Evaluation
Pro-forma Response
ERG report
Daratumumab in combination with bortezomib for treating relapsed or refractory multiple myeloma [ID974]
You are asked to check the ERG report from the Southampton Health Technology Assessments Centre to ensure there are no
factual inaccuracies contained within it.
If you do identify any factual inaccuracies you must inform NICE by 5pm on 16 May using the below proforma comments table. All
factual errors will be highlighted in a report and presented to the Appraisal Committee and will subsequently be published on the
NICE website with the committee papers.
The proforma document should act as a method of detailing any inaccuracies found and how and why they should be corrected.

Population
Issue 1

Impact of using 2L rather than 2LBN on the ICER

Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 13, “Treatment effects
tended to be more favourable in
the 2L than 2LBN subgroup.
Although these differences were
small and not statistically
significant, the use of data for the
2L group will tend to bias ICER
estimates in favour of DBd.”

Page 13, Amend to: “Relative treatment effects
tended to be more favourable in the 2L than
2LBN subgroup. Although these differences
were small and not statistically significant.”

It is factually inaccurate to state that
treatment effects were more
favourable, without specifying
relative treatment effects. Moreover,
this bias is only relevant if the
relative treatment effects are used
in the model; absolute effects are
used in the Company base case.

We disagree that this is a
factual inaccuracy. The ICER is
a relative measure that
depends on relative treatment
effects. In particular, the ICER
depends on relative survival
means (not medians). MTC
subgroup results presented in
the CS (Table 5 A.8 page 21
and Appendix D) show higher
hazard ratios and higher
probabilities of DBd being
better than the comparator for
2L than for 2LBN.

Page 88, “The survival curves
were all fitted using data for the
second-line (2L) subgroup of
patients with one prior therapy.
Curves were not estimated for the
second-line bortezomib naïve
(2LBN) subgroup for whom Bd
and Cd are currently available in
England. Given relative effects in
the 2L subgroup compared with
the 2LBN subgroup (Table 29),
the fitted curves will tend to bias
results in favour of DBd”
This is factually inaccurate. Whilst
relative treatment effects were
marginally more favourable in 2L
than in the 2LBN patients,
absolute treatment effects were
not. For example, median PFS in
2LBN patients is 30.6 months

Page 88, Amend to: “The survival curves were
all fitted using data for the second-line (2L)
subgroup of patients with one prior therapy.
Curves were not estimated for the second-line
bortezomib naïve (2LBN) subgroup for whom
Bd and Cd are currently available in England.”

versus 26.9 months in 2L patients.
As such it is incorrect to state that
modelling based on 2L (rather
than 2LBN) is biased towards
DBd; as if absolute treatment
effects are modelled (as per the
manufacturer’s base case) any
bias is against DBd.

Issue 2

Incorrectly described patient population

Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 100, “The patient population
in TA457 is the same as in the
current appraisal: RRMM patients
with one prior therapy excluding
bortezomib.”

Remove statement or amend to clarify that it is
the ERG’s opinion that the patient population in
TA457 is the same as in the current appraisal.

The patient population as per the
scope of the appraisal is patients
who have received at least one
prior line of therapy. The
manufacturer has restricted the
scope to 2L patients, but not to
2LBN patients. Therefore, the
populations are different between
this appraisal and TA457.

We agree that the scope does
not restrict the population to
people without prior exposure
to bortezomib, but note current
restrictions on repeat use of
bortezomib for this patient
group.

This is factually inaccurate as per
the NICE scope and the Company
decision problem

Revised text (page 100):
“The ERG view is that the
patient population in TA457 is
the same as the relevant
population in the current
appraisal: RRMM patients with
one prior therapy excluding
bortezomib

Overall survival
Issue 3

Justification of OS curve selection

Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 16, “The company states
that they based their choice of
parametric functions for OS, PFS
and TTD on two factors: statistical
fit and clinical plausibility of the
projections, informed by expert
input from an advisory board. The
company argue that long-term
plausibility should be given more
weight than statistical goodness of
fit, because of the short follow-up
time in CASTOR However,
although the company provide a
comparison of the parametric
curve projections against longterm external data on survival,
they do not use this to justify their
choice of curves. Their rationale
for the choice of a different, and
much more optimistic, functional
form for DBd survival was to cite
opinion on ‘the transformational
nature’ of the treatment.”

Page 13, Amend to: “The company states that
they based their choice of parametric functions
for OS, PFS and TTD on two factors: statistical
fit and clinical plausibility of the projections,
informed by expert input from an advisory
board. The company argue that long-term
plausibility should be given more weight than
statistical goodness of fit, because of the short
follow-up time in CASTOR However, although
the company provide a comparison of the
parametric curve projections against long-term
external data on survival for Bd. Their rationale
for the choice of a different, and much more
optimistic, functional form for DBd survival was
to cite opinion on ‘the transformational nature’
of the treatment, the rates of MRD negativity
which is known to be associated with
improved OS and the surrogate
relationship.”

The statement as it is on page 13
does not make it clear that longterm external data is only available
for Bd. Moreover, the statement on
the justification used for DBd is
incorrect. Clinical expert opinion on
the impact of daratumumab’s
mechanism of action was used
along with the rates of MRD (with
it’s known impact on OS) and the
surrogate relationship.

Revised text:

Page 95 “However, the company
choose the log-logistic curve for
their base case, based on opinion
about the “transformational nature”
of DBd as a novel therapy”

Page 95, Amend to: “However, the company
choose the log-logistic curve for their base
case, based on opinion about the
“transformational nature” of DBd as a novel
therapy, the rates of MRD negativity which is
known to be associated with improved OS
and the surrogate relationship”

Whilst the ERG may disagree with
the use of the surrogate relationship
as a validation tool used in the
justification of the OS curve chosen,
it is factually incorrect to state that
only opinion on the transformational
nature of the treatment was used to
justify OS curve selection.

Page 16: “The company argue
that long-term plausibility
should be given more weight
than statistical goodness of fit,
because of the short follow-up
time in CASTOR. They
compare the parametric curve
projections against long-term
external data on survival for
Bd. Their rationale for the
choice of a different, and much
more optimistic, functional
form for DBd survival was to
cite opinion on ‘the
transformational nature’ of the
treatment. The company
notes the higher rate of MRD
negativity with DBd than
with Bd in CASTOR and
argue that this is associated
with prolonged OS.”
Page 95: “However, the
company choose the loglogistic curve for their base
case, based on opinion about
the “transformational nature”
of DBd as a novel therapy.

They note the higher rate of
MRD negativity with DBd
than with Bd in CASTOR and
argue that this is associated
with prolonged OS.

Issue 4

External validation of Bd OS

Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 105, “•
Visual fit of OS
(Figure 23 CS B.3.3.1.2). This
figure shows the fitted parametric
curves against selected long-term
OS data sources. Comparison
with observed survival from
Orlowski et al. 201662 shows a fair
fit to the Weibull function fitted to
CASTOR Bd 2L data.”

Amend to: “Visual fit of OS (Figure 23 CS
B.3.3.1.2). This figure shows the fitted
parametric curves against selected long-term
OS data sources. Comparison with observed
survival from Orlowski et al. 201662 shows a fair
fit to the Weibull function fitted to CASTOR Bd
ITT data”

Factually inaccurate

Revised text:

As stated in the CS (page 98, text
directly above Figure 23), this
comparison is made in the ITT
population to give an indication of
the shape of the Bd OS curve.

Page 105: Visual fit of OS
(Figure 23 CS B.3.3.1.2). This
figure shows the fitted
parametric curves against
selected long-term OS data
sources. Comparison with
observed survival from
Orlowski et al. 201662 shows a
fair fit to the Weibull function
fitted to CASTOR Bd ITT data

Issue 5

Incorrect AIC/ BIC values

Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 91, AIC/ BIC values in
Table 31 of the ERG report are
listed incorrectly.

Values should be replaced with values in Table
30 of the CS.

Values in Table 30 of the CS and
values in the model are in line with
each other and correct. Values in the
ERG report were misplaced.

Thank you for pointing out this
error. We have corrected Table
31 in our report (page 91) to
reflect the goodness of fit
statistics in CS Table 30 (page
92).

Issue 6

Incorrect AiC marking

Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 64, “In the subgroup of 2L
patients the adjusted HR is ****
(95% CI ****, ****) representing a
**% reduction in the risk of death
for the DBd arm in comparison to
the Bd arm“

Page 64, Amend to: “In the subgroup of 2L
patients the adjusted HR is **** (95% CI ****,
****) representing a **% reduction in the risk of
death for the DBd arm in comparison to the Bd
arm”

Incomplete AiC marking

The ERG apologises for the
incomplete AiC marking. This
has been completed.

Page 75 “In the adjusted OS
analysis for the subgroup of 2L
patients there was a ** %
reduction in the risk of death for
the DBd arm in comparison to the
Bd arm whereas the unadjusted
value was a 50% reduction in the
risk of death”

Page 75, Amend to: “In the adjusted OS
analysis for the subgroup of 2L patients there
was a ** % reduction in the risk of death for the
DBd arm in comparison to the Bd arm whereas
the unadjusted value was a 50% reduction in
the risk of death”

Utilities
Issue 7

Utilities used in the model

Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 13, “In the total trial
population there was no
significant different between the
two groups at any time point (from
baseline to week 24) and these
data were used in the company’s
economic model.”

Page 13, Amend to: “In the total trial population
there was no significant different between the
two groups at any time point (from baseline to
week 24).”

Utilities used in the model were
based on 2L patients only

We cannot find any reference
in the CS or clarification
response to a 2L subgroup
analysis of EQ-5D data. We
have not seen any results or
description of methods for this
analysis.

Page 18, “Health state utilities
were estimated from CASTOR
trial. However, EQ-5D analysis in
this trial was not restricted or
adjusted for 2L patients which is
likely to underestimate utility in
this patient population.”
Page 57, “The CASTOR trial is
generally appropriately
summarised in the CS, but we
note that the HRQoL and AE
results are provided for the whole
trial population rather than the 2L
subgroup that is relevant to the
decision problem. In the case of
HRQoL, this approach may
underestimate the utilities for the
economic model in this patient
population.”
Page 100, Table 34, second row
and third column (CASTOR -

Page 18, Amend to: “Health state utilities were
estimated from CASTOR trial.”
Page 57: Amend to: “The CASTOR trial is
generally appropriately summarised in the CS,
but we note that the HRQoL and AE results are
provided for the whole trial population rather
than the 2L subgroup that is relevant to the
decision problem.”
Page 100, Amend to: “MM patients with 1 prior
therapy”
Page 119 and 129, remove statement

Page 13 and 57; we have
removed the reference to the
economic model here, as this is
picked up later in the summary.
Revised text:
Page 18: Health state utilities
are estimated from CASTOR,
but are uncertain due to poor
reporting
Health state utilities were
estimated from the CASTOR
trial, but the methods of
analysis and results are
poorly reported in the CS. In
particular, it is not stated
whether the EQ-5D analysis
was restricted or adjusted for

Patient group) uses an incorrect
description of patient group used
to derive pre-and postprogression utilities (i.e. “MM
patients with 1 or more prior
therapy”).
Page 119, Table 48 “EQ-5D
analysis in CASTOR was not
restricted or adjusted for 2L
patients, which is likely to
underestimate utilities in this
patient population”
Page 129 “•
EQ-5D analysis in
CASTOR was not restricted or
adjusted for 2L patients. This is
likely to underestimate utilities in
this patient population.”
This is incorrect, the utilities
reported in the CS and used in the
model were based on 2L patients
only.

2L patients. In the factual
accuracy check, the
company stated that utilities
in the model were based on
2L patients only. The ERG is
unable to verify this as we
have not seen any results or
description of methods used
for this subgroup analysis.
Page 21: The ERG has
concerns relating to the
company’s reporting of
methods used to derive
utilities for the model:
o The CS does not state
whether the EQ-5D
analysis in CASTOR was
restricted or adjusted for
2L patients. In the
factual accuracy
check, the company
state that it was, but
the ERG have not seen
any results or
description of methods
for this subgroup
analysis.
Page 100: Amended to “not
specified”
Page 119 and 129: See below

Issue 8

Method to derive post-progression utility

Description of problem
Page 18, “Utility in progressed
state was estimated by using the
last recorded EQ-5D data
collected prior to progression. The
ERG has concerns over this
approach because it is
implausible that this utility will
reflect average utility across the
post-progression period.”
Page 21,
“o
EQ-5D analysis in
CASTOR was not restricted or
adjusted for 2L patients. This is
likely to underestimate utilities in
this patient population.
o
The estimated utility for
progressed disease from the
CASTOR analysis was based on
the last recorded EQ-5D data
collected prior to progression. It is
not plausible that this utility will
reflect average utility across the
post-progression period. As postprogression utility was estimated
without collecting any data after
progression, we view this
approach as weak and subject to
uncertainty.”
Page 99, “. For patients in the

Description of proposed amendment
Page 18, 21,119 and 129, remove statement
Page 99, Amend to: “Post-progression utility
was defined as any utility measured after the
date of progression. Eligible patients were
patients who progressed and whose
progression was not death.
Average utility was calculated using a linear
mixed model because of multiple
measurements per subject. A subject random
intercept was used to handle the different
values for each individual”
Page 99, Amend to: “The ERG is satisfied with
the methods used to estimate pre-progression
utility from the CASTOR EQ-5D data”

Justification for amendment

ERG response

Apologies, the method for deriving
post progression utilities were
described incorrectly in the CS.
Post-progression utility was defined
as any utility measured after the
date of progression. Eligible
patients were patients who
progressed and whose progression
was not death.

Revised text:

Average utility was calculated using
a linear mixed model because of
multiple measurements per subject.
A subject random intercept was
used to handle the different values
for each individual.

Page 18: The CS reports that
utility in the progressed state
was estimated by using the last
recorded EQ-5D data collected
prior to progression. However,
in their response to the
factual accuracy check, the
company state that this was
incorrect and that postprogression utility was
actually estimated using a
linear mixed model from any
utility measured after the
date of progression. The
ERG cannot assess the
quality or accuracy of this
analysis as we have not seen
details of the methods or
results. We are also
concerned that the company
uses similar utility estimates for
pre- and post progression
states which seems unrealistic.
Page 21: The CS states that
estimated utility for progressed
disease from the CASTOR
analysis was based on the last
recorded EQ-5D data collected
prior to progression. It is not

progressed health state, the
company used utility at last
observation as a proxy and a
linear model to estimate a utility
increment associated with
treatment and/or best response to
treatment.”
Page 99: “The ERG is satisfied
with the methods used to estimate
pre-progression utility from the
CASTOR EQ-5D data, but
estimation of post-progression
utility without collection of any
data after progression is weak
and subject to uncertainty”
Page 119, Table 48 “In addition,
the estimated utility for
progressed disease from the
CASTOR analysis was based on
the last recorded EQ-5D data
collected prior to progression. It is
not plausible that this utility will
reflect average utility across the
post-progression period .”
Page 129 “•
The estimated
utility for progressed disease from
the CASTOR analysis was based
on the last recorded EQ-5D data
collected prior to progression. It is
not plausible that this utility will
reflect average utility across the
post-progression period. As postprogression utility was estimated
without collecting any data after

plausible that this utility will
reflect average utility across
the post-progression period. In
their response to the factual
accuracy check, the
company state that in fact,
post-progression utility was
estimated using a linear
mixed model from any utility
measured after the date of
progression. The ERG
cannot assess the quality or
accuracy of this analysis as
we have not seen details of
the methods or results.
Page 99: For patients in the
progressed health state, the
company use an estimated
utility of 0.6950 (95% CI 0.6511
to 0.7389). They state in the
CS that this was derived
from utility at last observation
as a proxy for utility in the
post-progression period (CS
page 109). However, in their
response to the factual
accuracy check, the
company state that:
“Post-progression utility was
defined as any utility
measured after the date of
progression. Eligible
patients were patients who
progressed and whose
progression was not death.

progression, we view this
approach as weak and subject to
uncertainty”

Average utility was
calculated using a linear
mixed model because of
multiple measurements per
subject. A subject random
intercept was used to handle
the different values for each
individual.” (Factual
Accuracy Check, Issue 8)
The ERG is satisfied with the
methods used to estimate preprogression utility from the
CASTOR EQ-5D data, but we
are concerned about poor
reporting of methods used to
derive the estimate of postprogression utility. We also
note the similarity of the pre
and post-progression utility
estimates, which seems
unrealistic.
Page 119 (now 120): We are
concerned about the poor
reporting of methods used to
estimate utilities from CASTOR
EQ-5D data. Details of the
methods of analysis and results
have not been supplied. We also
consider the small difference
between pre and postprogression utilities to be
implausible. ENDEAVOR
utilities also provide consistency
with values used in the recent

appraisal of carfilzomib
(TA457).
Page 129: We have concerns
about poor reporting of methods
used to estimate utilities from
CASTOR EQ-5D data. The CS
did not specify the population
for the pre-progression analysis
(ITT or 2L) and the company
has indicated that they had
misreported methods of analysis
for the post-progression utilities.
Details of the correct methods of
analysis and results have not
been supplied. In addition, we
consider the small difference
between pre and postprogression utilities used in the
company base case to be
implausible. These issues can be
addressed by using the estimates
from previous appraisal TA457
where utility values of
ENDEAVOR are mapped using
published algorithm by
Proskovsky et al. This provides
consistency between the analysis
of Bd and Cd in TA457 and this
current appraisal.

ERG’s modelling assumptions
Issue 9

ERG’s preferred modelling assumptions

Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 117; Table 47, row 4,
column 3

Amend to:

Factually inaccurate

This is not a factual inaccuracy.
This summary correctly reflects
the assumptions in our
preferred analysis.

“•

Bd: Gompertz

•
DBd and Cd: HR vs. Bd
(proportional hazard
assumptions)”

“‘•

Bd and DBd: Gompertz

•
Cd: HR vs. Bd (proportional hazard
assumptions)”

This contradicts the contents of
Table 38 of the ERG report and
the ERG model analyses

Issue 10 ERG’s preferred modelling assumptions
Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 119; Table 48,

Amend to:

This is not a factual inaccuracy.

“To align with the NICE
committee’s conclusion in TA457
that adjustment should be made
for the treatment duration of
bortezomib in ENDEAVOR (until
progression) compared with
marketing authorisation (24weeks). This adjustment also
addresses the difference in Bd
treatment duration in the two trials

“To align with the NICE committee’s
conclusion in TA457 that adjustment
should be made for the treatment duration
of bortezomib in ENDEAVOR (until
progression) compared with marketing
authorisation (24-weeks). This adjustment
also addresses the difference in Bd
treatment duration in the two trials used for
the indirect comparison of DBd with Bd . To

The adjustment factor for OS is
incorrect, 1.349 is reported in
Carfilzomib ERG review of
additional evidence (April 2017),
page 52

The hazard for OS (when
Bortezomib is stopped after 24
weeks) is obtained from Table
B-1 Page 187 for the FAD for
TA457 which states a value of
1.465. We view this value as
appropriate as it is based on
updated ENDEAVOR OS data,
as reflected in the ‘most
plausible’ ICER cited in the

used for the indirect comparison
of DBd with Bd . To apply this
adjustment, we use the relative
increase in the hazards when
bortezomib is stopped after 24
weeks: 1.36 for PFS and 1.46 for
OS, reported in Carfilzomib ERG
review of additional evidence
(April 2017).”

final published guidance (see
page 200 of the FAD
Committee papers for TA457).

apply this adjustment, we use the relative
increase in the hazards when bortezomib is
stopped after 24 weeks: 1.36 for PFS and
1.35 for OS, reported in Carfilzomib ERG
review of additional evidence (April 2017).”

Page 128 “To align with the NICE
committee’s conclusion in TA457,
that adjustment should be made
for the treatment duration of
bortezomib in ENDEAVOR (until
progression) compared with
marketing authorisation (24weeks), we view it is appropriate
to use a relative increase in the
hazards when bortezomib is
stopped after 24 weeks (which is:
1.36 for PFS and 1.46 for OS as
reported in Carfilzomib ERG
review of additional evidence,
April 2017).”

Issue 11 ERG’s implementation of daratumumab PAS
Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Within the Excel file
(ID974_daratumumab_ERG
analysis_no PAS
ACiC_SA_03052018)

Change formula in Column BI from

Incorrect calculation

Thank you for pointing out this
error. In addition, we note that
the formulae in column BI
should refer to the half-cycle

“=CHOOSE(PAS_index,BG22,BH22,AZ22*Dara_
PASdiscount)*S21*PAS_applicable”

supplied by the ERG
alongside the ERG report
the daratumumab PAS is
implemented incorrectly.
The PAS discount is
applied to the PFS drug
cost rather than the DARA
drug cost (column AZ rather
than BB)

To:
“=CHOOSE(PAS_index,BG22,BH22,BB22*Dara_
PASdiscount)*S21*PAS_applicable”

corrected ‘PFS on treatment’
(i.e. column AH, not S). Thus
the correct formula is:

“=CHOOSE(PAS_index,BG
22,BH22,BB22*Dara_PASdi
scount)*AH22*PAS_applica
ble”
We have corrected our version
of the model and recalculated
all of the results in the
confidential PAS addendum.

SLRs
Issue 12 Description of searches for clinical evidence
Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 31:

The phrase “(start date not reported)” should
be deleted.

Left uncorrected, the error could
give the impression that the
searches have been
inappropriately conducted or
inadequately documented.

As stated in the summary at
the end of the description of
the company’s search
strategy (3.1.1) the ERG
believes “the company’s
searches are well
documented, generally
comprehensive and do not
appear to have missed any
key relevant studies.”
Nevertheless, to ensure that
no reader gains an incorrect
impression, the ERG has
amended the text as
suggested by the company.

“The company submission comprises
the following five systematic literature
searches:
•
Clinical Evidence (CS
Appendix D). Run on 11th December
2017 (start date not reported).”
This is incorrect since as stated in
Appendix D of the company
submission states (section d.1, page
10) “To assess the comparative
efficacy of daratumumab versus
other therapies for RRMM, an SLR of
RCT evidence for treatments for
RRMM was conducted using search
strategies that were not limited by
interventions/comparators or by
date.” It would have been
inappropriate to include a specific
start date for the search since no
such limitation was used in
conducting it.

Typos
Issue 13 Typo
Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 83, “As we discussed in
section 2.3 above, clinical practice
guidance differs for these groups
in England: consequently Cd and
Bd are not recommended for use
in the 2LBN group”

Page 84, Amend to: “As we discussed in
section 2.3 above, clinical practice guidance
differs for these groups in England:
consequently Cd and Bd are only
recommended for use in the 2LBN group”

Typo changes meaning of the
sentence.

Thank you for highlighting this
typographical error which has
been corrected.

Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Page 126:

Amend ‘change’ to ‘chance’:

The CS describes DBd as a stepchange in the management of MM
making the case that DBd “offers
patients a second change at a
front-line prognosis”.

The CS describes DBd as a step-change in
the management of MM making the case
that DBd “offers patients a second chance
at a front-line prognosis”.

Typo changes meaning of the
sentence.

Thank you for highlighting this
typographical error which has
been corrected.

Issue 14 Typo

Additional correction by ERG
Description of problem
We have identified an error in the post-progression utility values for the ‘ENDEAVOR mapped’ scenario
that we used in our version of the model. We used 0.665, rather than 0.638 that was the value in the
ICER that the committee for the carfilzomib appraisal (TA457) considered to be most plausible.
This led to errors in the ICERs that we reported for the ‘ENDEAVOR mapped’ scenario around the
company base case (ERG report Table 46) and in the ERG preferred analysis and scenarios that used
the ENDEAVOR mapped utilities (ERG report Tables 49, 50 and 52).

Description of ERG amendment
We apologise for this mistake. We have
corrected the post-progression utility value for
the ENDEAVOR mapped scenario in the model
(cell T9 on the ‘Utility’ sheet), and corrected the
ICERs in Tables 46, 49, 50 and 52 of our report.
In addition, we have corrected the related
scenarios in the confidential PAS addendum to
our report.
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Table 1 Overall survival: CS base case (CASTOR independently fitted, 2L)
DBd

OS distribution

5 year

Exponential
Weibull
Log normal
Log logistic
Gompertz
Generalised gamma

63.1%
58.0%
67.0%
61.8%
31.2%
52.1%

Bd

10 year
39.7%
28.4%
51.6%
40.5%
0.0%
1.9%

5 year

10 year

39.6%
33.5%
47.3%
41.1%
21.3%
16.8%

15.6%
8.7%
30.6%
22.7%
0.0%
0.0%

Table 2 Overall survival: Company base case and scenarios *
Scenario

Year
5
10
5
10
5
10
5
10
5
10
5
10
5
10

Company base case: DBd log-logistic / Bd
Gompertz/ HR Cd vs. Bd 0.83
DBd Weibull / Bd Gompertz
DBd exponential / Bd Gompertz
DBd log-logistic / Bd Weibull
DBd Weibull / Bd Weibull
Unadjusted for subsequent treatment
Adjusted for Bd duration: HR Cd vs. Bd 0.57

Percentage alive
DBd

Bd

Cd

61.8%
40.5%
58.0%
28.4%
63.1%
39.7%
61.8%
40.5%
58.0%
28.4%
59.9%
38.5%
61.8%
40.5%

21.3%
0.0%
21.3%
0.0%
21.3%
0.0%
33.5%
8.7%
33.5%
8.7%
20.0%
0.0%
21.3%
0.0%

27.6%
0.1%
27.6%
0.1%
27.6%
0.1%
40.2%
13.1%
40.2%
13.1%
26.2%
0.0%
41.4%
1.2%

* No impact on other scenarios

Table 3 Overall survival: ERG preferred analysis and scenarios *
Scenario

Year

ERG base case: Bd Weibull /
HR DBd vs. Bd 0.53 / Cd vs. Bd 0.55
2L: HR DBd vs. Bd 0.50 / Cd vs. Bd 0.57
Unadjusted for subsequent treatment
Unadjusted for Bd duration: HR Cd vs. Bd 0.80
Equal hazards from 5 years
* No impact on other scenarios
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5
10
5
10
5
10
5
10
5
10

Percentage alive
DBd

Bd

Cd

56.0%
27.4%
57.8%
29.5%
55.3%
25.9%
56.0%
27.4%
56.0%
14.6%

33.5%
8.7%
33.5%
8.7%
32.7%
7.8%
33.5%
8.7%
33.5%
8.7%

54.8%
26.1%
53.5%
24.8%
54.0%
24.6%
41.5%
14.1%
54.8%
14.3%

Overall Survival

100%
90%
80%

OS probability

70%
60%
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40%
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0
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Figure 1 OS extrapolation: Weibull functions with and without proportional hazards assumption for DBd vs. Bd
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