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Chapter 1 Communication and support

The specific information and support needs of patients with myeloma and their families and carers
at diagnosis and treatment planning, and during and after treatment (including end of life care).

Review Question
What are the specific information and support needs of patients with myeloma and their families

and carers?

Question in PICO format

PICO Table

Population Themes Outcomes

¢ Patient and/or carer satisfaction
(with communication, information
support and treatment received)
Health-related quality of life

Adults) with myeloma
and their carers:
e Atdiagnosis and

Information and support needs of
patients with myeloma and their
families and carers, e.g.,

e Patient and carer perceived .

11

treatment planning
e During treatment
e During follow up
e During end of life
care

support and information needs
Perceived problems with the
number of specialists/sites
involved in care

Education

Pregnancy prevention/fertility
issues

Involvement of clinical nurse
specialists in all aspects of
patient/carer support
Advance care planning

Use of online resources

¢ Holistic needs assessment

e Achievement of advance care
planning

¢ Understanding/knowledge of
disease and treatment

e Psychological factors (e.g.
depression, distress, coping)

e Referral to support
groups/networks

Additional comments on PICO

All information and support needs identified in the literature will be reviewed and presented - it will not

be limited to those examples in the PICO.
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Evidence statements

Information and support needs of myeloma patients

The evidence suggests that the unmet information needs of myeloma patients are low, and patients
are generally satisfied with the information they receive. The most common unmet information
needs surrounded the need for patients to know more about their future prognosis and include the
cause and course of disease as well as side effects and long-term effects of treatment. A common
theme throughout the evidence was that patients are interested in experiential information
(information from other myeloma patients’ experiences). Many patients who had access to such
information found it helpful and those who didn’t have access to such information would have liked
it. However there were some patients who found experiential information unhelpful or even
harmful. Evidence from one study on palliative care demonstrated that information on palliative
care was not easily available and most patients who were aware of palliative care gained their
information from personal experiences they had in the past. There was a contrast between some
participants wanting early discussions on palliative care and some only wanting information when
needed.

With regards to support needs the evidence suggests that the majority of the unmet support needs
of myeloma patients are emotional and psychosocial. In the identified studies many patients were
anxious (8-27%) or depressed (5-25%) and many patients desired psychosocial interventions. The
most common preferences were relaxation and counseling. Other common support needs include
continuity of care, seeing the person in the patient, more time with healthcare professionals and
support to manage ongoing symptoms such as fatigue, pain and mobility.

Information and support needs of carers

Evidence concerning carers determined that carers information needs were in relation to
understanding myeloma symptoms better and what is normal, financial advice and information
around prognosis.

While the most frequently reported unmet supportive care needs of the carers were the same as the
patients the partners had their own additional needs that were not reported by patients. Additional
partner needs were mostly around the practical and informational aspects of the patients care: the
need for help to manage ongoing side effects and/or complications experienced by patients as a
result of their treatment, provision of up-to-date information, local health-care services that are
available when the patient requires them, help in dealing with changes that myeloma has caused to
the patient, emotional support to themselves, information to be provided in a way that they can
understand.

Anxiety and depression were common in carers with anxiety being higher in partners than in
patients.

Quality of evidence

Evidence about the information and support needs of patients with myeloma and carers was
identified from 14 studies (Table 1.1) (Boland et al 2014, Kelly & Dowling 2011, Lamers et al., 2013,
Maher & De Vries, 2001, McGrath et al 2013, Molassiotis et al., 2011a, Molassiotis et al., 2011b,
Oerlemans et al., 2012, Osborne et al, 2014, Rini et al., 2007, Spencer et al 2014, Tariman et al, 2014,
Vlossak & Fitch 2008 and Myeloma UK survey 2014), which were either qualitative interview (n=9) or
guestionnaire studies (n=5). All 14 studies addressed the needs of patients whilst 3 studies also
examined carer needs. The studies are limited by the small numbers of participants which were
recruited from single cancer centers/hospitals. Also, people who participate in these
questionnaire/interview studies may have information and support needs that are not
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representative of other myeloma patients/carers. Furthermore, recall bias may have been present in
some studies where participants were asked to retrospectively recall the information and support
that was provided.

Eight studies (Kelly & Dowling 2011, Lamers et al., 2013, McGrath et al 2013, Oerlemans et al., 2012,

Rini et al., 2007, Spencer et al 2014, Tariman et al, 2014 and Vlossak & Fitch 2008) were conducted
in countries other than the UK, so their relevance to current UK practice may be limited.
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1 Table 1.1: Summary of included studies — quality assessment
Study Study type Population Methods Analysis Relevance to Other comments
guideline population

Boland et al guestionnair | Well reported Well reported | Well reported | population from UK ¢ Cross-sectional

2014 e e Small sample (n=32)
¢ Not representative of all myeloma patients (patients in
the study were younger and more intensively treated)

Kelly & interview Well reported Well reported | Well reported | population from e Findings apply to the context and point in time for the

Dowling Ireland participants

2011 ¢ Small sample (n=11)
e Phenomenological interpretation — no clear end-point
to interpretation. May be open to re-interpretation

Lamers et al., | questionnair | Well reported Well reported | Well reported | population from e Cross-sectional

2013 e Germany ¢ The study applied a predefined checklist with
intervention alternatives which may not have
represented the entire spectrum of intervention forms

Maher & De | interview Well reported Well reported | Well reported | population from UK e findings apply to the context and point in time for the

Vries, 2001 participants
¢ Small sample (n=8)

McGrath et interview Well reported Well reported | Well reported | population from ¢ Small sample (n=15)

al 2013 Australia

Molassiotis questionnair | Well reported Well reported | Well reported | population from UK e Cross-sectional

etal,2011a | e * Not representative of all myeloma patients (results
reflect those in remission and who have survived longer)
* Low response rate from partners (50%). The non-
responders partners may constitute a group of caregivers
with more needs and problems than those reported by
the respondents.

Molassiotis interview Well reported Well reported | Well reported | population from UK e Findings apply to the context and point in time for the

et al, 2011b participants (long term survivors in remission)
e Small sample (patients n=20, carers n=16)
e Selection bias — participants purposely selected on their
responses to a questionnaire.

Oerlemans questionnair | Well reported Well reported | Well reported | population from e Cross-sectional

etal., 2012 e Netherlands

Osborne et interview Well reported Well reported | Well reported | population from UK

al, 2014
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Study Study type Population Methods Analysis Relevance to Other comments
guideline population

Rini et al., interview Adequately Poorly Adequately population from USA | e Mainly patients with good outcomes who were
2007 reported. reported — reported commenting retrospectively

Mixed sample of | limited

haematological information

cancers (n=30). about

Paper does not interview

specify how many | procedure

myeloma patients

(although specific

quotes from

myeloma patients

are provided in

the results)
Spencer et al | interview Adequately Well reported | Well reported | population from small sample (n=21 patients)
2014 reported Australia
Tariman et interview Well reported Well reported | Well reported | population from USA
al, 2014
Vlossak & interview Adequately Well reported | Well reported | population from e Findings apply to the context and point in time for the
Fitch 2008 reported Canada participants

e Small sample (n=20)

Myeloma UK | questionnair | Adequately Adequately Well reported | population from UK | e Cross-sectional
survey. e reported reported — e The responses do not consist of a representative
March 2014. details of sample of patients who have undergone high-dose

questionnaire
methods given
but no details
on how the
results were
analysed.

therapy and stem cell transplantation and were not
adjusted for geographical spread, age of patients, length
of time since their treatment, or any other factor.
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Evidence tables

Reference | Boland etal 2014

Study type | Cross-sectional questionnaire study

Country UK

Research Aim: to characterise previously unidentified holistic needs in patients with advanced,

question(s) | intensively treated but otherwise stable myeloma

Theoretical | n/a

approach

Data Patient’s holistic needs were assessed using the self reporting tool, Sheffield Profile for

collection Assessment and Referral for Care (SPARC).

Method Quantitative data were analysed using Predictive Analytics SoftWare (PASW) version 20.

and Non-parametric tests were used for descriptive statistics.

process of

analysis

Population | Patients were enrolled upon fulfilling the eligibility criteria for symptomatic myeloma by the

and sample | International Working Group criteria and who had undergone haematopoietic stem cell

collection transplantation and subsequent treatment for at least one episode of progressive disease but
were in stable plateau phase (defined as a <25 % change in serum or urine M-protein or, in
patients with low serum M-proteins (<5 g/L), no evidence of progressive disease (i.e. a rise in
M-protein =5 g/L) and either off of active cytotoxic treatment or on maintenance treatment
for at least 3 months).
32 Caucasian patients (17males and 15 females) were recruited with a median age of 60 years
(range 41-71) at assessment and at a median of 5.5 years from diagnosis (range 2—-12).

Key 30 patients (94 %) felt well supported by their family and did not feel they needed more help

themes than their family could give.
29 patients (91 %) did not feel anxious or depressed, and none of the 32 patients felt that life
was not worth living.
With regards to personal issues, 30 patients (94 %) did not need any help with their personal
affairs and nor did they feel the need to talk to another professional about their condition or
treatment.

Additional | Limitations:

comments/

Limitations | Cross-sectional study.
Relatively small numbers.
Study enrolled patients who were more intensively treated (all of whom had at least one
HSCT procedure) and younger, compared to the average patient with myeloma. Therefore, it
is unlikely to be representative of all patients, especially older patients with myeloma who
receive less intensive treatments.

Reference Kelly & Dowling 2011

Study type | Qualitative study - interviews

Country Ireland

Research Aim: to explore patients lived experience of being diagnosed with myeloma

question(s)

Theoretical

Hermeneutic phenomenology

Appendix G:

evidence review Page 11 of 670




approach
Data Qualitative interviews focusing on the experience of living with myeloma
collection
Method Significant statements and phrases pertaining to living with a diagnosis of myeloma were
and identified and 4 main themes emerged. Each transcript was then read again with the 4 main
process of | themes in mind and sub-themes were subsequently identified.
analysis
Population | 11 patients diagnosed with myeloma
and sample | mean age 63 (range: 42-83)
collection 7 male, 4 female
Time since diagnosis 1.5-4 years
Key
themes 1. Lived body: a changed body
Alopecia, fatigue
All participants commented on changes in their bodily functions and physical appearance. For
most, changes in appearance resulted in a negative view of self, while acting as a constant
reminder of their illness. Moreover, concerns about how others viewed them and the
realisation that they could no longer conceal their cancer had a major psychosocial effect.
2. Lived space: living in limbo
Living with an ‘unknown’ cancer, stigma of cancer, loss, feeling ‘lucky’
The unfamiliar identity of myeloma was multidimensional encompassing lack of personal and
public knowledge of the condition. Only one participant had heard of myeloma before
diagnosis and three participants had not associated myeloma with cancer.
3. Lived time: time is precious
Fear or recurrence, limited time with healthcare professional
A major concern for participants was the limited time spent with healthcare professionals.
Participants perceived nurses and doctors were too busy. As a result they refrained from
talking about important issues and questions remained unanswered.
4. Lived relations: significance of support
Family support, protecting others
Participants spoke about the benefits of talking to other patients who had myeloma. This
support usually began informally, in the clinic waiting rooms. However, for the majority of
participants, the opportunity to talk to others with myeloma patients had not arisen.
Additional | Limitations:
comments/
Limitations | The findings of this study only apply to the context and point in time for the participants.
Participants may feel differently later when, for example, their disease relapses.
With phenomenological interpretation, there is no clear end-point to interpretation, which is
always open to re-interpretation.
1
2
Reference Lamers et al., 2013
Study type | Cross-sectional questionnaire study
Country Germany
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Research
question(s)

Aim: to identify psychosocial intervention desires of myeloma patients at time of diagnosis

Theoretical
approach

n/a

Data
collection

Patients completed questionnaires that included a checklist on desired psychosocial interventions
and the Patient Health Questionnaire 9-item (PHQ-9) depression and Generalized Anxiety Disorder
7-item scale (GAD-7) anxiety scales. The questionnaires were completed at home and given to a
staff member at the first appointment in the clinic.

Medical data were extracted from the patients’ electronic records.

Method
and
process of
analysis

Sociodemographic and medical variables as well as patients’ intervention desires and comorbidity
are presented descriptively as mean with standard deviation, median with range, or number and
percentage, depending on the scale level. A non-responder analysis and comparisons of distressed
and non-distressed patients were conducted using X° tests or Fisher’s exact tests if expected cell
counts were less than five.

Population
and sample
collection

Patients with newly diagnosed multiple myeloma were recruited from the outpatient myeloma
unit at the Heidelberg University Hospital.

Of the 294 patients scheduled with suspected multiple myeloma, 104 were excluded because
diagnosis could not be confirmed, and 60 patients were excluded because they had received
chemotherapy. Of all included patients,

16 did not complete the questionnaires or declined participation, corresponding to a participation
rate of 87. 7%.

The study ultimately included 114 myeloma patients.

The mean age of the 114 participating patients was 62 years (SD = 10.6; range = 32—-84).
52 patients (45.6%) were 60 years or younger.

Men (51.8%) and women (48.2%) were represented equally.

The mean time since diagnosis was 1.65 months (SD= 2.74, range = 0—12 months).

Key
themes

The study indicates that already at the time of diagnosis, myeloma patients have a high level of
psychosocial intervention desires. Half of the patients (51%) in the study desired psychosocial
interventions.

The most common preferences were relaxation techniques and psychosocial counseling.

Approximately 24% of the patients reported symptoms of depression, and 8% reported symptoms
of anxiety. All of these patients scoring high for anxiety also screened positive for depressive
symptoms.

Because of the high overlap between anxiety and depression for comparative analyses, all patients
with either an elevated score for depression or anxiety were summarized as ‘emotionally
distressed’.

Additional
comments/
Limitations

Limitations :

The results are developed from a tertiary cancer centre at a single phase of disease, and it is known
that both the distress and quality of life of myeloma patients change over time. This situation may
reduce the study’s generalizability to other settings and patients.

The study applied a predefined checklist with intervention alternatives; these, however, may not
have represented the entire spectrum of intervention forms.

Combining depression and anxiety into one group of ‘emotionally distressed’ (although it is stated
that all analyses were recalculated for depressive and anxious patients separately and the results
did not differ significantly).
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Reference Maher & De Vries, 2001

Study type | Qualitative study - interviews

Country UK

Research Aim: to explore how the experience of living with relapsed myeloma had affected the quality of the
question(s) | lives of these individuals.

Theoretical | Hermeneutic phenomenology (enables the use of language to lead to undiscovered meanings)
approach

Data Audiotaped unstructured qualitative interviews conducted in a conversational manner to elicit
collection narrative data

Method Data were analysed from transcribed interview transcripts using a method of thematic content
and

process of

analysis

Population | 8 people living with relapsed myeloma

and sample | Age range, 48-74

collection 5 male, 3 female.

Key Key themes:

themes

1. Living with uncertainty (cited as the dominant overarching theme)
Affect of uncertainty on future and daily routine, uncertainty due to both disease and
treatment, apprehension and worry about test results, re-evaluation of life and priorities,
not being able to plan for the future

2. Intuitive knowing
Alongside uncertainty about the future was knowledge (certainty) that the illness had
relapsed before being told by a clinician

3. Maintenance of normality
Living a normal life vital to coping with uncertainty, acceptance that family and friends
avoided discussing the illness, reluctance to share true feelings to maintain normality

4. Adjustment to illness
Recognising limitations, importance of support from family, disintegration of some and
friend unable to provide support, physical and psychological stress, impact on activities of
daily living, anxiety and depression leading to social isolation

5. Hope
Coping with uncertainty, importance of spiritual beliefs, and importance of potential new
treatments giving an ‘illusion or safety’

6. Effects of treatment
Toxicity of treatment — infection, neuropathy, pain, nausea, fatigue

7. Trusting healthcare professionals
Importance of information in reducing uncertainty, feeling valued if concerns listened to,
importance of confidence in the team

8. Fighting spirit
An important coping mechanism —to remain ‘strong’ and ‘brave’

Overall, the patients in this study placed importance on the emotional aspect of their experience.
Hope, intuitive knowing, a fighting spirit and trusting healthcare professionals were expressed as
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required positive elements that enabled living with relapsed myeloma. These assisted in
maintaining normality, coping with bad news and in adjusting to the illness.

Pervading through these themes was the need to control uncertainty and having strong support
from significant others provided something to live for and the necessary social support required to
promote a new orientation to life.

Additional | Limitations:

comments/ - the recruitment from one organisation only

Limitations - time constraints which meant only one interview was conducted with each participant
1

2

Reference McGrath et al 2013

Study type | Qualitative study - interviews

Country Australia

Research Aim: to explore the perceptions and experiences about end-of-life care for individuals with a

question(s)

hematological malignancy

Theoretical | n/a

approach

Data open-ended interviews and one focus group

collection

Method The interviews and focus group were recorded, transcribed verbatim, coded, and thematically
and analyzed

process of

analysis

Population | Fifty participants (n = 26 male; n = 24 female) were interviewed representing the major

and sample | hematological diagnostic groups.

collection 15 myeloma patients

Key The findings indicated that those fortunate enough to know about the benefits of palliative care
themes are more likely to access palliative care during end-of-life care. However, for many patients there

are still problems with timely referrals to the palliative system.

Comments from myeloma patients:

Many individuals indicated that they already knew about palliative care due to a range of reasons
including from personal experiences with family members and friends dying or from work as or
with health professionals.

Some did not know about palliative care and when informed, many indicated that they would like
more information.
“Oh, could you send me out anything on that (information on palliative care and
hospice)?”

It was noted that information on palliative care was not easily available.
“Like it’s not sort of advertised so to speak a lot ... because when you’re going through
something like that you just don’t know what’s out there”

The individuals’ preference for the timing of discussions about palliative care was explored.

Some individuals indicated that they did want information on palliative care before it was needed

so that they would be in a better state of mind to think about the issues and plan for their family:
“I think to know while you were in a better state of mind that information might be better
now than you know, 6 months down the track so you can start to plan and you can start
to feel sure that your loved ones are taken care of”
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However, there was a group of participants who clearly indicated that they preferred the “need-to-
know” approach of only talking about palliative care during the final stages of care.

Only one person indicated that they did not want to know about the possibility of death and dying
atall:
“I just want to deal with my own space and even when they use the word “hospice,” |
don’t like that word. | don’t like that word ... leave me alone, I’'m alive, I’'m getting on with
it. Now they don’t even use that life expectancy, they don’t use that word now which is
good”

With the contrast between some participants wanting early discussions on palliative care and most
only wanting information when needed, significance was placed on the doctor in having the skills
and sensitivity to know
the individual’s preference:
“Well, | suppose you know it depends on the person. | know it’s very hard but | think
doctors are pretty smart. They’re the ones that should know when to sort of approach
people on those subjects you know. You should be quite selective. I’d rather it that way

anyway.”
Additional
comments/
Limitations
1
Reference Molassiotis et al., 2011a
Study type | Cross-sectional questionnaire study
Country UK
Research Aim: to identify unmet supportive care needs of both patients living with myeloma and their
question(s) | partners
Theoretical | n/a
approach
Data Patients completed a questionnaire exploring their Supportive Care Needs (Cancer Survivors’
collection Unmet
Needs measure (CaSUN)), the Hospital Anxiety and Depression Scale (HADS) and the EORTC QOL
scale with its Myeloma module.
The partners completed the partners’ version of the Supportive Care Needs scale and HADS.
The questionnaires were completed at home and returned to the researchers in pre-paid
envelopes.
Method Using SPSS (v.13) descriptive statistics were calculated to summarise the data and identify
and subgroups of patients with great number of needs.
process of
analysis
Population | Patients and their partners were recruited from 4 hospitals in the UK
and sample
collection The inclusion criteria for patients were:

(a) diagnosed with multiple myeloma;

(b) being more than 1 year post-initial diagnosis;

(c) having received chemotherapy with or without immunomodulatory drugs, marrow or blood
stem cell transplantation for their myeloma. Patients receiving maintenance treatments were also
included and

(d) willing to participate in the study and able to complete the study’s questionnaires.

Patients less than 1 year post-diagnosis were excluded from the study because the focus of the
study was longer term needs in myeloma survivors.
Patients with advanced/progressing disease were also excluded.
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The patients’ partners were also recruited, and they were included in patient— partner dyads if
they were in a relationship with the patient, living together and/or were the primary caregiver of
the patient.

The study recruited 132 patients and 93 of their partners.

The mean age of the patients was 62 years (SD58.8, range535—-83)
The mean age of the partners was 58.9 years (SD512.6; range525-80).
Fifty patients (37.9%) were less than 60 years old.

Mean time post-diagnosis of 5 years.

Key
themes

26.5% of survivors and 29% of partners reported at least 1 unmet need. Most were described as
weak or moderate.

Most common unmet needs for both patients and their partners were accessibility of hospital car
parking, obtaining life and/or travel insurance and managing concerns about cancer recurrence.

Unmet supportive care needs in myeloma patients and their partners

Statement of need % of total sample | % of total sample
of patients® of partners®

| need more accessible hospital parking 10.6 (1)* 15.0 (1)*

Due to myeloma, | need help getting life or travel 10.4 (2) 12.5(2)

insurance

| need help to manage my concerns about myeloma 7.9 (3) 11.5(3)

coming back

| need an ongoing case manager to whom lcangoto | 7.4 (4) 10.8 (4)

find about services whenever they are needed

| need help to reduce stress in my life 6.6 (5) 9.0 (8)

| need help to try to make decisions about my life in 6.4 (6) 8.2 (11)

the context of uncertainty

I need to know that all my doctors talk to each other | 6.4 (6) 9.8 (6)

to coordinate my care

My family and/or partner needs information relevant | 6.3 (7) 8.3 (10)

to them

| need to talk to others who have experience 6.2 (8) 6.7 (16)

myeloma

I need help to deal with my own and/or others 6.2 (8) n/a

expectations of me as a myeloma survivor

I need help to adjust to changes in my QOL as a result | 5.6 (9) n/a

of my myeloma

I need help to find out about financial support and/or | 5.6 (9) 9.1(7)

state benefits to which | am entitled

| need help to know how to support my partner 5.5(10) 6.4 (19)

and/or family

| need help to cope with others not acknowledging 5.5(10) 6.9 (15)

the impact that myeloma had on my life

I need help to adjust to changes to the way | (my 5.5(10) 3.7 (28)

partner) feel(s) about my (his/her) body.

“These percentages represent needs in up to 40% of patients and up to 52% of partners who
communicated at least one need.
*Numbers in brackets indicate the rank of patient/partner need

Additional partner needs
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While the most frequently reported unmet supportive care needs were the same in both patients
and partners, the partners had their own additional needs that were not reported by patients.
Additional partner’ needs were mostly around the practical and informational aspects of the
patients’ care.

Additional partner needs % of those who | % of total
expressed a sample
need

the need for help to manage ongoing 34.4 10

side effects and/or complications
experienced by patients as a result of
their treatment

provision of up-to-date 30.5 9
local health-care services that are 27.6 8
available when the patient requires

them

help in dealing with changes that 26.2 7.6
myeloma has caused to the patient

emotional support to themselves 26.2 7.6
information to be provided in a way 24.6 7.1

that they can understand

Depression and anxiety

% of patients | % of Patients Partners
partners score score
mean (SD) mean (SD)
anxiety 27.4 48.8 5.64 (3.83) 7.72 (4.31)
depression 25.2 13.6 5.18 (3.37) 4.57(3.63)

Patients with an anxiety score of 8 or more had significantly greater number of unmet needs
reported (45.7% vs

19.4%, P=0.002). Similarly, those with signs of depression had double the amount of unmet needs
reported than those with no signs of depression (43.8% vs 21.1%, P=0.012).

Anxiety was significantly higher in the partners than the patients (P<0.05).

Additional | Limitations:

comments/

Limitations | It was noted in the paper that many patients commented that had they completed this scale
during treatment and soon after, their responses would have been very different and with more
needs, suggesting that supportive care needs may be higher in this population during active
treatment times.

There was a lower than expected response rate from the partners (50.3%).

The non-respondent partners may constitute a group of caregivers with more needs and problems
than those reported by the respondents. The most common reason that partners alluded to for not
participating was that they did not want to be reminded of their partners’ disease.

The results reflect the views of those in remission and who have survived for longer.

Almost all (but 6) patients were of white origin, and hence findings cannot be applied in other
ethnic groups.

1
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1

eference Molassiotis et al., 2011b
Study type | Qualitative — Interviews
Country UK
Research Aim: to provide a more in depth and personal insight into the key issues identified in the
question(s) | quantitative part of the study
Theoretical | While no specific qualitative paradigm was followed, the principles of grounded theory were
approach maintained, including studying the participants in naturally occurring settings (their homes), using
open-ended and flexible questions in that these questions could be modified as the research
progressed and new information was revealed, and identifying themes and coding frames without
predefined ideas or coding categories.
Data Semi-structured interviews with patients and carers to talk about the effects of myeloma on their
collection lives, issues and concerns, their supportive care needs and how they were coping in everyday life.
All interviews took place in the participants' home.
Method Interviews were tape recorded and later professionally transcribed verbatim.
and A ‘bottom-up’ approach was taken in identifying themes within the data utilising content analysis,
process of | developing coding frames (conceptual labels) and analysing the data.
analysis
Population | Subset of patients and carers from study above (Moassiotis et al 2011 Psycho-Oncology, 20: 88-97).
and sample | Purposefully selected based on their responses to the questionnaire.
collection Participants were selected to represent both positive views and concerns with their living with
myeloma.
20 myeloma patients
12 female and 8 male
Mean age 61.8 years.
Married = 16; single = 2; separated = 1; widowed =1
All were of white British origin.
None of the participants were currently receiving any active treatment, although five had relapsed
and were either awaiting treatment (n=2) or were on a treatment break at the time of interview
(n=3).
Mean time post-diagnosis was 5 years (range 1-11.5).
16 informal caregivers.
9 female and 7 male
Mean age 61.4 years
14 were the patients' partners and two were the daughters of the patients.
All partners were living with the patients in the same house, while the two daughters did not live
with the patient.
Key
themes Information needs of patients:

While some patients were eager to gather knowledge around myeloma and the management of
their illness, several others avoided any knowledge (avoidance coping).

Knowledge avoidance was split between patients who saw it as a positive way of coping, with
statements such as ‘...helps me remain blasé about the treatment’, ‘...happy to bury my head’ and
‘...purposely | don’t take an interest in the disease as it's generally bad news’, to those patients
who were in a dilemma between wanting to know more about their illness but not wanting bad
news.

Information needs were generally low, and patients were satisfied with the information they had
received.

Unmet information needs usually surrounded the need to know more about their future prognosis,
although patients understood that often it was difficult to put a time frame on their illness.
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Support groups were not popular, with only one patient having attended a group.
The vast majority did not have a desire to attend support groups, and as one caregiver put it: ‘he
wouldn't want to go to a support group...doesn't want to go to a ‘commiseraters’ club’.

Information needs of carers:

No caregivers recalled having been given specific information (e.g. leaflets) designed specifically for
caregivers of patients with myeloma. However, only one saw this as a problem, and most never
thought of this until mentioned by the interviewer. They had low expectations of what help or
information is available to them, most mentioned ‘just getting on with it’.

The few participants who mentioned unmet information needs reported needs in relation to
understanding myeloma symptoms better and what is normal, financial advice and information
around prognosis.

Support needs of patients:

9 of 20 patients said that they had no needs.

However, during discussions and through probing questions, needs might then be elicited from the
same people.

There seemed to be a general lack of expectation about what help can be accessed. Typical
comments were ‘I don't know what help is available’ or ‘I don't know how to go about finding that
help’.

Patients felt that once they had received the initial treatment and were in remission they were
then ‘forgotten’ by the specialists; they were now not seen by the consultant and saw a different
doctor each time they visited the hospital.

One patient said ‘...might say I've lost that personal touch-leaves a bit of an empty hole’.

4 patients expressed that they would like help to manage their ongoing symptoms (lack of energy,
bowel problems, back pain and mobility were mentioned).

Support needs of carers:

Because none of the patients were currently receiving any antineoplastic treatment, most informal
caregivers felt they had already been through the most difficult period. Few unmet needs were
verbalised.

Some participants felt that they did not know who to turn to when there were problems, e.g. “...|
don't know who to ask for help or what help is out there’.

The vast majority of caregivers felt they did not need help from outside agencies and that at times
when patients had been ill, they had relied on family for extra support. 3 caregivers mentioned
that outside help had not been pursued because they perceived that the patient would not allow
it; one participant described ‘...[the patient said] | don't want no Macmillan nurses [specialist
community palliative care nurses] calling here, no way — | felt the same’, alluding to a connotation
between specialist palliative care support and death.

3 caregivers highlighted the problem of not having anyone to talk to. Some participants found it
difficult to speak to the doctors and felt they were interested more about the disease, proposing to
‘seeing the person in the patient’.

Additional
comments/
Limitations

Cross-sectional design.

Selection bias. Participants purposefully selected based on their responses to questionnaire. Not
randomly selected.
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(Participants were selected to represent both positive views and concerns with their living with
myeloma)

Most patients who participated were considered long-term survivors and were in remission;
hence, experiences of those with advanced progressing disease and those on-treatments may be
substantially different.

Participants were about 5 years younger than the average myeloma population.

All participants were Caucasian.

Informal caregivers were identified through the patients, and this may have introduced selection
biases.

Caregiver experiences were reflecting more stable families, as the vast majority were spouses.

1
2
3
Reference Oerlemans et al., 2012
Study type | Cross-sectional questionnaire study
Country Netherlands
Research Aim: to evaluate the current perceived level of and satisfaction with information received
question(s)
Theoretical | n/a
approach
Data The Dutch version of the European Organisation for Research and Treatment of Cancer (EORTC)
collection QLQ-INFO25

guestionnaire was used to evaluate the perceived level of and satisfaction with information
Method After linear transformation, all scales and items range in scores from 0 to 100, with higher scores
and indicating better perceived information provision.
process of
analysis
Population | The population-based Eindhoven Cancer Registry (records data on all patients who are newly
and sample | diagnosed with cancer in the southern part of the Netherlands) was used to select all patients
collection diagnosed with NHL, HL and MM from 1999 to 2009.

In total, 1,448 survivors received a questionnaire, and 1,135 of them responded (78.4 %).

153 myeloma patients

Female: 69, male: 83

Mean age at time of survey 66.1 years (SD 10 years)

Mean years since diagnosis 2.4 (SD 2.3 years)
Key 29% of myeloma patients would have liked to receive more information. (only 1% wanted less
themes information)

Most frequently mentioned topics to receive more information about were: cause and course of
disease (54%), late effects of treatment (30%) and psychosocial aftercare (30%).

Mean EORTC QLQ-INFO25 subscale scores (+SD)

EORTC QLQ-INFO25 Mean (SD)
Information about disease 51 (22)
Information about medical tests 65 (23)
Information about treatment 47 (24)
Information about other services 22 (21)
Satisfaction with information 61 (28)
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| Usefulness of information | 62 (25)

EORTC-QLQ INFO25 scales 0—100: a higher score reflects better perceived information received

Myeloma patients under active surveillance reported lower perceived levels of information about
treatment (B=-0.45; p<0.05) compared to patients who were actively treated.

Myeloma patients who had been diagnosed more recently had higher perceived levels of
information provision, which possibly indicates that information provision has improved with time.
However, it is also possible that recall bias influenced these findings, for those diagnosed more
recently, the information received is still fresh in their memory.

Additional | Limitations:
comments/
Limitations | Cross-sectional design.
It remains unknown why non-respondents declined to participate in the study.
1
2
3
Reference Osborne, 2014
Study type | Qualitative study — structured interviews
Country UK
Research Aim: to explore the issues important to QOL from the perspective of people with myeloma (and

question(s)

also to explore the views of patients and staff about existing QOL measures — but this aspect is not
appraised here).

Theoretical | n/a

approach

Data Semi-structured interviews — all conducted by the same researcher, designed to probe the QOL
collection issues of importance to the patient.

Method The interview recordings were transcribed verbatim, imported into NVivo software and analysed
and using thematic analysis.

process of

analysis

Population | Participants were 20 patients with myeloma — a purposive sample intended to maximise variation
and sample | across gender, age and disease stage.

collection

Key The themes most closely related to QOL were emotional status, activity & participation and
themes support factors.

Additional | The main focus of the study was to develop a theoretical model of QOL in myeloma to be used in
comments/ | the clinical care of such patients.

Limitations

4

5

Reference Rini 2007

Study type | Qualitative - interviews

Country USA

Research What are the effects of experiential information on cancer patients?

question(s)

Theoretical | n/a

approach

Data Interview questions

collection

Method Content analysis of the responses to interview questions

and

process of

analysis
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Population | Participants consisted of 20 men and 10 women completing a screening protocol for a multisite
and sample | trial testing a psychological intervention for hematopoietic stem-cell transplant (HSCT) survivors.
collection
All patients had undergone HSCT 1 to 3 years earlier to treat hematologic malignancies such as
myeloma, lymphoma, and leukemia. Study does not specific how many myeloma patients.
They were, on average, 54 years old, married (n=25), white (n=25), and well-educated (22 had
college or graduate degrees).
Key Preparatory coping: knowing what to expect and how to cope with it
themes Patients most often described how learning about fellow patients’ experiences helped them

prepare for transplantation.

Patients specifically discussed learning about people’s day-to-day experiences on the transplant
unit, physical and emotional effects of transplantation, treatment decisions, and coping strategies.
Many patients who did not have access to this information wished they had.

Comments from myeloma patients:
“At the very beginning, | was frightened and | was confused, and we didn’t know what
course to take. . . . If | had more knowledge of what the disease was or what other people
had experienced, it would have been very helpful. . . . To know what route or what
choices. . . were there for me,. . . and to know that really | personally didn’t have to be
afraid.”

“I did talk to someone who had it—a friend of my husband’s who worked with him. . .. |
would tell him how I’'m feeling. He would say, ‘Yeah, you’re going to feel this way and
then you’re going to get better. It goes away. You’re going to eat this. You’re not going to
feel like eating that.” | spoke with him, and that helped a lot.”

“My daughter gave me the name of a doctor that was diagnosed 2 years previously with
multiple myeloma. So | got in touch with the doctor and his wife over the phone, and he
gave me someone else’s name, and | got in touch with that person. And then someone at
work gave me the name of someone else, and | got in touch with that person. When we
went to the conference last year [held by the Multiple Myeloma Foundation], | met other
patients, and I’'ve been in contact with them to find out what their experiences were and
how they’re dealing, and what their protocol is now.”

Social comparisons: knowing where you stand in relation to others
Patients described using experiential information as a basis for social comparisons.

Comments from myeloma patients:
“As much as | have gone through, | always see somebody that has had it worse than |
have.”

“If I sit in the doctor’s office and | see somebody who says, ‘| have been Coming back and
forth for 10 years with this,” they think they’re discouraging me. But what they’re really
doing is making me feel good. I’'m saying, ‘They lived 10 years after this. That’s great!””

Negative effects of experiential information: what can go wrong?

Substantial minority of patients (23%) mentioned situations in which learning about experiences of
fellow patients was unhelpful or even harmful, highlighting potential pitfalls of experiential
information.

Patients who thought it was unhelpful usually commented that others’ experiences would differ
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from their own and thus be uninformative.

Harmful effects fell into two categories: stories that were distressing or stories that communicated
what patients felt was harmful information. For instance, several patients reported distress after
hearing about enduring negative adverse effects

In this study, patients who reacted negatively to experiential information also appeared to restrict
their exposure to medical information, consistent with reports that some cancer patients prefer
limited information about their situation, in general.

Accessing experiential information

Patients who spoke with fellow patients most often found them through informal networking with
friends, family, or acquaintances. It appeared that these contacts were strongly desired, but not
readily available through formal channels

Additional | Mainly patients with good outcomes who were commenting retrospectively.

comments/

Limitations

1

2

3

Reference | Stephens, 2014

Study type | Qualitative study — structured interviews

Country Australia

Research Aim: to report findings from a qualitative study of the experiences of patients with multiple

question(s) | myeloma following first relapse in the era of novel agents.

Theoretical | Grounded theory approach

approach

Data Semi-structured interviews

collection

Method Interviews were recorded and transcribed verbatim. Inductive analysis used to identify themes of

and particular interest

process of

analysis

Population | A convenience sample of 11 patients with myeloma and 10 carers. Recruitment stopped when no

and sample | new insights were generated.

collection

Key To adapt to the effects of myeloma and its treatments required great effort which the reviewers

themes termed “illness work”. This was typically effort required to mitigate the risks to the well being of
the patient and carer. For example modifications to diet, avoidance of infection and skeletal injury.
Emotion work was also required to manage the feelings of self and others during the cycles of
treatment and relapse.

Additional

comments/

Limitations

4

Reference | Tariman, 2014

Study type | Qualitative, descriptive cross sectional study

Country USA

Research To examine patient perspectives on factors relevant to treatment decision making in myeloma

question(s)

Theoretical | n/a
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approach

Data

Semi-structured interviews

collection

Method Interviews were recorded and transcribed verbatim. Directed content analysis was used to extract

and the major themes

process of

analysis

Population | N=20. Age > 60 years, with newly diagnosed symptomatic myeloma. Patients were recruited from

and sample | University and community based practices to maximise the diversity of the participants.

collection

Key Trust in the physician, healthcare team and/or institution: Participants expressed their trust in

themes physician, healthcare team and/or institution as influential in treatment decisions.
Participants have many sources of information related to myeloma: Participants described the
different sources of myeloma-related information including: the internet, physicians, family and
friends who help to research myeloma-related material, physician visits, books, pamphlets, nurses,
other patients and support groups.
Participants have various decisional role preferences: Patients described their role preferences or
any changes in role preferences as being either active (patient making their own treatment
decision with or without consideration of the physician’s opinion), shared (between patient and
physician) or delegated (to the physician).
Patient specific factors influence treatment decisions: these factors include the patients’
experience of myeloma therapies, age, beliefs and values, spiritual faith, opinions of others and
past experience of non-myeloma treatments.
Negative perceptions of treatment decision making: some described negative perceptions of
treatment decision making — including lack of discussion of treatment options, long waiting times,
inability to reach a healthcare team member, and wanting to have more information about the
disease, prognosis, treatment and side effects.
Decisions driven by the benefits of being cancer free, in remission or longer life: patients described
the benefits of their therapy.
Contextual factors: these included health insurance, financial status, availability of free medicine,
geographical considerations, social support, housing, retirement planning and significant family
events.
Initial shock at time of diagnosis: participants described being in a state of shock, feeling very
overwhelmed and not in the right frame of mind to process what was heard from the physicians
during the visit — feeling paralyzed from participating in decision making.

Additional

comments/

Limitations

1

2

Reference | Vlossak & Fitch 2008

Study type | Qualitative study - interviews

Country Canada

Research Aim: to To explore in a qualitative manner the impact of a diagnosis of myeloma on the patient and

question(s)

family’

Theoretical

n/a
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approach

Data

Qualitative telephone interviews focusing on experiences specific to living with myeloma.

collection Participants were asked open-ended questions to allow them to discuss what was important t
them.
Method Interviews were transcribed verbatim. The transcripts were subjected to a standard content and
and theme analysis.
process of
analysis
Population | 20 myeloma patients
and sample | age range 44-88
collection 13 male, 6 female.
Time from diagnosis 6 months—6 years
Key 1. Shock of diagnosis
themes
2. Few options for treatment
3. Worry about family
4. Treatment is difficult, long, complex
5. Fatigue is overwhelming
6. Loss of independence
7. Change in self concept/self image
8. Obsession about how and when the end will come
9. Fear of recurrence
10. Rationalisation of changes in hopes for the future
The study indicated that the patients were satisfied with the physical care they receive. However
their responses demonstrated that their primary needs are emotional and psychosocial.
When the patients were questioned about sharing these feelings with their physicians and nurses
almost all were reluctant to approach the medical team with concerns surrounding their emotional
health.
“I have my monthly meeting and they’re so busy...you’re sort of in and out. | just think
because they’re so busy | don’t feel comfortable doing it right now...you go there and my
God, there are a hundred people waiting. So you hate to, you’re waiting two and three
hours to see them. You don’t want to do that to somebody else.”
“Well, like | say they (medical team) look so busy. And you go in and you see these poor
people that are desperately ill and you think, well | don’t know what | am complaining
about because | can do this and that the other. So almost, what am | doing here?”
Additional | Limitations:
comments/ - the recruitment from one organisation only
Limitations - time constraints which meant only one interview was conducted with each participant
1
2
Reference | Myeloma UK survey. March 2014.
Study type | Cross-sectional questionnaire study
Country UK
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Research
question(s)

Aim: to capture the experiences of patients who have had high-dose therapy and stem cell
transplantation to better understand the issues that most impact on their experience

Theoretical | n/a
approach
Data Online survey - mixture of qualitative and quantitative questions, with space for free text in many
collection of the questions to allow patients to expand on their answers and explain their experience in more
detail.
Method Not reported
and
process of
analysis
Population | Myeloma UK undertook an online survey which was promoted through the Myeloma UK website,
and sample | particularly via the online discussion forum and myeloma patients who had undergone a high-dose
collection therapy and stem cell transplantation within the last few years were invited to participate and
share their experience.
The survey was live on the Myeloma UK website during June and July 2013.
In total, 162 responses to the survey were collected.
Key 87.1% of patients who responded to the survey were ‘very satisfied’ or ‘satisfied” with the amount
themes and quality of information that they received.

The most significant findings:

1. Many patients surveyed would have liked the opportunity to speak to another patient who has
already undergone high-dose therapy and stem cell transplantation, before deciding whether to
undergo the treatment themselves.

Only 17% of respondents were given the option to speak to another patient who had
already undergone high-dose therapy and stem cell transplantation.

Of those who were not given the option, 48% would have liked the chance to speak to
another patient so they could learn more about what to expect from the treatment.

2. Information about the emotional impact of receiving high-dose therapy and a stem cell
transplant is often not provided.

27% of respondents were given no information on the potential emotional impact that
this treatment might have on them.

3. Stem cell mobilisation and collection is a source of worry amongst some patients.

21% of patients were given no information on what would happen if not enough stem
cells were collected, yet 69% of respondents were anxious, about whether they would
produce enough stem cells in order to proceed with high-dose therapy and stem cell
transplantation.

4. Patient experience is enhanced with the addition of a named nurse or transplant coordinator
acting as their main point of contact.

73% of patients had a named nurse or transplant coordinator who acted as their main
point of contact during their stay in hospital.

68% of those with a named nurse rated their care in hospital as excellent.

37% of those who did not have a named nurse rated their care in hospital as excellent.
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5. anxiety can be a significant factor for patients throughout the treatment journey
— from making a decision about whether to undergo the treatment, through to stem cell
mobilisation and collection, the high-dose therapy, transplant and returning home.

23.3% of respondents answered that they were ‘anxious’ and 5.3% stated they were
‘depressed’ when asked about their predominant emotion while they were in hospital.

Providing high quality and appropriate information at critical times should help reduce
patient anxiety and worry. However, only 25% of respondents stated that they felt less
worried or anxious about having the treatment after receiving information, while 20% of
respondents said that information had in fact made them feel more anxious.

Additional | The responses do not consist of a representative sample of patients who have undergone high-
comments/ | dose therapy and stem cell transplantation and were not adjusted for geographical spread, age of
Limitations | patients, length of time since their treatment, or any other factor.

Excluded papers (after checking full text)

Paper Reasons for exclusion
1. Bertolotti, P., Bilotti, E., Colson, K., Curran, K., Doss, D., Faiman, | Not relevant for review question. Not a study to

B., Gavino, M., Jenkins, B., Lilleby, K., Love, G., Mangan, P. A,, identify what are the information and support

McCullagh, E., Miceli, T., Miller, K., Rogers, K., Rome, S., needs.

Sandifer, S., Smith, L. C., Tariman, J. D. & Westphal, J. (2008) Paper reports on the development of consensus

Management of side effects of novel therapies for multiple statements by the International Myeloma

myeloma: consensus statements developed by the Foundation's Nurse Leadership Board.

International Myeloma Foundation's Nurse Leadership Board.

Clinical Journal of Oncology Nursing, 12: 9-12.

2. Bilotti, E., Faiman, B. M., Richards, T. A., Tariman, J. D., Miceli, Editorial article.

T.S., Rome, S. |. & International Myeloma Foundation Nurse Not relevant for review question.

Leadership Board. (2011) Survivorship care guidelines for Overview of Survivorship care guidelines for

patients living with multiple myeloma: consensus statements patients living with multiple myeloma.

of the International Myeloma Foundation Nurse Leadership Most significant patient needs determined

Board. Clinical Journal of Oncology Nursing, 15 Suppl: 5-8. based on a survey of Nurse Leadership Board
members.

Bone health, health maintenance, mobility and
safety, sexual dysfunction and renal health.
3. Chhabra, K. R. (2013) Physician communication styles in initial Not specific to myeloma. Haematological
consultations for hematological cancer. Patient Education and | cancers. 30% myeloma.

Counseling, 93: 573-578. Not relevant for review question. Study does
not aim to identify the specific information and
support needs of patients.

Study to investigate physician communication
styles in consultations.
4. Clarke, H. (2010) A randomised controlled trial of an Conference abstract.
educational booklet for multiple myeloma patients with Therefore limited information/details of the
peripheral neuropathy. Haematologica, Conference: 588-589. study
5. David, N. (2013) Internet-based program for coping with Not specific to myeloma. Haematological

cancer: A randomized controlled trial with hematologic cancer
patients. Psycho-Oncology, 22: 1064-1072.

cancers. 4% myeloma.

Not relevant for review question. Study does
not aim to identify the specific information and
support needs of patients

Objective of study was to develop and conduct a
field experimental assessment of an internet
based cognitive behavioral program to support
coping with illness in haematological cancer.
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treatment highlight a lack of knowledge on therapeutic
benefits and strong preferences for choice and location of
treatment. Blood, Conference: 21.

6. EI, T.A., Abel, G. A., Roland, M. & Lyratzopoulos, G. (2013) Not relevant for review question.

Variation in reported experience of involvement in cancer

treatment decision making: evidence from the National Cancer | Data from the 2010 English National Cancer

Patient Experience Survey. British Journal of Cancer, 109: 780- Patient Experience Survey.

787. Responses from 41,411 patients (myeloma
n=1,873) were analysed with regards to a single
guestion examining patient experience of
involvement in treatment decision making and
how this varied between patients of different
age, gender, ethnicity, socioeconomic
deprivation and cancer diagnosis.

7. Hall, A. (2013) Supportive care needs of hematological cancer Review to determine perceived supportive care
survivors: A critical review of the literature. Critical Reviews in needs of haematological cancer survivors.
Oncology/Hematology, 88: 102-116. Myeloma not looked at separately. But included

studies on myeloma are included in evidence
review separately.

8. Hayes, L. & Cooney, M. (2013) Identifying and Addressing the Conference abstract.

Supportive Care Needs of the 'Complex' Patient with Multiple Therefore limited information/details of the

Myeloma Within A Nurse Practitioner Led Service. Asia-Pacific | study

Journal of Clinical Oncology, 9: 121.

9. Heras, P. (2010) Education and psychosocial adaptation of Conference abstract.
multiple myeloma patients. European Journal of Cancer, Therefore limited information/details of the
Supplement, Conference: 4. study

10. Hoff, L., Tidefelt, U., Thaning, L. & Hermeren, G. (2007) In the Not specific to myeloma.
shadow of bad news - views of patients with acute leukaemia, The study consists of recurrent interviews with
myeloma or lung cancer about information, from diagnosis to 12 cancer patients: 7 with haematological
cure or death. BMC Palliative Care, 6: 1. cancer. Not stated how many myeloma patients.

11. Husson, 0. (2013) Satisfaction with information is associated Conference abstract.
with baseline and follow-up quality of life among lymphoma Therefore limited information/details of the
and multiple myeloma survivors: Results from the profiles study
registry. Supportive Care in Cancer, Conference: S37-S38.

12. Husson, O., Thong, M. S., Mols, F., Oerlemans, S., Kaptein, A. A. | Study is relevant but myeloma data from this
& van de Poll-Franse LV. (2013) lliness perceptions in cancer paper is already included in Oerlemans et al
survivors: what is the role of information provision? Psycho- 2012 as the 2 reports are by the same group so
Oncology, 22: 490-498. would be repeating the data if this paper was to

be included also.

13. King, T. (2012) 'For the first month | was telling everyone i had Conference abstract.
myeloma: Addressing the information needs of myeloma Therefore limited information/details of the
patients. Supportive Care in Cancer, Conference: S211. study

14. King, T. (2012) "The Devil's Tic Tac's"-Understanding the Conference abstract.
adverse events of steroid therapy associated with the Therefore limited information/details of the
treatment of multiple myeloma. Bone Marrow Transplantation, | study
Conference: S467-5468.

15. Kurtin, S., Lilleby, K. & Spong, J. (2013) Caregivers of Multiple Expert/narrative review
Myeloma Survivors. Clinical Journal of Oncology Nursing, 17:

25-30.

16. Low E., M. (2012) UK patient perspectives of bisphosphonate Conference abstract.

Therefore limited information/details of the
study
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17.

Meehan, K. R. (2006) The financial requirements and time
commitments of caregivers for autologous stem cell transplant
recipients. Journal of Supportive Oncology, 4: 187-190.

Caregivers for autologous stem cell transplant
recipients.

40 patients of which 18 were myeloma patients.
Study looks at time commitments and financial
requirements . USA study.

18.

Osborne, T. R., Ramsenthaler, C., Siegert, R. J., Edmonds, P. M.,
Schey, S. A. & Higginson, I. J. (2012) What issues matter most to
people with multiple myeloma and how well are we measuring
them? A systematic review of quality of life tools. [Review].
European Journal of Haematology, 89: 437-457.

Not relevant for review question - systematic
review of the literature to identify and evaluate
all existing HRQOL tools developed or validated
for use in myeloma.

There is a small section regarding studies that
have identified issues important to HRQOL from
the patients perspective. Studies relevant for
information and support needs will be assessed
in the evidence review separately.

19.

Osby, E. & Reizenstein, P. (1989) Quality of life and care in
leukemia, myeloma and non-malignant disease. Opinions of
patients and relatives, and effects of geography and time.
Medical Oncology & Tumor Pharmacotherapy, 6: 133-141.

Questionnaire study
Interviewed in 1980: 20 myeloma patients
Interviewed in 1986: 15 myeloma patients

Study looks at how satisfaction with information
has improved over time and also compares
against satisfaction in other cancers.

Study does not look at what are the specific
information and support needs of myeloma
patients.

20.

Pelagalli, M. F. (2010) Physician-patient relationship:
Intervention opportunities for multiple myeloma patients'
needs. Blood, Conference: 21.

Conference abstract.
Therefore limited information/details of the
study

21.

Rathwell, J. & Lee, D. (2002) The information needs of patients
with multiple myeloma and their usage of the Internet. Blood,
100: 873A.

Conference abstract.
Therefore limited information/details of the
study

22.

Sherman, R. S. (2005) Dialogue among survivors of
hematopoietic cell transplantation: Support-group themes.
Journal of Psychosocial Oncology, 23: 1-24.

Hematopoietic cell transplantation survivors
who attend a monthly support group. Paper
describes issues discussed in the support group.
Average attendance 6-8 participants. Mix of
hematologiocal cancers including myeloma but
paper doesn’t specify how many with myeloma.

23.

Stephens, M. (2005) The lived experience post-autologous
haematopoietic stem cell transplant (HSCT): a
phenomenological study. European Journal of Oncology
Nursing, 9: 204-215.

Small sample size.

Five adult patients who had previously
undergone autologous transplantation for a
haematological malignancy (myeloma n=1) were
interviewed to explore their experiences,
concerns and the impact that transplantation
had on their lives.

24.

Tariman, J. D. (2013) Treatment, prognosis and self-care are
top information priorities of older adults newly diagnosed with
active myeloma. Clinical Lymphoma, Myeloma and Leukemia,
Conference: S206.

Conference abstract.
Therefore limited information/details of the
study

25.

Tariman JD, Doorenbos A, Schepp KG, Singhal S, Berry DL.
Information Needs Priorities in Patients Diagnosed With

Not specific to myeloma
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Cancer: A Systematic Review. J Adv Pract Oncol.
2014;2014(5):115-122.

26.

Tarzian, A. J. (1999) Autologous bone marrow transplantation:
The patient's perspective of information needs. Cancer
Nursing, 22:103-110.

Interviews to explore patient experiences.
20 patients who had undergone an autologous
bone marrow transplant (myeloma n=2).

27.

Thong, M. (2011) Iliness perceptions in cancer survivors: What
is the role of information provision? Psycho-Oncology,
Conference: 35-36.

Conference abstract.
Therefore limited information/details of the
study

28.

Tripathy, D., Durie, B. G., Mautner, B., Ferenz, K. S. & Moul, J.
W. (2014) Awareness, concern, and communication between
physicians and patients on bone health in cancer. Supportive
Care in Cancer, 22: 1601-1610.

Mixed cancer sample — breast, prostate and
myeloma (831 myeloma patients).

Not relevant for review question to asses
specific information and support needs.
Study aims to explore physician—patient
communications about bone metastases and
cancer treatment induced bone loss.

29.

Ulla Diez S., A. (2001) Needs and resources of hemato-
oncologic patients admitted to a general hospital. Oncologia,
24: 37-48.
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Chapter 2: Laboratory investigations

Laboratory investigations for people with suspected myeloma

Review question:

What is the optimal laboratory testing strategy for suspected myeloma?

PICO

Population

Index tests

Reference standard

Outcomes

People referred to
secondary care with
suspected myeloma,
including those with
MGUS

* Bone marrow trephine biopsy and
immunochemistry

* Bone marrow aspirate biopsy

e Bone marrow
immunophenotyping

e Protein electrophoresis

¢ Immunofixation

e Urinary Bence Jones
protein/urinary free light chains

¢ Serum free light chains
eDifferent sequences of the above
tests

Note what reported
by studies

e Diagnostic accuracy

e Rate of confirmed
diagnosis

e Delay in diagnosis

e Test related adverse
events

e Patient awareness of
diagnosis

e Cost effectiveness

Evidence statements

Diagnostic accuracy of laboratory tests for suspected plasma cell disorders (see Figure 2.1 and

Table 2.1)

Serum protein electrophoresis (SPE)
Evidence from 4 studies including 4888 patients (McTaggart et al 2013, Hill et al 2006, Piehler et al
2008 and Vermeersch et al 2008) suggests serum protein electrophoresis has sensitivity 85%
[95%C.1. 75% — 92%] and specificity of 95% [95%C.]. 85% — 98%)] for the diagnosis of plasma cell

disorders.

Serum free light chain (sFLC) analysis
Evidence from of 4 studies including 4888 patients (McTaggart et al 2013, Hill et al 2006, Piehler et
al 2008 and Vermeersch et al 2008) suggests serum free light chain ratio outside the normal range
has sensitivity of 47% [33% — 60%] and specificity of 95% [85% — 99%] for the diagnosis of plasma cell

disorders.

Combined SPE and sFLC
Evidence from 3 studies including 4054 patients (McTaggart et al 2013, Hill et al 2006, Piehler et al
2008) suggests that combining serum free light chain analysis with serum protein electrophoresis,
improves sensitivity for the diagnosis of plasma cell disorders with a pooled estimate of 94% [72% —
99%]. In this strategy patients with a negative serum protein electrophoresis test would go on to
have a serum free light chain test.

Other tests for plasma cell disorders
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Three studies were identified which aimed to determine the most clinically effective diagnostic
testing strategy for plasma cell disorders. In one UK study, 2,799 patients with suspected plasma cell
dyscrasias were tested with serum protein electrophoresis with either urine protein electrophoresis
(UPE) or serum free light chain analysis (McTaggart et al., 2013). The combination of sFLC and SPE
had the greatest sensitivity (100% (95% Cl 97 to 100), detecting all 124 patients with plasma cell
disorders, and had specificity of 97% (95% Cl 96 to 97). This was greater than the diagnostic
accuracy of SPE and UPE, which had a sensitivity of 96% (95% Cl 89 to 99) and a specificity of 95%
(95% Cl 93 to 97), although only this was based on fewer patients (n=579) and there is overlap in the
confidence intervals for sensitivity and specificity of the two testing strategies.

One study reported the diagnostic accuracy of different testing strategies in 833 patients
investigated for monoclonal gammopathy. SPE with follow-up immunofixation electrophoresis (IFE)
plus sFLC had a sensitivity of 82% and a specificity of 97%. Serum IFE plus urine IFE had a sensitivity
of 92% and a specificity of 100%. Neither of these testing strategies missed a case of myeloma
(Vermeersch et al., 2008).

A further study only included patients with an existing plasma cell disorder (including 467 myeloma,
191 smouldering myeloma, 524 MGUS, 581 primary amyloidosis) (Katzmann et al., 2009). The
combinations of SPE/IFE/sFLC and SPE/sFLC both detected 100% of the 467 patients with multiple
myeloma.

Behdad et al (2014) reported that multiparameter flow cytometry had sensitivity 94% and specificity
68% for the diagnosis of plasma cell neoplasm versus not in a study of 361 patients with suspected
plasma cell neoplasm.

Diagnostic accuracy of tests for the discrimination of myeloma versus MGUS

Serum protein electrophoresis - monoclonal protein

M-protein in serum = 30 g/l is one of the International Myeloma Working Group (2003) consensus
diagnostic criteria — so by definition it has 100% specificity for the diagnosis of myeloma versus
MGUS in studies using those criteria. Some patients with myeloma have lower M-protein levels so
this criterion alone has imperfect sensitivity for myeloma. Frebert et al (2011) in a study of 161
patients with myeloma or MGUS estimated the sensitivity for myeloma of this 30 g/L cutoff as only
41%.

In a study of 67 patients with monoclonal gammopathy, Wolff et al (2007) reported that the
presence of a monoclonal band on serum protein electrophoresis had a sensitivity of 85% for intact
immunoglobulin myeloma but only 40% for light chain myeloma.

Bone marrow plasma cell percentage

Similarly a clonal bone marrow plasma cell percentage > 10% is one of the International Myeloma
Working Group (2003) diagnostic criteria — so by definition it has 100% specificity for the diagnosis of
myeloma versus MGUS in studies using those criteria. Some patients with myeloma have lower
clonal bone marrow plasma cell percentages so this criterion alone has imperfect sensitivity for
myeloma. In two studies including 229 patients with myeloma or MGUS (Milla et al 2001, Frebert et
al 2011) with myeloma or MGUS, a 210% threshold had a sensitivity of 79% and a >230% threshold a
sensitivity of 58% for myeloma.

Goyal et al (2014) reported that bone marrow aspirate was less sensitive than bone marrow
trephine biopsy for myeloma, 74% versus 84% respectively, in a series of 31 patients with myeloma.

In 5/31 patients however neither bone marrow aspirate or trephine biopsy showed plasmacytosis.

Cytomorphology
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Evidence from one study (Milla et al 2001) including 68 patients with MGUS or myeloma suggests
that a cytomorphologist’s diagnosis has a sensitivity of 100% for myeloma with a specificity of 88%.
In this study the use of a formal cytomorphologic atypia scoring system reduced the sensitivity for
myeloma to 83%.

Serum free light chain analysis

Evidence about the use of serum free light chains for discrimination of myeloma from MGUS came
from two studies (Wolff et al 2007 and Bergon et al 2005) including 484 patients. In Wolf et al (2007)
free light chain quantification had a sensitivity of 76% and specificity of 75% for the discrimination of
myeloma from MGUS when using a normal range for /A ratio of 0.19 — 1.48. FLC testing had a
sensitivity of 100% in the subgroup of five patients with light chain multiple myeloma.

Bergon et al (2005) explored the use of different thresholds for lower and higher bounds of the
normal k/A ratio. Expanding the normal range for k/A ratio has the effect of increasing specificity but
lowering sensitivity for the diagnosis of myeloma versus MGUS.

Flow cytometry

Two studies (Carulli et al, 2012 and Frebert et al, 2011), including 297 patients, evaluated
multiparameter flow cytometry (MFC) for the discrimination of myeloma from MGUS. MFC
measurement of the ratio of immunophenotypically abnormal to normal plasma cells had sensitivity
of 74% to 98% and specificity 85% to 92% for myeloma.

Bacher et al (2010) compared the proportion of plasma cells identified using bone marrow
cytomorphology with those found using MFC in 682 patients. This proportion was higher with bone
marrow cytomorphology than with MFC: the median proportion of plasma cells was 8.5% versus 2%
for cytomorphology and MFC respectively. However in 1.3% of cases MFC was able to detect
monoclonal plasma cells when cytomorphology did not.

Cytogenetic abnormalities on FISH

Evidence from about cytogenetic abnormalities came from one study (Bacher et al, 2010) including
682 patients with myeloma or MGUS. Although cytogenetic abnormalities were more likely in
myeloma than MGUS (87% versus 56% respectively, P<0.001) there was no cytogenetic abnormality
unique to either diagnosis. FISH testing was more likely to be successful in patients with myeloma
than in those with MGUS (90% versus 79% respectively) — test failures were related to insufficient
amounts of plasma cells.

Diagnostic accuracy of tests for detection of myeloma in patients with renal failure (see Table 2.2)
In one study of 82 patients with acute renal failure, seven were diagnosed with multiple myeloma
using SPE, IFE and bone marrow biopsy. The FLC k/A ratio based on FLC measurement (using the
published range of 0.26-1.65) had a sensitivity of 71% (95% Cl 0.29 to 0.96) and a specificity of 96%
(95% Cl 89 to 99) for the diagnosis of multiple myeloma, with 3 false positives and 2 false negatives
(Cirit et al., 2012). Another study of 471 patients with renal insufficiency reported that renal range
FLC showed the highest sensitivity (92%) to differentiate multiple myeloma from non-multiple
myeloma among four tests (conventional range FLC, SPE, UPE). Combined analysis with FLC and SPE
improved the diagnostic accuracy to 98% sensitivity (Park et al., 2012). In a UK study, 142 patients
with dialysis-dependant renal failure were assessed with SPE, IFE, and FLC (Hutchison et al., 2008).
41 patients had a clinical diagnosis of multiple myeloma, all of whom had abnormal serum FLC
ratios. The modified renal reference FLC range (0.37-3.1) increased specificity from 93% to 99%,
with no loss of sensitivity.
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Figure 2.1 Diagnostic accuracy of tests for suspected plasma cell disorders
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Table 2.1 Pooled sensitivities and specificities for SPE, sFLC and their combination. Using bivariate
diagnostic random-effects meta-analysis

Test

Sensitivity [95%C.l.]

Specificity [95%C.I.]

Serum protein electrophoresis

0.85[0.75-0.92]

0.95 [0.85 —0.98]

Serum free light chain /A ratio

0.47 [0.33 -0.60]

0.95 [0.85-0.99]

SPE plus sFLC if SPE is negative

0.94 [0.72 - 0.99]

0.96 [0.95 - 0.97]

Table 2.2: Diagnostic accuracy of tests for detection of myeloma in patients with renal

failure

sFLC, serum free light chain; SPE, serum protein electrophoresis; UPE, urine protein electrophoresis; SIFE, serum

immunofixation electrophoresis

Study Population N Test Sensitivity Specificity Sensitivity | Specificity
myeloma (published (published (renal (renal
range) range) failure failure
range) range)
Park 2012 471 who N=110 sFLC 91 90 92 95
visited (23%) SPE 82 98
nephrologist UPE 70 99
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due to renal SFLC+SPE 98 95
insufficiency
Cirit 2012 | 82 with acute | N=7 (9%) | sFLC 71(29-96) | 96 (89-99)
renal failure SPE+SIFE 86 100
SPE +sFLC | 71 100
Hutchison 142 N=41 sFLC 100 (91- 93 (86-97) 100 (91- 99 (95-
2008 presenting (29%) 100) 100) 100)
with new
dialysis-
dependant
renal failure

NB: Park 2012 reports diagnostic accuracy for distinguishing between MM and non-MM patients. Cirit 2012 and Hutchison
2008 report diagnostic accuracy of multiple myeloma. Published k/A ratio reference range for FLC = 0.26 to 1.65. Renal
Kk/A ratio reference range for FLC =0.37-3.17.

Figure 2.2. Study flow diagram
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Study Quality

The studies were at generally low risk of bias and there were few applicability concerns (Figure 2.3).
There was an unclear risk of bias due to reference standard and flow/timing, due to poor reporting.
Three studies had unclear applicability concerns due to patient selection (Park 2012, Cirit 2012, and
Hutchison 2008) because they included only patients with renal failure. In other studies there were
applicability concerns because patients were included on the basis of the index test results (e.g.

Bergon 2010, Frebert 2011). In Katzmann (2005) although myeloma patients were the largest group
their results were excluded from the analysis. For studies looking at discrimination of myeloma from
MGUS, the reference standard consensus diagnostic criteria often included the index test itself.
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Figure 2.3. Study quality assessment
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25. Fulton, RB and Fernando, SL. Serum free light chain assay reduces the need for serum and urine
immunofixation electrophoresis in the evaluation of monoclonal gammopathy. Annals of Clinical
Biochemistry 2009; 46: 407-412.

Reason: not relevant to PICO — not diagnostic accuracy for MM

26. Robson, EJD et al. Utility of Serum Free Light Chain Analysis When Screening for
Lymphoproliferative Disorders The Experience at a District General Hospital in the United
Kingdom. Labmedicine 2009; 40: 325-329.

Reason: not relevant to PICO — not reporting diagnostic accuracy for MM

27. Chae, H et al. Evaluation of the heavy/light-chain assay for the diagnosis and monitoring of
multiple myeloma. International Journal of Laboratory Hematology 2013; 35: E10-E12.

Reason: letter to editor/outcomes not relevant to PICO

28. Le Bricon, T et al. Urinary free light chain analysis by the Freelite immunoassay: a preliminary
study in multiple myeloma. Clinical Biochemistry 2002; 35: 565-567.

Reason: outcomes not relevant to PICO

29. Charles, KS et al. Audit of bone marrow aspirates and trephine biopsies in multiple myeloma--a
single centre study. Clinical & Laboratory Haematology 2004; 26: 403-406.

Reason: outcomes not relevant to PICO

30. Vermeersch, P et al. Use of interval-specific likelihood ratios improves clinical interpretation of
serum FLC results for the diagnosis of malignant plasma cell disorders. Clin Chim Acta 2009; 410:
54-58.

Reason: same cohort as Vermeersch 2008

31. Jaskowski, TD, Litwin, CM, and Hill, HR. Detection of kappa and lambda light chain monoclonal
proteins in human serum: automated immunoassay versus immunofixation electrophoresis. Clin
Vaccine Immunol 2006; 13: 277-280.

Reason: outcomes not relevant to PICO

32. Allen, S et al. The Relationship Between Serum Free Light Chain Levels and Serum
Immunofixation Electrophoresis: Implications for the Definition of "Stringent CR" in Myeloma.
Blood 2008; 112: 941-941.

Reason: conference abstract only, insufficient information for inclusion

33. Nakayama, S et al. An approach for diagnosing plasma cell myeloma by three-color flow
cytometry based on kappa/lambda ratios of CD38-gated CD138(+) cells. Diagn Pathol 2012; 7:
131

Reason: outcomes not relevant to PICO

34. Mangiacavalli, S et al. Monoclonal gammopathy of undetermined significance: a new proposal of
workup. European Journal of Haematology 2013; 91: 356-360.

Reason: outcomes not relevant to PICO

35. Hutchison, CA, Cockwell, P, and Cook, M. Diagnostic accuracy of monoclonal antibody based
serum immunoglobulin free light chain immunoassays in myeloma cast nephropathy. BMC Clin
Pathol 2012; 12: 12
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Reason: does not use standard diagnostic criteria for Myeloma (international myeloma working

group criteria).

36. Nakayama, S et al. Immunohistological analysis in diagnosis of plasma cell myeloma based on
cytoplasmic kappa/lambda ratio of CD38-positive plasma cells. Hematol 2012; 17: 317-320.

Reason: outcomes not relevant to PICO

37. Hofmann, W et al. A new concept for detection of Bence Jones proteinuria in patients with
monoclonal gammopathy. Clin Lab 2004; 50: 181-185.

Reason: outcomes not relevant to PICO

38. Cho, SY et al. Clinical Significance of Abnormal Serum Free Light Chain Ratio: Diagnostic
Confusion or Underlying Monoclonality? Clinical Laboratory 2013; 59: 1419-1422.

Reason: outcomes not relevant to PICO

39. Holding, S et al. Use of serum free light chain analysis and urine protein electrophoresis for
detection of monoclonal gammopathies. Clin Chem Lab Med 2011; 49: 83-88.

Reason: outcomes not relevant to PICO — not MM diagnosis

40. Harding, SJ et al. Serum free light chain immunoassay as an adjunct to serum protein
electrophoresis and immunofixation electrophoresis in the detection of multiple myeloma and
other B-cell malignancies. Clinical Chemistry and Laboratory Medicine 2009; 47: 302-304.

Reason: population not relevant to PICO

41. Sthaneshwar, P et al. Serum free light chains: diagnostic and prognostic value in multiple
myeloma. Clin Chem Lab Med 2009; 47: 1101-1107.

Reason: outcomes not relevant — prognostic study

42. Nakayama, S et al. An approach for plasma cell myeloma diagnosis by two-color flow cytometry
based on kappa/lambda ratios of CD38-gated plasma cells. International Journal of
Immunopathology & Pharmacology 2013; 26: 479-483.

Reason: population not relevant to PICO

43. Chang, H et al. Detection of chromosome 13q deletions and IgH translocations in patients with
multiple myeloma by FISH: Comparison with karyotype analysis. Leukemia & Lymphoma 2004;
45: 965-969.

Reason: not relevant to PICO

44. Boer, K and Deufel, T. Quantitation of serum free light chains does not compensate for serum
immunofixation only when screening for monoclonal gammopathies. Clin Chem Lab Med 2009;
47:1109-1115.

Reason: outcomes not relevant to PICO (not diagnostic accuracy for MM)

45. Nayak, BS et al. Epidemiology of multiple myeloma and the role of M-band detection on serum
electrophoresis in a small developing country. A retrospective study. Arch Physiol Biochem 2011,
117: 236-240.

Reason: population not relevant to PICO

46. Liang, YF et al. Establishment and validation of serum free light chain reference intervals in an
ethnic Chinese population. Clin Lab 2014; 60: 193-198.

Reason: population not relevant to PICO

47. Bakker, AJ et al. Screening for M-proteinemia: serum protein electrophoresis and free light
chains compared. Clinical Chemistry and Laboratory Medicine 2009; 47: 1507-1511.

Reason: outcomes not relevant to PICO

48. Bergon, E and Miravalles, E. Estimation of serum M-protein concentration from polyclonal
immunoglobulins: an alternative to serum protein electrophoresis and standard
immunochemical procedures. Clinical Chemistry and Laboratory Medicine 2008; 46: 1156-1162.

Reason: outcomes not relevant to PICO

49. Hoedemakers, RMJ et al. Clinical comparison of new monoclonal antibody-based nephelometric
assays for free light chain kappa and lambda to polyclonal antibody-based assays and
immunofixation electrophoresis. Clinical Chemistry and Laboratory Medicine 2012; 50: 489-495.

Reason: population not relevant to PICO
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50. Gong, X et al. Role of bone marrow imprints in haematological diagnosis: a detailed study of
3781 cases. Cytopathology 2012; 23: 86-95.

Reason: outcomes not relevant to PICO

51. Paolini, L., Di Noto, G., Maffina, F., Martellosio, G., Radeghieri, A., Luigi, C. et al. (2015).
Comparison of Hevylite (TM) IgA and IgG assay with conventional techniques for the diagnosis
and follow-up of plasma cell dyscrasia. Annals of Clinical Biochemistry, 52, 337-345.

Reason: case-control study (N=28)

52. Eckold, J. (2014). Analytical performance and diagnostic potential of immunoassays determining
intact immunoglobulin kappa/lambda ratios in monoclonal gammopathies. Clinical Laboratory,
60, 1491-1500.

Reason: includes patients with monocolonal gammopathy only (no specificity data). Does not report

sensitivity according to final diagnosis

53. Rajkumar, S. V. (2014). Multiple myeloma: 2014 Update on diagnosis, risk-stratification, and
management. American Journal of Hematology, 89, 999-1009.

Reason: expert review

54. Rajkumar, S. V. & Kyle, R. A. (2014). Protein Electrophoresis and Immunofixation for the
Diagnosis of Monoclonal Gammopathies. Jama-Journal of the American Medical Association,
312,2160-2161.

Reason: case report

55. Kaplan, B. (2014). Immunoglobulin-free light chain monomer-dimer patterns help to distinguish
malignant from premalignant monoclonal gammopathies: a pilot study. American Journal of
Hematology, 89, 882-888.

Reason: test not in PICO

56. Jenner, W., Klingberg, S., Tate, J. R., Wilgen, U., Ungerer, J. P. )., & Pretorius, C. J. (2014).
Combined light chain immunofixation to detect monoclonal gammopathy: a comparison to
standard electrophoresis in serum and urine. Clinical Chemistry and Laboratory Medicine, 52,
981-987.

Reason: final diagnosis not reported
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1 Evidence tables

Study, Population Index test(s) Reference standard Results Additional
Design, comments
Country
McTaggart et 2799 patient Serum protein electrophoresis | Samples with abnormal 124 (4.4%) had plasma cell disorders, 17 (0.6%) had malignant disease. Myeloma (n=13), LCDD (n=1), Not all
al. 2013 samples (SPE) SPE, UPE or sFLC plasmacytoma (n=1), amyloidosis (n=2), MGUS (n=107). patients
Prospective included if and analysed by received same
observational serum sample Serum free light chain (sFLC) immunofixation Ref +ve -ve index tests.
study had been sentto | were performed on all electrophoresis. standard Unclear if
UK clinical samples. Diagnosis by clinical Index test interpretation
immunology lab Urine protein electrophoresis haematologist, using sFLC of reference
Aimed to for investigation | (UPE) performed when an local protocol based on +ve 58 66 standard and
determine of suspected acceptable paired urine sample | national guidelines was . 30 2645 index tests
most effective plasma cell was received within 30 days of the reference standard SPE were blinded
first-line test dyscrasia. serum sample. Acceptable (UK myeloma forum and ve 117 7 to results of
for plasma cell paired urine tests received for Nordic Myeloma Study e 55 2620 other tests.
disorders. Median age 66 579 (20.7%) of study cohort. Group 2009; Haemato- UPE
years (IQR 26). oncology Task Force of e 29 T Diagnostic
60% female. sFLC scored as positive if the the British Committee accuracy for
K/A ratio was outside the for Standards in -ve - 4 498 all plasma cell
published diagnostic reference Haematology 2013). Testing algorithm disorders
range 0.26 to 1.65. Alternative SFLC+SPE (including
reference range for patients on tve 124 0 MM, MGUS,
dialysis 0.37 to 3.1 and those -ve 84 2591 AL)- included
with eGFR <15ml/min/1.73m’ SPE+UPE in RevMan
+ve 74 3
-ve 24 478
sFLC+UPE
+ve 46 31
-ve 11 491
SFLC+SPE+UPE
+ve 77 0
-ve 30 472
Test Sensitivity Specificity
(95% Cl) % (95% Cl) %
sFLC 47 (38-56) 99 (98-99)
SPE 94 (88-98) 98 (97-98)
UPE 38 (27-50) 99 (98-100)
sFLC+SPE 100 (96-100) 97 (96-98)
SPE+UPE 96 (88-99) 95 (93-97)
sFLC+UPE 60 (48-71) 98 (96-99)
SFLC+SPE+ 100 (94-100) 94 (92-96)
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Study, Population Index test(s) Reference standard Results Additional
Design, comments
Country
| UPE | |
SPE had best sensitivity (94%) of individual tests. The addition of sFLC gave an increase in sensitivity to 100%,
while the addition of UPE gave a smaller increase in sensitivity to 96%. .
Vermeersch et 833 consecutive Serum protein electrophoresis | Medical records of all 28 diagnosed with malignant plasma cell disorder (18 MM, 2 light chain MM, 3 AL amyloidosis), 156 MGUS and 25 Diagnostic
al 2008 patients in (PE) and serum and urine patients 1) who were with B-NHL. accuracy for
Observational whom a B-cell immunofixation positive on serum or all plasma cell
study disorder was electrophoresis (IFE) urine IFE, 2) had Diagnostic accuracy for diagnosis of malignant monoclonal B-cell disorders or MGUS: disorders
Belgium suspected. performed in all patients as abnormal k/A ratio, 3) Test Sensitivity Specificity Missed B-cell disorders (including
Excluded those part of routine laboratory underwent bone (95%Cl) % | (95% Cl) % and MGUS MM, MGUS,
with known B- investigation for monoclonal marrow biopsy, 4) FLC k/A ratio | 37 97 3 MM, 1 PC, 112 MGUS, AL, B-NHL) -
cell disorder. gammopathies. IFE performed immunophenotyping on 16 B-NHL included in
using semi-automated bone marrow or SPE 30 78 1 MM, 1 ALA, 1 PC, 25 RevMan
Hydrasys electrophoresis peripheral blood were MGUS, 13 B-NHL
apparatus. Moncolonal bands checked to determine SPE+IFE 79 100 1 MM, 1 ALA, 1 PC, 26 International
identified by visual inspection whether they had a MGUS, 16 B-NHL Myeloma
of gels by two immunologists malignant B-cell disorder SPE+IFE + 82 100 24 MGUS, 14 B-NHL Working
with more than 8 years or MGUS. UIFE Group criteria
experience. SPELIFE+ | 82 97 1PC, 23 MGUS, 13 B- cited.
. . FLC k/A ratio NHL
Serum free Ilght. chains (.FLC) SIFE 92 100 15 B-NHL, 2 MGUS
also performed in all patients SIFE+FLC | 94 97 12 B-NHL, 1 MGUS
using Freelite assay and «/A ratio
reference values established by SIFE + UIFE % 100 14 B-NHL, 2 MGUS

Katzmann (2002). Sera with
abnormal FLC k/A ratio (<0.26

SPEIFE = serum IFE on positive serum PE samples

or> %'65) were considered Number of positive patients
positive. n k/A | SPEX | SPEXIF | SIFE | UIF
ratio E* E
Intact MM 18 15 17(1) | 17(1) 18 17
Light chain MM 2 2 2 2 2
Plasmacytoma 1 0 0 0 1
Osteosclerotic 1 1 1 1 1 1
MM
Plasma cell 1 1 1 1 1 1
Leukaemia
WM 2 2 2 2 2 2
Primary 3 3 2 2 3 2
amyloidosis
All 28 24 25 25 28 26
MGUS 156 44 131(3) | 130(3) | 154 | 71
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Study, Population Index test(s) Reference standard Results Additional
Design, comments
Country

*Values in parentheses indicate the number of patients in which hypogammaglobulinaemia on CZE was the only

abnormality.
Park etal 2012 | 471 patients Routine serum and urine Not reported? 110 (23.4%) diagnosed with multiple myeloma (81 intact MM, 29 light chain MM). 5 MGUS, 1 solitary Diagnostic
Retrospective who visited protein electrophoresis (s/u Clinical diagnosis and plasmacytoma, 3 systemic amyloidosis. 6 other (lymphoblastic leukaemia or lymphoma). accuracy for

observational

nephrologist due

PE) and serum free light chain

differentiation of

differentiating

study to renal (sFLC) quantification disease made by Renal Conventio | s-PE u-PE Combined MM from non-
Korea insufficiency. determined cause of renal haematologist in rFLC nal rFLC rFLC+s-PE MM.
204 acute kidney | insufficiency (using Freelite accordance with Total 456 456 427 326 456
injury, 252 immunoassay). Renal International Myeloma '\Nﬂu'\TbGr 110 110 110 104 110 2x2 table data
;?Sr:ansl;:.kgney :;e;tence range for rFLC =0.37 Working Group criteria. Sensi‘t?v?ty 5 o1 o 2 5 B?]ta[)elsctv(r)ted.
i L specificity 95 90 98 99 95 X .
patients had Bone marrow aspiration and PPV 6 72 2 % 26 include in
already section biopsy performed in NPV 97 97 % 38 99 RevMan
undergone patients who showed
dialysis. abnormal serum
immunoglobuline (Ig) levels,
Excluded those monoclonal peak in PEP tests,
with previous abnormal sFLC quantification,
monoclonal or k/\ ratio, abnormal
gammopathy complete blood cell analysis, or
diagnosis. abnormal bone lesions in
radiologic examinations.
Ciritetal. 2012 | 82 patients with Serum protein electrophoresis Unclear. 7 patients diagnosed as MM via SPE, SIFE and bone marrow biopsy. Low number
Observational acute renal (SPE), serum immunofixation Diagnosis of MM made of events (MM
study failure. electrophoresis (SIFE) and free by consultant Abnormal k/A ratio normal /A ratio diagnosis)
Turkey Excluded light chain measurement haematologist in Unclear if
<50years, kidney | (Freelite immunoassay kit with accordance with MM positive 5(TP) 2 (FN) interpretation
disease, reference range 0.26 to 1.65) international diagnostic MM negative 3 (FP) 72 (TN) of tests
pregnancy, performed in all patients. criteria. blinded to
malignancy, Bone marrow aspiration and FLC k/A ratio SPE+SIFE SPE+ FLC K/A results of
collagen tissue biopsy if indicated. ratio other tests.
disease. PPV % 63 100 100 Diagnostic
Mt‘e)an age=69. NPV % 97 99 97 accuracy for
54% male Specificity % | 96 100 100 MM.
Sensitivity % | 71 86 71 International
Myeloma
Working

Group criteria
cited.

Katzmann et
al. 2009
Retrospective

1877 patients
with a
monoclonal

Serum PEL (agarose gel
electrophoresis), IFE and FLC
performed on same day as

Not reported

Patients grouped into 9 disease groups (467 MM, 191 SMM, 524 MGUS, 26 plasmacytoma, 10 extramedullary
plasmacytoma, 26 WM, 581 AL, 18 LCDD, and 31 POEMS syndrome)
Sensitivity:

Study reports
only sensitivity
of tests as all
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Study, Population Index test(s) Reference standard Results Additional
Design, comments
Country
observational gammopathy venipuncture. FLC (Freelite diagnosis | n | All Serum | Serum | Serum | Serum | Serum | Serum patients had a
study who also had assay, k/A ratio diagnostic tests | PEL PEL, PEL IFE PEL FLC monoclonal
USA serum protein range 0.26 to 1.65). +IFE, IFE,+ | +FLC gammopathy.
electrophoresis Abnormal PEL was defined by :’Fréne FLC
(PEL), presence of a quantifiable M Diagnostic
immunofixation spike, fuzzy band, Al 1 99 97 97 Y 27 79 ”n accuracy for
electrophoresis hypogammaglobulinemia (<5.5 8 all plasma cell
(IFE) and free g/L), increased B fraction (>16 7 disorders
light chain (FLC), | g/L), or increased a 2 fraction 7 (including
and urine PEL (215 g/L) MM 4 | 100 | 99 100 100 94 88 97 MM, MGUS,
and IFE within Some serum PEL abnormalities 6 AL, POEMS)
30 days of were not abnormal by serum 7
diagnosis. IFE, they were coded as WM : 100 100 100 100 100 100 & International
abnormal PEL if urine or serum SVIM T 1 100 100 100 100 o8 % a1 Myeloma
FLC assay was also abnormal 9 Working
and therefore the PEL had 1 Group criteria
flagged the abnormality. MGUS 5 | 100 100 97 97 93 82 42 cited.
All serum and urine PEL and IFE 2
gels were reviewed by 2 4
technicians and well as 4 Plasma- 2 90 90 90 90 72 72 55
authors. cytoma 9
POEMS 3 97 97 97 97 97 74 10
1
Extram 1 20 20 10 10 10 10 10
plasma- 0
cytoma
AL 5 98 94 97 96 74 66 88
8
1
LCDD 1 83 78 78 78 56 56 78
8

The use of all the urine and serum tests identified 1851 patients (98.6%) as abnormal. There were 26 patients
whose diagnosis was not detected with these tests: 11 with AL (1.9% of total AL); 8 with extramedullary
plasmacytoma (80%); 3 with plasmacytoma (10.3%); 3 with LCDD (16.7%); and 1 with POEMS syndrome (3%).
The testing panel of urine IFE plus serum PEL and IFE (without serum FLC) missed 30 additional patients. The 30
patients included 6 MM, 23 AL, and 1 LCDD.

A testing panel of serum PEL, IFE and FLC (without urine studies) missed 23 patients in addition to those missed
when using all the urine and serum tests. The 23 patients missed by omission of urine tests included 15 MGUS, 1
extramedullary myeloma, 1 LCDD, and 6 AL. The 6 AL patients all had monoclonal A light chains detected in the
urine.

When serum PEL plus FLC was the testing panel, 58 patients were missed compared to a panel of serum PEL, IFE,
and FLC. These 58 patients included 44 patients with MGUS, 7 with POEMS, 5 with AL, 1 with plasmacytoma, and
1 with SMM . The use of serum PEL plus FLC compared with serum PEL, IFE, and FLC did not miss any patients with
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Study,
Design,
Country

Population

Index test(s)

Reference standard

Results

Additional
comments

MM, macroglobulinemia, or LCDD.

Serum PEL, IFE, and FLC assays did not perform well as single tests. PEL and IFE missed patients in every disease
category except macroglobulinemia, whereas FLC did not identify 100% of the patients in any category. Among
the 57 AL patients that were missed by the serum FLC assay but identified by urine and/or serum IFE, 52 (91%)

expressed A light chains.

Hutchison et

142 patients

Serum protein electrophoresis

Diagnosis of myeloma

41/142 had clinical diagnosis of MM. All had abnormal FLC ratios by both the published reference range and the

al. 2008 who presented (SPE), serum immunofixation made by haematologist proposed reference range. The proposed reference range increased the specificity of assay for diagnosis of MM
Observational with new electrophoresis (SIFE) in accordance with to 99% (from 93%), with no loss in sensitivity (100%).
study dialysis- undertaken using the Sebia international criteria.
UK dependant renal | Hydragel 15/30 Protein kit and Renal Conventional
failure. Hydragel 4 Immunofixation PE rFLC rFLC
kit on the Hydrasys system. Total 142 142
Median age=70. | FLC k/A ratio (Freelite assay) Number 41 41
39% male using published reference MM
TP 41 41
range (0.26 to 1.65) and 0 1 7
proposed renal failure ™ 100 o
reference range (0.37 to 3.1). N 0 0
All sera assessed with SPE and
FLC, samples with abnormal Renal Conventional
results further investigated by rFLC rFLC
SIFE. Urine of patients with Sensitivity | 100% 100%
suspected MM assessed for Specificity | 99% 93%
monoclonal FLCs by
immunofixation.
Attribution of cause of renal
failure to MM based on renal
histology or, in cases where
renal biopsy was
contraindicated, when all other
potential causes were
excluded.
Milla et al 68 patients in Cytomorphology of bone Chronic leukaemia- Diagnosis: myeloma versus MGUS
2001. whom bone marrow aspirates. Samples myeloma task force L X Final clinical diagnosis
Spain marrow study were stained with May- criteria (1977,1973) Cytologist’s diagnosis Myeloma MGUS
was done for: Grunwald-Giesma. Myleoma 24 5
monoclonal Cytomorphologist classified MGUS 0 36
gammopathy, samples as MGUS or myeloma; Sensitivity (for myeloma) 100%, specificity 87.8%
osteolytic gave the percentage of plasma

lesions, pain &
suspected MM

cells in the sample and noted 3
predefined types of atypia

Final clinical diagnosis

Plasma cells >30%

S Myeloma MGUS
or anaemia with (lfsed to. d.evelo'p a score based Myleoma 12 0
renal diagnosis in a pilot study of 154
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Study, Population Index test(s) Reference standard Results Additional
Design, comments
Country
insufficiency. patients). | MGUS 10 | 41
and increased Sensitivity (for myeloma) 58%, specificity 100%
ESR. Included
41 cases of cytomorophologic Final clinical diagnosis
MGUS and 24 atypia score diagnosis Myeloma MGUS
with myeloma. Myleoma 20 4
MGUS 4 37
Sensitivity (for myeloma) 83%, specificity 87.8%
Wolff et al 67 patients with SPE: results classified as International myeloma
2007. monoclonal monoclonal band detected or working group criteria No patients without monoclonal gammopathy were included — so no specificity could be calculated.
Belgium gammopathy not (for MGUS versus MM)
and results for Free light chains (FLC) k/A N with monoclonal total N Sensitivity
SPE, IFE, FLCand | ratio: normal range was 0.19 — band on SPE
bone marrow 1.48. MGUS 63 67 94%
aspirate. Intact IIMM 17 20 85%
immunoglobulin LCMM 2 5 40%
myeloma (IIMM,
N=20), light
chain myeloma Monoclonal band on Final clinical diagnosis
(LCMM, N=5) SPE myeloma MGUS
and MGUS Test positive 19 63
(N=67) Test negative 6 4
Sensitivity 76%, specificity 98%
N with abnormal Sensitivity
total N
FLC
MGUS 17 67 25%
1IMM 14 20 70%
LCMM 5 5 100%
Final clinical diagnosis
abnormal sFLC myeloma MGUS
Test positive 19 17
Test negative 6 50
Sensitivity 76%, specificity 75%
Piehler et al 332 patients SPE: results classified as International Myeloma
2008. with suspected monoclonal band detected or Working Group criteria
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Study, Population Index test(s) Reference standard Results Additional
Design, comments
Country
Norway monoclonal not (2003) Final clinical diagnosis
. . Monoclonal band on

gammopathy Free light chains (FLC) x/A SPE monoclonal not monoclonal

with sera sent ratio: normal range was 0.26 — gammopathy gammopathy

for SPE in 2005- 1.65. Test positive 77 6

2006 and with Test negative 12 237

serum FLC and
immunoglobulin
measurement.

Sensitivity 87%, specificity 98%

sFLC k/A ratio abnormal

Final clinical diagnosis

(<0.26 or > 1.65) monoclonal not monoclonal
gammopathy gammopathy
Test positive 59 53
Test negative 30 190

Sensitivity 66%, specificity 78%

Final clinical diagnosis

SPE +sFLC monoclonal not monoclonal
gammopathy gammopathy
Test positive 79 6
Test negative 10 237

Sensitivity 89%, specificity 98%

1 non-secretory MM identified on FLC (but not on SPE).
7/7 light chain MM identified on FLC but only 2/7 on SPE.

Katzmann et al 1020 patients

2005.
USA

tested with FLC
assay during
2003: 899 had
monoclonal
gammopathy,
121 did not

Free light chains (FLC) x/A
ratio: normal range was 0.26 —
1.65

Reference standard test
not reported

Diagnostic classification: monoclonal gammopathy versus not (prevalence of gammopathy 88%)

FLC x/A ratio abnormal

Final clinical diagnosis

(<0.26 or > 1.65) monoclonal non-monoclonal
gammopathy gammopathy
Test positive N.R. 0
Test negative N.R. 121

Sensitivity N.R., specificity 100%

Sensitivities were reported for individual gammopathies:

PCD N abnormal FLC ratio | total N | Sensitivity (%)
AL (untreated) 100 110 91
MGUS 50 114 44
smouldering MM 63 72 88
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Study, Population Index test(s) Reference standard Results Additional
Design, comments
Country
non secretory MM | 14 20 70
MM N.R. 330 N.R.
Hill et al 923 patients SPEP: results classified as Final diagnosis based on
2006 who had serum probable monoclonal band, other tests (not all Diagnostic classification: monoclonal gammopathy versus not (prevalence of gammopathy %)
UK protein raised globulins, polyclonal patients had all tests)
electrophoresis increase in gammO-globulin, including: bone marrow Final clinical diagnosis
(SPEP), without hypogammaglobulinaemia, or biopsy, skeletal survey, SPE monoclonal No monoclonal
known MGUS, no abnormality detected serum/urine fixation gammopathy gammopathy
myeloma, Free light chains (FLC) k/A electrophoresis, Test positive 60 38 98
lymphoma or ratio: normal range was 0.26 — Test negative 19 806 825
Waldenstrom’s 1.65. 923
macroglobulinae Sensitivity 76%, specificity 95%
mia.
SFLC ratio (<0.26 or Final clinical diagnosis
>1.65 monoclonal No monoclonal
gammopathy gammopathy
Test positive 29 42
Test negative 50 802
Sensitivity 37%, specificity 95%
Final clinical diagnosis
SPE + sFLC monoclonal No monoclonal
gammopathy gammopathy
Test positive 69 38
Test negative 10 806
Sensitivity %, specificity %
Frebert et al 197 patients Multiparameter WHO criteria The following data are from N=163 patients: MGUS (N=52), smouldering multiple myeloma (N=22) and multiple
2011 with monoclonal | immunophenotyping by flow myeloma (N=87)
Observational gammopathy (of | cytometry (FCM). The GEIL
study an isotype other | consensus protocol was used. Diagnostic classification: MGUS versus myeloma (prevalence of myeloma 67%)
France than IgM).:
including Monoclonal component Final clinical diagnosis
myeloma quantification (> 30 g/L) myeloma MGUS
(N=103), Test positive 45 0
smouldering Test negative 64 52
myeloma Sensitivity 41%, specificity 100%
(N=22), MGUS

(N=54). Controls
(N=25) were also

Plasma-cell infiltration I

Final clinical diagnosis
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Study, Population Index test(s) Reference standard Results Additional
Design, comments
Country
included. (morphology; >10%) myeloma MGUS
Patients were Test positive 86 0
separated into 3 Test negative 23 52
cohorts: one for Sensitivity 79%, specificity 100%
training (N=79)
and two FCM: proportion of Final clinical diagnosis
validation sets
abnormal plasma cells
(N=68 and (aPC; >5%) myeloma MGUS
N=75). Test positive 81 8
Test negative 28 44
Sensitivity 74%, specificity 85%
FCM: ratio plasma Final clinical diagnosis
Il PC/P;
cells/precursors (PC/! myeloma MGUS
>2)
Test positive 88 8
Test negative 21 44
Sensitivity 81%, specificity 84%
FCM: ratio CD19neg Final clinical diagnosis
plasma cells/precursors
(PC/P: >2) myeloma MGUS
Test positive 95 8
Test negative 16 44
Sensitivity 87%, specificity 84%
Carulli et al 100 consecutive Multiparameter International Myeloma Diagnostic classification: MGUS versus myeloma (prevalence of myeloma 61%) Double blind
2012. patients with immunophenotyping by flow Working Group criteria
Observational monoclonal cytometry. Data were analysed | (2003) Final clinical diagnosis
study gammopathy — using FacsDiva software: when myeloma MGUS
Italy excluding IgM iaPCS were < 3% myeloma was Flow cytometric
gammopathies, predicted and MGUS when predicted myeloma 60 3
Waldenstrom iaPCS were 2 3.1%. Flow cytometric
. 1
disease and predicted MGUS 36
lymphoplasmacy
tic lymphoma. Sensitivity 98%; Specificity 92%
MGUS (N=39)
and myeloma
(N=61).
Bergon et al 417 patients Serum light chains (/A ratio). Durie criteria, Diagnostic classification: MGUS versus myeloma (prevalence of myeloma 30.8%)
2005 identified from histopathologic findings | 1/A threshold value | Sensitivity I Specificity

Appendix G: evidence review

Page 51 of 670




Study, Population Index test(s) Reference standard Results Additional
Design, comments
Country
Observational monoclonal on trephine biopsies, M-protein K
study component plasma cell morphology 0.15 | 0.25(0.09-0.49) | 0.96 (0.85-0.99)
Spain database with in bone marrow 0.40 | 0.75(0.51-0.91) | 0.82(0.68-0.92)
with MGUS aspirate, 0.60 | 0.90 (0.68-0.99) | 0.73 (0.58 —0.86)
(N=220), immunophenotypic 1.00 | 0.95 (0.75—1.00) | 0.36 (0.22 - 0.52)
myeloma or markers and M-protein A
plasmacytoma organ/tissue damage 2.80 | 0.96 (0.83 —1.00) | 0.29 (0.18 - 0.45)
I(:I\‘m::ﬁilfr’;l‘l’ft:r'; ::;:;;tr:;]t with 420 | 0.93(0.78-0.99) | 0.67 (0.51—0.79)
. . 7.00 | 0.82(0.65-0.94) | 0.85(0.71-0.79)
ive disorder At least 2 years of
(N=51). follow-up/monitoring 10.00 | 0.68(0.51-0.85) | 0.94 (0.84 —0.99)
for non-myeloma
patients
Bacher et al 682 patients Cytogenetic alterations Combination of all test
2010 with plasma cell detected with FISH, results, physician’s Diagnostic classification: MGUS versus myeloma
Case-Control myeloma or findings and
study MGUS, identified morphological findings Cytogenetic alteration MGUS Plasma cell P
Germany retrospectively. according to WHO myeloma
To be included classification (2008). Chromosomal abnormalities | 162/302 237/272 (87.1%) | <0.001
patients had to (56%)
have bone del(13q) | 59/267 99/251 (39%) <0.001
marrow (22%)
cytomorphology del(17p) | 6/267 (2%) 15/251 (6%) 0.029
(c™m), t(11:14)/IGH-CCND1 | 50/267 38/251 (15%) NS
multiparameter (19%)
flow cytometry t(4:14)/IGH-FGFR3 | 5/267 (2%) 28/251 (11%) <0.001
(MFC) and t(14:16)/IGH-MAF | 3/267 (1%) | 7/251 (3%) NS
interphase FISH. other 14932/IGH | 12/267 (5%) | 9/251 (4%) NS
rearrangements
+3 | 21/89 (24%) 40/102 (39%) 0.021
+9 | 28/89 (32%) 59/102 (58%) <0.001
+11 | 25/89 (28%) 50/102 (49%) 0.003
+15 | 11/52 (21%) | 31/64 (48%) 0.002
tetraploid cells | 0/52 (0%) 6/64 (9%) 0.014
MGUS Plasma cell myeloma | P
FISH test success* | 302/381 (79%) | 272/301 (90%) <0.001

*failures due to insufficient plasma cell amounts

| Cytomorphology I Multiparameter flow
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Study, Population Index test(s) Reference standard Results Additional
Design, comments
Country
cytometry
median proportion of | 8.5% (0 to 96%) 2% (0 to 84%)
plasma cells (range)
Cytomorphology detected higher numbers of plasma cells than MFC.
Behad et al, 361 patients Multiparameter flow Final diagnosis by In the following tables equivocal results are grouped with test positive.
2014 with suspected cytometry (MFC; using bone hematopathologist
Observational or diagnosed marrow aspirate), plasma cell based on morphology Final clinical diagnosis
study, plasma cell percentage (> 5%), and I " | not plasma cell
USA neoplasia imuunohistochemistry immunohistochemical plasma cefl neoplasm neoplasm
(classified as positive, negative studies MFC positive 144 45
or equivocal for plasma cell MFC negative 10 95
neoplasm) sensitivity 93.5%; specificity 67.9%
MFC was inadequate in 61 cases (4 with plasma cell neoplasm and 57 without)
Goyal et at, Patients who Bone marrow aspirate & Final clinical diagnosis in 5/31 patients with multiple myeloma — neither aspirate or trephine biopsy was positive for plasmacytosis.
2014. underwent bone | immunohistochemistry, Bone
Observational marrow aspirate | marrow trephine biopsy & Final clinical diagnosis
study. and biopsy immunohistochemistry myeloma not myeloma
India simultaneously BM aspirate positive 23 0
and who were BM aspirate negative 8 0
diagnosed with sensitivity of BM aspirate: 74%
haematological
malignancy(N=3 Final clinical diagnosis
ﬁzzj' 31 :)ét:ents myeloma not myeloma
a lmu tiple BM trephine positive 26 0
myeloma BM trephine negative 5 0
sensitivity of BM trephine biopsy: 84%
1
2
3
4
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Laboratory investigations to provide prognostic information

Review Question:

Can investigations done at the diagnosis of myeloma, including trephine biopsy,
immunophenotyping and cytogenetic and molecular genetic tests accurately predict treatment
outcomes (for example, can they identify patients with a poor prognosis for whom an alternative

treatment approa

ch may be preferable)?

Question in PICO format

Population

Factors

Outcomes

People referred to
secondary care
with probable

¢ Bone marrow trephine biopsy and
immunohistochemistry
e FISH

e Response to treatment
e Adverse events
e Overall survival

myeloma e Serum free light chains e Progression-free survival

¢ heavy/light chain ratio e Time to next treatment
¢ Bone marrow immunophenotyping/FACS/flow (for asymptomatic
cytometry patients)

10

11 Evidence statements

12

13  (a) Immunohistochemistry

14  Five studies were identified that investigated the prognostic value of immunohistochemistry. Each of

15  the 5 studies investigated different markers. P53 expression and ki-67 antigen expression were

16  found to be independent risk factors for OS (Chang et al., 2007 and Gastinee et al., 2007), whilst

17  CD56, CD99 and cyclin D1 expression were not associated with patient survival (Chang et al., 2006;

18 Shin et al., 2014; Tinguely et al., 2007).

19

20

21  (b) Flow cytometry

22 Fourteen studies were identified that investigated the prognostic value of flow cytometry. All 14

23 studies found flow cytometry was able to identify myeloma patients with a poor prognosis. However

24 not all studies could confirm their results in a multivariate model.

25

26  The identified studies all used flow cytometry to investigate a number of different markers. Five

27  studies assessed the prognostic value of clonal circulating plasma cells and all 5 studies concluded

28  that clonal circulating plasma cells were an independent risk factor for patient survival (Gonsalves et

29 al., 2014; Nowakowski et al., 2005; Paiva et al., 2009a; 2009b; 2013).

30

31 CD antigens were investigated by flow cytometry in a number of studies. CD28+ (Mateo et al.,

32 2008), CD81+ (Paiva et al., 2012a) and CD19"/CD117 (Caltagirone et al., 2014) were all found to be

33 independent prognostic risk factors for survival in myeloma patients, whereas CD19 (Caltagirone et

34 al., 2014; Mateo et al., 2008), CD45 (Caltagirone et al., 2014; Mateo et al., 2008), CD20 (Caltagirone

35 et al., 2014; Mateo et al., 2008), CD56 (Caltagirone et al., 2014; Mateo et al., 2008) and CD33 (Mateo

36 et al., 2008) were all reported to not be associated with clinical outcomes. CD117 was found to be

37 prognostic in one study (Mateo et al., 2008) but not in another (Caltagirone et al., 2014).

38
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DNA content/ hyperdiploidy was assessed in 3 studies. All 3 studies found that hyperdiploid patients
had increased survival compared to non-hyperdiploid patients. But whether DNA content is an
independent risk factor remains uncertain. One study reported that DNA content remained
significant in a multivariate model (Paiva et al., 2012b), but another study reported that it lost
significance (Mateos et al. 2011) whilst a third study did not include a multivariate model (Chng et
al., 2006).

A high plasma cell proliferation index was reported to be associated with worse survival compared
to a lower plasma cell proliferation index in 4 studies. The association remained significant after
taking into account other risk factors in a multivariate model in one study (Paiva et al., 2012b). A
multivariate model was not included in the other 3 studies (Minarik et al., 2005; 2010; 2011). The
poor prognosis associated with a high proliferative index may be overcome by the use of novel
agents (Minarik et al., 2010; Paiva et al., 2012b).

A low plasma cell apoptosis index was reported to be associated with worse survival compared to a
higher plasma cell apoptosis index in 2 studies (Minarik et al., 2005; 2011). These studies did not
include a multivariate model so it is uncertain whether the apoptosis index is an independent
prognostic factor for patient survival in myeloma.

(c) Serum free light chains

Eight studies were identified that investigated the prognostic value of serum free light chains (FLC).
All 8 studies found serum FLC to be prognostic. Two studies reported that abnormal FLC was
independently prognostic for a higher risk of progression from smoldering myeloma to active
myeloma (Dispenzieri et al., 2008a; Larsen et al., 2013) and three studies reported that abnormal
FLC was independently prognostic for myeloma patient survival (Kumar et al., 2010; Snozek et al.,
2008; Van Rhee et al., 2007; Xu et al., 2013). Two further studies also reported serum FLC to be
predictive for patient survival in myeloma, however multivariate analysis was not done and so it is
unclear whether serum free chains were an independent prognostic factor in these studies
(Dispenzieri et al., 2008b; Maltezas et al., 2013).

(d) Heavy/light chain ratio

Three studies were identified that investigated the prognostic value of heavy/light chain ratio
(Bradwell et al., 2013; Koulieris et al., 2012, Ludwig et al., 2013). All 3 studies found the heavy/light
chain ratio to be independently prognostic for either OS or PFS.

(e) FISH

Thirty four studies were identified that investigated the prognostic value of FISH. Thirty one studies
examined genetic abnormalities in newly diagnosed myeloma patients and determined the
prognostic impact of these genetic abnormalities on patient survival (PFS and/or OS) and three
studies examined genetic abnormalities in smoldering myeloma patients and determined the
prognostic impact of these genetic abnormalities on time to progression to active myeloma.

The most common genetic abnormalities assessed were: t(11;14), t(4;14), t(14;16), del(17p),
del(13q), del(1p), 19 gains, del(p53) and hyperdiploidy.
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To summarise the results in newly diagnosed myeloma patients (Table 2.3):

t(11:14) was included in 13 studies (Table 2.4) ( An et al., 2013, Avet-Loiseau et al., 2007, Avet-
Loiseau et al., 2012, Avet-Loiseau et al., 2013a, Bang et al., 2006, Boyd et al., 2012, Caltagitone et al.,
2014, Chang et al., 2005a, Chang et al., 2010, Gutierrez et al., 2007, Neben et al., 2010, Nemec et al.,
2012 and Walker et al., 2010) but only 1 study found an association with patient survival. This
association did not remain significant in the multivariate model.

t(4:14) was included in 16 studies (Table 2.5) (Avet-Loiseau et al., 2007, Avet-Loiseau et al., 2010,
Avet-Loiseau et al., 2011, Avet-Loiseau et al., 2012, Avet-Loiseau et al., 2013a, Avet-Loiseau et al.,
2013b, Boyd et al., 2012, Caltagitone et al., 2014, Chang et al., 2005a, Chang et al., 2010, Grzasko et
al., 2013, Gutierrez et al., 2007, Moeau et al., 2007, Neben et al., 2010, Nemec et al.,, 2012 and
Walker et al., 2010) and 12 of these reported an association between the genetic abnormality and
patient survival. 9 of the 12 studies reported t(4;14) to be an independent prognostic factor after
multivariate analysis whilst no multivariate analysis was undertaken in the other 3 studies.

t(14:16) was included in 8 studies (Table 2.6) (Avet-Loiseau et al., 2011, Avet-Loiseau et al., 2012,
Avet-Loiseau et al., 20133, Boyd et al., 2012, Caltagitone et al., 2014, Gutierrez et al., 2007, Neben et
al., 2010 and Walker et al., 2010) only 1 of which reported this genetic abnormality to be prognostic
for patient survival.

Del(17p) was included in 12 studies (Table 2.7) (Avet-Loiseau et al., 2007, Avet-Loiseau et al., 2010,
Avet-Loiseau et al., 2011, Avet-Loiseau et al., 2012, Avet-Loiseau et al., 2013a, Avet-Loiseau et al.,
2013b, Boyd et al., 2012, Caltagitone et al., 2014, Grzasko et al., 2013, Neben et al., 2010, Nemec et
al.,, 2012 and Walker et al., 2010 ) and 10 of these reported an association between the genetic
abnormality and patient survival. 7 of the 10 studies reported del(17p) to be an independent
prognostic factor after multivariate analysis whilst no multivariate analysis was undertaken in the
other 3 studies.

Del(13qg) was included in 14 studies (Table 2.8) (Avet-Loiseau et al., 2007, Avet-Loiseau et al., 2011,
Avet-Loiseau et al., 2012, Avet-Loiseau et al., 2013a, Avet-Loiseau et al., 2013b, Bang et al., 2006,
Boyd et al., 2012, Caltagitone et al., 2014, Chang et al., 2005a, Chang et al., 2010, Grzasko et al.,
2013, Lai et al.,, 2012, Neben et al.,, 2010 and Nemec et al.,, 2012) and 9 of these reported an
association between the genetic abnormality and patient survival. 4 of the 9 studies reported
del(13q) to be an independent prognostic factor after multivariate analysis and 4 reported del(13q)
to not be an independent prognostic factor whilst no multivariate analysis was undertaken in 1
study.

Del(1p) was included in 6 studies (Table 2.9) (Boyd et al., 2012, Caltagitone et al., 2014, Chang et al.,
2010, Chng et al., 2010, Hebraud et al., 2014 and Walker et al., 2010) and 5 of these reported an
association between the genetic abnormality and patient survival. 3 of the 5 studies reported del(1p)
to be an independent prognostic factor after multivariate analysis whilst no multivariate analysis was
undertaken in the other 2 studies.

Amp(1qg) was included in 13 studies (Table 2.10) (An et al., 2014, Avet-Loiseau et al., 2012, Bang et
al., 2006, Boyd et al., 2012, Caltagitone et al., 2014, Chang et al., 2010, Fonseca et al., 2006, Grzasko
et al., 2013, Hanamura et al., 2006, Lai et al., 2012, Neben et al., 2010, Nemec et al., 2012 and
Walker et al., 2010) and 9 of these reported an association between the genetic abnormality and
patient survival. 5 of the 9 studies reported amp(1q) to be an independent prognostic factor after
multivariate analysis and 2 reported amp(1q) to not be an independent prognostic factor whilst no
multivariate analysis was undertaken in 2 studies.
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Del(p53) was included in 3 studies (Table 2.11) (Avet-Loiseau et al., 2007, Boyd et al., 2012 and
Walker et al., 2010) but only 1 study found an association with patient survival. This association did
not remain significant in the multivariate model.

Hyperdiploidy was included in 5 studies (Table 2.12) (Chang et al., 2005a, Chang et al., 2005b, Chang
et al., 2010, Gutierrez et al., 2007 and Lai et al., 2012) and 3 of these found an association with
patient survival all of which remained significant in the multivariate model.

To summarise the results in asymptomatic patients (Table 2.13)

t(11:14) was included in 3 studies (Talbe 2.14) (Lopez-Coral et al., 2012, Neben et al., 2013 and
Rajkumar et al., 2013) but none of these found t(11;14) to be prognostic for progression to
symptomatic myeloma.

t(4:14) was included in 3 studies (Table 2.15) (Lopez-Coral et al.,, 2012, Neben et al.,, 2013 and
Rajkumar et al., 2013) and 2 of these reported an association between the genetic abnormality and
TTP. 1 study reported t(4;14) to be an independent prognostic factor after multivariate analysis
whilst in the other study the result lost significance after multivariate analysis.

t(14:16) was included in 1 study (Table 2.16) (Lopez-Coral et al., 2012) but it was not found to be
prognostic for progression to symptomatic myeloma.

Del(17p) was included in 2 studies (Table 2.17) (Lopez-Coral et al., 2012 and Neben et al., 2013). One
study reported an association between the genetic abnormality and TTP but the result lost
significance after multivariate analysis.

Del(13qg) was included in 3 studies (Table 2.18) (Lopez-Coral et al., 2012, Neben et al., 2013 and
Rajkumar et al.,, 2013) but none of these found del(13q) to be prognostic for progression to
symptomatic myeloma.

Amp(1q) was included in 2 studies (Table 2.19) (Lopez-Coral et al., 2012 and Neben et al., 2013) One
study reported an association between the genetic abnormality and TTP but the result lost
significance after multivariate analysis.

Hyperdiploidy was included in 2 studies (Table 2.20) (Lopez-Coral et al., 2012 and Neben et al., 2013)
One study reported an association between the genetic abnormality and TTP but the result lost
significance after multivariate analysis.

No studies investigated the prognostic importance of del(1p) or del(p53) in asymptomatic myeloma.

A number of studies divided patients into high, standard or low risk groups based on the genetic
abnormalities they carried (or lacked). It is difficult to compare across studies as different studies
used different genetic abnormalities. However all studies reported that myeloma patients classed as
high risk (with adverse genetic abnormalities) had a worse prognosis for survival compared to
patients that were in the low risk group (without the established adverse genetic abnormalities)
(Boyd et al., 2012; Chang et al., 2005a; Jacobus et al., 2011; Kapoor et al., 2010; Kumar et al., 2012;
Lu et al.,, 2014; Mateos et al., 2011; Paiva et al., 2012c). Similarly, smoldering myeloma patients
defined as high risk had a worse prognosis for progression to active myeloma (Neben et al., 2013;
Rajkumar et al., 2013).
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1

2  Table 2.3: Summary of prognostic FISH studies for newly diagnosed myeloma

Genetic Number | Number of Multivariate analysis
abnormality of studies
studies suggesting
prognostic
impact
t(11;14) 13 1 Result not significant after multivariate analysis
t(4;14) 16 12 3 studies: multivariate analysis not done
9 studies: result remained significant after multivariate analysis
t(14;16) 8 1 Result remained significant after multivariate analysis
del(17p) 12 10 3 studies: multivariate analysis not done
7 studies: result remained significant after multivariate analysis
del(13q) 14 9 4 studies: result not significant after multivariate analysis
1 study: multivariate analysis not done
4 studies: result remained significant after multivariate analysis
del(1p) 6 5 2 studies: multivariate analysis not done
3 studies: result remained significant after multivariate analysis
1q gains 13 9 2 studies: result not significant after multivariate analysis
2 studies: multivariate analysis not done
5 studies: result remained significant after multivariate analysis
del(p53) 3 1 Result not significant after multivariate analysis
hyperdiploidy 5 All studies: result remained significant after multivariate analysis
3
4
5
6 Table 2.4: t(11;14)
Study Sample | Treatment Prognostic? | Remained HR Additional comments
size significant
after
multivariate
analysis?
Anetal., 2013 253 Thalidomide or No Patients with t(11;14): no
bortezomib difference in outcome
depending on treatment
with thalidomide or
bortezomib.
Avet-Loiseau et al., 1064 VAD followed by double No
2007 intensive therapy
Avet-Loiseau et al., 520 VAD + ASCT No
2012
Avet-Loiseau et al., 2642 High dose melphalan or No
2013a conventional treatment
Bang et al., 2006 130 ? Yes No
Boyd et al., 2012 1069 Myeloma IX trial No
Caltagitone et al., 376 VMP or VMPT No
2014
Chang et al., 2005a 126 High dose chemotherapy No
& ASCT
Chang et al., 2010 203 High dose chemotherapy No
& ASCT
Gutierrez et al., 260 High dose therapy & ASCT | No
2007
Neben et al., 2010 315 High dose therapy & ASCT | No
Nemec et al., 2012 207 High dose therapy & ASCT | No
Walker et al., 2010 1177 Myeloma IX No
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1  Table 2.5: t(4;14)
Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Avet-Loiseau et al., 1064 VAD followed by double | Yes Yes 2.79
2007 intensive therapy (EFS)
2.78
(0s)
Avet-Loiseau et al., 507 Vel/dex Yes n/a Bortezomib improved
2010 prognosis of patients with
t(4;14) compared with
patients treated with VAD.
Avet-Loiseau et al., 1003 IFM 99 trials Yes Yes 2.56
2011 (0s)
Avet-Loiseau et al., 520 VAD + ASCT Yes Yes 2.45
2012 (PFS)
3.04
(09)
Avet-Loiseau et al., 2642 High dose melphalanor | Yes n/a
2013a conventional treatment
Avet-Loiseau et al., 1890 Mixed Yes Yes 2.03
2013b (PFS)
1.89
(0s)
Boyd et al., 2012 1069 Myeloma IX trial Yes Yes 1.65
(PFS)
1.54
(09)
Caltagitone et al., 376 VMP or VMPT No
2014
Chang et al., 2005a 126 High dose Yes Yes n/a
chemotherapy & ASCT
Changetal., 2010 203 High dose No
chemotherapy & ASCT
Grzasko et al., 2013 | 104 mixed No
Gutierrez et al., 260 High dose therapy & Yes Yes
2007 ASCT
Moeau et al., 2007 716 Double intensive Yes n/a
therapy
Neben et al., 2010 315 High dose therapy & Yes Yes n/a
ASCT
Nemec et al., 2012 207 High dose therapy & Yes Yes 13.7
ASCT (0S)
Walker et al., 2010 1177 Myeloma IX No
2
3  Table 2.6: t(14;16)
Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Avet-Loiseau et al., 1003 IFM 99 trials No
2011
Avet-Loiseau et al., 520 VAD + ASCT No
2012
Avet-Loiseau et al., 2642 High dose melphalanor | No
2013a conventional treatment
Boyd et al., 2012 1069 Myeloma IX trial Yes Yes 1.65
(PFS)
1.54
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(03)

Caltagitone et al., 376 VMP or VMPT No
2014
Gutierrez et al., 260 High dose therapy & No
2007 ASCT
Neben et al., 2010 315 High dose therapy & No
ASCT
Walker et al., 2010 1177 Myeloma IX No
1
2  Table 2.7: Del (17p)
Study Sample Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Avet-Loiseau et al., 1064 VAD followed by double | Yes Yes 3.29
2007 intensive therapy (EFS)
3.93 (0S)
Avet-Loiseau et al., 507 Vel/dex Yes n/a
2010
Avet-Loiseau et al., 1003 IFM 99 trials Yes Yes 2.47 (0S)
2011
Avet-Loiseau et al., 520 VAD + ASCT Yes Yes 2.86
2012 (PFS)
3.04 (0S)
Avet-Loiseau et al., 2642 High dose melphalanor | Yes n/a
2013a conventional treatment
Avet-Loiseau et al., 1890 Mixed Yes Yes 1.96
2013b (PFS)
2.14 (0S)
Boyd et al., 2012 1069 Myeloma IX trial Yes Yes 1.41(PFS)
1.53 (0S)
Caltagitone et al., 376 VMP or VMPT No
2014
Grzasko et al., 2013 | 104 Mixed Yes Yes n/a
Neben et al., 2010 315 High dose therapy & Yes Yes n/a
ASCT
Nemec et al., 2012 207 High dose therapy & No
ASCT
Walker et al., 2010 1177 Myeloma IX Yes n/a
3
4  Table 2.8: Del(13)
Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Avet-Loiseau et al., 1064 VAD followed by double | Yes No
2007 intensive therapy
Avet-Loiseau et al., 1003 IFM 99 trials Yes Yes 1.36 (0S)
2011
Avet-Loiseau et al., 520 VAD + ASCT Yes Yes 1.46 (PFS)
2012
Avet-Loiseau et al., 2642 High dose melphalanor | Yes n/a
2013a conventional treatment
Avet-Loiseau et al., 1890 Mixed Yes Yes 1.31 (PFS)
2013b
Bang et al., 2006 130 ? No
Boyd et al., 2012 1069 Myeloma IX trial Yes No
Caltagitone et al., 376 VMP or VMPT No
2014
Chang et al., 2005a 126 High dose Yes No
chemotherapy & ASCT
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Changetal., 2010 203 High dose No
chemotherapy & ASCT
Grzasko et al., 2013 104 mixed Yes Yes n/a
Lai et al., 2012 608 mixed No
Neben et al., 2010 315 High dose therapy & Yes No
ASCT
Nemec et al., 2012 207 High dose therapy & No
ASCT
1
2
3  Table 2.9: Del (1p)
Study Sample Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Boyd et al., 2012 1069 Myeloma IX trial No
Caltagitone et al., 376 VMP or VMPT Yes n/a
2014
Changetal., 2010 203 High dose Yes Yes 2.33 (PFS)
chemotherapy & ASCT 2.5 (0S)
Chngetal., 2010 127 Melphalan high dose Yes Yes n/a
therapy
Hebraud et al., 1195 VAD or bortezomib- Yes Yes 1p22:
2014 based induction 1.56 (PFS)
followed by ASCT 1.82 (0S)
1p32:
2.84 (PFS)
4.07 (0S)
Walker et al., 2010 1177 Myeloma IX Yes n/a
4
5 Table 2.10: 1q gains
Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Anetal, 2014 290 Thalidomide or Yes Yes 3.8 (PFS) Survival of patients
bortezomib 3.2 (0S) without 1921 gains was
extended with
bortezomib compared to
thalidomide treatment.
But there was no
difference in patients
with 1921 gains treated
with either
chemotherapy.
Avet-Loiseau et al., 520 VAD + ASCT Yes Yes 1.58 (0S)
2012
Bang et al., 2006 130 ? No
Boyd et al., 2012 1069 Myeloma IX trial Yes Yes 1.46 (PFS)
1.53 (0S)
Caltagitone et al., 376 VMP or VMPT Yes n/a
2014
Chang et al., 2010 203 High dose No
chemotherapy & ASCT
Fonseca et al., 2006 | 159 High dose No
chemotherapy & ASCT
Grzasko et al., 2013 | 104 mixed Yes Yes n/a
Hanamura et al., 479 Melphalan based Yes Yes 1.86 (EFS) | Thalidomide improved
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2006 tandem ASCT 1.78 (0S) 5yr EFS in patients lacking
randomised to receive amplqg21 but not in those
thalidomide or not without amp1q21, and

had no effect on OS.

Lai et al., 2012 608 mixed No

Neben et al., 2010 315 High dose therapy & Yes No
ASCT

Nemec et al., 2012 207 High dose therapy & Yes No
ASCT

Walker et al., 2010 1177 Myeloma IX Yes n/a

1
2  Table 2.11: hyperploidy
Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?

Avet-Loiseau et al., 1064 VAD followed by double | Yes No

2007 intensive therapy

Boyd et al., 2012 1069 Myeloma IX trial No

Walker et al., 2010 1177 Myeloma IX No

3
4  Table 2.12: Del(p53)
Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?

Chang et al., 2005a 126 High dose Yes Yes n/a
chemotherapy & ASCT

Chang et al., 2005b 105 High dose Yes Yes n/a
chemotherapy & ASCT

Changetal., 2010 203 High dose Yes Yes 2.64 (PFS)
chemotherapy & ASCT 4.8 (0S)

Gutierrez et al., 260 High dose therapy & No

2007 ASCT

Lai et al., 2012 608 mixed No

5
6  Table 2.13: Summary of prognostic FISH studies for smoldering myeloma
Genetic Number | Number of Multivariate analysis
abnormality of studies
studies suggesting
prognostic
impact
t(11;14) 3 0
t(4;14) 3 2 1 study: result not significant after multivariate analysis
1 study: result remained significant after multivariate analysis

t(14;16) 1 0

del(17p) 2 1 Result not significant after multivariate analysis

del(13q) 3 0

del(1p) 0

1q gains 2 1 Result not significant after multivariate analysis

del(p53) 0

hyperdiploidy 2 1 Result remained significant after multivariate analysis

7
8
9
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1
2 Table 2.14: t(11;14)

Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Lopez-Coral et al., 123 Len-Dex or no No
2012 treatment
Neben et al., 2013 248 No
Rajkumar et al., 351 No
2013
3
4
5
6  Table 2.15: t(4;14)
Study Sample Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Lopez-Coral et al., 123 Len-Dex or no No
2012 treatment
Neben et al., 2013 248 Yes No
Rajkumar et al., 351 Yes Yes n/a
2013
7
8
9
10 Table 2.16: t(14;16)
Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Lopez-Coral et al., 123 Len-Dex or no No
2012 treatment
11
12
13
14  Table 2.17: Del(17p)
Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Lopez-Coral et al., 123 Len-Dex or no No
2012 treatment
Neben et al., 2013 248 Yes No
15
16
17
18  Table 2.18: Del(13q)
Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Lopez-Coral et al., 123 Len-Dex or no No
2012 treatment
Neben et al., 2013 248 No
Rajkumar et al., 351 No
2013
19
20
21
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7

1  Table 2.19: Amp(1q)

Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Lopez-Coral et al., 123 Len-Dex or no No
2012 treatment
Neben et al., 2013 248 Yes No
2
3
4
5 Table 2.20: hyperdiploidy
Study Sample | Treatment Prognostic? Remained HR Additional comments
size after
multivariate
analysis?
Lopez-Coral et al., 123 Len-Dex or no No
2012 treatment
Neben et al., 2013 248 Yes Yes 1.72 (TTP)

6
Search Results
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1 Figure 2.4: Screening results

Records screened from search 1 L8J7pdate searches
859
v Records screened from search 2
Records remaining after screening of ltSQf (following revision of search
abstracts by reviewer strategy)
234
v
\ 4 Records remaining after screening of
Records remaining after edits made to abstracts by reviewer
review protocol and re-screening of 29
abstracts by reviewer
93
v
A - .
. Records remaining after duplicates from
Records remaining after titles and search 1 removed
abstracts screened by GDG subgroup 25
70
A Y v
A 4
Full text articles screened
104
v
Studies included in evidence review
64

Quality of studies

The included studies are high quality studies with a low risk of bias (table 5), although some studies do not
include a multivariate model in the analysis to determine whether the assessed prognostic risk factor is
independent of other risk factors. Treatment heterogeneity is an issue between as well as within studies.

oNOoOTuBL B~ WN
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1 Evidence tables

2
3 (a) Immunohistochemistry
Study Population Specialist diagnostic Results Additional
investigation comments

Chang et al., 107 myeloma patients Immunohistochemistry Patient survival not associated with CD56 expression in bone marrow biopsies. -
2006 treated with melphalan-based

high-dose chemotherapy and ASCT | CD56 expression was n Median OS Median PFS
Toronto measured in paraffin samples CD56 positive | 76 48.1 months | 25.8 months

66 Male of 107 bone marrow biopsies CD56 negative | 31 44.8 months 33.1 months

41 Female collected at initial diagnosis p=0.67 p=0.28

Median age: 54 years

(range 32-71)

Median post transplant follow-up:

20 months
Changetal., 105 myeloma patients Immunohistochemistry OS was associated with p53 expression in bone marrow biopsies. -
2007 treated with melphalan-based

high-dose chemotherapy and ASCT | p53 expression was n Median OS Median PFS
Toronto measured in paraffin samples p53 positive 12 24.5 months 14.2 months

63 Male of 105 bone marrow biopsies p53 negative 93 47.7 months | 24.7 months

42 Female collected at initial diagnosis P<0.001 p=0.24

Median age: 54 years Multivariate analysis found p53 expression was an independent risk factor for OS (p=0.002)

(range 32-71) Other risk factors included:

CKS1B amplification
Median post transplant follow-up: t(4:14)
20 months t(11:14)
13q deletions

Appendix G: evidence review

Page

66 of 670




Gastinee et al.,
2007

France

174 myeloma patients

130 symptomatic

(treated according to IFM protocols
MY90 and IFM90 for conventional
treatment)

44 asymptomatic

93 Male
81 Female

Median age: 64 years
(IQR 59 - 68)

Median follow-up: 121 months

Immunohistochemistry

Ki-67 antigen expression was
determined after double
immunocytochemistry on
either BM films or BM
mononuclear cell cytospins.

A significant impact on survival was found in myeloma with a threshold of ki-67 index of 4%.

n Median OS

Ki-67 < 4 103 49 months

Ki>4 71 26 months
P<0.001

Multivariate analysis found ki-67 expression was an independent risk factor for OS (p=0.001)

Shin et al., 2014

170 myeloma patients

Immunohistochemistry

Low CD99 expression (score 0-2): 47% of patients
High CD99 expression )score 3-6): 53% of patients

Korea No treatment CD99 expression was (score based on intensity of staining and percentage of positive cells)
(conservative management) n=22 measured in paraffin samples
Chemotherapy n=78 of 136 bone marrow biopsies | OS not associated with CD99 expression in bone marrow biopsies.
Chemotherapy + ASCT n=60 collected at initial diagnosis (data not provided)
Radiotherapy n=10
ASCT significantly enhanced OS in patients with both high and low CD99 expression.
89 Male
81 Female
Mean age: 60 years
(range 29-84)
Median follow-up: 999 days
(range: 2 - 4,686 days)
Tinguely et al., 119 myeloma patients Immunohistochemistry Survival data was available for 111 patients No treatment
2007 information
59.5% Male CyclinD1 expression was Patient survival not associated with cyclin D1 expression.
Switzerland measured in 135 paraffin (data not provided)
62% over 60 years of age at embedded biopsies (127
diagnosis osseous, 8 extra —
osseous)from 119 patients
Follow-up: 1 week —14.3 years
1
2 (b) Flow cytometry
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Study

Population

Specialist diagnostic
investigation

Results

Additional comments

Caltagirone et

511 elderly myeloma patients

Flow cytometry

CD19, CD45, CD20, CD117, CD56 — no association with survival

al., 2014 From 61 centres
four-colour multiparameter Combination CD19°/CD117 independent risk factor for OS (HR 2.62, p=0.012)
Italy GIMEMA-MM-03-05 trial flow cytometry
Patients randomised to receive VMP
or VMPT CD19, CD45, CD20, CD117,
CD56
252 male
259 female N=399
Median follow up: 54 months
(1-80 months)
Chngetal., 366 transplant eligible myeloma Flow cytometry DNA content -
2006 patients enrolled in ECOG E9486 trial DNA index <0.95: hypodiploid
Randomised to receive variations of dual channel flow cytometry DNA index 0.95 — 1.05: pseudodiploiddiploid
USA VBMCP to determine total DNA DNA index 1.06 — 1.74: hyperdiploid

227 male
139 female

Median follow-up 12 years

content

DNA index >1.74: tetraploid/near-tetraploid

n Median PFS Median OS
hyperdiploid 220 | 32 months 48 months
nonhyperdiploid 146 | 25 months 35 months

P=0.023 P=0.023
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Gonsalves et al.,
2014

157 myeloma patients
(2009-2011)

Flow cytometry

Peripheral blood evaluated

54% had cPCs detected.
Median number of cPCs in entire cohort: 40 (range: 0 — 46,413)/150,000 gated events.

Retrospective study.

Cut-off of 400 cPCs is based on

USA Initial induction treatment: for clonal circulating plasma n Median OS 2yr OS 3yr OS single institution data.
Novel agents n=150 cells (cPCs) by six-colour cPCs present 85 Not reached 76% 67%
Thalidomide n=12 multiparameter flow cPCs absent 72 Not reached 91% 87% Heterogenity in induction
Lenalidomide n=106 cytometry before beginning treatments used.
Bortgzomib_ n=52 therapy Though the median OS was not reached for either group it was significantly shorter for
Post-induction ASCT n=56 the patients with cPCs (p-0.019)
93 Male >400 cPCs was considered as the optimal cut off for defining high disease
64 Female n Median time- | Median OS
to-next-
Median age: 65 years treatment
(range 39-95) >400 cPCs 37 | 14 months 32 months
. <400 cPCs 120 | 26 months Not reached
Median follow up: 21 months P<0.001 P<0.001
(17-23 months) - -
In the multivariate model the presence of >400 cPCs adversely affected OS (p=0.024)
and TTNT (p=0.028)
Mateo et al., 685 myeloma patients Flow cytometry -
2008 n Median PFS Median OS
All were treated with the GEM2000 multiparameter flow CD19 - 655 38 months 68 months
Spain protocol: six alternating cycles of cytometry at diagnosis CD19 + 30 26 months 40 months
VBCMP/VBAD followed by high-dose P=0.04 P=0.02
therapy: melphalan and ASCT. CD19, CD20, CD45, CD56,
CD117, CD28, CD33 n Median PFS Median OS
377 Male CD20 - 524 37 months 73 months
308 Female CD20 + 106 | 35 months 63 months
. P=0.89 P=0.87
Median age: 59 years
(range 32-70) n Median PFS Median OS
Median follow up: 48 months CD28 - 420 38 months Not reached
CD28 + 240 31 months 53 months
P=0.04 P=0.001
n Median PFS Median OS
CD33 - 521 37 months 66 months
CD33 + 118 32 months Not reached
P=0.08 P=0.7
n Median PFS Median OS
CD45 - 490 38 months 68 months
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CD45 + 180 35 months 53 months
P=0.8 P=0.4
n Median PFS Median OS
CD56 - 271 34 months 66 months
CD56 + 414 39 months 67 months
P=0.1 P=0.1
n Median PFS Median OS
CD117 - 431 32 months Not reached
CD117 + 208 44 months 63 months
P=0.04 P=0.01

Expression of both CD19 and CD28 as well as absence of CD117 were associated with a
significantly shorter PFS and OS.

Poor risk: CD28 positive, CD117 negative
intermediate risk: CD28 positive, CD117 positive or CD28 negative, CD117 negative
good risk: CD28 negative, CD117 positive

n Median PFS Median OS
Poor risk 149 30 months 45 months
Intermediate 362 37 months 68 months
risk
Good risk 128 45 months Not reached
P=0.01 P=0.0001

Multivariate analysis of prognostic factors for survival was performed in the whole
series of patients(n=685) and subsequently in cases with available cytogenetic
information (n=231).

In the whole series:

More than 10% BM PC by flow cytometry and CD28 positive CD117 negative phenotype
had an independent adverse impact on OS.

More than 10% BM PC by flow cytometry had an independent adverse impact on PFS.
Once cytogenetic information was included, the antigen expression lost their
independent prognostic value.
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Mateos et al., 260 elderly myeloma patients Flow cytometry DNA ploidy analysis was possible in 224 of 260 patients.
2011
Received an induction with weekly multiparameter flow DNA index <0.95: hypodiploid
Spain bortezomib. Randomised. cytometry at diagnosis to DNA index 1.06 — 1.74: hyperdiploid
VMP: 130 evaluate DNA content DNA index >1.74: tetraploid/near-tetraploid
VTP: 130
Then maintenance therapy. Response was similar in hyperdiploid and nonhyperdiploid groups both after induction
Randomised to VT or VP. and maintenance.
PFS was almost identical in hyperdiploid and nonhyperdiploid patients. However OS
Median age: 72 years was found to be significantly shorter for nonhyperdiploid patients, particularly those
(range 62-85) receiving VTP induction.
Median follow-up 32 months n PFS from 1° PFS from 2™ 3yr OS
randomization randomization
hyperdiploid 132 29 months 26 months 77%
nonhyperdiploid 92 29 months 26 months 63%
P=0.9 P=0.6 P=0.04
OS in non-hyperdiploid
n 3yr OS
VMP ? 72%
VTP ? 52%
P=0.1
Non-hyperdiploid patients receiving VMP as induction had a 3yr OS of 72% - similar to
hyperdiploid patients.
Multivariate analysis:
DNA ploidy was not independently prognostic.
Minarik et al., 117 myeloma patients Flow cytometry PC-PI
2005 Treated using conventional induction Median 2.6%

Czech Republic

chemotherapy

Median age 66 years (44 — 85)

plasma cell proliferation
index (propidium iodide index
(PC-P1)).

apoptosis (annexin V index
PC-Al))

Range 0.4 —4.8%

n Median OS Median OS
<2.6 ? 32 months <2.8 ? 42 months
>2.6 18 months >2.8 ? 13 months

P=0.05 P=0.0005
PC-Al

Median 5.1%
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Range 1.4 - 24.5%

n Median OS Median OS
<5.1 ? 20 months <4 ? 16 months
>5.1 Not reached >4 ? Not reached

P=0.04 P=0.01

Minarik et al.,
2010

Czech Republic

217 myeloma patients

Treated using induction conventional
chemotherapy

Then n=50 received biological agents,
thalidomide and bortezomib in
relapse.

109 male
108 female

Median age 67 years (33 — 89)

Flow cytometry

plasma cell proliferation
index (propidium iodide index
(PC-PI)).

Patients treated with conventional chemotherapy and new biological agents (n=217)

n Median OS
<2.8 144 30 months
>2.8 73 12 months

P=0.06

After 40 months from diagnosis the curves merged suggesting the influence of novel
drugs.

Patients treated only with conventional chemotherapy (n=167)

n Median OS
<2.8 110 25 months
>2.8 57 10 months

P=0.015

Patients treated with novel biological therapy (n=50)

n Median OS
<2.8 34 39 months
>2.8 16 Not reached

P=0.68

Minarik et al.,
2011

Czech Republic

181 myeloma patients
Treated using conventional induction
chemotherapy

90 male
91 female

Median age 67 years (22 — 89)

Median follow-up 25 months
(range 1-117 months)

Flow cytometry

plasma cell proliferation
index (propidium iodide index
(PC-PI)).

apoptosis (annexin V index
PC-Al))

PC-PI
Median 2.5%
Range 1.2 -4.2%

PC-Al
Median 4.3%
Range 1.4 —24.5%

Poor prognosis: PC-Pl > 3% and PC-Al < 4.75%. n=20. median OS 8 months

Good prognosis: PC-Pl < 3% and PC-Al > 4.75%. n=71. median OS 40 months
P=0.0002.

Patients not belonging to either of these subgroups had median OS of 25 months.
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Nowakowski

302 myeloma patients

Flow cytometry

222 patients

Pre-novel agent era

et al., 2005 (1998-2003 — pre-novel agent era) 73% had cPCs detected.
Peripheral blood collected Median number of cPCs in entire cohort: 4 (range: 1 —28,692)/50,000 gated events. Non-quantitative flow-based
USA Initial induction treatment: within first week of diagnosis method
VAD 25% and before treatment was n Median OS
dexamethasone 23% | evaluated for clonal cPCs <10 186 | 59 months
MP 23% | circulating plasma cells (cPCs) cPCs >10 115 | 37 months
Thalidomide + dexamethasone 16% | by three-colour P=0.001
Others 13% multiparameter flow
Post-induction ASCT 40% | cytometry. In the multivariate model the prognostic value of cPCs was independent of B2M,
albumin and age.
180 Male
123 Female
Median age: 65 years
(range 29-94)
Paiva et al., 765 myeloma patients Flow cytometry Median % of BMPC: 11% (range: 0.5 — 95%) -
2009a
GEM2000 protocol: Four-colour multiparameter n Median PFS | Median OS 5yr PFS 5yr OS
Spain VBMCP/VBAD followed by ASCT flow cytometry before <15% BMPCs 438 43 months 97 months 37% 68%
beginning therapy on >15% BMPCs 327 | 36 months 54 months 21% 53%
421 Male erythrocyte-lysed bone P=0.003 P<0.001 P=0.003 | P<0.001
354 Female marrow aspirate samples to
assess bone marrow plasma In the multivariate model the bone marrow plasma cell counts obtained by flow
Median age: 60 years cell count. cytometry was an independent prognostic factor for OS (HR 2.3, p=0.006).
(range 32-74)
Median follow up: 51 months
Paiva et al., 594 myeloma patients Flow cytometry Response after induction: -
2009b CR nCR <PR
GEM2000 protocol: Four-colour multiparameter <5% N-PCs/BMPCs | 56 61 397
Spain VBMCP/VBAD followed by ASCT flow cytometry before (11%) (12%) (77%)
beginning therapy on >5% N-PCs/BMPCs | 17 19 44
331 Male erythrocyte-lysed bone (21%) (24%) (55%)
263 Female marrow aspirate samples to P=0.01 P=0.005 | P<0.001
detect residual normal
Median age: 58 years plasma cells Response after ASCT:
(range 32-70) CR nCR <PR
<5% N-PCs/BMPCs | 168 99 247
Median follow up: 54 months (33%) (19%) (48%)
>5% N-PCs/BMPCs | 51 8 21
(64%) (10%) (26%)
P<0.001 | P<0.001 | P<0.001
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n Median | Median OS
PFS
<5% N-PCs/BMPCs | 514 42 89 months
months
>5% N-PCs/BMPCs | 80 54 Not reached
months
P=0.001 P=0.04

Multivariate analysis performed in cases with cytogenetic information (n=176) showed
only cytogenetics as an independent prognostic factor for PFS and OS.

Due to small sample multivariate analysis was repeated in whole cohort.

Percentage of N-PCs/BMPCs was independent prognostic factor for PFS (RR 1.6,

p=0.008).
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Paiva et al., 1.n=230 elderly myeloma patients. Flow cytometry 1 >65yrs
2012a GEM(05)>65years trial. n >PR to CRto Median PFS | Median OS
Received an induction with weekly multiparameter flow induction | induction
Spain bortezomib. Randomised. cytometry at diagnosis CD81 - 127 88% 29% 37 months Not reached
VMP: 130 CD81 + 103 72% 18% 21 months | Not reached
VTP: 130 CD81 P=0.002 P=0.06 P<0.001 P=0.007
Then maintenance therapy. Treatment arm did not influence patient outcomes.
Randomised to VT or VP.
2. n=325 myeloma patients. n Median Median OS
GEM(05)<65years trial. PES
Randomised. CD81- & standard risk 92 Not Not reached
1.VBMCP/VBAD plus bortezomib. cytogenetics reached
2.Thalidomide/dexamethasone. CD81- & high risk cytogenetics 22 21 Not reached
3.Bortezomib/thalidomide/dexameth months
asone. CD81+ & standard risk 79 21 Not reached
Then ASCT. cytogenetics months
. CD81+ & high risk cytogenetics 18 21 19 months
3. n=56 smoldering myeloma
. months
patients. P<0.001 | P<0.001
High risk: t(4:14), t(14:16), and/or del(17p)
Standard risk: all other cases
Median follow-up 32 months and 22
months for the myeloma and
smoldering myeloma patients, 2 <65yrs
respectively. n Median PFS Median OS
CD81 - 154 Not reached Not reached
CD81 + 171 28 months Not reached
P<0.001 P=0.002
CD81+ was an independent prognostic factor for PFS (HR 1.9, p=0.003) and OS (HR 2,
p=0.02).
This adverse impact was validated in the additional series of 325 transplant-candidate
patients in the GEMO05<65years trial.
3 Smoldering myeloma
n Median TTP
CD81 - 24 Not reached
CD81 + 32 31 months
P=0.02
Paiva et al., 595 transplant eligible myeloma Flow cytometry DNA content
2012b patients included in 2 trials:

GEM2000

multiparameter flow

DNA index <0.95: hypodiploid
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Spain VBMCP/VBAD followed by ASCT cytometry at diagnosis to DNA index 0.95 — 1.05: diploid
N=319 evaluate DNA content and DNA index 1.06 — 1.74: hyperdiploid
GEM2005<65y proliferation index DNA index >1.74: tetraploid/near-tetraploid
Randomised induction with
1.VBMCP/VBAD plus bortezomib. n Median PFS Median OS
2.Thalidomide/dexamethasone. hyperdiploid 300 | 44 months 84 months
3.Bortezomib/thalidomide/dexame nonhyperdiploid 295 | 34 months 67 months
thasone. P=0.004 P=0.005
Then ASCT.
N=276
% PCs in S-phase
Patients included in the GEM2000 Median % of PCs in S-phase was 1.14%.
protocol with >65 yrs, levels of serum Range 0-13%.
calcium >14mg/dL and/or serum
creatinine >2mg/dL were excluded n Median PFS Median OS
from analysis to avoid confounding <1 259 | 43 months 93 months
survival bias. >1-<3 244 | 40 months 76 months
>3 92 22 months 45 months
X P<0.001 P<0.001
Median follow-up 38 months
(range 1-23 months) Analysing by study (and so by treatment) it was found that treatment with novel agents
can overcome the adverse prognosis of a high proliferating index (>1% S-phase PCs) —
little difference in PFS and OS between patients <1 and >1% S-phase PCs in
GEM2005<65y.
Multivariate analysis:
Detection of nonhyperdiploid myeloma and a high proliferative index (>1% S-phase PCs)
assessed by multiparameter flow cytometry remain as independent prognostic factors
in myeloma, but the latter may be overcome by incorporating novel agents in the
HDT/ASCT setting.
Paiva et al., 698 myeloma patients Flow cytometry 59 myeloma patients (8%) showed an MGUS-like profile.
2013 included in 2 trials: MGUS-like patients had lower tumour burden: 0.6% plasma cells (compared to 12% in
GEM2000 Erythrocyte-lysed whole BM other patients).
Spain VBMCP/VBAD followed by ASCT was used in multiparameter
N=486 flow cytometry at diagnosis. Despite achieving similar CR rates after ASCT VS other myeloma patients, MGUS-like
GEM?2005<65y patients had longer TTP and OS:
Randomised induction with Computerised algorithm
1.VBMCP/VBAD plus bortezomib. based on simultaneous n CR after | Median TTP | Median OS
2.Thalidomide/dexamethasone. assessment of the tumour ASCT
3.Bortezomib/thalidomide/dexame | burden and degree of MGUS-like 59 50% Not reached | Not reached
thasone. clonality of the bone marrow Non MGUS-like 639 | 43% 44 months 67 months
Then ASCT. plasma-cell compartment. P=0.21 P<0.001 P<0.001
N=212
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Median follow-up 71 months

(range 4-153 months)

To investigate for an MGUS-like
profile comparison was made with

497 MGUS patients.

MGUS-like patients:
No difference for median TTP and OS between CR and <CR patients.

Non-MGUS-like patients:
CR predicts for longer TTP and OS than in <CR patients.

1
2 (c) Serum free light chains
Study Population Specialist diagnostic Results Additional comments

investigation

Dispenzieri et
al., 2008a

USA

273 smoldering myeloma
patients

(seen at Mayo clinic 1970-
1995)

169 Male
104 Female

Median age: 64 years
(range 26-90)

Median follow-up: 6 years
(range 0-29)

Serum free light chains
freelite

baseline serum obtained
within 30 days of diagnosis

An increasingly abnormal FLC ratio (k/A) was associated with a higher risk for progression
to active myeloma.

FLC ratio n Rate of
progression
(% per year)
0.25-4 63 5%

0.125-0.25 46 5.5%
or
4-8
0.0312-0.125 | 93 7%
or
8-32
<0.0312 71 8.1%
or
>32

Multivariate analysis incorporating the FLC ratio into risk categories based on bone
marrow plasmacytosis and/or serum M spike.

Independently prognostic:

Bone marrow plasma cells more than 10% (HR 3.1, p<0.01)

Abnormal FLC ratio less than 0.125 or more than 8 (HR 1.9, p<0.01)

Serum M protein size, more than 30 g/L (HR 1.9, p<0.01)
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Dispenzieri et 399 myeloma patients Serum free light chains Baseline elevations in involved FLC predicted for OS and PFS. -

al., 2008b (from from 36 Eastern However, results are similar regardless of whether absolute values or ratio of involved to
Cooperative freelite uninvolved FLC is used.
USA Oncology Group (ECOG)
institutions) baseline serum
The involved FLC (iFLC) is defined as the actual value of serum
treatment immunoglobulin kappa FLCs in patients with monoclonal kappa plasma
1. VBMCP cells or of serum immunoglobulin lambda FLCs in patients with clonal lambda plasma
2. VBMCP plus cells.
recombinant alpha
2 interferon FLC difference | n 0S PFS
3. VBMCP and high 0.03-11.77 132 49.4 months 34.9 months
dose mg/dL

cyclophosphamide

11.77 - 85.56 135 42 months 38.7 months
258 Male mg/dL
141 Female 85.56—3368.5 | 132 | 42 months 29.5 months
mg/dL
Median age: 63 years
(range 24-83) Multivariate analysis not done.
Kumar et al., 314 myeloma patients Serum free light chains Multivariate analysis: Same cohort as Dispenzieri et al.,
2010 (recruited from 36 eastern The prognostic value of FLC on PFS and OS were independent of high risk IgH 2008b
cooperative oncology group freelite translocations t(4:14) and t(14:16).
USA intuitions 1988-1992) PFS 0S
baseline serum FLC HR p HR p
treatment (95% Cl) (95% Cl)
4. VBMCP If /A ratio > 1.65, k chain = FLC ratio 1.48 0.0028 2.09 0.0023
5.  VBMCP plus involved chain inv/uninv > 277 (1.14, 1.91) (1.53, 2.84)
recombinant alpha If /A ratio < 1.65, A chain = Vs
2 interferon involved chain inv/uninv < 277
6. VBMCP and high Involved/uninvolved ratio
dose with the monoclonal light
cyclophosphamide chain in the numerator. FLC difference 1.36 0.032 1.49 0.003
Absolute difference between inv/uninv > 185 (1.03, 1.79) (1.15, 1.95)
169 Male involved and uninvolved light Vs
104 Female chain was also determined. inv/uninv < 185

Median age: 64 years
(range 26-90)

Median follow-up: 6 years
(range 0-29)
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Larsen et al.,
2013

USA

586 smoldering myeloma
patients

(seen at Mayo clinic 1970-
2010)

319 Male
267 Female

Median age: 64 years
(range 27-91)

Median follow-up: 52 months

Serum free light chains
freelite

baseline serum obtained
within 30 days of diagnosis

If /A ratio > 1.65, k chain =
involved chain

If k/A ratio < 1.65, A chain =
involved chain
Involved/uninvolved ratio
with the monoclonal light
chain in the numerator.
Absolute difference between
involved and uninvolved light
chain was also determined.

Serum involved/uninvolved FLC ratio > 100 was found to be a predictor of imminent
progression in SMM

FLC ratio n Median time to | progression to

progression) MM within 24
months
>100 90 15 months 72%
<100 496 55 months 28%

P<0.0001 RR 2.6 (1.8-3.6)

Multivariate analysis for TTP incorporating the FLC ratio into risk categories based on
bone marrow plasmacytosis and/or serum M spike.

Independently prognostic:

Bone marrow plasma cell % (HR 3.24, p=0.0004)

FLC ratio > 100 (HR 3.23, p<0.0001)

Serum M-spike (HR 3.16, p=0.0013)

Update on Dispenzieri et al., 2008
cohort and using more stringent
criteria for an elevated FLC ratio.

Limitations:

Long patient eligibility spanning 1970 —
2010 may have introduced an
increased number of confounders
because of changes in imaging,
physician practise styles and the less
rigorous clinical documentation in
previous decades.

Maltezas et al.,
2013

Greece

305 myeloma patients
(diagnosed and followed in
10 Hellenic centres from
1997 —2010).

Induction treatment was
conventional (VAD type or
alkylating agents) in 55.7%
and included new treatments
in 44.3%.

After induction 24% of them
underwent ASCT whilst 82.5%
received new agents at any
line.

171 Male
134 Female

Median age: 68 years
(range 36-92)

Median follow-up: 38.7
months (0.3 —160.2 months)

Serum free light chains
freelite

baseline serum

Median 27.04 and 47.97 for kappa-MM and lambda-MM patients, respectively.

Disease specific survival in patients with high FLCR (above median) according to
treatment received:

Median 5yr disease
specific survival
conventional treatment | 7%

novel agents at any line | 45%

Novel agents frontline 52%
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Snozek et al.,
2008

USA

790 myeloma patients
(seen at Mayo clinic 1985-
1998)

Treatment: various

Median age: 66 years
(range 20-92)

Median follow-up: 8.4 years

Serum free light chains
freelite

baseline serum obtained
within 30 days of diagnosis

An abnormal FLC ratio (x/A) was associated with a worse OS.

FLC ratio n Median OS Syr survival
(mo)

0.03-32 311 | 39 34.5%

<0.03 or >32 479 | 30 21.3%

When combined with ISS in a multivariate model an abnormal FLC ratio added
significantly (p=0.029) to the prognostic capacity of ISS.

Van Rhee et al.,
2007

USA

303 myeloma patients

Combination therapy with
VTD-PACE as induction before
and consolidation therapy
after melphalan based high
dose therapies.

Median follow-up: 21 months
(range: 5.1 —35.6)

Serum free light chains

baseline serum before
initiation of therapy

SFLC at % of n-CR 2yr OS 2yr EFS

baseline

>75mg/dL 37% 76% 73%

<75mg/dL 20% 91% 90%
P=0.002 P<0.001 P<0.001

Univariately significant baseline factors associated with inferior EFS and OS included
advanced age of 65 years or older, presence of CA, advanced ISS stage as well as serum
elevations of B2M, CRP, LDH, creatinine and SFLC.
Independently prognostic for EFS:

Baseline SFLC higher than 75 mg/dL, top tertile (HR 2.43, p=0.016)

LDH of 190 U/L (HR 2.59, p=0.009)

CAs (HR 2.43, p=0.013)
Independently prognostic for OS:

Baseline SFLC higher than 75 mg/dL, top tertile (HR 2.40, p=0.008)

LDH of 190 U/L (HR 2.10, p=0.023)

CAs (HR 2.21, p=0.012)

The frequency of near-complete response to induction therapy was higher when baseline
SFLC levels exceeded 75 mg/dl.
Independently significant in multivariate analysis.

High baseline SFLC levels conferred
inferior EFS and OS despite being
associated with higher nCR rate.
(more rapid cell kill initially but rapid
disease regrowth between treatment
cycles — early relapse and death).
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Xu et al., 2013 122 myeloma patients Serum free light chains Low SFLC: SFLC-k < 180 mg/L or SFLC-A <592.5mg/L
High SFLC : SFLC-k > 180 mg/L or SFLC-A > 592.5mg/L
China Treatment: conventional freelite SFLC n Median OS 1yr OS 3yr OS
chemotherapy (n=72) or low 55 Not reached | 94.3% 66.2%
bortezomib (n=49) serum obtained prior to high 66 23 months 70.1% 30.5%
initiation of therapy P=0.001
80 male
42 female Low SFLC ratio: 0.04 - 25
) High SFLC ratio: < 0.04 or >25
Median age: 58 years SFLC ratio n MedianOS | 1yrOS | 3yrOS
(range 30-83) low 62 | Notreached | 91.8% | 61.8%
dian foll ) h high 59 21 months 71.7% 29.2%
Median follow-up: 21 months P<0.001
SFLC Median OS Median OS
ratio with With bortezomib
conventional
chemotherapy
low 44 months 56 months
high 32 months 39 months
P=0.001 P=0.005
In the multivariate model both SFLC and the ratio had significant OS prognostic capacity
(p<0.001 and p=0.002).
1
2 (d) Heavy/light chain ratio
Study Population Specialist diagnostic investigation Results Additional
comments
Bradwell et al., 339 myeloma patients Heavy/light chain ratio Multivariate analysis for PFS included: -
2013 (FLC-only disease excluded) Del:13
Measured in serum samples taken T(4:14)
UK 245 1gG at initial clinical presentation by Del:17p
94 IgA hevylite. B2M>5.5MG/L
B2m>3.5mg/I
Patients treated with Albumin<35g/I
bortezomib and FLC tertiles
dexamethasone or VAD as Monoclonal Ig tertiles
induction therapy plus or HLC ratios of <200 to >0.01 vs more extreme values
minus DCEP, followed by
high-dose melphalan with a Independently prognostic:
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stem cell autograft as first
line therapy.

B2M>3.3 (p=0.045)
HLC ratio (p=0.001)

A staging system using B2M and extreme HLC ratios had greater prognostic value than the widely used ISS
staging system.

Stage 1: normal values

Stage 2: either B2M>3.5mg/I or extreme HLC ratios (<0.01 or >200)

Stage 3: B2M>3.5mg/I and extreme HLC ratios (<0.01 or >200)

Using this model stage 3 was more significantly associated with shorter PFS than ISS stage 3 (HR 1.7;
p=0.00002 vs HR 1.3, p=0.017).

Koulieris et al.,
2012

Greece

103 myeloma patients

78 IgG
25 IgA

57 Male
46 Female

Median age: 67 years

Symptomatic patients(n=77)
received treatment with
conventional modalities.
Asymptomatic patients
(n=26) were followed.

Median follow-up was 32.6
months.

Heavy/light chain ratio

Measured in serum samples taken
at initial clinical presentation by
hevylite.

High HLCR was defined as any value above median
Median HLCR in IgG was 21.47
Median HLCR in IgM was 72.42

High HLCR correlated with time to treatment (p<0.001) and shorter survival (p=0.022).

Multivariate analysis for OS included:
Durie-salmon stage
ISS stage
B2M>3.5mg/I
Hb <10g/L
Platelet counts <140 x10[9]/L
Albumin<3.5g/L
Cr>2mg/dL
BM plasma infiltration
SFLCR above median
High HLCR values

Independently prognostic:
Platelet count

B2M

HLCR
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Ludwig et al., 156 myeloma patients Heavy/light chain ratio -
2013 Started on first line therapy n Median OS 5 yr survival
(various) Measured in serum samples taken Abnormal 84 Not reached 58.9%
Austria at initial clinical presentation by HLCR
100 IgG hevylite. (0.022-45)
56 IgA Highly 72 40.5 months 33.4%
abnormal
82 Male HLCR
74 Female (<0.022 or
>45)
Median age: 66 years p=0.016 p=0.01
(range: 32-94)
Multivariate analysis for OS included:
Median follow-up: 46.1 B2M>5.5mg/!
months (range 0.5 — 157.8) B2M>3.5mg/I
HLC ratio <0.02, >40
FLC ratio <0.03, >32
Age >75 yrs
Albumin>35g/I
LDH >248 Ul/I
Independently prognostic:
Highly abnormal HLC ratio (<0.02, >40) (HR:1.94, CI: 1.1-3.3, p=0.016)
Highly abnormal B2M (>5.5mg/l) (HR:2.01, CI: 1.1-3.6, p=0.016)
1
2 (e) FISH
Study Population Specialist diagnostic Results Additional comments
investigation
An et al., 2013 253 myeloma patients Interphase FISH t(11:14) positive = 60 -
According to their request t(11:14) negative = 193
China patients were assigned to t(11:14)
either thalidomide (n=106) Patients receiving thalidomide-based treatment:
or bortezomib based n Median OS Median PFS
treatment (n=147). t(11:14) ? 30.0 months 23.0 months
positive
t(11:14) ? 21.0 months 18.0 months
Median age: 57.5 years negative
(range 26-83) P=0.9 p=0.8

Median follow-up: 3 years

Patients receiving

bortezomib-based treatment:

n Median OS Median PFS
t(11:14) ? 54.0 months 28.7 months
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positive
t(11:14) ? 36.0 months 32.5 months
negative

P=0.6 p=0.7

Patients with t(11:14): no statistically significant difference in outcome depending on treatment with

thalidomide or bortezomib.

An et al.,, 2014

China

290 myeloma patients

According to their request
patients were assigned to
either thalidomide (n=120)
or bortezomib based
treatment (n=135).

35 lost to follow-up.

Median age: 57 years
(range 26-83)

Median follow-up: 36
months

Interphase FISH

1921

142 patients had 1921 gains
148 patients did not have 1g21 gains

Patients receiving thalidomide-based treatment:

n Median OS Median PFS
1921 gains ? 22 months 20 months
Without 1921 ? 30 months 22.4 months
gains
P=0.355 P=0.625

Gains of 1921 had no impact on survival in patients receiving thalidomide-based treatment

Patients receiving bortezomib-based treatment:

n Median OS Median PFS
1921 gains ? 24 months 13.5 months
Without 1921 ? 54 months 43 months
gains
P<0.001 P<0.001

Gains of 1921 was an independent prognostic factor for PFS (HR 3.8, p<0.001) and OS (HR 3.2,
p=0.002) in the multivariate model.

Survival of patients without 1921 gains was extended with bortezomib compared to thalidomide
treatment. But there was no difference in patients with 1g21 gains treated with either
chemotherapy.

Patients with 3 copies of 1921 had comparable survival with patients with more than 3 copies.
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Avet-Loiseau et
al., 2007

France

1064 myeloma patients
enrolled in the IFM99 trials
(VAD followed by double
intensive therapy)

Patients all younger than 66

years

Median follow up: 41
months

iFISH on bone marrow
samples

dell3

t(11:14)

t(4:14)
hyperdiploidy

MYC translocations
del(17p)

Chromosomal changes were observed in 90% of the patients.

del13 48%
t(11:14) 21%
t(4:14) 14%
hyperdiploidy 39%

MYC translocations 13%
del(17p) 11%

Univariate analysis revealed that del(13), t(4:14), nonhyperdiploidy and del(17p) negatively impacted

both EFS and OS.

MYC translocations and t(11:14) did not influence prognosis.

Genomic aberration

Impact on EFS, mth* (P)

Impact on OSt(P)

del(13) 29 vs 41 (<0.001) 68% vs 83% (<0.001)
t(11;14)(913;932) 35 vs 34 (0.2) 80% vs 74% (0.28)
t(4;14)(p16;q32) 20.6 vs 36.5 (<0.001) 41.3 mths vs 79% (<0.001)
Hyperdiploidy 37 vs 33 (0.02) 82% vs 70% (0.006)

MYC translocation 35vs 37 (0.94) 72% vs 78% (0.50)
del(17p) 15 vs 35 (<0.001) 22 mths vs 75% (<0.001)

* Median EFS for patients presenting the chromosomal abnormality versus that of those who did not

present the genomic aberration.

tMedian OS for patients presenting the chromosomal abnormality versus that of those who did not
present the genomic aberration. When the median was not attained, the percentage alive at the time
of median follow-up was reported.

In multivariate analysis only t(4:14) and del(17p) retained prognostic value for EFS and OS.

HR for EFS P HR for OS p
(95%Cl) (95%Cl)
del(17p) 3.29 <0.001 3.93 <0.001
more than 60% (2.23-4.87) (2.54-6.08)
t(4:14) 2.79 <0.001 2.78 <0.001
(2.05-3.79) (1.90-4.06)
Avet-Loiseau et | Cohort 1: FISH Cohort 1 (Vel/dex)
al., 2010 507 newly diagnosed
myeloma patients t(4;14) n relapse 4yr OS
France Received Vel/Dex del(17p) T(4;14) 106 41% 63%
induction. No t(4;14) 401 36% 73%
Patients all younger than P=0.0178 | P=0.002
65.
Median follow-up 24 n Median EFS 4yr oS
months. Del(17p) 54 14 months 79%
No del(17p) 453 36 months 50%
Cohort 2: P<0.001 P<0.001

512 newly diagnosed
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myeloma patients.
Received VAD induction.

Both t(4;14) and del(17p) were prognostic even in context of bortezomib treatment.

Bortezomib significantly improves prognosis of patients with t(4;14) compared with patients treated
with VAD.

t(4;14) patients

n Median 4yr OS
EFS
Vel/Dex 106 28 63%
months
VAD 98 16 32%
months
p<0.001 p<0.001

No improvement with Vel/Dex was observed for patients with del(17p).

Avet-Loiseau et
al., 2011

France

1003 myeloma patients

Patients under 65 years
(n=735)were treated in the
IFM 99-02 or 99-04 trials.

Patients 65 years or older
(n=233) were treated in the
IFM 99-06 trial.

FISH on bone marrow
samples

t(4:14)
del(17p)
del13
t(14:16)

32 patients had t(14:16).
t(14:16) not prognostic — no difference in survival between patients with and without the
translocation.

Multivariate analysis
Independently prognostic for OS:
t(4:14) (HR 2.56, p<0.001)
del(17p) (HR 2.47, p<0.001)
del(13) (HR 1.36, p=0.03)

Published as brief report so
limited study details.

Avet-Loiseau et
al., 2012

France

520 myeloma patients

IFM (Intergroupe
Francophone du Myelome)
99-02 or 99-04 trials

(VAD & ASCT)

Patients all younger than 66
years

Median follow-up: 90.5
months

FISH on bone marrow
samples

t(4:14)
del(17p)
t(11:14)
t(14:16)
del(13)
1q gains

t(4:14) 11%
del(17p) 5.4%
t(11:14) 19%
t(14:16) 2.7%
del(13) 44%
1q gains 33%

Multivariate analysis
Independently prognostic for PFS:
t(4:14) (HR 2.45, p<0.001)
del(17p) (HR 2.86, p<0.001)
del(13) (HR 1.46, p=0.004)

Multivariate analysis
Independently prognostic for OS:
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t(4:14) (HR 3.04, p<0.001)
del(17p) (HR 3.04, p<0.001)
1q gain (HR 1.58, p=0.006)

Patients with no high risk factors:
age <55, B2 microglobulin < 5.5 mg/L and absence of t(4:14), del(17p) and 1q gain, ( 20% of patients)
= 8 year survival of 75%.

Avet-Loiseau et
al., 2013a

International
retrospective
analysis

IMWG database of 12,137
patients treated worldwide
for myeloma at diagnosis.
5387 had analyses by FISH.
Comprehensive analyses
used 2642 patients with
sufficient iFISH data
available.

59% received an intensive
approach based on single
or double high-dose
melphalan courses, and
41% received more
conventional treatment.

Median age: 60 years
(range 23-93)

Interphase FISH was
performed on sorted or
immunologically
recognised plasma cells.

Most of the iFISH studies
were focussed on del(13),
t(4:14), del(17p), t(11:14)
and t(14:16).

del(13) 45%
t(4:14) 12.8%
del(17p) 13.6%
t(11:14) 20.5%
t(14:16) 2.9%

t(11:14) was prognostically neutral.

n 4 yr PFS 4yr OS
Del(13) 1189 26% 52%
Del(13) negative 1453 39% 66%
p<0.0001 | p<0.0001
n 4 yr PFS 4yr OS
t(4:14) 338 11% 35%
t(4:14) negative 2304 32% 60%
p<0.0001 p<0.0001
n 4 yr PFS 4yr OS
Del(17p) 360 18% 46%
Del(17p) negative | 2282 36% 65%
p<0.0001 p<0.0001

Because del(13) has been previously related to t(4;14) and del(17p), and because its prognostic value
has been shown to be mainly related to these latter abnormalities, outcomes of patients with del(13),
but lacking both t(4;14) and del(17p) was assessed. These del(13) patients displayed a poorer
prognosis than patients lacking del(13), but with a lower impact (4-year PFS estimates of 28% versus
36%, and 4-year OS estimates of 59% and 65%, respectively). Thus, the final analyses incorporated 1SS
stages and t(4;14) and del(17p) only as the dominant genetic features.

ISS-iFISH model
Group 1 (51% of patients):
ISS stage | or Il with neither t(4:14) nor del(17p)

None of the patients received
bortezomib or lenalidomide as
frontline therapy.
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Group 2 (29% of patients):

ISS stage Il with neither t(4:14) nor del(17p) OR ISS stage | with
either t(4:14) or del(17p)

Group 3 (20% of patients):

ISS stage Il or Il with either t(4:14) or del(17p)

n 4 yr PFS 4yr OS
Group 1 1344 39% 71%
Group 2 756 20% 45%
Group 3 537 11% 33%
P value: P value:
1v 2<0.0001 1v 2<0.0001
2 v 3=0.08 2 v 3=0.0001
1v 3<0.0001 1v 3<0.0001

The ISS-iFISH model was further assessed by stratification by age (<65 years: > 65 years) and with or
without the use of HDTx.

Age
Best outcome is for patients under 65 years in group 1 (4yr OS 75%)
Worst outcome is for patients > 65 years in group 3 (4yr OS 24%)

HDTx
Best outcome is for patients who received HDTx in group 1 (4yr OS 77%)
Worst outcome is for patients without HDTx in group 3 (4yr OS 18%)

Avet-Loiseau et
al.,, 2013b

France

1890 newly diagnosed
older myeloma patients
(all patients >65 years)

Median age: 72 years
(range 66-94)

1095 patients had updated
data on treatment
modalities and survival.
Treatment:

434 MPT

246 MP

168 high dose melphalan
118 lenalidomide plus dex
84 MPV

45 intermediate dose
melphalan

FISH

del(13)
t(4;14)
del(17p)

Multivariate analysis
Independently prognostic for PFS:
del(13) (HR 1.31, p=0.02)

t(4;14) (HR 2.03, p<0.001)
del(17p) (HR 1.96, p<0.001)

Independently prognostic for OS:
t(4;14) (HR 1.89, p<0.001)
del(17p) (HR 2.14, p<0.001)

Conclusion: t(4;14) and del(17p) are prognostic in elderly patients.
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Bangetal., 130 myeloma patients Interphase FISH t(11:14) was the only genetic abnormality prognostic for OS in univariate analysis (p=0.0147).
2006 But lost significance in multivariate analysis.
85 male 13q
Korea 45 female 1q
IGH
Median age: 60 years P53
(range 32 —80) MLL
P16
CEP7
CEP11
CEP12
Boyd et al., 1140 myeloma patients FISH FISH failure rate was 6% of analyzable bone marrow specimens providing results for 1069 patients
2012 in MRC myeloma IX trial on bone marrow samples
FISH lesion Lesion Lesion 4] Lesion Lesion p
UK present absent present absent
Median PS Median PFS Median OS Median OS
(months) (months) (months) (months)
hyperdiploidy | 18.9 17.8 0.110 49.7 43.7 0.150
t(4;14) 13.1 19.3 <0.001 27.7 50.9 <0.001
t(6;14) 27.2 18.2 0.361 Not reached | 47.7 0.426
t(11;14) 21.3 17.5 0.292 51.6 46.9 0.209
t(14;16) 13.6 18.6 0.028 32.9 48.3 0.025
t(14;20) 10.2 18.5 0.152 16.9 48.3 <0.001
Del(1p) 19.0 18.7 0.701 36.4 47.7 0.216
+1q 13.8 22.1 <0.001 31.0 54.8 <0.001
Del(13q) 16.3 20.1 0.002 40.9 52.1 0.005
Del(16q) 19.9 18.2 0.200 43.7 48.3 0.462
Del(17p) 14.7 18.3 0.002 26.7 48.5 <0.001
Del(22q) 18.7 18.0 0.265 53.2 45.8 0.653

Multivariate analysis:
Shorter PFS and OS:
+1921
(HR 1.46, p<0.001 for PFS; HR 1.53, p=0.001 for OS)
Del(17p13)
(HR 1.41, p=0.022 for PFS; HR 1.53, p=0.02 for OS)
Adverse IGH translocations (t(4:14), t(14:15) and t(14:20))
(HR 1.65, p<0.001 for PFS; HR 1.54, p=0.003 for OS)

Low risk group: absence of adverse genetic lesions
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Intermediate risk group: one adverse lesion
High risk group: >1 adverse lesion

n Median OS Median PFS
Low risk 451 60.6 months 23.5 months
Intermediate 289 41.9 months 17.8 months
risk
High risk 129 21.7 11.7 months
P<0.0001 P<0.0001

Genetic risk was independent of ISS.

Combining FISH+ISS:

favourable risk group
ISS I or Il and no adverse genetic lesions or ISS | and one adverse lesion
median OS 67.8 months

intermediate risk group

ISS I and >1 adverse lesion, ISS Il and one adverse lesion and ISS Il with 0—1 adverse lesions,

median OS of 41.3 months

ultra-high-risk disease
ISS Il or 11l in the presence of >1 adverse lesion
median OS of 19.4 months

Caltagirone et 376 elderly myeloma i-FISH The amount of BMPC allowed evaluation of chrl abnormalities in 278/376 patients
al., 2014 patients
From 61 centres Del(13) Abnormal chrl (dellp and/or gainlq) was an adverse prognostic factor for OS
Italy Del(17p) (HR 4.01, p=0.047)
GIMEMA-MM-03-05 trial Del(1p)
Patients randomised to Gain(1q) Del(13), del(17p), IGH translocations and high-risk chromosomal abnormalities did not show a
receive VMP or VMPT t(11;14) significant impact on survival.
t(4;14)
Median follow up: 54 t(14;16)
months
(1-80 months)
Changetal., 126 myeloma patients FISH combined with
2005a treated with high-dose cytoplasmic light chain n Median OS RR p Median RR p
chemotherapy and ASCT detection (clg-FISH) on PFS
Toronto BM aspirates p53 del 10 | 14.7 4.5 0.0025 7.9 2.5 0.0248
76 Male months months
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47 Female

Median age: 53 years
(range 31-71)

t(4:14)

t(11:14)
del(13q)
del(p53)

t(4:14) 15 | 18.3 4.8 0.0005 9.9 3.4 0.0019
months months

t(11:14) 16 | 37.2 1.5 0.5 25.2 1.1 0.8
months months

13q del 39 | 344 2.3 0.0498 20.2 2.1 0.0178
months months

none 43 | Notreached | 0.99 321 0.99

months

Prognostic: t(4:14), del(13q) and del(p53)
Not prognostic: t(11:14)

Low risk (n=55): no genetic abnormalities or only t(11:14)
Intermediate risk (n=34): any one of the genetic abnormalities other than t(11:14)
High risk (n=15): any two or more of the genetic abnormalities other than t(11:14)

n Median OS Median PFS
Low risk 55 Not reached 32.1 months
Intermediate 34 46 months 20 months
risk
High risk 15 18 months 10 months
P<0.0001 p=0.0009

High risk patients do not benefit from ASCT.

Multivariate analysis including all 4 genetic risk factors confirmed that t(4:14) and p53 deletions were

independent adverse factors for OS and PFS.

Changetal.,
2005b

Toronto

105 myeloma patients
treated with high-dose
therapy and ASCT

62 Male
42 Female

Median age: 53 years
(range 31-71)

Median post transplant
follow-up: 20 months

FISH combined with
cytoplasmic light chain
detection (clg-FISH) on
BM aspirates

del(p53)

n ORR | Median OS Median PFS
P53 deletions 10 67% | 14.7 months 7.9 months
No p53 95 71% | 48.1 months 25.7 months
deletions
P=0.0008 P=0.0324

Multivariate analysis confirmed that p53 deletions were independently prognostic for PFS (p=0.0009)
and OS (p=0.0002).
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Changetal., 203 myeloma patients FISH combined with del(1p21) 18%
2010 treated with high-dose cytoplasmic light chain t(4:14) 11%
therapy and ASCT detection (clg-FISH) on t(11:14) 14.5%
Toronto BM aspirates del(13q) 47%
118 Male del(p53) 7.5%
85 Female 1g2lamp 38%
del(1p21)
Median age: 55 years t(4:14)
(range 31-73) t(11:14) n Median OS Median PFS
del(13q) 1p21 deletions | 36 39.4 months 14.2 months
Median post transplant del(p53) No 1p21 167 | 82.3 months 25.4 months
follow-up: 36 months 1g2lamp deletions
P=0.001 P<0.001
Multivariate analysis
Independently prognostic for OS and PFS:
Del(1g21) (HR 2.5, p=0.013 for OS; HR 2.33, p=0.003 for PFS)
del(p53)  (HR 4.8, p<0.001 for OS; HR 2.64, p=0.03 for PFS)
Chngetal,, 127 myeloma patients clg-FISH on BM samples
2010 Treatment with melphalan-
based high-dose therapy. n CR Median CR Median PFS Median OS
USA 1p31-32 loss duration
1p31-32 24 7 (29%) 14.4 months 12.8 months 24.5 months
20g12.3-12.1 loss loss
No 1p31- 98 31 (32%) 32.2 months 16.3 months 40 months
32 loss
P=0.37 P=0.28 P=0.01
n CR Median CR Median PFS Median OS
duration
20p12loss | 15 5(33%) 19.9 months 10.4 months 26.3 months
No 20p12 111 | 37(33%) 30 months 16.9 months 40 months
loss
P=0.35 P=0.1 P=0.06

Multivariate analysis:
1p31-32 was independently prognostic for OS

Fonseca et al., 159 myeloma patients clg-FISH on BM 1921 gain was not prognostic for survival
2006
treated with high-dose
USA therapy and ASCT 1921 | n | Median OS |
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106 Male
53 Female

Grzasko et al.,
2013

Poland

104 myeloma patients
First-line therapy:
CTD 63.5%
MPT 20.2%
VAD 9.6%
VMBCP 6.7%
ASCT: 33.7%

48 Male
56 Female

Median age: 59 years
(range 36-85)

Median follow-up: 16.5
months

clg-FISH on BM aspirates

amp(1qg21)
Del(13q14)
Del(17p13)
t(4:14) (p16;932)

1p21 gain 46 29.9 months
No 1p21 gain 113 38 months
P=0.12
Genetic abnormality n
Hyperdiploid myeloma (H-MM) 51
Non-hyperdiploid myeloma (NH-MM) 53
amp(1921) 49
del(13q14) 47
t(4:14)(p16:q32) 19
del(17p13) 16
amp(1921) + del(13q14) 26
amp(1qg21) + t(4:14)(p16:q32) 15
amp(1921) + del(17p13) 7
n Median PFS Median OS ORR CR
Amp(1q21) 49 10.3 months 26.6 months 55.1% 4.1%
No amp(1g21) | 55 33.9 months 62.4 months 74.5% 18.2%
P=0.002 P=0.018 P=0.025 P=0.024
FISH lesion Without With p Without With p
amp(1q21) amp(1q21) amp(1q21) amp(1q21)
Median PFS | Median PFS Median OS Median OS
(months) (months) (months) (months)
NH-MM 35.2 10.4 0.015 48.7 16.4 0.006
H-MM Not reached | 23.5 >0.05 Not reached | 43.7 >0.05
Impact of additional genetic abnormalities in patients carrying amp(1g21)
FISH lesion Lesion Lesion ¢] Lesion Lesion p
absent present absent present
Median PFS | Median PFS Median OS Median OS
(months) (months) (months) (months)
Del(13q14) 29 7.8 0.024 58.4 18.9 0.004
Del(17p13) 24.9 4.0 0.034 46.6 12.0 0.036
t(4:14) 27.5 10.2 >0.05 43.8 27.5 >0.05
(p16;932)
n Median PFS Median OS
Complex genetic abnormalities (>3) | 12 | 6.9 months 15.3 months
No Complex genetic abnormalities 92 | 27.8 months 46.7 months

Limitations:
Heterogeneous treatments.

Short follow up period.
Small sample size.
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| [ P=0.003 P=0.049

Multivariate analysis

Independently prognostic for PFS and OS:
Amp(1g21)

Del(13q14)

Del(17p13)

Gutierrez et al.,
2007

Spain

260 elderly myeloma
patients

GEM-2000 Spanish protocol
(6 alternating cycles of
VBCMP/VBAD followed by
high dose therapy and
ASCT)

Interphase FISH

IGH translocations
RB deletions
P53 deletions

Chromosomal abnormalities explored by FISH were identified in 151 patients.
IGH translocations n=95

RB deletions n=109

P53 deletions n=22

Only t(4:14) showed a significant influence on survival as a single aberration, with patients displaying
a shorter OS as compared to normal patients (21 vs 54 months, p=0.008).

143 Male
117 Female RB deletions as a sole abnormality did not influence survival.
n Median0OS p
Median age: 60 years (months)
(range 39-70) Normal RB 151 51 <0.0001
RB deletion 109 32
Median follow-up 34 -
th Normal patients 109 54 0.3
months RB deletion as single 46 46
abnormality
RB deletion without IGH 50 40 0.0002
translocations
RB deletion with t(4:14) 23 25
RB deletion without IGH 50 40 0.02
translocations
RB deletion with IGH 13 26
translocations involving other
unknown partners
RB deletion without IGH 50 40 0.2
translocations
RB deletion with t(11:14) 17 49
RB and p53 normal 144 51 <0.0001
RB deletion plus P53 deletion 15 28
Multivariate analysis:
Independently prognostics:
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t(4:14) (p<0.001)

RB deletions associated with other abnormalities (p<0.001)

Hanamura et
al., 2006

USA

479 newly diagnosed
myeloma patients

Enrolled in UARK 98-026
protocol (total therapy 2)
(melphalan-based tandem
ASCT randomised to receive
thalidomide or not)

274 Male
205 Female

Median follow-up: 53
months
(range 25-89)

Interphase FISH
combined with
cytoplasmic light chain
detection (clg-FISH) on
BM aspirates

1g2lamp

7 patients with 1 copy

267 patients with 2 copies

117 patients with 3 copies

88 patients with at least 4 copies

n Syr EFS 5yr OS
Amplqg21 205 | 38% 52%
(> 3 copies)
without 274 | 62% 78%
amplqg2l
(< 2 copies)
P<0.001 P<0.001
n Syr EFS S5yr OS
< 2 copies 274 62% 78%
3 copies 117 40% 53%
P<0.001 P<0.001
n Syr EFS 5yr OS
3 copies 117 40% 53%
>4 copies 88 38% 50%
P=0.344 P=0.453

Thalidomide improved 5yr EFS in patients lacking amp1qg21 but not in those with amp1g21 (p=0.004)

and had no effect on OS.

Patients lacking amp1g21

n Syr EFS 5yr OS
without thal 150 | 54% 73%
Thal 124 | 73% 84%
P=0.004 P=0.226
Patients with amp1qg21
n 5yr EFS 5yr OS
without thal 102 | 37% 49%
Thal 103 | 42% 55%
P=0.392 P=0.638
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Multivariate analysis revealed am1g21 to be an independent poor prognostic factor for EFS (HR 1.86,
p<0.001) and OS (HR 1.78, p=0.005).

He et al, 2015 310 myeloma patients FISH
(2011-2013) IGH deletion n 2yr PFS 2yr 0OS Overall
China response rate
All treated with bortezomib IGH deletion 73 46.9% 76.9% 87.5%
and/or thalidomide based No IGH 237 55.7% 69.8% 73.6%
chemotherapy deletion
P=0.177 P=0.158 P<0.001
155 Male
96 Female
Median age 60 years
Hebraud et al., 1195 newly diagnosed FISH 1p deletions were present in 261 patients

2014

France

myeloma patients
Younger than 66 years

Treatment: VAD or
bortezomib-based
induction, followed by
ASCT.

Median age: 57.7 years
673 Male

522 Female

Median follow-up: 81.3
months
(range 35.3 —105.9)

1p22 deletions
1p32 deletions

1p22 n=176
1p32 n=85
n PFS oS
1p22 del 176 19.8 months | 44.2 months
Without 1p22 1019 33.6 months | 96.8 months
del
P<0.001 P=0.002
n PFS oS
1p32 del 85 14.4 months | 26.7 months
Without 1p32 | 1110 33.6 months | 96.8 months
del
P<0.001 P<0.001

Multivariate analysis: 1p22 and 1p32 deletions were independent poor prognostic factor for PFS (HR
1.56, p=0.001 and HR 2.84, p<0.001) and OS (HR 1.82, p=0.008 and HR=4.07, P<0.001).

Jacobus et al.,
2011

USA

126 newly diagnosed
myeloma patients in trial
E4A03

Treatment: lenalidomide
plus dexamethasone in low
or high doses

FISH on BM aspirate

samples

High risk: t(4;14), t(14;16) or 17p13 deletion.

t(4:14) n=14
t(14;16) n=2
17p13 deletions n=6
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Median age: 62 years

71 Male
55 Female

Median follow-up: 36
months

n 2yr PFS 2yr OS
High risk 21 24% 76%
Standard risk 105 59% 91%

Risk status remained prognostic in multivariate model.

Kapoor et al., 290 newly diagnosed Interphase FISH on BM high risk = any one of more of:
2010 myeloma patients aspirate samples deletion p53
predominately treated with IGH translocations t(4;14) or t(14;16)
USA novel agents (81% received
thalidomide, lenalidomide n median
or bortezomib) (o}
High risk 51 30
Median age: 64 years months
(range: 22-89) Standard risk | 239 | Not
reached
177 Male P=0.006
113 Female
FISH remained prognostic in multivariate model (HR 2.0, p=0.02)
Median follow-up: 29
months
Kumar et al., 484 newly diagnosed clg-FISH on BM aspirates No abnormality was found by FISH in 15 patients.
2012 myeloma patients The remaining 469 patients had 1 or more abnormalities.
USA Varied treatments high risk = presence of t(4;14), t(14;16) t(14;20), or loss of p53

(78% received thalidomide,
lenalidomide or

standard risk: any other abnormality

bortezomib) n median
oS
Median age: 66 years High risk 114 3.9 years
(range: 22-91) Standard risk 370 | Not
reached
290 Male P<0.001
194 Female
n median
Median follow-up: 3 years 0os
High risk + 48 Not
any trisomy reached
High risk - 66 3 years
any trisomy
P=0.01
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Lai et al., 2012

672 newly diagnosed
myeloma patients

interphase FISH

Of the 672 cases 608 had complete follow up information.

Study limitations

China from 52 hospitals in China del(13q) There were no significant differences in survival between patients with and without FISH e Short follow-up
IGH rearrangement abnormalities.
Varied treatments: Del(p53) * Translocation of IGH detected
25 ASCT 1921 amp n median OS median PFS by IGH break-apart
124 bortezomib-based 1921 amp 303 Not reached Not reached rearrangement probe and not
regimens No 1921 amp 305 | 40 months 35 months specific probes for specific
523 others translocations.
Median age: 59 years n median OS median PFS ¢ Treatment heterogeneity
P53 del 215 Not reached Not reached
429 Male No p53 del 393 | 40 months 35 months
243 Female
'\m/lsglti: follow-up: 12 n median 0S median PFS
IGH rearrangement 357 | Notreached Not reached
(range 3 — 60 months)
No IGH rearrangement 251 | 40 months 35 months
n median OS median PFS
13q del 374 Not reached Not reached
No 13q del 234 | 40 months 35 months
Li et al, 2015 275 patients with newly FISH
diagnosed myeloma n median OS median PFS
China del(12p13) 12p13 del 29 17.0 months 11.0 months
Treatment thalidomide- No 12p13 del 246 | 40.0 months | 24.0 months
based (N=138) or P<0.001 P<0.001

bortezomib based (N=137)
Median age: 58 years

Median follow-up: 36
months

In multivariate analysis del(12p13) was an independent prognostic factor for PFS (HR 2.29; 95% Cl
1.25t0 4.18) and OS (HR 2.11; 95% CI 1.07 to 4.17).
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Lopez-Corral et

123 high risk smoldering

interphase FISH

t(4;14) n=15

al., 2012 myeloma patients. t(11;14) n=21
Randomised to receive Len- | t(4;14) t(14;16) n=7
Spain Dex vs. no treatment. t(11;14) 17p deletion n=9
t(14;16) 13q deletion n=51
17p deletion 1q gains n=47
Median follow-up: 24 13q deletion
months 1q gains Chromosomal abnormalities detected by FISH at diagnosis were not associated to risk of progression
to symptomatic myeloma.
Lu etal., 2014 940 newly diagnosed interphase FISH 422 cases had FISH results.
myeloma patients Number of FISH abnormalities (1 vs 2 or more) did not show any prognostic value on survival
China from 3 centres RB1 deletion
1921 amp
Median age: 59 years IGH rearrangement
(range 23 -88) del(p53)
del(13q)
570 Male
370 Female
Median follow-up 32
months
Mateos et al., 260 elderly myeloma FISH in CD138-purified FISH analysis was possible in 232 of 260 patients.
2011 patients plasma cells:
t(4:14) High-risk:
Spain Received an induction with | t(11:14) t(4:14) + del(13q), n=17
weekly bortezomib. t(14:16) del (17p) + del(13q), n=21
Randomised. del(13q) t(4:14) + del(17p), n=3
VMP: 130 del(17p) t(14:16), n=3
VTP: 130

Then maintenance therapy.
Randomised to VT or VP.

Median age: 72 years
(range 62-85)

Median follow-up: 21
months (1 - 63)

standard risk:

no abnormalities, n=110
del(13q), n=52

t(11:14), n=26

Response was similar in high risk and standard risk groups both after induction (21% vs 27%) and
maintenance (39% vs 45%).

PFS from 2™
randomization

n PFS from 1* Median OS

randomization
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High risk 44 24 months 17 months 38 months
Standard 188 33 months 27 months Not reached
risk

P=0.04 P=0.01 P=0.001

No effect with type of treatment.

Multivariate analysis:
Presence of high risk cytogenetic abnormalities was independently prognostic for both PFS and OS.

Moreau et al., 1064 myeloma patients FISH t(4;14) was analysed in 716 samples (because small number of purified cells in some samples). -
2007 Treated with double
intensive therapy according | t(4:14)
France to IFM99 protocols. n Best response = | Best response = | Median OS Median EFS
54% IFM99-02 CR or VGPR CR or VGPR
14% IFM99-03 After induction | After double
32% IFM99-04 HDT
t(4;14) 100 19% 50% 41.4 months 21 months
543 male No t(4;14) | 616 | 16% 52.4% 65 months 37 months
521 female p=0.62 p=0.75 p<0.001 p<0.001
Median age: 58 years
(range 33-65)
Median follow-up: 46
months
Neben et al., 315 newly diagnosed Interphase FISH in CD138- | Univariate analysis of prognostic impact of chromosomal abnormalities on PFS and OS Because of small numbers of
2010 myeloma patients purified plasma cells purified plasma cells in many
specimens and failure of FISH in
Germany All patients underwent high | 1921 While del(8p21), del(13q14), del(17p13), t(4;14), +1921, +11g23, +19913 and ploidy status showed a some cases the study was not
dose chemotherapy and 5p15/5q35 significant impact on progression-free survival, del(8p21), del(13q14), del(17p13), t(4;14), +1g21 and able to test the full set of probes
ASCT 6qg21 ploidy status were of statistical significance for overall survival. in all patients.
8p21
178 male 934 When P values were adjusted for ISS classification, all chromosomal aberrations listed above, except
137 female 11923 del(8p21), remained of statistical significance for both progression-free and overall survival.
13qg14.3
15g22 After adjustment of P values for multiple testing, del(13q14) as well as +1921 had a significant impact
Median age: 59 years 17p13 on progression-free survival, while del(17p13) was of statistical significance for overall survival.
(range 25-73) 19913
22g11 In multivariate model, t(4;14) and del(17p13) were the only aberrations with a statistically significant

t(11;14)(q13;932)
t(4;14)(p16.3;932)
t(14;16)(g32.3;923)

impact on PFS and OS.

Low risk: patients without del(17p13)/t(4;14) and ISS |
Intermediate risk: patients with del(17p12)/t(4;14) and ISS| OR
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patients without del(17p13)/t(4;14) and ISS II/Ill
High risk: patients with del(17p13)/t(4;14) and ISS II/1ll

n Median Syr OS
PFS
low risk 113 2.7 years 72%
Standard risk 119 2 years 62%
High risk 38 1.2 years 41%
Neben et al., 248 smoldering myeloma Interphase FISH in CD138- -
2013 patients purified plasma cells n HR 95% Cl p Median TTP rate %
TTP at 3 years
Germany 1921 (years)
134 male 5p15/5635 zEI(I;7Ip1173)1 2151 2 1 4 1 i.ei e
114 female 9q34 o Del(17p13) 3 .90 .6-5. 0.00 .0 56
13q14.3 14:14) 22 5.71 28
15922 No t(4;14) 224 228 13-39  0.003 2.91 55
Median follow-up: 3.5 years | 17p13
t(11;14)(q13;432) +1q21 73 n/a 27
t(4;14)(p16.3;q32) No +1q21 172 1.66 1.1-25  0.02 3.86 43
Low cytogenetic risk* 157 n/a 24
High cytogenetic risk 88 2.00 1.3-3.0 0.001 3.79 25
Non-hyperdiploidy 139 n/a 29
hyperdiploidy 106  1.67 1.1-25 0016 3.92 35
t(11;14) 56 5.22 33
No t(11;14) 190 0.69 04-1.2 0.19 28 27
Del(13q14) 49 5.22 33
No del(13q14) 196 0.75 04-1.4 0.33 n/a 28

*patients were classified as high risk if one of del(17p13), t(4;14) or +1921 were present and low risk

if none of these were present.

The high-risk aberrations confer adverse prognosis in SMM

High risk aberrations remained independently prognostic in multivariate model.

Nemec et al.,
2012

Czech Republic

207 myeloma patients

CMG2002 trial:
High dose therapy followed
by ASCT

clg-FISH

t(4:14)
t(11:14)
del(13q)
del(17p13)

ORR p n TTP p n 0S p
Del(13q) 72/75 (96.0%) 0.32 74 24.1 0.34 106 53.4 0.48
No Del(13q) 65.71 (91.5%) 70 28.6 97 52.9
17p13 del 6/6 (100%) 1 6 21.0 0.42 7 22.7 0.19

17p13 del patients had poor
outcome. But too few patients
for data to be informative.
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124 male
83 female

Median age: 57 years
(range 33-69)

Median follow-up:
35.4 months
(0.4-70.3)

1921 gain

No17p13del  71/76 (93.4%) 76 27.9 99 60.7

t(11;14) 19/21(90.5%)  0.66 21 24.6 0.80 30 53.4 0.66
No t(11;14) 90/97 (92.8%) 95 27.7 129 52.9

t(4;14) 20/22(90.9%)  0.62 23 18.0 0.004 28 333 0.003
No t(4;14) 68/72 (94.4%) 70 36.2 94 60.7

1921 gain 24/26 (92.3%) 1 27 21.3 0.034 41 30.4 <0.001
No 1g21gain  40/43 (93.0%) 40 322 50 NR

Multivariate analysis:

t(4;14) was an independent poor prognostic factor for OS (HR 13.7, p=0.001)

Paiva et al., 241 myeloma patients Interphase FISH FISH analysis was performed in 110 patients. -
2012c GEM200 (n=140) Performed at baseline in
and 110 patients High risk: t(4;14), t(14;16) or del(17p)
Spain GEM2006<65yr (n=101)
t(4;14)
CMG2002 trial: t(14;16) n 3yr TTP 0S
High dose therapy followed | del(17p) High risk 18 40% 73%
by ASCT Standard risk | 92 80% 96%
P<0.001 P=0.07
Median follow-up:
49 months Multivariate analysis:
Presence of high risk cytogenetic abnormalities was independently prognostic for both TTP (HR 6.4,
p<0.001) and OS (HR 4.3, p=0.03).
Rajkumar et al., | 351 smoldering myeloma clg-FISH Trend to shorter TTP with 17p13

2013
USA

Spain

patients
179 male
172 female

Median age: 63 years
(range 26-90)

Median follow-up:
82 months

n Median TTP | Median OS

t(4;14) 36 28 months 105 months

t(11;14) 57 55 months 147 months
P=0.025 P=0.036

High risk: t(4;14) 36

Intermediate risk: trisomies alone 154

Standard risk: t(11;14),57 MAF translocations, 11other/unknown IGH translocations, 23

monosomy13/del(13q) without other abnormalities, 3both trisomies and IGH translocations 14

Low risk: no detectable abnormalities

del patients(median TTP 24
months) but too few patients for
data to be informative.
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n Median TTP | Median OS Median OS from
time of
symptomatic
myeloma

High risk 36 28 months 105 months | 51 months

intermediate 154 34 months 135 months | 77 months

risk

Standard risk 108 55 months 141months 86 months

Low risk 53 Not reached | 135 months | 112 months
P=0.001 P=0.25 P=0.04

Multivariate analysis:

The increased risk of progression associated with t(4;14) remained significant in a model that
included bone marrow plasma cell %, but was not independent of serum FLC ratio.

Similarly the four-group risk model retained significance in a model that included bone marrow
plasma cell %, but was not independent of serum FLC ratio.

Walker et al., 1177 newly diagnosed Interphase FISH Genetic abnormalities with a prognostic impact on OS = del(1p), gain 1g and del(17p). Importance of other genetic
2010 myeloma patients in UK abnormalities should not be
MRC Myeloma IX study t(4:14) Median OS discounted as some of the
UK t(6:14) Del(1p32.3) ? 34.5 months datasets were small and were not
Intensive pathway: t(11:14) No ? >70 months studied extensively by FISH.
Younger fitter patients. t(14:16) del(1p32.3)
ASCT after induction with t(14:20) n=510 | P<0.001
CTD or VAD. del(1p32.3)
gain 1q
Non-intensive pathway: del(17p)
Older less fit patients. hyperdiploidy (defined by
CTDa or MP. gain of any 2 of n Median OS
chromosomes 5, 9 and Gain 1q ? 52.1 months
All patie.nts were . . 15) No gain 1q ? >70 months
ranfjomlsed to thalidomide | del(8p) n=531 | P<0.001
maintenance or no
thalidomide maintenance. n Median OS
Median follow-up: Del(17p) ? 40.9 months
3.7 years No del(17p) ? 67.8 months
n=501 | P<0.001
1
2
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1 Table 2.21: Checklists to identify risk of bias

The study sample represents the population of interest with regard to key characteristics, sufficient to limit potential bias to the
results

Loss to follow-up is unrelated to key characteristics (that is, the study data adequately represent the sample), sufficient to limit
potential bias

The prognostic factor of interest is adequately measured in study participants, sufficient to limit potential bias

The outcome of interest is adequately measured in study participants, sufficient to limit potential bias

Important potential confounders are appropriately accounted for, limiting potential bias with respect to the prognostic factor of
interest

The statistical analysis is appropriate for the design of the study, limiting potential for the presentation of invalid results

3
4
A B C D E F
An etal,, 2013 Yes Yes Yes Yes No No
Anetal., 2014 Yes Unclear Yes Yes Yes No
Avet et al., 2007 Yes Yes Yes Yes Yes Yes
Avet et al., 2009 Yes Unclear Yes Yes Yes Yes
Avet et al., 2010 Yes Unclear Yes Yes No No
Avet et al., 2011 Yes Yes Yes Yes Yes Yes
Avet et al.,, 2012 Yes Yes Yes Yes Yes Yes
Avet et al., 2013a Yes Yes Yes Yes Yes Yes
Avet et al., 2013b Yes Yes Yes Yes Yes Yes
Bang et al., 2006 Yes Unclear | Yes Yes Yes Yes
Boyd et al., 2012 Yes Yes Yes Yes Yes Yes
Bradwell et al., 2013 Yes Yes Yes Yes Yes Yes
Caltagirone et al., 2014 Yes Unclear Yes Yes Yes Yes
Chang et al., 2005a Yes Yes Yes Yes Yes Yes
Chang et al.,2005b Yes Yes Yes Yes Yes Yes
Chang et al.,2006 Yes Yes Yes Yes Yes No
Chang et al., 2007 Yes Yes Yes Yes Yes No
Chang etal., 2010 Yes Yes Yes Yes Yes Yes
Chng et al., 2006 Yes Yes Yes Yes No Yes
Chng et al., 2010 Unclear | Unclear | Yes Yes Yes Yes
Dispenzieri et al., 2008a Yes Yes Yes Yes Yes Yes
Dispenzieri et al., 2008b Yes Yes Yes Yes No Yes
Fonseca et al., 2006 Yes Yes Yes Yes Yes Yes
Gastinne et al., 2007 Yes Yes Yes Yes Yes Yes
Gonsalves et al., 2014 Yes Yes Yes Yes Yes Yes
Grzasko et al., 2013 Yes Yes Yes Yes Yes Yes
Gutierrez et al., 2007 Yes Yes Yes Yes Yes Yes
Hanamura et al., 2006 Yes Yes Yes Yes Yes Yes
He at al 2015 Yes Yes Yes Yes No Yes
Hebraud et al., 2014 Yes Yes Yes Yes Yes Yes
Jacobus et al., 2011 Yes Yes Yes Yes Yes Yes
Kapoor et al., 2010 Yes Yes Yes Yes Yes Yes
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Koulieris et al., 2012 Yes Yes Yes Yes Yes No
Kumar et al., 2010 Yes Yes Yes Yes Yes Yes
Kumar et al., 2012 Yes Yes Yes Yes No Yes
Lai et al., 2012 Yes Unclear Yes Yes No No
Larsen et al., 2013 Yes Yes Yes Yes Yes No
Li etal, 2015 Yes Yes Yes Yes Yes Yes
Lopez et al., 2012 Yes Yes Yes Yes Yes No
Lu et al., 2014 Yes Unclear Yes Yes Yes Yes
Ludwig et al., 2013 Yes Yes Yes Yes Yes Yes
Maltezas et al., 2013 Yes Yes Yes Yes No No
Mateo et al., 2008 Yes Yes Yes Yes Yes Yes
Mateos et al., 2011 Yes Yes Yes Yes Yes Yes
Minarik et al., 2005 Yes Yes Yes Yes No No
Minarik et al., 2010 Yes Yes Yes Yes No No
Minarik et al.,2011 Yes Yes Yes Yes No Yes
Moreau et al., 2007 Yes Unclear Yes Yes No Yes
Neben et al., 2010 Yes Unclear Yes Yes Yes Yes
Neben et al., 2013 Yes Yes Yes Yes Yes Yes
Nemec et al., 2012 Yes Yes Yes Yes Yes Yes
Nowakowski et al., 2005 Yes Yes Yes Yes Yes Yes
Paiva et al., 2009a Yes Yes Yes Yes Yes Yes
Paiva et al., 2009b Yes Yes Yes Yes Yes Yes
Paiva et al., 2012a Yes Yes Yes Yes Yes Yes
Paiva et al., 2012b Yes Yes Yes Yes Yes Yes
Paiva et al., 2012c Unclear Unclear Yes Yes Yes Yes
Paiva et al., 2013 Yes Yes Yes Yes Yes Yes
Rajkumar et al., 2013 Yes Yes Yes Yes Yes Yes
Shin et al., 2014 Yes Yes Yes Yes Yes Yes
Snozek et al., 2008 Yes Yes Yes Yes Yes Yes
Tinguely et al., 2007 Yes Yes Yes Yes Yes Yes
Van Rhee et al., 2007 Yes Yes Unclear Yes Yes Yes
Walker et al., 2010 Yes Unclear Yes Yes No Yes
Xu et al., 2013 Yes Yes Yes Yes Yes Yes
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Chapter 3: Imaging investigations
Imaging for people with suspected myeloma

Review Question
What is the optimal imaging strategy for patients with suspected myeloma?

Question in PICO format

Population Index tests Reference standard Outcomes

Patients with e MRI (spinal and whole e Histo-pathologically e diagnostic accuracy
suspected body) confirmed myeloma (specificity and
myeloma e Multiparametric MRI related lesions or clinical sensitivity)

¢ Diffusion weighted MRI
e Dynamic contrast MRI
e CT (including low dose)

radiological follow-up

e lesion detection rate
e radiation exposure
e patient acceptability (e.g.

e FDG-PET-CT claustrophobia, anxiety
e Skeletal survey over procedure, clinical
e DEXA exclusions)

e Tc-99 MDP bone
scintigraphy +/- SPECT
+/-CT

e Tc-99 MIBI

e cost effectiveness

Evidence statements

Diagnostic accuracy
12 studies were identified and included in the evidence review. 10 studies used biopsy as the
reference standard whilst 2 studies used x-ray. All 12 studies reported sensitivity for myeloma. Only
6 reported specificity (due to a lack of people without myeloma in the other 6 studies). The data can
be seen in Tables 3.1 and 3.2. Some studies reported high sensitivity with MRI and TC99MIBI bone
scan, however there was considerable heterogeneity in sensitivity and specificity estimates. This
could be related to the differences in techniques and diagnostic criteria used in the individual

studies.

Patient acceptability, Radiation exposure

We did not find evidence for these outcomes.
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Table 3.1: diagnostic accuracy of various imaging methods compared to the reference standard biopsy

Index tests study Myeloma TP FN FP TN sensitivity | specificity | PPV NPV
prevalence
Whole body (WB) MRI (Cascini et al., 2013) | 100% 22 0 NR NR 100% - - -
WB MRI (Erten et al., 2007) 100% 11 2 NR NR 85% - - -
WB MRI - focal lesions (Kloth, 2014) 75% 259 150 33 105 63% 76% 87% 41%
WB MRI — any bone marrow infiltration 75% 251 158 53 85 61% 62% 83% 35%
MRI (Kloth, 2014)
Spinal MRI STIR (Myslivecek et al., 2008) 79% 38 3 0 11 93% 100% 100% | 79%
Spinal MRI T1 w.i. (Myslivecek et al., 2008) | 79% 38 3 6 5 93% 45% 86% 63%
Spinal MRI SI - b1000 image (Dutoit, 2014) | 41% 55 9 45 46 86% 51% 55% 84%
Spinal MRI ADCy4q value (Dutoit, 2014) 41% 48 16 61 30 75% 33% 44% 65%
Cascini et al., 2013 100% 18 4 NR NR 82% - - -
FDG PET/CT Sager et al., 2011 100% 29 3 NR NR 90% - - -
Sohn et al., 2002 100% 14 8 NR NR 64% - - -
x-ray bone survey Alper et al., 2003 100% 18 2 NR NR 90% - - -
Alexandrakis et al, 2001 100% 26 2 NR NR 93% - - -
Myslivecek et al., 2008 79% 39 2 0 11 95% 100% 100% | 85%
Svaldi et al., 2001 66% 58 0 2 28 100% 93% 97% 100%
TC99MIBI bone scan Alexandrakis et al, 2001 100% 22 6 NR NR 79% - - -
Alper et al., 2003 100% 20 0 NR NR 100% - - -
Erten et al., 2007 100% 17 1 NR NR 94% - - -
Sohn et al., 2002 100% 11 11 NR NR 50% - - -
TC99MDP bone scan Alexandrakis et al, 2001 100% 15 13 NR NR 54% - - -
Alper et al., 2003 100% 15 5 NR NR 75% - - -
Bone marrow Sohn et al., 2002 100% 18 4 NR NR 82% - - -

immunoscintigraphy
(BMIS) using
technetium-
99m-labelled AGA
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Table 3.2: diagnostic accuracy of various imaging methods compared to the reference standard x-ray

Index tests study Myeloma TP FN FP TN sensitivity | specificity | PPV | NPV
prevalence

TC99MIBI Catalano et al., 1999 100% 7 3 3 10 70% 77% 70% | 77%

FDG-PET CT Zamagni et al., 2007 100% 12 4 21 9 75% 30% 36% | 69%

TP: true positive, FN: false negative, FP: false positive, TN: true negative, PPV: positive predictive value, NPV: negative

predictive value, NR: not reported

Study quality

The QUADAS-2 assessment tool was used to evaluate risk of bias in the studies (Figures 3.1 and 3.2). Generally
there was a low risk of bias across the studies and the studies were found to be applicable to the review
qguestion. For some of the studies the risk of bias is unclear due to under-reporting in some studies of the timing
of the index and reference tests and whether they were interpreted blind to each other’s results.

There was most uncertainty in the patient selection methods: many studies did not report this. Some studies

were considered to have a high risk of bias in the patient selection category as the population did not include
controls i.e. patients without myeloma.
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Figure 3.1: Risk of bias and applicability for individual studies
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2 Figure 3.2: Risk of bias and applicability across studies
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2 Search Results

3 Figure 3.3: Screening results
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2 Evidence table

3
Paper Population Index tests Reference Standard | Results Additional comments
Alexandrakis 28 consecutive patients with * TC99MIBI * bone marrow Limitations:
et al, 2001 histologically and cytologically (whole-body anterior and aspiration and X-ray x-ray e Single centre study
diagnosed myeloma posterior scan) trephine biopsy positive negative
Greece Male: 15, female: 13 Biopsy positive 26 2 e Small sample size
Median age: 65 years e TC99 MDP Biopsy negative NR NR
(range: 35-87) (whole-body anterior and ¢ Risk of bias in patient selection.
posterior scan) TC99MIBI TC99MIBI Only diagnosed patients included. No
positive negative negative biopsy patients so unable to
® x-ray bone survey Biopsy positive 22 6 determine specificity
Biopsy negative | NR NR
e Timing of reference standard unclear
TC99 MDP TC99 MDP an.d unclear if index tests interpreted
;. . blinded to reference standard results
positive negative
Biopsy positive 15 13
Biopsy negative | NR NR
X-ray TC99 MiBI TC99 MDP
sensitivity 92.8% 78.5% 53.5%
Alper et al., 20 consecutive patients with advanced * TC99MIBI e (standard criteria Limitations:
2003 stage myeloma at diagnosis (whole-body anterior and (Durie and Salmon, TC99MIBI TC99MIBI * Single centre study
Male: 16, female: 4 posterior scan) 1975)) positive negative
Turkey Mean age: 62 years 20 0 e Small sample size
(range: 41-80) * TC99 MDP bone scintigraphy
(whole-body) TC99 MDP TC99 MDP e Risk of bias in patient selection.
positive negative Only diagnosed patients included. No
o skeletal survey 15 5 negative biopsy patients so unable to
determine specificity
skeletal skeletal . .
survey survey * No |nformat|on !'eported on'how
positive negative myeloma diagnosis was done i.e., what
18 2 was the reference standard. Paper
states ‘ the staging of the disease was
performed using standard criteria (durie
and salmon, 1975)
TC99MIBI TC99 MDP skeletal
survey
sensitivity 100% 75% 90%
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Paper Population Index tests Reference Standard | Results Additional comments
Cascini et al., Prospective enrolment of all patients e whole body MRI * bone marrow Limitations:
2013 with a diagnosis of myeloma referred to | (Head to toe. aspirate or biopsy MRI positive | MRI e Single centre study
the diagnostic imaging department. T1 weighted STIR images. negative
Italy Patients were enrolled provided they No intravenous paramagnetic Biopsy positive 22 0 e Small sample size
had not been previously subjected to contrast material used) Biopsy negative NR NR
any therapy. * Risk of bias in patient selection.
* FDG PET/CT Only diagnosed patients included. No
consecutive newly diagnosed patients (whole body scan from head to FDG PET/CT | FDG negative biopsy patients so unable to
(n=22) toe) positive PET/CT determine specificity.
Male: 10, female: 12 negative
Age range: 48-83 years Biopsy positive 18 4
Biopsy negative NR NR
Whole body FDG PET/CT
MRI
sensitivity 100% 82%
Catalano et 55 consecutive patients with an e TC99MIBI o skeletal x-ray Limitations:
al., 1999 immune prolifertive disorder (46 (anterior and posterior whole- TC99MIBI TC99MIBI * Single centre study
myeloma, 3 solitary plasmacytoma, 6 body scans) positive negative
Italy MGUS) X-ray positive 7 3 e Small sample size
Male: 34, female: 21 X-ray negative 3 10
Mean age: 61.6 years
(range: 30-87)
23 untreated myeloma patients TC99MIBI

sensitivity 70%

specificity 77%

PPV 70%

NPV 77%
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Paper Population Index tests Reference Standard | Results Additional comments
Dutoit wt al, 155 patients with MGUS, SMM or MM SE-MRI of the thoracolumbar Biopsy (within one Blinded interpretation of MRI
2014 spine month of MRI) MRI =Sl on b1000 MM SMM or
DWI-MRI of the thoracolumbar images MGUS
Belgium spine 216.75aU 55 45
<16.75 aU 9 46
Sensitivity 86%, specificity 51%
MRI - ADC1000 MM SMM or
value MGUS
21.93X10°mm’/s | 48 61
<1.93X10" mm’/s 16 30
Sensitivity 75%, specificity 33%
Ertenetal., 24 patients with myeloma * TC99MIBI e Durie-salmon From the 24 myeloma patients included in the study 18 were newly diagnosed Limitations:
2007 Male: 14 Female: 10 (dynamic scintigraphy was staging system and patients. e Single centre study
mean age: :57.7 + 1.6 years (range 41- recorded starting on a bolus bone marrow biopsy | All 18 had TC99MIBI scan. 13 also had MRI.
Turkey 70 years) injection of 740MBq TC99MIBI. e Small sample size

Lumbar spinal and pelvic
images were obtained just
after the injection. Static
images were then recorded on
the pelvis, femoral region,
chest and shoulders. Then
anterior and posterior whole
body scans and static images of
femur and equivocal sites were
obtained)

* MRI

(imaging protocol consisted of
T1-weighted spin-echo images
and T2 weighted images which
were obtained in axial, coronal
and sagittal planes. Other
sequences included T2
weighted gradient-echo, STIR,
T2 weighted fast spin-echo and
fat saturated echo)

TC99 MiBI TC99 MiBI
positive negative
Biopsy positive 17 1
Biopsy negative NR NR
13 patients had MRI:
MRI MRI
positive negative
Biopsy positive 11 2
Biopsy negative NR NR
TC99MIBI MRI
sensitivity 94% 85%

* Risk of bias in patient selection.
Only diagnosed patients included. No
negative biopsy patients so unable to
determine specificity.
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Paper Population Index tests Reference Standard | Results Additional comments
Kloth et al 547 patients with newly diagnosed Whole body MRI IMWG criteria 2003 Diagnostic accuracy for MM or SMM versus MGUS
2014, monoclonal plasma cell disease.
Myeloma (N=252), smouldering MRI: any bone MM or MGUS

Germany myeloma (157) and MGUS (N=138). marrow infiltration | SMM

Yes 251 53

No 158 85

Sensitivity 61%, 62%
MRI: focal lesions MM or MGUS
SMM
Yes 259 33
No 150 105
Sensitivity 63%, 76%
Myslivecek et | 52 consecutive patients * TC99MIBI scintigraphy * bone marrow MGUS n=5 Limitations:
al., 2008 Male: 35, female: 17 (anterior and posterior whole- biopsy Stage | n=6 ¢ Single centre study
Median age: 61 years body scans were obtained Stage Il and 1ll n=41
Czech 10mins after IV administration e Limited details on study population so
Republic of 740MBgq (20mCi) **"Tc-MIBI) TC99MIBI TC99MIBI unclear if all patients newly diagnosed
positive negative (not on treatment)
e MRI Biopsy positive 39 2
(MRI of Th and LS spine, T1 w.i. Biopsy negative 0 11 ¢ Timing of reference standard unclear

and STIR in the sagittal plane
were performed)

MRI STIR MRI positive | MRI
negative

Biopsy positive 38 3

Biopsy negative 0 11

MRI T1 w.i. MRI positive | MRI
negative

Biopsy positive 38 3

Biopsy negative 6 5

6 patients with stage 1 myeloma had negative TC99MIBI and negative MRI STIR
but were positive in MRI T1 w.i.

TC99MIBI MRI STIR MRI T1 w.i.
sensitivity 95% 93% 93%
specificity 100% 100% 45%
PPV 100% 100% 86%
NPV 85% 79%% 63%

and unclear if index tests interpreted
blinded to reference standard results
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Paper Population Index tests Reference Standard | Results Additional comments
Sager et al,, Retrospective analysis of 42 myeloma * FGF PET/CT * bone marrow Limitations:
2011 patients with FGD-PET CT imaging biopsy Patients referred at Initial diagnosis: * Single centre study
Male: 27, female: 15 FDG PET-CT FDG PET-CTI
Turkey Mean age: 58.6 years positive negative ¢ Small sample size
(range 22-87 years) Biopsy positive 29 3
32 patients were referred for initial Biopsy negative 0 0 e Limited details on study population.
diagnosis and 10 were referred for Risk of bias as retrospective review of
assessment of therapy response. Sensitivity of FGF PET/CT in detecting bone marrow involvement at initial myeloma patients.
diagnosis was 90%. No negative biopsy patients so unable
to determine specificity.
Sohn et al., Twenty-two newly diagnosed myeloma ebone marrow ® bone marrow Limitations:
2002 patients immunoscintigraphy (BMIS) biopsy BMIS BMIS * Single centre study
Male: 15, female: 7 using technetium- positive negative
South Korea Mean age: 57 years 99m-labelled AGA Biopsy positive 18 4 * Small sample size
(range 44-70 years) (Whole-body planar imaging. Biopsy negative NR NR
Tomographic imaging was also e Limited details on study population.
acquired if a suspicious lesion Skeletal skeletal Risk of bias as retrospective review of
was found on planar BMIS radiography | radiography myeloma patients.
images) positive negative No negative biopsy patients so unable
Biopsy positive 14 8 to determine specificity
o Skeletal radiograph Biopsy negative NR NR
(Skeletal radiographs were
obtained of the skull, thoracic
. R . Bone scan Bone scan
spine, lumbar spine, pelvis, L. .
A positive negative
chest and proximal Biopsy positive 1 T
sites of both upper and lower A -
extremities) Biopsy negative NR NR
e Tc- 99mTc-methylene
BMIS Skeletal Bone scan

diphosphonate (MDP) bone
scan
(Whole-body bone imaging)

radiography

Sensitivity 82%

64%

50%

Svaldi et al.,
2001

Italy

A total of 88 MIBI scans were carried
out:

20 in MGUS

10 in nonhematological tumors

58 in 46 myeloma patients
Male: 24, female: 22
Median age: 56.5 years
(range 28.5-85.7 years)
15 patients at diagnosis

* TC99MIBI
(anterior and posterior whole-
body scans)

* bone marrow
biopsy

All stage Il and Il myeloma were positive at diagnosis.

Therefore the sensitivity of the MIBI scan at diagnosis was 100%.
Specificity was 93% (from the 30 patients not affected by myeloma 28 had a

negative scan)

TC99MIBI TC99MIBI
positive negative
biopsy positive 58 0
biopsy negative 2 28
TC99MIBI
sensitivity 100%
specificity 93%
PPV 97%

Limitations:
¢ Single centre study

¢ Small sample size

e Limited details on study population
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Paper Population Index tests Reference Standard | Results Additional comments
NPV 100%
Zamagni et 46 consecutive patients with newly * FDG PET-CT * WBXR Limitations:
al., 2007 diagnosed myeloma (Whole-body (including skull, (WBXR survey FDG PET-CT FDG PET-CT e Single centre study
Male: 30, female: 16 upper limbs and femora) included plain positive negative
Italy Median age: 55 years radiographs of WBXR positive 12 4 e Small sample size
(range: 42-65) the skull, spine, WBXR negative 21 9
pelvis, ribs, femora
and humeri)
FDG PET-CT
sensitivity 75%
specificity 30%
PPV 36%
NPV 69%
1
2
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2 References of included studies
3
4 1. Alexandrakis, M. G., Kyriakou, D. S., Passam, F., Koukouraki, S. & Karkavitsas, N. (2001) Value of Tc-99m
5 sestamibi scintigraphy in the detection of bone lesions in multiple myeloma: comparison with Tc-99m
6 methylene diphosphonate. Annals of Hematology, 80: 349-353.
7 2. Alper, E.,, Gurel, M., Evrensel, T., Ozkocaman, V., Akbunar, T. & Demiray, M. (2003) 99mTc-MIBI
8 scintigraphy in untreated stage Il multiple myeloma: comparison with X-ray skeletal survey and bone
9 scintigraphy. Nuclear Medicine Communications, 24: 537-542.
10 3. Cascini, G. L., Falcone, C., Console, D., Restuccia, A., Rossi, M., Parlati, A. & Tamburrini, O. (2013) Whole-
11 body MRI and PET/CT in multiple myeloma patients during staging and after treatment: personal
12 experience in a longitudinal study. Radiologia Medica, 118: 930-948.
13 4, Catalano, L., Pace, L., Califano, C., Pinto, A. M., Renzo, A., Gennaro, F., Vecchio, S., Fonti, R., Salvatore, M.
14 & Rotoli, B. (1999) Detection of focal myeloma lesions by technetium-99m-sestaMIBI scintigraphy.
15 Haematologica, 84: 119-124.
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17 in patients with monoclonal gammopathy of undetermined significance, smouldering myeloma and
18 multiple myeloma. European Radiology, 24, 2754-2765.
19 6. Erten, N., Saka, B., Berberoglu, K., Turkmen, C., Unal, S., Bakir, B., Yekeler, E. & Besisik, S. K. (2007)
20 Technetium-99m 2-methoxy-isobutyl-isonitrile uptake scintigraphy in detection of the bone marrow
21 infiltration in multiple myeloma: correlation with MRI and other prognostic factors. Annals of
22 Hematology, 86: 805-813.
23 7. Kloth, J. K. (2014). Appearance of monoclonal plasma cell diseases in whole-body magnetic resonance
24 imaging and correlation with parameters of disease activity. International Journal of Cancer, 135, 2380-
25 2386.
26 8. Myslivecek, M., Nekula, J., Bacovsky, J., Scudla, V., Koranda, P. & Kaminek, M. (2008) Multiple myeloma:
27 predictive value of Tc-99m MIBI scintigraphy and MRI in its diagnosis and therapy. Nuclear Medicine
28 Review, 11: 12-16.
29 9. Sager, S., Ergul, N., Ciftci, H., Cetin, G., Guner, S. |. & Cermik, T. F. (2011) The value of FDG PET/CT in the
30 initial staging and bone marrow involvement of patients with multiple myeloma. Skeletal Radiology, 40:
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32 10. Sohn, S. K., Ahn, B. C., Lee, S. W., Kim, D. H., Chun, K. A, Kim, J. G., Park, S. H., Song, H. S., Lee, B. & Lee, J.
33 (2002) Bone marrow immunoscintigraphy using technetium-99m anti-granulocyte antibody in multiple
34 myeloma. European Journal of Nuclear Medicine & Molecular Imaging, 29: 591-596.
35 11. Svaldi, M., Tappa, C., Gebert, U., Bettini, D., Fabris, P., Franzelin, F., Osele, L. & Mitterer, M. (2001)
36 Technetium-99m-sestamibi scintigraphy: an alternative approach for diagnosis and follow-up of active
37 myeloma lesions after high-dose chemotherapy and autologous stem cell transplantation. Annals of
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39 12. Zamagni, E., Nanni, C., Patriarca, F., Englaro, E., Castellucci, P., Geatti, O., Tosi, P., Tacchetti, P., Cangini,
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41 Cavo, M. (2007) A prospective comparison of 18F-fluorodeoxyglucose positron emission tomography-
42 computed tomography, magnetic resonance imaging and whole-body planar radiographs in the
43 assessment of bone disease in newly diagnosed multiple myeloma. Haematologica, 92: 50-55.
44
45 Excluded papers (after checking full text)
46
Paper Reasons for exclusion
1. D'Sa,S., Abildgaard, N., Tighe, J., Shaw, P. & Hall- Expert review.
Craggs, M. (2007) Guidelines for the use of imaging in
the management of myeloma. British Journal of
Haematology, 137: 49-63.
2. Dimopoulos, M., Terpos, E., Comenzo, R. L., Tosi, P., Expert review.

Beksac, M., Sezer, O., Siegel, D., Lokhorst, H., Kumar,
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S., Rajkumar, S. V., Niesvizky, R., Moulopoulos, L. A,,
Durie, B. G. & IMWAG. (2009) International myeloma
working group consensus statement and guidelines
regarding the current role of imaging techniques in

the diagnosis and monitoring of multiple Myeloma.

[Review] [123 refs]. Leukemia, 23: 1545-1556.

3. Dutoit, J. C., Vanderkerken, M. A. & Verstraete, K. L. Outcomes not relevant to PICO — study examines the extent of
(2013) Value of whole body MRI and dynamic contrast | bone marrow invasion and doesn’t look at diagnostic accuracy.
enhanced MRI in the diagnosis, follow-up and
evaluation of disease activity and extent in multiple
myeloma. European Journal of Radiology, 82: 1444-

1452.

4. Gleeson, T. G., Moriarty, J., Shortt, C. P, Gleeson, J. P., | Mixed population:

Fitzpatrick, P., Byrne, B., McHugh, J., O'Connell, M., | patients referred for initial investigation of suspected plasma cell
O'Gorman, P. & Eustace, S. J. (2009) Accuracy of | dyscrasia or those being restaged following therapy. 19 initial
whole-body low-dose multidetector CT (WBLDCT) | evaluation scans, and 20 restaging scans. Data reported for
versus skeletal survey in the detection of | whole population. No data just on initial scans at diagnosis.
myelomatous lesions, and correlation of disease

distribution with whole-body MRI (WBMRI). Skeletal

Radiology, 38: 225-236.

5. Horger, M., Claussen, C. D., Bross, B. U., Vonthein, R., Study not relevant to PICO.

Trabold, T., Heuschmid, M. & Pfannenberg, C. (2005) Aim of study was to establish an optimised whole-body low dose
Whole-body low-dose multidetector row-CT in the multidetector row-CT protocol.
diagnosis of multiple myeloma: an alternative to
conventional radiography. European.journal of
radiology, 54: 289-297.
6. Hung, G.U., Tsai, C. C, Tsai, S. C. & Lin, W. Y. (2005) Not imaging at diagnosis.
Comparison of Tc-99m sestamibi and F-18 FDG-PET in FDG-PET without CT.
the assessment of multiple myeloma. Anticancer
Research, 25: 4737-4741.

7. Hur,J.,, Yoon, C.S,, Ryuy, Y. H,, Yun, M. J. & Suh, J. S. Not diagnosis study but study of spinal bone marrow infiltration.
(2008) Comparative study of fluorodeoxyglucose FDG-PET without CT.
positron emission tomography and magnetic No reference standard.
resonance imaging for the detection of spinal bone
marrow infiltration in untreated patients with multiple
myeloma. Acta Radiologica, 49: 427-435.

8. Hur,J., Yoon, C.S., Ryy, Y. H., Yun, M. J. & Suh, J. S. 10 patients with myeloma stage 3 underwent MDCT and MRI of
(2007) Efficacy of multidetector row computed the spine and FDG-PET.
tomography of the spine in patients with multiple Not diagnosis study but study of spinal bone marrow infiltration.
myeloma: comparison with magnetic resonance FDG-PET without CT
imaging and fluorodeoxyglucose-positron emission No reference standard.
tomography. Journal of Computer Assisted
Tomography, 31: 342-347.

9. lIppolito, D., Besostri, V., Bonaffini, P. A., Rossini, F., Di, | Study was evaluation of feasibility of a low dose scan.

L. A. & Sironi, S. (2013) Diagnostic value of whole-body | No data on diagnostic accuracy or other outcomes listed in PICO.
low-dose computed tomography (WBLDCT) in bone

lesions detection in patients with multiple myeloma

(MM). European Journal of Radiology, 82: 2322-2327.

10. Lu,Y.Y,, Chen, J. H,, Lin, W. Y., Liang, J. A., Wang, H. Y., | Meta-analysis includes older studies on FDG PET without CT.
Tsai, S. C. & Kao, C. H. (2012) FDG PET or PET/CT for Also not specific to diagnosis — includes studies on staging and/or
detecting intramedullary and extramedullary lesions in | recurrence.
multiple Myeloma: a systematic review and meta-
analysis. [Review]. Clinical Nuclear Medicine, 37: 833-

837.
11. Mele, A., Offidani, M., Visani, G., Marconi, M., Imaging not specific to diagnosis.

Cambioli, F., Nonni, M., Catarini, M., Brianzoni, E.,
Berbellini, A., Ascoli, G., Brunori, M., Agostini, V.,
Corvatta, L., Isidori, A., Spinelli, A., Gradari, M. &
Leoni, P. (2007) Technetium-99m sestamibi
scintigraphy is sensitive and specific for the staging
and the follow-up of patients with multiple myeloma:
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a multicentre study on 397 scans. British Journal of
Haematology, 136: 729-735.

12.

Mirzaei S., F. (2003) Comparison of Technetium-99m-
MIBI imaging with MRI for detection of spine
involvement in patients with multiple myeloma. BMC
Nuclear Medicine, 3: -4.

Imaging not specific to diagnosis.
Not diagnosis study but study of spinal bone marrow infiltration.

13.

Nanni, C., Zamagni, E., Cavo, M., Rubello, D., Tacchetti,
P., Pettinato, C., Farsad, M., Castellucci, P., Ambrosini,
V., Montini, G. C., Al-Nahhas, A., Franchi, R. & Fanti, S.
(2007) 11C-choline vs. 18F-FDG PET/CT in assessing
bone involvement in patients with multiple myeloma.
World Journal of Surgical Oncology, 5: 68.

Imaging not at diagnosis

14.

Nishiyama, Y., Yamamoto, Y., Nagai, M., Satoh, K. &
Ohkawa, M. (2003) Comparative whole-body **'Tl and
bone scintigraphies for the detection of bone marrow
involvement in multiple myeloma. Nuclear medicine

communications, 24: 977-986.

“*'T-chloride scintigraphy not in PICO.

15.

Nishiyama, Y., Tateishi, U., Shizukuishi, K., Shishikura,
A., Yamazaki, E., Shibata, H., Yoneyama, T.,
Ishigatsubo, Y. & Inoue, T. (2013) Role of 18F-fluoride
PET/CT in the assessment of multiple myeloma: initial
experience. Annals of Nuclear Medicine, 27: 78-83.

Not specific to imaging at diagnosis: 7 patients, 2 of which had
received chemotherapy.

16.

Okasaki, M. (2015). Comparison of (11)C-4'-
thiothymidine, (11)C-methionine, and (18)F-FDG
PET/CT for the detection of active lesions of multiple
myeloma. Annals of Nuclear Medicine, 29, 224-232.

Most not newly diagnosed

17.

Regelink, J. C., Minnema, M. C., Terpos, E., Kamphuis,
M. H., Raijmakers, P. G., Pieters-van den Bos IC,
Heggelman, B. G., Nievelstein, R. J., Otten, R. H., van
Lammeren-Venema, D., Zijlstra, J. M., Arens, A. I., de
Rooy, J. W., Hoekstra, O. S., Raymakers, R., Sonneveld,
P., Ostelo, R. W. & Zweegman, S. (2013) Comparison
of modern and conventional imaging techniques in
establishing multiple myeloma-related bone disease: a
systematic review. British Journal of Haematology,
162: 50-61.

Systematic review analysing methodology, diagnostic accuracy
and detection rate of CT, FGF-PET, FDG-PET-CT and MRI in
comparison to WBXR or CT as an alternative reference test for
biopsy.

Many studies not valid for our question: PET without CT, not
specific to diagnosis, not assessment of diagnostic accuracy.
Individual studies assessed independently for their relevance to
the question and inclusion in the evidence review.

18.

Sachpekidis, C. (2015). 18F-FDG Dynamic PET/CT in
Patients with Multiple Myeloma: Patterns of Tracer
Uptake and Correlation With Bone Marrow Plasma
Cell Infiltration Rate. Clinical Nuclear Medicine, 40,
e300-e307.

No diagnostic threshold reported.

19.

Schirrmeister, H., Bommer, M., Buck, A. K., Muller, S.,
Messer, P., Bunjes, D., Dohner, H., Bergmann, L. &
Reske, S. N. (2002) Initial results in the assessment of
multiple myeloma using 18F-FDG PET. European
Journal of Nuclear Medicine & Molecular Imaging, 29:
361-366.

FDG-PET without CT

20.

Shortt, C. P., Gleeson, T. G., Breen, K. A., McHugh, J.,
Q'Connell, M. J,, O'Gorman, P. J. & Eustace, S. J. (2009)
Whole-Body MRI versus PET in assessment of multiple
myeloma disease activity. AJR, American Journal of
Roentgenology. 192: 980-986.

Imaging not used for diagnosis but to assess disease activity. All
patients had begun some form of chemotherapy before PET/CT
and MRI.

21.

Song, I. C., Kim, J. N., Choi, Y. S., Ryu, H., Lee, M. W.,
Lee, H. J. et al. (2014). Diagnostic and Prognostic
Implications of Spine Magnetic Resonance Imaging at
Diagnosis in Patients with Multiple Myeloma. Cancer
Res.Treat..

Reference standard not reported

22.

Surov, A. (2014). Non-osseous incidental findings in
low-dose whole-body CT in patients with multiple
myeloma. British Journal of Radiology, 87, 20140185.

Incidental findings (not myeloma related disease)
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23. Villa, G., Balleari, E., Carletto, M., Grosso, M., Clavio,
M., Piccardo, A., Rebella, L., Tommasi, L., Morbelli, S.,
Peschiera, F., Gobbi, M. & Ghio, R. (2005) Staging and
therapy monitoring of multiple myeloma by 99mTc-
sestamibi scintigraphy: a five year single center
experience. Journal of Experimental & Clinical Cancer

Research, 24: 355-361.

Not specific to imaging at diagnosis

24. Weng WW, Dong MJ, & Zhang (2014). A systematic
review of MRI, scintigraphy, FDG-PET and PET/CT for
diagnosis of multiple myeloma related bone disease--
which is best? Asian Pacific Journal of Cancer

Prevention: Apjcp, 15, 9879-9884.

Sytematic review but inappropriate analysis (univariate meta-
analysis of sensitivity and specificity)

25. Wight, J., Morris, E., Stillwell, A., Grant, B., Lai, H. C., &
Irving, I. (2015). Screening whole spine Magnetic
Resonance Imaging (MRI) in multiple myeloma.

Intern.Med.J..

Reference standard not reported

26. Zamagni, E., Nanni, C., Patriarca, F., Englaro, E.,
Castellucci, P., Geatti, O., Tosi, P., Tacchetti, P.,
Cangini, D., Perrone, G., Ceccolini, M., Brioli, A,
Buttignol, S., Fanin, R., Salizzoni, E., Baccarani, M.,
Fanti, S. & Cavo, M. (2007) A prospective comparison
of 18F-fluorodeoxyglucose positron emission
tomography-computed tomography, magnetic
resonance imaging and whole-body planar
radiographs in the assessment of bone disease in
newly diagnosed multiple myeloma. Haematologica,
92: 50-55.

No reference standard.
Comparison of different imaging methods for the assessment of
bone involvement in myeloma patients.

Checklists to identify risk of bias

Study: Alexandrakis et al., 2001

PATIENT SELECTION

A. risk of bias

Patient sampling

28 patients with histologically and cytologically diagnosed myeloma were
enrolled into this prospective study between February 1996 and April 1999.

Was a consecutive or random sample of patients enrolled? Yes

Was a case-control design avoided? Yes

Did the study avoid inappropriate exclusions? No (no controls/patients without myeloma
included)

Could the selection of patients have introduced bias?

Risk of bias. Patients with myeloma used in
the study. Not patients with suspected
myeloma, so no negative biopsy samples
to measure specificity.

B. Concerns regarding applicability

Patient characteristics N=28

and setting

Inclusion criteria: patients with histologically and cytologically diagnosed myeloma
Exclusion criteria: patients who received any kind of chemotherapy previously.
Relapsed patients. Patients with infections and anaemia

Clinical setting: secondary/tertiary care. Greece.

Are there concerns that the included patients and setting do
not match the review question?

Low concern

INDEX TEST

A. Risk of bias

Index test

X ray bone survey

Were the index test results interpreted without knowledge of
the results of the reference standard?

unclear

Could the conduct or interpretation of the index test have
introduced bias?

unclear risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern
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Index test

TC99MIBI

Were the index test results interpreted without knowledge of
the results of the reference standard?

unclear

Could the conduct or interpretation of the index test have
introduced bias?

unclear risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

Index test

TC99MDP

Were the index test results interpreted without knowledge of
the results of the reference standard?

unclear

Could the conduct or interpretation of the index test have
introduced bias?

unclear risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | bone marrow biopsy

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without yes

knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

Low concern

FLOW AND TIMING

A. risk of bias

Flow and timing

TC99MDP done 72 hours after TC99MIBI.
Unclear when x rays and reference standard biopsy done.

Was there an appropriate interval between index test and unclear
reference standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Yes

Could the patient flow have introduced bias?

Unclear risk of bias

Comments | n/a

Study: Alper et al., 2003

PATIENT SELECTION

A. risk of bias

Patient sampling

Twenty previously untreated patients with stage Ill myeloma

Was a consecutive or random sample of patients enrolled?

Yes

Was a case-control design avoided?

Yes

Did the study avoid inappropriate exclusions?

No (no controls/patients without myeloma
included)

Could the selection of patients have introduced bias?

Risk of bias. Patients with myeloma used in
the study. Not patients with suspected
myeloma, so no negative biopsy samples
to measure specificity.

B. Concerns regarding applicability

Patient characteristics N=20
and setting
myeloma

Inclusion criteria: previously untreated newly diagnosed patients with stage Il

Exclusion criteria: anaemic patients with high reticulocyte counts
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Clinical setting: secondary/tertiary care. Turkey.

Are there concerns that the included patients and setting do
not match the review question?

Low concern

INDEX TEST

A. Risk of bias

Index test TC99MiIBI
Were the index test results interpreted without knowledge of yes

the results of the reference standard?

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

Index test

TC99MDP

Were the index test results interpreted without knowledge of
the results of the reference standard?

yes

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

Index test

Skeletal survey

Were the index test results interpreted without knowledge of
the results of the reference standard?

yes

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | Not reported — standard criteria (durie and salmon 1975)

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without Yes

knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

Low concern

FLOW AND TIMING

A. risk of bias

Flow and timing

Timing of reference standard unclear.

TC99MDP was done within 2-7 days of TC99MIBI.
Skeletal survey was done within 2 weeks of TC99MIBI.

Was there an appropriate interval between index test and Unclear
reference standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Yes

Could the patient flow have introduced bias?

Low risk of bias

Comments | n/a

Study: Cascini et al., 2013

PATIENT SELECTION

A. risk of bias

Patient sampling

Prospective enrolment of all patients with a diagnosis of myeloma referred to
the diagnostic imaging department.
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Was a consecutive or random sample of patients enrolled?

Yes

Was a case-control design avoided?

Yes

Did the study avoid inappropriate exclusions?

No (no controls/patients without myeloma
included)

Could the selection of patients have introduced bias?

Risk of bias. Patients with myeloma used in
the study. Not patients with suspected
myeloma, so no negative biopsy samples
to measure specificity.

B. Concerns regarding applicability

Patient characteristics | N=22
and setting
and bone biopsy

Inclusion criteria: patients with newly diagnosed myeloma that had FDG-PET CT, MRI

Exclusion criteria: previously subjected to any therapy
Clinical setting: secondary/tertiary care. Italy.

Are there concerns that the included patients and setting do
not match the review question?

Low concern

INDEX TEST

A. Risk of bias

Index test FGF-PET CT
Were the index test results interpreted without knowledge of yes

the results of the reference standard?

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

Index test

Whole body MRI

Were the index test results interpreted without knowledge of
the results of the reference standard?

yes

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | bone marrow aspirate or biopsy

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without Yes

knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

Low concern

FLOW AND TIMING

A. risk of bias

Flow and timing

The 2 index tests were done within 2 weeks of each other.
The reference standard was done at least 15 days before imaging.

Was there an appropriate interval between index test and Yes
reference standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Yes

Could the patient flow have introduced bias?

Low risk of bias

Comments | n/a
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Study: Catalano et al., 1999

PATIENT SELECTION

A. risk of bias

Patient sampling

23 previously untreated myeloma patients

Was a consecutive or random sample of patients enrolled? Yes
Was a case-control design avoided? Yes
Did the study avoid inappropriate exclusions? unclear

Could the selection of patients have introduced bias?

Unclear risk of bias

B. Concerns regarding applicability

Patient characteristics | N=23
and setting Inclusion criteria: not reported
Exclusion criteria: not reported

Clinical setting: secondary/tertiary care. Italy.

Are there concerns that the included patients and setting do
not match the review question?

Low concern

INDEX TEST

A. Risk of bias

Index test TC99MIBI
Were the index test results interpreted without knowledge of yes

the results of the reference standard?

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | Xray

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without Yes

knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

Low concern

FLOW AND TIMING

A. risk of bias

Flow and timing unclear

Was there an appropriate interval between index test and Unclear
reference standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Yes

Could the patient flow have introduced bias?

Unclear risk of bias

Comments | n/a

Study: Erten et al., 2007

PATIENT SELECTION

A. risk of bias

Patient sampling myeloma patients

Was a consecutive or random sample of patients enrolled?

unclear

Was a case-control design avoided?

Yes

Did the study avoid inappropriate exclusions?

No (no controls/patients without myeloma
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included)

Could the selection of patients have introduced bias?

Risk of bias. Patients with myeloma used in
the study. Not patients with suspected
myeloma, so no negative biopsy samples
to measure specificity.

B. Concerns regarding applicability

Patient characteristics | N=18
and setting Inclusion criteria: not reported
Exclusion criteria: not reported

Clinical setting: secondary/tertiary care. Turkey.

Are there concerns that the included patients and setting do
not match the review question?

Low concern

INDEX TEST

A. Risk of bias

Index test TC99MiIBI
Were the index test results interpreted without knowledge of yes

the results of the reference standard?

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

Index test

MRI

Were the index test results interpreted without knowledge of
the results of the reference standard?

yes

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | Durie and Salmon staging system and bone marrow biopsy

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without Yes

knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

Low concern

FLOW AND TIMING

A. risk of bias

Flow and timing unclear

Was there an appropriate interval between index test and Unclear
reference standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Yes

Could the patient flow have introduced bias?

Unclear risk of bias

Comments | n/a

Study: Myslivecek et al., 2008

PATIENT SELECTION

A. risk of bias

Patient sampling Not reported

Appendix G: evidence review

Page 136 of 670




Was a consecutive or random sample of patients enrolled? Yes
Was a case-control design avoided? Yes
Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced bias?

Unclear risk of bias

B. Concerns regarding applicability

Patient characteristics | N=52
and setting Inclusion criteria: not reported
Exclusion criteria: not reported

Clinical setting: secondary/tertiary care. Czech Republic.

Are there concerns that the included patients and setting do
not match the review question?

Unclear concern - unclear if all patients
newly diagnosed (not on treatment)

INDEX TEST

A. Risk of bias

Index test TC99MIBI
Were the index test results interpreted without knowledge of unclear

the results of the reference standard?

Could the conduct or interpretation of the index test have
introduced bias?

unclear risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

unclear concern

Index test

MRI

Were the index test results interpreted without knowledge of
the results of the reference standard?

unclear

Could the conduct or interpretation of the index test have
introduced bias?

unclear risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

unclear concern

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | WBXR survey and bone marrow plasma cell count

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without Unclear

knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

Unclear risk of bias

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

Low concern

FLOW AND TIMING

A. risk of bias

Flow and timing

the reference standard was done.

The 2 index tests were done within 14 days of each other but it is not reported when

Was there an appropriate interval between index test and Unclear
reference standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Yes

Could the patient flow have introduced bias?

Unclear risk of bias

Comments | n/a

Study: Sager et al., 2011

PATIENT SELECTION

A. risk of bias

Patient sampling

Retrospective review of patients with myeloma that had FDG-PET/CT imaging.
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Was a consecutive or random sample of patients enrolled?

Unclear

Was a case-control design avoided?

Yes

Did the study avoid inappropriate exclusions?

No (no controls/patients without myeloma
included)

Could the selection of patients have introduced bias?

Risk of bias. Patients with myeloma used in
the study. Not patients with suspected
myeloma, so no negative biopsy samples
to measure specificity.

B. Concerns regarding applicability

Patient characteristics | N=32
and setting Inclusion criteria: not reported.
Exclusion criteria: not reported.

Clinical setting: secondary/tertiary care. Turkey.

Are there concerns that the included patients and setting do
not match the review question?

Low concern

INDEX TEST

A. Risk of bias

Index test FGF PET/CT
Were the index test results interpreted without knowledge of yes

the results of the reference standard?

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | bone marrow biopsy

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without Yes

knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

Low concern

FLOW AND TIMING

A. risk of bias

Flow and timing

The index test was done within 2 weeks after the reference standard was done.

Was there an appropriate interval between index test and Yes
reference standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Yes

Could the patient flow have introduced bias?

Low risk of bias

Comments | n/a

Study: Sohn et al., 2002

PATIENT SELECTION

A. risk of bias

Patient sampling

Newly diagnosed myeloma patients

Was a consecutive or random sample of patients enrolled?

Unclear

Was a case-control design avoided?

Yes

Did the study avoid inappropriate exclusions?

No (no controls/patients without myeloma
included)

Could the selection of patients have introduced bias?

Risk of bias. Patients with myeloma used in
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the study. Not patients with suspected
myeloma, so no negative biopsy samples
to measure specificity.

B. Concerns regarding applicability

Patient characteristics | N=22
and setting Inclusion criteria: not reported.
Exclusion criteria: not reported.

Clinical setting: secondary/tertiary care. South Korea.

Are there concerns that the included patients and setting do
not match the review question?

Low concern

INDEX TEST

A. Risk of bias

Index test

bone marrow immunoscintigraphy
(BMIS) using technetium-
99m-labelled AGA

Were the index test results interpreted without knowledge of
the results of the reference standard?

yes

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

Index test

Skeletal radiography

Were the index test results interpreted without knowledge of
the results of the reference standard?

yes

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

Index test

Tc- 99mTc-methylene diphosphonate
(MDP) bone scan

Were the index test results interpreted without knowledge of
the results of the reference standard?

yes

Could the conduct or interpretation of the index test have
introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | bone marrow biopsy

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without Yes

knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

Low risk of bias

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

Low concern

FLOW AND TIMING

A. risk of bias

Flow and timing

Tests for each patient were completed within 2 weeks

Was there an appropriate interval between index test and Yes
reference standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Yes

Could the patient flow have introduced bias?

Low risk of bias

Appendix G: evidence review

Page 139 of 670




Comments

| n/a

Study: Svaldi et al., 2001

PATIENT SELECTION

A. risk of bias

Patient sampling Patients that had TC99MIBI scan

Was a consecutive or random sample of patients enrolled? Unclear
Was a case-control design avoided? Yes
Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced bias?

Unclear risk of bias

B. Concerns regarding applicability

Patient characteristics | N=15 myeloma patients at diagnosis
and setting Inclusion criteria: Unclear.
Exclusion criteria: Unclear.

Clinical setting: secondary/tertiary care. Italy.

Are there concerns that the included patients and setting do
not match the review question?

Low concern

INDEX TEST

A. Risk of bias

Index test TC99MIBI
Were the index test results interpreted without knowledge of unclear

the results of the reference standard?

Could the conduct or interpretation of the index test have
introduced bias?

unclear risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | bone marrow biopsy

Is the reference standard likely to correctly classify the target Yes
condition?

Were the reference standard results interpreted without unclear

knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

unclear risk of bias

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

Low concern

FLOW AND TIMING

A. risk of bias

Flow and timing unclear

Was there an appropriate interval between index test and Unclear
reference standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Yes

Could the patient flow have introduced bias?

unclear risk of bias

Comments | n/a

Study: Zamagni et al., 2007

PATIENT SELECTION

A. risk of bias

Patient sampling

Newly diagnosed myeloma patients
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Was a consecutive or random sample of patients enrolled? yes
Was a case-control design avoided? Yes
Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced bias?

Unclearrisk of bias

B. Concerns regarding applicability

Patient characteristics | N=46 myeloma patients at diagnosis
and setting Inclusion criteria: Unclear.
Exclusion criteria: Unclear.

Clinical setting: secondary/tertiary care. Italy.

Are there concerns that the included patients and setting do
not match the review question?

Low concern

INDEX TEST

A. Risk of bias

Index test FDG-PET-CT
Were the index test results interpreted without knowledge of yes

the results of the reference standard?

Could the conduct or interpretation of the index test have
introduced bias?

low risk of bias

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

Low concern

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | XBXR

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without yes

knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

low risk of bias

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

Low concern

FLOW AND TIMING

A. risk of bias

Flow and timing

FDG PET-CT was performed within 2 weeks of WBXR

Was there an appropriate interval between index test and yes
reference standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Yes

Could the patient flow have introduced bias?

low risk of bias

Comments | n/a

Study: Dutoit et al, 2014

PATIENT SELECTION

A. risk of bias

Patient sampling

Was a consecutive or random sample of patients enrolled?

Was a case-control design avoided?

Did the study avoid inappropriate exclusions?

Could the selection of patients have introduced bias?

B. Concerns regarding applicability

Patient characteristics
and setting

Are there concerns that the included patients and setting do
not match the review question?

INDEX TEST

A. Risk of bias

Index test

Were the index test results interpreted without knowledge of
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the results of the reference standard?

Could the conduct or interpretation of the index test have
introduced bias?

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | bone marrow biopsy

Is the reference standard likely to correctly classify the target
condition?

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

FLOW AND TIMING

A. risk of bias

Flow and timing

Was there an appropriate interval between index test and
reference standard?

Did all patients receive the same reference standard?

Were all patients included in the analysis?

Could the patient flow have introduced bias?

Comments | n/a

Study: Kloth et al 2014

PATIENT SELECTION

A. risk of bias

Patient sampling

Was a consecutive or random sample of patients enrolled?

Was a case-control design avoided?

Did the study avoid inappropriate exclusions?

Could the selection of patients have introduced bias?

B. Concerns regarding applicability

Patient characteristics
and setting

Are there concerns that the included patients and setting do
not match the review question?

INDEX TEST

A. Risk of bias

Index test

Were the index test results interpreted without knowledge of
the results of the reference standard?

Could the conduct or interpretation of the index test have
introduced bias?

B. Concerns regarding applicability

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

REFERENCE STANDARD

A. risk of bias

Reference standard(s) | bone marrow biopsy

Is the reference standard likely to correctly classify the target
condition?
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Were the reference standard results interpreted without
knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpretation
have introduced bias?

B. Concerns regarding applicability

Are there concerns that the target condition as defined by the
reference standard does not match the question?

FLOW AND TIMING

A. risk of bias

Flow and timing

Was there an appropriate interval between index test and
reference standard?

Did all patients receive the same reference standard?

Were all patients included in the analysis?

Could the patient flow have introduced bias?

Comments | n/a
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Imaging for people with newly diagnosed myeloma

Review Question
What is the most effective imaging to guide treatment decisions in patients with newly diagnosed myeloma?

Question in PICO format

Population Index test(s) Comparator Outcomes

Patients with e MRI (spinal and whole body | Each other e Patient acceptability (e.g.,
newly diagnosed [WB]) claustrophobia, anxiety over
myeloma e Multiparametric MRI procedure, clinical
including the o Diffusion weighted [DW] exclusions)

following MRI e Diagnostic yield

subgroups: ¢ Dynamic contrast MRI e Incremental upstaging

- Non-secretory | e CT (including low dose [LD]) ¢ Radiation exposure/risk of
- Asymptomatic | ¢ FDG-PET/CT second primary cancers

- Symptomatic e Skeletal survey e Prognostic accuracy for PFS
- Extra- and OS

medullary o Skeletal-related events
plasmacytoma

- Multiple

plasmacytomas

Evidence statement
Imaging results

11 studies were identified and included in the evidence review. None of the studies employed a reference
standard to verify the imaging results. The studies showed that:

- CT identified more lesions than radiography (3 studies [Kropil et al., 2008; Princewill et al., 2013; Razek et al.,
2013], N = 108; low quality; Tables 3.3 and 3.4) and was also associated with a higher radiation exposure than
radiography (2 studies [Kropil et al., 2008; Princewill et al., 2013], N = 80; low quality; Table 3.15);

- MRI identified more lesions than radiography (1 study [Wolf et al., 2014], N = 119; low quality; Tables 3.5 to
3.7);

- MRI and CT each identified more lesions than radiography (1 study, N = 18 [Mahnken et al., 2002]; low quality;
Tables 3.8 and 3.9);

- PET-CT identified more lesions than radiography and an equivalent number of lesions to MRl in half of the
included patients with more and less lesions detected, respectively, in the other two quarters of patients,
compared to MRI (1 study [Nanni et al., 2006], N = 28; low quality);

- MRl identified more regions affected by myeloma than CT (1 study [Baur-Melnyk et al., 2008], N = 41; low
quality; Table 3.10);

- WB-MRI identified more extensive disease than axial skeleton MRI (1 study [Bauerle et al., 2009], N = 73; low
quality; Tables 3.11-3.12)

- MRl identified a different pattern of disease than PET-CT (3 studies [Fonti et al., 2008; Lin et al., 2014; Spinnato
et al., 2012], N = 239; low quality; Tables 3.13-3.14)

Results

Outcomes:
Diagnostic yield, incremental upstaging, and skeletal events (by test comparisons):

1. Radiograph versus CT: Kropil et al. (2008), Princewill et al. (2013), and Razek et al. (2013)
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Table 3.3: Radiograph versus CT

Kropil et al., 2008

Princewill et al., 2013

Razek et al., 2013

WB- CR p- Skeletal | WB-CT | P-value | WB- CR p-value
MDCT value | survey MDCT positive
positive

Anatomical region

Anatomical bony 98 55 0.001

region

involvement total

Mean number of 3.39 1.96

affected regions

Mean number of ~9.25 ~16.32

lesions

Total skeleton

- No lesions (N =0) | 257 402

- Single lesion 57 25

- 2-4 lesions 70 32 NS/NR

- >4 lesions 120 63

- Small lesion (< 3 33 8 NR

mm)

Medium lesion (< | 79 65 NR

10 mm)

- Large lesion (> 10 | 135 47 NR

mm)

Diagnostic

confidence: 150 50 NR

- Definitely 59 46 NR

osteolysis 26 49 NS/NR

- Probably 92 163 NR

osteolysis 177 214 NR

- Uncertain

findings

- Probably no

osteolysis

- Definitely no

osteolysis

Vertebral column

Skull 16 10 0.1

Spine 22 9 0.001

Fracture of spine 4 2

- No lesions (N=0) | 15 72

- Single lesion 11 5 p <

- 2-4 lesions 15 4 0.01

- >4 lesions 43 6

- Small lesion (< 3 12 0 NR

mm)

Medium lesion (< | 20 7 NR

10 mm)

- Large lesion (> 10 | 37 8 NR

mm)

Diagnostic

confidence: 47 4 NR

- Definitely 15 5 NR

osteolysis 3 14 p <
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Kropil et al., 2008

Princewill et al., 2013

Razek et al., 2013

WB- CR p- Skeletal | WB-CT | P-value | WB- CR p-value
MDCT value | survey MDCT positive
positive
- Probably 4 35 0.02
osteolysis 15 29 NR
- Uncertain NR
findings
- Probably no
osteolysis
- Definitely no
osteolysis
Pelvic skeleton 13 7 0.09
-No lesions (N=0) | 51 92
- Single lesion 12 5 p <
- 2-4 lesions 12 5 0.01
- > 4 lesions 37 14
- Small lesion (< 3 6 4 NR
mm)
Medium lesion (< | 11 9 NR
10 mm)
- Large lesion (> 10 | 44 11 NR
mm)
Diagnostic
confidence: 46 10 NR
- Definitely 11 9 NR
osteolysis 2 18 p <
- Probably 6 40 0.001
osteolysis 47 39 NR
- Uncertain NR
findings
- Probably no
osteolysis
- Definitely no
osteolysis
Thoracic cage 17 7 0.006
- No lesions (N =0) | 102 145
- Single lesion 20 4 p <
- 2-4 lesions 14 11 0.01
- >4 lesions 26 14
- Small lesion (< 3 7 0 NR
mm)
Medium lesion (< | 24 23 NR
10 mm)
- Large lesion (> 10 | 29 6 NR
mm)
Diagnostic
confidence: 31 11 NR
- Definitely 13 12 NR
osteolysis 9 12 NS/NR
- Probably 15 54 NR
osteolysis 100 85 NR
- Uncertain
findings
- Probably no
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Kropil et al., 2008

Princewill et al., 2013

Razek et al., 2013

WB- CR p- Skeletal | WB-CT | P-value | WB- CR p-value
MDCT value | survey MDCT positive

positive

osteolysis

- Definitely no

osteolysis

Extremities

Upper extremities 14 10 0.28

Lower extremities 16 12 0.5

- No lesions (N=0) | 66 69

- Single lesion 11 9 NS/NR

- 2-4 lesions 23 12

- >4 lesions 12 26

- Small lesion (< 3 7 3 NR

mm)

Medium lesion (< | 16 22 NR

10 mm)

- Large lesion (> 10 | 23 22 NR

mm)

Diagnostic

confidence: 18 23 NR

- Definitely 17 18 NR

osteolysis 11 4 NS

- Probably 66 22 NR

osteolysis 0 49 NR

- Uncertain

findings

- Probably no

osteolysis

- Definitely no

osteolysis

Extraosseous 9

findings 1

- extramedullary

Hyper-attenuating 6

medullary lesions:

Focal

Hyper-attenuating 3

medullary lesions:

Diffuse marrow

involvement

Extra-osseous Pleural

lesions effusion
(3);
pulmon
ary
infiltrate
s (2);
hepatic
lesions
(2);
lympha
denopat
hy (1);

Appendix G: evidence review

Page 147 of 670




00O NO U1 B W

Kropil et al., 2008 Princewill et al., 2013 Razek et al., 2013
WB- CR p- Skeletal | WB-CT | P-value | WB- CR p-value
MDCT value | survey MDCT positive
positive
para-
and
intraspi
nal soft
tissue
mass
with
spinal
cord
compres
sion (2)
Total number of 248 968 p <
lytic lesions 0.001
Total number of 86 94 p=0.02
skull lesions
Total number of 49 241 p <
spine lesions 0.001
Total number of 2 102 p <
rib lesions 0.001
Total number of 1 120 p <
sternal lesions 0.001
Total number of 36 240 p <
flat bone lesions 0.001
Total number of 74 171 p <
long bone lesions 0.001
Stage:
I 1 8
I 15 16
1] 12 4

Table 3.4: Radiograph versus CT: Extra results from Princewill et al. (2013): WB-CT versus skeletal survey

Patients with no lesions detected by either test

9/51

Patients with more lesions detected by WB-CT than skeletal
survey

39/42 (i.e., 51-9 w/o lesions)

Patients with more lesions detected by skeletal survey than WB-
CcT

3/42 (i.e., 51-9 w/o lesions)

Patients with new osteolytic lesions missed on skeletal survey, 8

but detected on WB-CT

Patients with upstaged disease (overall) 31/51
Patients upstaged from stage I-l1l based on WB-CT 13/51
Patients upstaged from stage I-lll based on WB-CT 9/51
Patients upstaged from stage lI-lll based on WB-CT 9/51
Patients with no overall change in stage of disease (WB-CT and 20/51

skeletal survey)

Razek et al. (2013): WB-MDCT versus conventional skeletal radiography

- Upstaging: 14 patients were upstaged as WB-MDCT revealed more extensive disease than CR: Stage Ito Il: N =
6; stage I to lll: N = 1; stage Il to lll: N = 7 (significant difference in stage between WB-MDCT and CR, p = 0.002).

- Due to upstaging in 7 patients, the medical treatment plan changed (N = 4 were candidates for stem cell

transplant, and N = 3 were not).
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2. Radiograph versus MRI: Wolf et al. (2013)

Table 3.5: Radiograph versus WB-MRI: Wolf et al. (2013): Theoretical change in staging

Projection WB-MRI P-value
radiography
No focal lesions (no of patients) 95 76
Focal lesions (no of patients) 24 43 p <0.001
- Axial (no of patients) 4 11
- Extraaxial (no of patients) 14 12
- Axial (intra-osseous and corticalis Not reported Not reported p <0.001
exceeding) Not reported Not reported p <0.001
- Axial (intra-osseous) Not reported Not reported p=0.02
- Axial (corticalis exceeding) Not reported Not reported p <0.001
- Extra-axial (intra-osseous and Not reported Not reported p <0.001
corticalis exceeding) Not reported Not reported p =0.002
- Extraaxial (intra-osseous)
- Extraaxial (corticalis exceeding)

Table 3.6: Radiograph versus WB-MRI: Wolf et al. (2013): Stage

Durie-Salmon Durie-Salmon PLUS
MGUS 28 40
| 44 7
] 8 52
]l 36 20
Plasmacytoma 3 0

Table 3.7: Radiograph versus WB-MRI: Wolf et al. (2013): Theoretical change in staging and treatment based on

Durie-Salmon PLUS

Durie-Salmon
Change in staging:
- None 36
- Up-staging 38
- Down-staging 45
Change in treatment:
- None 78
- Treatment indicated 33
- Treatment not indicated 8

3. Radiograph versus MDCT versus MRI: Mahnken et al. (2002)

Table 3.8: Radiograph versus MDCT versus MRI (all thoracic and lumbar spine; CT and radiograph also pelvis):
Mahnken et al. (2002): 325 vertebrae assessed in 18 patients:

Radiography | MDCT MRI Matches in all 3
imaging
modalities (N =
226)

Normal bone 118 94 101 84
Diffuse osteopenia with microlacunae and 154 117 104
trabecular disruption

Lacunae > 5 mm, and permeation of cortical 13 45 224 abnormal 4
bone

Appendix G: evidence review

Page 149 of 670




Nodular lesions > 1 cm 40 69 34

Number of vertebral fractures 72 86 62

Number of vertebrae considered at risk 6 12 9

- Divergent imaging finding between MD-CT and MR imaging would have lead to under-staging of 5 patients if
using MRI exclusively, whereas if using MRI and skeletal radiography would lead to understaging 3 patients

Table 3.9: Radiograph versus MDCT versus MRI (all thoracic and lumbar spine; CT and radiograph also pelvis):

10
11
12
13
14
15
16
17
18

19

20

21
22
23
24
25
26
27
28

Mahnken et al. (2002): 180 pelvic areas assessed in 18 patients):

Radiography MDCT
Normal bone 100 74
Diffuse osteopenia with microlacunae and 43 34
trabecular disruption
Lacunae > 5 mm, and permeation of cortical 16 38
bone
Nodular lesions > 1 cm 21 34

All lesions detected on radiography were also detected on MD-CT.

4. Radiograph versus MRI versus PET-CT: Nanni et al. (2006)

Nanni et al. (2006): 18F-FDG PET-CT (skull to femora, incl) versus spinal-pelvic MRI versus WB-xray
18F-FDG PET-CT versus WB-Xray:

- More bone lesions detected by PET-CT than WB-XR: 16/28 patients

- Equivalent findings between the two tests: 12/28 patients (4 had no lesions, and 8 had > lesions)

18F-FDG PET-CT versus MRI:

- More lesions detected by PET-CT than MRI: 7/28 patients (all located outside the MRI FOV)

- Equivalent findings between the two tests: 14/28 patients (4 had no lesions, and 8 had > lesions)
- Fewer pathological findings detected by PET-CT than MRI: 7/28 patients.

5. CT versus MRI: Baur-Melnyk et al. (2008)

Table 3.10: WB-MDCT versus WB-MRI: Baur-Melnyk et al. (2008)

WB-MDCT WB-MRI p-value

No involvement 19 15

Regions* affected by myeloma 462 975 p <0.001
Focal disease 9 13

Combined focal and diffuse 13

Multifocal (> 20) disease 20

Pure diffuse disease 1

Stage# | 25 21 p <0.001
Stage Il 7 2

Stage lll 9 18

* The skeleton was divided into 61 regions; # Durie and Salmon PLUS

Baur-Melnyk et al. (2008): WB-MDCT versus WB-MRI

- Concordant findings between WB-MDCT and WB-MRI: No involvement (N = 15), involvement (N = 4, all focal).

- Dis-concordant findings between WB-MDCT and WB-MRI: More extensive disease on WB-MRI than on WB-
MDCT (N =21; 7 with focal disease, 13 combined diffuse and focal, and 1 diffuse); more extensive disease on WB-
MDCT than on WB-MRI (N =1). Four patients were stage | on WB-MDCT and stage Il (N = 2) or stage lll (N =2) on

WB-MRI.

6. MRI versus WB-MRI: Bauerle et al. (2009)
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Table 3.11: Axial skeleton MRI versus WB-MRI: Bauerle et al. (2009): Distribution of lesions (not split by type of
MRI test, so main message to take away of probably how many are within the axial skeleton and how many
outside it)

Located in axial skeleton only:

- No of patients 9

- No of lesions 25
Located in extraaxial skeleton only:

- No of patients 7

- No of lesions 21
Located in axial and extraaxial:

- No of patients 26
- No of lesions 395
No lesions (no of patients) 31
Bone involvement (no of patients):

- Axial skeleton: In bone 33
- Axial skeleton: Violating bone 15
- Total 35
Bone involvement (no of lesions):

- Axial skeleton: In bone 214
- Axial skeleton: Violating bone 24
- Total 238
Bone involvement (no of patients):

- Extraaxial skeleton: In bone 33
- Extraaxial skeleton: Violating bone 13
- Total 33
Bone involvement (no of lesions):

- Extraaxial skeleton: In bone 185
- Extraaxial skeleton: Violating bone 18
- Total 203

Table 3.12: Axial skeleton MRI versus WB-MRI: Biuerle et al. (2009): Durie-Salmon PLUS stage by test

Axial skeleton MRI WB-MRI
MGUS 4 0
1A 37 40
IB 17 14
Il 11 19
]l 4 6

7. MRI versus PET-CT: Fonti et al. (2008), Lin et al. (2014) and Spinnato et al. (2012)

Table 3.13: 18F-FDG PET-CT versus MRI

Fonti et al. (2008) All data Lin et al. (2014
WB-18F- MR, p- 18F- WB- p-value
FDG PET- | spine and | value FDG MRI
cT pelvis PET-CT
Normal (no of 1 6
patients)
Diffuse (no of 3 13 6 15:
patients) Mild: Not
N=4 reported
Moder
ate: N
Severe
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10
11
12
13
14
15

16

:N=3
Focal (no of 16 6 p < 10 13 Not
patients) 0.001 reported
Combined focal 13 8 p <
and diffuse (no 0.001
of patients)
Focal lesions 196 51
- Spine 35 40
- Pelvis 40 11
- Soft tissue 18
- Other 103
Mean no of focal | 5.94 1.54 p <
lesions per (9.29) (2.45) 0.001
patient (SD)
Durie/Salmon Not
PLIUS stage: reported
| (total no of 6(10) | 3(4)
lesions)
Il (total number 2(17) [1(9)
of lesions)
1] 2 9

Table 3.14: 18F-FDG PET-CT versus MRI: Fonti et al. (2008): Only data from spinal and pelvic districts

18F-FDG PET-CT MRI p-value
Normal (no of 12 6
patients)
Diffuse (no of 6 13
patients)
Focal and focal- 15 14
diffuse (no of p <0.001
patients)
Mean no of focal 2.27 (4.64) 1.54 (2.45) Non-significant
lesions per patient
(sD)

Spinnato et al. (2012): WB-18F-FDG PET-CT versus WB-MRI

- In 5/62 patients PET-CT was negative whereas MRI showed mild (N = 3) or moderate (N = 2) diffuse spine
involvement.

- In (another) 4/62 patients MRI showed a micronodular pattern with salt-and-pepper appearance of bone
marrow, whereas PET was negative with the exception of one patient where CT showed mild and diffuse
micronodular bone involvement.

- In 23/62 patients PET-CT detected lesions of the MRI field of view, in 3 of whom MRI was normal on the entire
spine and pelvis.

- 12/62 patients with dis-concordant PET-CT and MRI findings were down-staged due to PET-CT (N = 11) or MR
(N = 1) findings.

Radiation exposure

Table 3.15: Radiation exposure

Baur-Melnyk et | Kropil et al. (2008) Princewill et al.

al., (2008) (2013)

MDCT MDCT CR WB-CT SS
Effective radiation dose (mSv) 3.95 4.8 1.7 41 1.8
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28
29

(range
2.2-4.9)
Thyroid gland
- Female patients 7
- Male patients 6.9
Female breast
- Female patients 5.5
Liver
- Female patients 5
- Male patients 5.1
Ovaries
- Female patients 4.3
Testes
- Male patients 5.2
Bones marrow
- Female patients 4.1
- Male patients 3.9
Skeleton
- Female patients 8.7
- Male patients 8.4
Uterus
- Female patients 4.6

MDCT = multidetector CT; CR = conventional skeletal survey; SS = skeletal survey

Mahnken et al. (2002):

- “The examination protocol that we used resulted in a cumulative dose of 23.3 mSv (ICRP 26) and 25.5 mSv (ICRP
60) in men and 39.8 mSv (ICRP 26) and 36.6 mSv (ICRP 60) in women, respectively. Effective energy was
calculated as 82.4 keV.”

Outcomes:

Risk of second primary cancers, patient acceptability, and prognostic accuracy for progression-free survival and
overall survival:

We did not find evidence for this outcome.

Study quality

The risk of bias and applicability concerns are summarized in Figure 3.4. A modified version of the QUADAS-2
assessment tool was used to evaluate the risk of bias and applicability concerns in the included studies. It was
clear a priori that it would not be likely that any studies included a reference standard, so it was therefore
decided not to make this a part of the inclusion criteria, although this strategy naturally means that none of the
index/comparator test results were verified. Consequently, it is not possible to know, based on the present
evidence, which of the index/comparison tests is better when the results differ between the tests, nor indeed if
the results are correct even when they do not differ between the included tests.

In a number of the included studies, it was unclear whether the patient selection was consecutive (Baur-Melnyk
et al., 2008; Bauerle et al, 2009; Fonti et al., 2009; Lin et al., 2014; Mahnken et al., 2002; Spinnato et al., 2012)
and in one study it was clear that it was not (Wolf et al., 2014; high risk) whereas in the remainder patient
selection was consecutive and therefore considered at low risk of bias (Kropil et al, 2008; Nanni et al., 2006;
Princewill et al., 2013, Razek et al., 2013).

The majority of the studies employed blinded assessment of the index and comparator tests, that is, the results

were blinded, at least, to those of the other imaging tests, and were therefore considered at low risk whereas the
remaining four studies did not employ blinded reading of the index and comparator test results and,
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consequently, these studies were rated at high risk of bias (Baur-Melnyk et al., 2008; Kropil et al, 2008; Mahnken
et al., 2002; Nanni et al., 2006).

Study RISK OF BIAS APPLICABILITY CONCERNS
PATIENT INDEX/ REFERENCE TIME PATIENT INDEX/ REFERENCE
SELECTION COMPARATOR STANDARD INTERVAL POPULATION COMPARATOR STANDARD
TESTS BETWEEN TESTS
TESTS

Baur-Melnyk et ? ® I © © © I
al., 2008
Biuerle et al, ? © I © © © I
2009
Fonti et al., 2008 ? © © © ©
Kropil et al, 2008 © ® ? © ©
Lin et al., 2014 ? @ @ ? @
Mahnken et al., ? ® © ? ©
2002
Nanni et al., 2006 © ® © © ©
Princewill et al., © © © ? ©

The time interval between the index and comparator tests was acceptable in all but two of the included studies
where it was unclear (Kropil et al, 2008; Wolf et al., 2014).

Generally the studies were found to be applicable to the review question in terms of the index/comparator tests
employed and, for the most part, the populations. However, the applicability of the populations of four studies
was unclear (Lin et al., 2014; Mahnken et al., 2002; Princewill et al, 2013; and Wolf et al.,, 2014) as these
populations seemed to either be subject to excessive exclusions (for the present purposes: Lin et al., 2014),
consist of a narrow range of patients (i.e., all stage Ill who may or may not have been treated, Mahnken et al.,
2002) or be a mix of patients only some of whom are applicable to the current question (Princewell et al., 2013;
Wolf et al., 2014).

The small sample sizes of all the included studies should also be noted as a clear limitation.

Figure 3.4: Risk of bias and applicability for individual studies
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Razek et al., 2013 © © © © ©

Spinnato et al., ? © © © ©

2012

Wolf et al., 2014 ® © I ? ? © I

@Low Risk @High Risk ? Unclear risk X No reference standard, i.e., no verification of the index/comparator test results

Search Results

Figure 3.5: Screening results
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Evidence tables

Baur-Melnyk et al, 2008

Population: 41 patients with newly diagnosed multiple myeloma (iliac crest bone marrow biopsy): 15 males, 26 females; mean (range) age: 61 (39-88) years; IgG- (N =
20), IgA- (N = 7), Bence Jones (N = 13), extramedullary plasmacytoma (N = 1); Germany.

Index test: WB-multidetector [MD] CT: Skull to knees on Siemens SOMATOM sensation 16 or 64.
Mean interval (range) between WB-MRI and WB-MDCT: 30 (1-42) day

Image analysis performed by 2 expert radiologists in consensus.

Comparator test: WB-MRI: T1/STIR “The MRI examinations were performed on a 1.5-T system (Symphony or Avanto, Siemens”.

Image analysis performed by 2 expert radiologists in consensus.

Results:
WB-MDCT WB-MRI p-value

No involvement 19 15

Regions* affected by myeloma 462 975 p <0.001
Focal disease 9 13

Combined focal and diffuse 13

Multifocal (> 20) disease 20

Pure diffuse disease 1

Stagett | 25 21 p <0.001
Stage ll 7 2

Stage Il 9 18

* The skeleton was divided into 61 regions; # Durie and Salmon PLUS

- Concordant findings between WB-MDCT and WB-MRI: No involvement (N = 15), involvement (N = 4, all focal).

- Dis-concordant findings between WB-MDCT and WB-MRI: More extensive disease on WB-MRI than on WB-MDCT (N =21; 7 with focal disease, 13 combined diffuse
and focal, and 1 diffuse); more extensive disease on WB-MDCT than on WB-MRI (N =1). Four patients were stage | on WB-MDCT and stage Il (N = 2) or stage lll (N = 2)
on WB-MRI.

- Mean effective dose of CT = 3.95 mSv

Additional comments:

Study quality:

- Prospective study

- Patient selection unclear if consecutive.
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- Applicable population

- Non-blinded index and comparator test interpretation

- Index test and comparator applicable

- No verification of imaging results/no gold standard

- Acceptable time interval between index and comparator tests
- Small sample size

Bauerle et al, 2009

Population: 73 patients with untreated multiple myeloma (Durie-Salmon stages I-lll)with no previous chemotherapy aged > 18 years and WHO status > 2: N =73, 42
males, 31 females; N = 35 with stage | (median [range] age = 54 [31-74] years) and 38 patients with stages II-lll (median [range] age = 60 [27-80] years); Germany
Exclusions: Contraindications to MRI.

Index test: Axial skeleton MRI: “standard contrast-enhanced MR imaging of the axial skeleton (spine and sacral bone)”, “MR imaging of the axial skeleton was
performed as accompanying morphologic imaging within a study of dynamic contrast-enhanced MR imaging in patients with plasma cell disorders.” T1-weighted Spin-
Echo, T2-weighted STIR, postcontrast T1-weighted Fat saturated TSE of the axial skeleton alone (including cervical, thoracic, and lumbar spine and sacral bone) on a
1.5T-imager (Symphony, Siemens).

Interval between WB-MRI and axial skeleton MRI: Within 30 days.

Image analysis performed by 2 radiologists with 4 and 5 years experiences, respectively, in consensus, blinded to diagnosis.

Comparator test: WB-MRI: T1-weighted TSE, T2-weighted STIR and T2*-weighted 2D FLASH of the axial and appendicular skeleton, but not the distal parts of the arms
and calvesor the feet (depending on the height of the patients, on a 1.5-T imager (Avanto, Siemens).

Image analysis performed by 2 radiologists with 4 and 5 years experiences, respectively, in consensus, blinded to diagnosis.

Results:

Distribution of lesions (not split by type of MRI test, so main message to take away of probably how many are within the axial skeleton and how many outside it)

Located in axial skeleton only:

- No of patients 9
- No of lesions 25
Located in extraaxial skeleton only:

- No of patients 7
- No of lesions 21
Located in axial and extraaxial:

- No of patients 26
- No of lesions 395
No lesions (no of patients) 31
Bone involvement (no of patients):
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- Axial skeleton: In bone 33
- Axial skeleton: Violating bone 15
- Total 35
Bone involvement (no of lesions):

- Axial skeleton: In bone 214
- Axial skeleton: Violating bone 24
- Total 238
Bone involvement (no of patients):

- Extraaxial skeleton: In bone 33
- Extraaxial skeleton: Violating bone 13
- Total 33
Bone involvement (no of lesions):

- Extraaxial skeleton: In bone 185
- Extraaxial skeleton: Violating bone 18
- Total 203

Durie-Salmon PLUS stage by test

Axial skeleton MRI WB-MRI
MGUS 4 0
IA 37 40
IB 17 14
| 11 19
1] 4 6

Additional comments:
Study quality:
- Retrospective study

- Patient selection unclear if consecutive.

- Applicable population.

- Blinded index and comparator test interpretation
- Index test and comparator applicable

- No verification of imaging results/no gold standard.
- Acceptable time interval between index and comparator tests

- Small sample size

Fonti et al, 2008
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Population: 33 patients with newly diagnosed multiple myeloma: 22 males, 11 females; mean (SD) age: 64 (12) years; Italy.

Index test: WB-18F-FDG PET-CT: From base of skull to feet on GE Healthcare Discovery LS8.
Interval between MRl and WB-18F-FDG PET-CT: Within 10 days

Image analysis performed by 2 expert radiologists in consensus, blinded to other imaging results and clinical information.

Comparator test: MRI of spine and pelvis: T1- and T2 weighted gadopentetate dimeglumine-enhanced MRI examinations on a 1.5-T Phillips Achieva.

Image analysis performed by 2 independent nuclear medicine physicians or 2 independent radiologists, blinded to other imaging results.

Results:

All data

WB-18F-FDG MRI, spine and | p-value
PET-CT pelvis

Normal (no of patients) 1 6

Diffuse (no of patients) 3 13

Focal (no of patients) 16 6 p <0.001

Combined focal and diffuse (no of patients) 13 8 p <0.001

Focal lesions 196 51

- Spine 35 40

- Pelvis 40 11

- Soft tissue 18

- Other 103

Mean no of focal lesions per patient (SD) 5.94 (9.29) 1.54 (2.45) p <0.001

Only data from spinal and pelvic districts

18F-FDG PET- | MRI p-value
cT

Normal (no of patients) 12 6

Diffuse (no of patients) 6 13

Focal and focal-diffuse (no of patients) 15 14

Mean no of focal lesions per patient (SD) 2.27 (4.64) 1.54 (2.45) Non-significant

Additional comments:

Study quality:

- Prospective study

- Patient selection unclear if consecutive.
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- Applicable population

- Blinded index and comparator test interpretation

- Index test and comparator applicable

- No verification of imaging results/no gold standard

- Acceptable time interval between index and comparator tests
- Small sample size

Kropil et al, 2008

Population: 29 consecutive patients with a clinical diagnosis of multiple myeloma (stage | to Ill according to the criteria of Durie and Salmon): 16 males, 13 females;
mean (range) age: 57 (44-73) years; Germany.
Exclusions: Aged < 40 years, severe claustrophobia, inability to remain in supine position for a few minutes.

Index test: WB-multidetector [MD] CT:_Base of skull to knee joints on Siemens SOMATOM sensation Cardiac 64; Non-contrast enhanced.
Mean interval (range) between CR and WB-MDCT: Not reported

Image analysis performed by 2 radiologists in consensus. Skeleton divided into six anatomical regions: Base of the skull, vertebral column, pelvic skeleton, thoracic cage,
and extremities, which were each evaluated for lytic marrow lesions.

Comparator test: Conventional skeletal radiography (CR): “A skeletal survey was obtained by CR according to the Parisian Pattern using a digital X-ray unit (Axiom
Aristos, Siemens”.

Image analysis performed by 2 radiologists in consensus

Results:

Nineteen skeletal areas were examined (it is not clear what the numbers reflect in the case of “No lesions (N = 0)”.

WB-MDCT CR p-value
Anatomical region
Total skeleton
- No lesions (N = 0) 257 402
- Single lesion 57 25
- 2-4 lesions 70 32 NS/NR
- >4 lesions 120 63
- Small lesion (< 3 mm) 33 8 NR
Medium lesion ( < 10 mm) 79 65 NR
- Large lesion (> 10 mm) 135 47 NR
Diagnostic confidence:
- Definitely osteolysis 150 50 NR
- Probably osteolysis 59 46 NR

Appendix G: evidence review Page 160 of 670




- Uncertain findings 26 49 NS/NR
- Probably no osteolysis 92 163 NR
- Definitely no osteolysis 177 214 NR
Vertebral column
- No lesions (N = 0) 15 72
- Single lesion 11 5
- 2-4 lesions 15 4 p<0.01
- >4 lesions 43 6
- Small lesion (< 3 mm) 12 0 NR
Medium lesion ( < 10 mm) 20 7 NR
- Large lesion (> 10 mm) 37 8 NR
Diagnostic confidence:
- Definitely osteolysis 47 4 NR
- Probably osteolysis 15 5 NR
- Uncertain findings 3 14 p<0.02
- Probably no osteolysis 4 35 NR
- Definitely no osteolysis 15 29 NR
Pelvic skeleton
- No lesions (N = 0) 51 92
- Single lesion 12 5
- 2-4glesions 12 5 p<001
- >4 lesions 37 14
- Small lesion (< 3 mm) 6 4 NR
Medium lesion ( < 10 mm) 11 9 NR
- Large lesion (> 10 mm) 44 11 NR
Diagnostic confidence:
- Definitely osteolysis 46 10 NR
- Probably osteolysis 11 9 NR
- Uncertain findings 2 18 p <
- Probably no osteolysis 6 40 0.001
- Definitely no osteolysis 47 39 NR

NR
Thoracic cage
- No lesions (N = 0) 102 145
- Single lesion 20 4 p<0.01
- 2-4 lesions 14 11
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-> 4 lesions 26 14

- Small lesion (< 3 mm) 7 0 NR
Medium lesion ( < 10 mm) 24 23 NR
- Large lesion (> 10 mm) 29 6 NR
Diagnostic confidence:

- Definitely osteolysis 31 11 NR
- Probably osteolysis 13 12 NR
- Uncertain findings 9 12 NS/NR
- Probably no osteolysis 15 54 NR
- Definitely no osteolysis 100 85 NR
Extremities

- No lesions (N = 0) 66 69

- Single lesion 11 9 NS/NR
- 2-4 lesions 23 12

- >4 lesions 12 26

- Small lesion (< 3 mm) 7 3 NR
Medium lesion ( < 10 mm) 16 22 NR
- Large lesion (> 10 mm) 23 22 NR
Diagnostic confidence:

- Definitely osteolysis 18 23 NR
- Probably osteolysis 17 18 NR
- Uncertain findings 11 4 NS
- Probably no osteolysis 66 22 NR
- Definitely no osteolysis 0 49 NR
Extraosseous findings 9

- extramedullary 1

Effective radiation dose (mSv) 4.8 1.7

Thyroid gland

- Female patients 7

- Male patients 6.9

Female breast

- Female patients 5.5

Liver

- Female patients 5

- Male patients 5.1

Ovaries
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- Female patients 4.3
Testes

- Male patients 5.2
Bones marrow

- Female patients 4.1
- Male patients 3.9
Skeleton

- Female patients 8.7
- Male patients 8.4
Uterus

- Female patients 4.6

NR = not reported; NS = not significant

Additional comments:

Study quality:

- Prospective study

- Patient selection ok (consecutive)

- Applicable population

- Non-blinded index and comparator test interpretation

- Index test and comparator applicable

- No verification of imaging results/no gold standard

- Unclear time interval between index and comparator tests
- Small sample size

Lin et al, 2014

Population: 15 patients with newly diagnosed untreated multiple myeloma with an indication for systemic treatment: 10 males, 5 females; mean (range) age: 58 (48-
69) years; Taiwan/China

Exclusions: Concurrent active malignancy other than multiple myeloma, contraindications to MRI and/or to the use of gadolinium-based contrast agents (incl a
glomerular filtration rate < 30 mL/min).

Index test: 18F-FDG PET-CT: From vertex to mid-thighs on Siemens Biograph mCT lutetium oxyorthosilicate, LSO.
Interval between WB-MRI and 18F-FDG PET-CT: Within a mean (range) of 1.6 (1-4) days.

Image analysis performed by 2 nuclear medicine physicians in consensus, blinded to the clinical data and MRI results.

Comparator test: WB-MRI: T1- and T2 weighted gadopentetate dimeglumine-enhanced MRI examinations on a 32-channel 3-TMR system (Magnetom Trio, Siemens).

Image analysis performed by 1 radiologist, blinded clinical data except age and PET-CT results.

Results:
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All data

18F-FDG PET-CT | WB-MRI p-value
Diffuse (no of patients) 6 15:
Mild: N=4 Not reported

Moderate: N =8
Severe: N=3

Focal (no of patients): 10 13

Durie/Salmon PLUS stage: Not reported
I (total no of lesions) 6 (10) 3(4)

Il (total number of lesions) 2(17) 1(9)

1l 2 9

Additional comments:

Study quality:

- Prospective study

- Patient selection unclear if consecutive.

- Unclear if applicable population as 25 other patients were excluded due to no end-organ damage therefore requiring no therapy (3), treatment already initiated (5),
renal impairment (13), and unwillingness to enter the study (4).

- Blinded index and comparator test interpretation

- Index test and comparator applicable

- No verification of imaging results/no gold standard although bone marrow examinations revealed that all 15 patients had diffuse myeloma involvement.
- Acceptable time interval between index and comparator tests

- Small sample size

Mahnken et al, 2002

Population: 18 patients with multiple myeloma stage Ill (Durie-Salmon): 14 males, 4 females; mean (range) age: 67.8 (50-81) years; Germany

Index test: Multi-detector (MD) CT: Thoracic and lumbar spine (incl the sacrum) and the pelvis on Siemens Somatom Volume Zoom.
Interval between the three tests: All performed within 2 weeks.

Image analysis performed by 2 radiologists in consensus.

Comparator test: MRI: Thoracic and lumbar spine (incl the sacrum) fat-suppressed short tau inversion recovery- images, T1-weighted spin-echo images, and T2-
weighted turbo spin-echo images; gadopentetate dimeglumine-enhanced MRI examinations on a 0.5-T Phillips Gyroscan T5 NT.

Comparator test: Radiography: Thoracic and lumbar spine (incl the sacrum) and the pelvis. No further information reported.

Unclearly reported, but image analysis may have been performed by 2 radiologists in consensus.
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Results:

325 vertebrae assessed in 18 patients:

Radiography MDCT MRI Matches in all 3 imaging
modalities (N = 226)
Normal bone 118 94 101 84
Diffuse osteopenia with microlacunae and 154 117 104
trabecular disruption
Lacunae > 5 mm, and permeation of cortical 13 45 224 abnormal | 4
bone
Nodular lesions > 1 cm 40 69 34
Number of vertebral fractures 72 86 62
Number of vertebrae considered at risk 6 12 9

- Divergent imaging finding sbetween MD-CT and MR imaging would have lead to under-staging of 5 patients if using MRI exclusively, whereas if using MRI and skeletal

radiography would lead to understaging 3 patients

180 pelvic areas assessed in 18 patients:

Radiography MDCT
Normal bone 100 74
Diffuse osteopenia with microlacunae and 43 34
trabecular disruption
Lacunae > 5 mm, and permeation of cortical 16 38
bone
Nodular lesions > 1 cm 21 34

All lesions detected on radiography were also detected on MD-CT.

- “The examination protocol that we used resulted in a cumulative dose of 23.3 mSv (ICRP 26) and 25.5 mSv (ICRP 60) in men and 39.8 mSv (ICRP 26) and 36.6 mSv
(ICRP 60) in women, respectively. Effective energy was calculated as 82.4 keV.”

Additional comments:

Study quality:

- Prospective study

- Patient selection unclear if consecutive.

- Unclear if applicable population as all stage Ill and not reported if they had already been treated.
- Not blinded index and comparator test interpretation

- Index test and comparator applicable
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- No verification of imaging results/no gold standard.
- Acceptable time interval between index and comparator tests
- Small sample size

Nanni et al, 2006

Population: 28 patients with newly diagnosed, symptomatic, untreated multiple myeloma who had been referred to the authors’ PET Centre by the Haematology Unit
of the authors’ hospital: 21 males, 7 females; mean (SD; range) age: 55 (9; 35-74) years; ltaly.

Index test: 18F-FDG PET-CT: Skull, upper limbs and femora on a dedicated PET/CT tomography (GE Discovery).
Interval between the three tests: All performed within 1 month of each other.

Image analysis: “Each PET/CT scan was read by two nuclear medicine physicians in consensus, blinded to the WB-XR and MRI results.

Comparator test 1: Spinal-pelvic MRI: T1- and T2 weighted gadolinium chelate-enhanced MRI examinations. No further information reported.
Image analysis: “MRI studies were reviewed by 2 radiologists.” No further information reported.

Comparator test 2: WB-XR: Skull, spine, pelvis, ribs, femora and humeri. No further information reported.
Image analysis: No information reported.

Results:

18F-FDG PET-CT versus WB-XR:

- More bone lesions detected by PET-CT than WB-XR: 16/28 patients

- Equivalent findings between the two tests: 12/28 patients (4 had no lesions, and 8 had > lesions)

18F-FDG PET-CT versus MRI:

- More lesions detected by PET-CT than MRI: 7/28 patients (all located outside the MRI FOV)

- Equivalent findings between the two tests: 14/28 patients (4 had no lesions, and 8 had > lesions)
- Fewer pathological findings detected by PET-CT than MRI: 7/28 patients.

Additional comments:

Study quality:

- (Probably) Prospective study

- Patient selection consecutive.

- Applicable population although all described as “symptomatic”.
- Not all index and comparator test interpretation blinded

- Index test and comparator applicable

- No verification of imaging results/no gold standard.

- Acceptable time interval between index and comparator tests

- Small sample size
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Princewill et al, 2013

Population: 51 patients with a confirmed diagnosis (made on the basis of illiaccrest bone biopsy and abnormal laboratory parameters) of multiple myeloma who had a
PET/CT and radiographic survey done within 90 days of each other: 27 males, 24 females, mean (range) age = 56 (35-73) years; USA. 39 of the patients underwent
imaging at their initial evaluation and 12 patients had imaging done for restaging.

Exclusions: None listed.

Index test: Radiographic skeletal survey: Skeletal radiographs of the skull; spine; ribs; pelvis; bilateral humeri, forearms, femurs and lower legs using computed
radiography.

Interval between WB-MRI and projection radiography: Max 90 days (average = 26 days).
Image analysis performed independently by 2 radiologists with disagreements of lesions 2 8 mm resolved by consensus (lesions < 8 mm were discounted due to poor

inter observer agreement), blinded to other imaging results. Focal intramedullary lesions evident on CT, without cortical or trabecular bone destruction, were not
included since they had no skeletal survey counterpart.

Comparator test: WB-CT: “The CT component of the PET/CT was used as a surrogate for a dedicated stand-alone whole body CT exam.” Low-dose CT images from skull
base to the thigh on a Phillips Gemini 16 PET/CT system.

Image analysis performed independently by 2 radiologists with disagreements of lesions 2 8 mm resolved by consensus (lesions < 8 mm were discounted due to poor
inter observer agreement), blinded to other imaging results.

Results:

Patients with no lesions detected by either test 9/51
Patients with more lesions detected by WB-CT than skeletal survey 39/42 (i.e., 51-9 w/o lesions)
Patients with more lesions detected by skeletal survey than WB-CT 3/42 (i.e., 51-9 w/o lesions)
Patients with new osteolytic lesions missed on skeletal survey, but detected on WB-CT 8
Patients with upstaged disease (overall) 31/51
Patients upstaged from stage I-1l based on WB-CT 13/51
Patients upstaged from stage I-lll based on WB-CT 9/51
Patients upstaged from stage II-lll based on WB-CT 9/51
Patients with no overall change in stage of disease (WB-CT and skeletal survey) 20/51

Skeletal survey WB-CT P-value
Total number of lytic lesions 248 968 p <0.001
Total number of skull lesions 86 94 p=0.02
Total number of spine lesions 49 241 p <0.001
Total number of rib lesions 2 102 p <0.001
Total number of sternal lesions 1 120 p <0.001
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Total number of flat bone lesions 36 240 p <0.001
Total number of long bone lesions 74 171 p <0.001
Effective radiation dose per patient 1.8 mSv 4.1 (range 2.2-4.9) mSv

Additional comments:

Study quality:

- Retrospective study

- Patient selection consecutive.

- Partially applicable population (39 of the patients underwent imaging at their initial evaluation and 12 patients had imaging done for restaging).
- Blinded index and comparator test interpretation

- Index test and comparator applicable

- No verification of imaging results/no gold standard.

- Acceptable time interval between index and comparator tests

- Small sample size

Razek et al, 2013

Population: 28 consecutive patients with pathologically confirmed (iliac-crest bone marrow biopsy) newly diagnosed , untreated multiple myeloma: 19 males, 9
females; mean (range) age: 60 (51-73) years; Egypt

Index test: WB-multidetector [MD] CT: Top of skull to knee joints on Phillips Brilliance 64
Mean interval (range) between CR and WB-MDCT: 9 (3-16) days
Image analysis performed by 2 radiologists, blinded to each patient’s other imaging study, analyzing first skeletal surveys and then CT scans with a time interval of 7-15

days between readings. Disagreements resolved by consensus. Skeleton divided into six anatomical regions: Skull, vertebral column, pelvic bones, thoracic cage, and
upper and lower extremities, which were each evaluated for cortical lytic lesions, hyperattenuating medullary lesions, fractures and extraosseous lesions.

Comparator test: Conventional skeletal radiography (CR): Anteriorposterior (AP) and lateral skull, spine, humeri, femora and forearm; posterioranterior (PA)chest and
AP pelvis

Results:

Anatomical region WB-MDCT CR p-value
positive positive

Skull 16 10 0.1
Spine 22 9 0.001
Pelvic bones 13 7 0.09
Thoracic cage 17 7 0.006
Upper extremities 14 10 0.28
Lower extremities 16 12 0.5
Anatomical bony region involvement total 98 55 0.001
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Hyper-attenuating medullary lesions: Focal 6

Hyper-attenuating medullary lesions: Diffuse marrow 3

involvement

Fracture of spine 4 2
Extra-osseous lesions Pleural effusion (3); pulmonary infiltrates (2);

hepatic lesions (2); lymphadenopathy (1);
para- and intraspinal soft tissue mass with
spinal cord compression (2)

Mean number of affected regions 3.39 1.96
Mean number of lesions ~9.25 ~16.32
Stage:

| 1 8

| 15 16

1] 12 4

- Upstaging: 14 patients were upstaged as WB-MDCT revealed more extensive disease than CR: Stage | to Il: N = 6; stage | to lll: N = 1; stage Il to Ill: N = 7 (significant
difference in stage between WB-MDCT and CR, p = 0.002).
- Due to upstaging in 7 patients, the medical treatment plan changed (N = 4 were candidates for stem cell transplant, and N = 3 were not).

Additional comments:

Study quality:

- Prospective study

- Patient selection ok (consecutive)

- Applicable population

- Blinded index and comparator test interpretation

- Index test and comparator applicable

- No verification of imaging results/no gold standard

- Acceptable time interval between index and comparator tests
- Small sample size

Spinnato et al, 2012

Population: 191 patients: 110 males, 81 females; mean (SD; range) age: 61.9 (9.9; 33-81) years; 62/191 patients evaluated at multiple myeloma diagnosis, 58/191
evaluated at the end of therapies and 90/191 during follow-up protocol. Only the data from the first patients evaluated at diagnosis is reported; Italy.

Index test: WB-18F-FDG PET-CT: Including skull, superior limbs and femurs (when lesions were suspected out of these regions the field of view was also focused
elsewhere on GE Healthcare Discovery LS.

Interval between WB-MRI and WB-18F-FDG PET-CT: Within 15 days
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Image analysis performed by 2 expert radiologists in consensus, blinded to other imaging results and clinical information.

Comparator test: WB-MRI: T1-weighted gadolinium-enhanced MRI examinations on a 1.5-T GE Signa Horizon.

Image analysis performed by 2 expert radiologists in consensus, blinded to other imaging results and clinical information.

Results:

- In 5/62 patients PET-CT was negative whereas MRI showed mild (N = 3) or moderate (N = 2) diffuse spine involvement.

- In (another) 4/62 patients MRI showed a micronodular pattern with salt-and-pepper appearance of bone marrow, whereas PET was negative with the exception of
one patient where CT showed mild and diffuse micronodular bone involvement.

- In 23/62 patients PET-CT detected lesions of the MRI field of view, in 3 of whom MRI was normal on the entire spine and pelvis.

- 12/62 patients with dis-concordant PET-CT and MRI findings were down-staged due to PET-CT (N = 11) or MRI (N = 1) findings.

Additional comments:

Study quality:

- Retrospective study

- Patient selection unclear if consecutive.

- Applicable population

- Blinded index and comparator test interpretation

- Index test and comparator applicable

- No verification of imaging results/no gold standard

- Acceptable time interval between index and comparator tests
- Small sample size

Wolf et al, 2014

Population: 119 patients with untreated multiple myeloma of all stages, including MGUS and solitary plasmacytoma: 61 males, 58 females, average (range) age =57
(20-80) years; Germany
Exclusions: Contraindications to MRI (e.g., pacemaker, cochlear implant, claustrophobia).

Index test: Projection radiography: Skeletal radiographs of the head, spine, pelvis, proximal upper and lower extremities on a digital radiograph (AXIOM Aristos MX,
Siemens).

Interval between WB-MRI and projection radiography: Unclear but max 4 months.

Image analysis performed by 2 radiologists in consensus, blinded to any clinical data, and MRI results.

Comparator test: WB-MRI: T1-, T2- and T2*-weighted of head to the lower extremities on a 1.5-T imager (MAGNETOM Avanto, Siemens).

Image analysis performed by 2 radiologists in consensus, blinded to any clinical data, and projection radiography results.

Results:

Stage
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Durie-Salmon

Durie-Salmon PLUS

MGUS 28 40
| 44 7
] 8 52
n 36 20
Plasmacytoma 3 0
Theoretical change in staging and treatment based on Durie-Salmon PLUS
Durie-Salmon
Change in staging:
- None 36
- Up-staging 38
- Down-staging 45
Change in treatment:
- None 78
- Treatment indicated 33
- Treatment not indicated 8
Projection WB-MRI P-value
radiography
No focal lesions (no of patients) 95 76
Focal lesions (no of patients) 24 43 p <0.001
- Axial (no of patients) 4 11
- Extraaxial (no of patients) 14 12
- Axial (intra-osseous and corticalis exceeding) Not reported Not reported p <0.001
- Axial (intra-osseous) Not reported Not reported p <0.001
- Axial (corticalis exceeding) Not reported Not reported p=0.02
- Extra-axial (intra-osseous and corticalis exceeding) Not reported Not reported p <0.001
- Extraaxial (intra-osseous) Not reported Not reported p <0.001
- Extraaxial (corticalis exceeding) Not reported Not reported p = 0.002

Additional comments:

Study quality:

- Retrospective study

- Patient selection not consecutive.

- Partially applicable population (24% MGUS based on Durie-Salmon criteria [laboratory parameters and projection radiography).
- Blinded index and comparator test interpretation

- Index test and comparator applicable
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- No verification of imaging results/no gold standard.
- Unclear time interval between index and comparator tests
- Small sample size
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tomography and magnetic resonance imaging in
diagnosis and follow up of multiple myeloma.
Haematologica, 99: 629-637.

4. Dinter, D. J., Neff, W. K,, Klaus, J., Bohm, C.,
Hastka, J., Weiss, C., Schoenberg, S. 0. &
Metzgeroth, G. (2009) Comparison of whole-body
MR imaging and conventional X-ray examination
in patients with multiple myeloma and
implications for therapy. Annals of Hematology,
88:457-464.

Population not in PICO: “most patients had initially
already been treated with conventional
chemotherapy..... or high-dose chemotherapy with
stem cell transplantation.”

5. Fonti, R. (2015). 18F-FDG PET/CT, 99mTc-MIBI,
and MRI in the prediction of outcome of patients
with multiple myeloma: a comparative study.
Clinical Nuclear Medicine, 40, 303-308.

Comparator (99Tc-MIBI) not in PICO — MRI results not
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6. Gleeson, T. G., Moriarty, J., Shortt, C. P., Gleeson,
J. P., Fitzpatrick, P., Byrne, B., McHugh, J.,
O'Connell, M., O'Gorman, P. & Eustace, S. J.
(2009) Accuracy of whole-body low-dose
multidetector CT (WBLDCT) versus skeletal
survey in the detection of myelomatous lesions,
and correlation of disease distribution with
whole-body MRI (WBMRI). Skeletal Radiology,
38:225-236.

Population not in PICO: 20/39 patients had restaging
scans

7. Hillner, B. E., Siegel, B. A., Shields, A. F., Liu, D.,
Gareen, I. F., Hunt, E. & Coleman, R. E. (2008)
Relationship between cancer type and impact of
PET and PET/CT on intended management:
findings of the national oncologic PET registry.
Journal of Nuclear Medicine, 49: 1928-1935.

Outcomes not in PICO. Unclear what PET is compared
to.
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based prognostic scoring system to predict
outcome in transplant-eligible patients with
multiple myeloma. Haematologica, 100, 818-825

No comparator test, MRI only.
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10. Narquin, S., Ingrand, P., Azais, I., Delwail, V.,
Vialle, R., Boucecbi, S. & Tasu, J. P. (2013)
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newly diagnosed multiple myeloma
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Franceschini, L., Bergamini, A., Cantonetti, M. et diagnosed.
al. (2015). Pre-treatment staging of multiple
myeloma patients: comparison of whole-body
diffusion weighted imaging with whole-body T1-
weighted contrast-enhanced imaging. Acta
Radiologica, 56, 733-738.
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Chapter 4: Smouldering myeloma

Review Question:
What are the most effective primary management strategies (including observation) for patients
with asymptomatic myeloma?

Question in PICO format

Population Intervention Comparator | Outcomes
Patients e Treatment intervention observation e disease-related
diagnosed immediately (deferred mortality
asymptomatic o Chemotherapy treatment until e Overall survival
myeloma o Thalidomide based progression of e Progression free
regimens the disease) survival
o Bortezomib based e Progression to
regimes symptomatic
o Lenalidomide based myeloma
regimens e Prevention of
o bisphosphonates renal failure
e HRQOL
e Patient
acceptability
e Adverse events
e Skeletal related
events

Evidence statements

See Tables 4.1 to 4.3 and Figures 4.1 to 4.8

Overall survival

Low quality evidence from five randomised trials (Mateos et al, 2013; Witzig et al, 2013; Hjorth et al,
1993; Riccardi et al, 2000; D’Arena et al 2011) including 552 patients with asymptomatic myeloma
suggests uncertainty about the effect of immediate treatment on overall survival, when compared to
treatment deferred until progression (HR 1.00; 95% C.I. 0.71 to 1.40; where HR < 1 favours
immediate treatment).

Two trials used immediate treatment with thalidomide plus zoledronate (Witzig et al, 2013) or
lenalidomide plus dexamethasone (Mateos et al 2013). Pooling these IMiD trials suggests
uncertainty about whether immediate treatment improves overall survival (HR 0.61; 95% C.I. 0.30 to
1.24; where HR < 1 favours immediate treatment), although Mateos et al (2013) did report a
significant overall survival benefit with immediate treatment (HR 0.31; 95% C.l. 0.10 to 0.94; where
HR < 1 favours immediate treatment).

Progression to symptomatic disease

Low quality evidence from two randomised trials including 187 patients with asymptomatic
myeloma (Mateos et al 2013; Witzig et al, 2013) suggests that immediate treatment with an IMiD
regimen delays the progression to symptomatic disease (HR 0.36; 95% C.I. 0.23 to 0.55; where HR <
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1 favours immediate treatment). In Mateos et al (2013) three year symptomatic progression free
survival was around 78% in patients who received immediate treatment compared to 30% in those
with deferred treatment.

Low quality evidence from two randomised trials including 340 patients with asymptomatic
myeloma (Musto et al 2008; D’Arena et al, 2011) suggests uncertainty about the effect of treatment
with bisphosphonates on progression to symptomatic disease when compared to observation alone
(HR 0.94; 95% C.1. 0.72 to 1.23; where HR < 1 favours immediate treatment).

Disease progression (including biological progression)

Witzig et al (2013) defined disease progression as increased M-protein level 25% above the lowest
level or new bone lesion or plasmacytoma. Using this definition of progression, immediate
treatment with lenalidomide plus zoledronate was more effective than treatment with zoledronate
alone (HR 0.51; 95% C.I. 0.28 to 0.91).

Skeletal related events

Low quality evidence from two randomised trials including 274 patients with asymptomatic
myeloma (D’Arena et al 2011; Musto et al 2008) suggests that immediate treatment with
bisphosphonates reduces the risk of skeletal related events compared to observation alone (RR 0.61;
95% C.l. 0.45 to 0.81; where RR<1 favours bisphosphonate treatment). These figures suggest that an
additional skeletal related event could be avoided for every ten patients treated with
bisphosphonates instead of observation alone.

Low quality evidence from two RCTS (Hjorth et al 1993; Riccardi et al, 2000) including 188 patients
with asymptomatic myeloma suggests uncertainty over whether immediate treatment melphalan
and prednisone lowers the risk of vertebral compression when compared to deferred treatment (RR
0.19; 95% C.I. 0.02 to 1.60; where RR <1 favours immediate treatment). In these studies no vertebral
compression occurred in the immediate treatment whereas 4% of patients in the deferred
treatment group experienced vertebral compression.

Treatment related adverse events

Low quality evidence from two randomised trials including 187 patients (Mateos et al 2013; Witzig et
al, 2013) suggests uncertainty about whether immediate IMiD treatment is associated with an
increased rate of grade 3-4 adverse events (RR 1.70; 95% C.l. 0.60 to 5.06; where RR>1 favours
deferred treatment).

Low quality evidence from three randomised trials including 288 patients (Mateos et al, 2013; Hjorth
et al, 1993; Riccardi et al 2000) suggests that immediate treatment is associated with an increased
risk of a second primary cancer when compared to deferred treatment (RR 4.49; 95% C.I. 1.15 to
17.49; where RR>1 favours deferred treatment).

Osteonecrosis of the jaw occurred in 1.3% of those treated with bisphosphonates (D’Arena et al
2011; Musto et al 2008; Witzig et al, 2013).

Outcomes not reported
HRQOL, patient acceptability, renal failure and disease related mortality were not reported in the
trials.
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Figure 4.1: Screening results

Records identified through database
searching

Additional records identified through
other sources

v

Records after duplicates removed
361

'

Records screened
361

A 4

Records excluded
339

'

22

Full text articles assessed for eligibility

A 4

Articles excluded
9

'

Studies included in evidence review
N=7 trials & 1 systematic review,
reported in 13 articles.

Appendix G: evidence review

Page 178 of 670



Figure 4.2. Study risk of bias
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Table 4.1. GRADE profile: immediate IMiD treatment versus deferred treatment for asymptomatic myeloma

Quality assessment

No of patients Effect
Quality
No of Design Risk of Inconsistenc Indirectness  |Imprecision Other Immediate IMiD Deferred Relative Absolute
studies 9 bias y P considerations treatment treatment (95% ClI)
Overall survival (event is death from any cause)
2! randomised |serious*  |no serious no serious serious® none 13/92 22/95 HR 0.61 (0.3 to - D00
trials inconsistency indirectness (14.1%) (23.2%) 1.24) LOW
Time to disease progression (event is progression to symptomatic disease)
2! randomised |serious®  |no serious no serious serious® none 39/92 72/95 HR 0.31 (0.2to - @00
trials inconsistency indirectness (42.4%) (75.8%) 0.48) LOW
Grade 3 or 4 adverse effects
2! randomised |serious®  |no serious no serious serious® none 24/92 15/95 RR 1.74 (0.6to| 117 more per 1000 (from 63 |@®®00
trials inconsistency indirectness (26.1%) (15.8%) 5.06) fewer to 641 more) LOW

! Mateos 2013; Witzig 2013
® Low number of events
“ Allocation concealment and sequence generation unclear; no blinding
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Table 4.2. GRADE profile for immediate mephalan+prednisone treatment vs deferred treatment for asymptomatic myeloma

Quality assessment No of patients Effect
Quality
kel Design B e Inconsistenc Indirectness [Imprecision iz LDURIES 2l BEES Absolute
studies 9 bias y P considerations |mephalan+prednisone treatment| treatment (95% ClI)
Overall survival (event is death from any cause)
2! randomised |serious® [no serious no serious serious® none 58/97 47/91 HR 1.39 (0.78 - D00
trials inconsistency indirectness (59.8%) (51.6%) to 2.47) LOW
Time to disease progression (event is progression to symptomatic disease)
1* randomised |serious® [no serious no serious serious® none 5/72 34/66 HR 0.11 (0.05 - @D00
trials inconsistency indirectness (6.9%) (51.5%) to 0.24) LOW
Acute leukaemia
2! randomised |serious® [no serious no serious serious® none 4/97 1/93 RR 3.01 (0.47 | 22 more per 1000 (from 6 | ®@®00
trials inconsistency indirectness (4.1%) (1.1%) to 19.43) fewer to 198 more) LOW
Secondary primary cancer
2! randomised |serious® [no serious no serious serious® none 6/82 1/87 RR 4.20 (0.71 | 41 more per 1000 (from 2 | ®@®00
trials inconsistency indirectness (7.3%) (1.1%) to 23.57) fewer to 291 more) LOW
Vertebral compression
2! randomised |serious® [no serious no serious serious®  [none 0/97 4/91 RR 0.19 (0.02 | 41 more per 1000 (from 2 | ®®00
trials inconsistency indirectness (0%) (4.4%) to 1.60) fewer to 291 more) LOW

! Riccardi 2000; Hjorth 1993

2 Allocation concealment and sequence generation unclear; no blinding

% Low number of events
* Riccardi 2000
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Table 4.3. GRADE profile for immediate bisphosphonate treatment vs deferred treatment for asymptomatic myeloma.

Quality assessment No of patients Effect
Quality
AI Design B e Inconsistenc Indirectness |Imprecision ity LD U IEUS LI RS Absolute
studies 9 bias y P considerations [bisphosphonate treatment| treatment (95% ClI)
Overall survival (event is death from any cause)
2 randomised [serious® |no serious no serious serious®*  [none 0/89 0/88 Not estimable - D00
trials inconsistency indirectness (0%) (0%) LOW
Time to disease progression (event is progression to symptomatic disease)
2} randomised [serious’ |no serious no serious serious” none 90/170 90/170 HR 0.94 (0.72 to - @®e00
trials inconsistency indirectness (52.9%) (52.9%) 1.23) LOW
Skeletal events
2° randomised [serious’ |no serious no serious serious” none 24/126 38/127 RR 0.64 (0.41to| 108 fewer per 1000 (from 3 [®®00
trials inconsistency indirectness (19%) (29.9%) 0.99) fewer to 177 fewer) LOW
Osteonecrosis of the jaw
23 randomised [serious’ |no serious no serious serious” none 2/170 0/170 RR 5.06 (0.25 to 12 more per 1000 with @®00
trials inconsistency indirectness (1.2%) (0%) 103.83) bisphosphonates LOW

! Not intention-to-treat analysis in D'Arena (2011); no blinding in Musto (2008) or D'Arena (2011)
2 Number of deaths not reported
® Musto 2008, D'Arena 2011

4 Low number of events
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Figure 4.3. Overall survival

Immediate treatment  Deferred treatment

Hazard Ratio

Hazard Ratio

Testfor overall effect £=1.02(F=0.31)
Testfor subaroup differences: Mot applicable
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Study or Subgroup Events Total Events Total O-E Variance Weight Exp[{0-E)/V], Fixed, 95% CI Exp[{O-E) / V], Fixed, 95% CI
1.2.1IMiDs
Mateos 2013 4 a7 13 G2 -3.69 318 6.0% 0.31[0.10, 0.94]
Wyitzig 2013 9 35 ] 33 -0.08 44 8.5% 0.98 [0.39, 2.47] T
Subtotal (95% CI) 92 95 14.5% 0.61[0.30, 1.24] -
Total events 13 22
Heterogeneity; Chi*= 247, df=1(P=0.12); F=59%
Testforoverall effect Z=136(F=017)
1.2.2 Mephalan and prednisone
Hijorth 1993 17 25 12 25 2.5 ERN 5.9% 2.23[0.74,6.79] T
Riccardi 2000 41 T2 35 BE  1.35 858 16.2% 1.17 [0.60, 2.29] e
Subtotal (95% CI) 97 91 22.1% 1.39[0.78, 2.47] e
Total events a8 47
Heterogeneity: Chi®= 095, df=1 (F=0.33), F=0%
Test for overall effect Z2=1.13 (P =0.26)
1.2.3 Bisphosphonates
D'Arena 2011 (1) 0 a9 1] g8 1] 3353 B34% 1.00[0.71,1.40 1‘
Subtotal (95% CI) 89 88 63.4% 1.00 [0.71, 1.40]
Total events 0 1]
Heterogeneity: Mot applicable
Test for overall effect £=0.00 (F =1.00)
Total (95% CI) 278 274 100.0% 1.00 [0.76, 1.31] L 2
Total events 71 G4
Heterogeneity: Chi*= 6.55, df= 4 (F = 0.16); F= 39% I t t |
T M 0.01 01 10 100
Testforoverall effect Z=10.01 (P = 0.85) Favours immediate Favours deferred
Test for subgroup differences: Chif= 313, df= 2 (P=0.21), F=36.0%
Footnotes
(1) number of deaths not reported
Figure 4.4. Symptomatic progression free survival
Immediate treatment  Deferred treatment Hazard Ratio Hazard Ratio
Study or Subgroup Events Total Events Total 0-E Variance Weight Exp[{0-E) /\], Fixed, 95% CIl Exp[{0-E) /'V], Fixed, 95% CI
1.1.1 IMiDs
Mateos 2013 13 a7 47 B2 -16.37 9455 12.9% 018010, 0.34] —
Witzig 2013 18 35 22 33 -415 1037 14.0% 067 [0.36,1.23] T
Subtotal (95% CI) 92 95 26.9% 0.36 [0.23, 0.55] <
Total events Kl 64
Heterogeneity: Chi*= 8.58, df=1 (P = 0.003); F= 88%
Testfor overall effect: Z=4.60 (P = 0.00001}
1.1.2 Bisphosphonates
CrArena 2011 a6 a4 a5 a8 232 IETE 49.7% 0.94 [0.68,1.30]
Musto 2008 34 =l 34 g2 1.1 1725 23.3% 0.94 [0.58,1.50]
Subtotal (95% CI) 170 170 73.1% 0.94]0.72, 1.23]
Total events 40 90
Heterogeneity: Chi®=0.00, df=1 (P =1.00}); = 0%
Testfor overall effect 2= 047 (P = 0.64)
Total (95% CI) 262 265 100.0% 0.72[0.58, 0.91] L 2
Total events 121 1448
?etf:’ogenemrl:l CQ ?5%128%?;?:(;;02.0001); 7= B6% o oh e o0
estfor overall effect 2= 2.78 (P = 0.003) Favours immediate Favours deferred
Testfor subgroup differences: Chi®=13.60, df=1 {P=0.0002), F= 926%
Figure 4.5. Grade 3 or 4 adverse events
Immediate treatment  Deferred treatment Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.3.1 IMiDs
Mateos 2013 T ar 2 62 30.8% 381 (082 17.58] I . B—
Witzig 2013 17 5 13 33 6A.2% 123[0.72,2.13] L
Subtotal (95% CI) 92 95 100.0% 1.74 [0.60, 5.06]
Total events 24 14
Heterogeneity: Tau*= 035, Chi*=2.02, df=1 {(P=016); F=50%
Test for overall effect Z2=1.02 (P =0.31)
Total (95% CI) 92 95 100.0% 1.74 [0.60, 5.06] .
Total events 24 15
Heterogeneity: Tau®= 035, Chi*=2.02, df=1 (P = 0.16); F=50% I f f 1
geneity ' ! { % 0. 0.1 10 100



Figure 4.6. Skeletal related events and vertebral compression

Testfor averall effect Z=1.05 (F = 0.28)
Testfor subaroup differences: Mot applicable

Figure 4.8. Second primary cancer

Favours immediate Favours deferred

Treatment Observation Risk Ratio Risk Ratio
Study or Subgroup  Events Total BEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.5.1 Bisphosphonates (any SRE)
D'Arena 2011 22 oG 40 95 84.3% 0.54[0.38,0.78] .
Musto 2008 20 a1 24 42 38.8% 0.70[0.43,1.13] —
Subtotal (95% CI) 137 137 93.1% 0.61[0.45, 0.81] &
Total events 42 64
Heterogeneity: Chi*=0.72, df=1 {F=0.40); F= 0%
Test for overall effect 2= 3.34 (P = 0.0008)
1.5.2 Mephalan and prednisone (vertebral compression)
Hijorth 1993 0 24 2 28 34% 0.20[0.01, 3.97]
Riccardi 2000 0 72 2 BB 15% n1g[0.01,3.7a 4
Subtotal (95% CI) a7 91 6.9% 0.19[0.02, 1.60] —e
Total events 0 4
Heterogeneity: Chit=0.00,df=1 (P =057, F=0%
Testfor overall effect Z=1.53(P=013)
Total (95% CI) 234 228 100.0% 0.58 [0.43, 0.77] &P
Total events 42 T3
pstinroverall BIIect £= a. ( T ) Favours treatment Favours observation
Testfor subgroup differences: Chi*=1.11, df=1 (P =028, F=88%
Figure 4.7. Osteonecrosis of the jaw
Immediate treatment  Deferred treatment Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.1 Bisphosphonates
CArena 2011 1} a4 a aa Mot estimable
Musto 2008 2 a1 i} 82 1000% A06([0.25,103.81] l ¥
Subtotal (95% CI) 170 170 100.0% 5.06 [0.25, 103.81]
Total events 2 a
Heterogeneity: Mot applicahble
Testfor averall effect Z=1.05 (P = 0.2&)
Total (95% CI) 170 170 100.0% 5.06[0.25, 103.81] _-*-'-'
Total events 2 a
Heterogeneity: Mot applicable ID m IZI:1 150 1DD=

Immediate treatment  Deferred treatment Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
1.7.1 IMiDs
Mateas 2013 4 a7 1 G2 38.3% 4.35[0.50,37.749] L
Subtotal (95% CI) 57 62 38.3% 4.35[0.50, 37.79] —ee i ———
Total events 4 1
Heterogeneity: Mot applicable
Testfor overall effect: =133 (P=018)
1.7.2 Mephalan and prednisone
Hijorth 1993 2 25 0 25 2000% 5.00[0.25, 99.16]
Riccardi 2000 4 T2 1 GE 41.7% 367 [0.42, 31.98] L
Subtotal (95% CI) 97 91 61.7% 4.10[0.71, 23.57] AeeaEiiE——
Total events G 1
Heterogeneity: Chi*=0.03, df=1 (P =0.87) F=0%
Testfor averall effect =158 (P=011}
Total (95% CI) 154 153 100.0% 4.20[1.08, 16.34] =
Total events 10 2
Heterogeneity: Chi®= 0.03, df= 2 (P = 0.98) F=0% 'D.D1 Df1 1'D 1DD'

Testfor overall effect: 2= 2.07 (F=0.04)

Testfor subgroup diferences: Chif= 000, df=1 (P=0497), F=0%
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2 Evidence table

Study, Population Interventions Results Additional Source of funding
country comments
Gao (2014) Patients with Immediate versus deferred See figures 4 to 8. Overall and Riccardi (1994; 2000)
Systematic smoldering multiple | treatment Progression to symptomatic disease progression free AIRC,CNR, IRCCS and
review, myeloma. e  Riccardi (1994; 2000), Immediate | Deferred survival analyses MURST grants.
Sweden, 5 RCTs including 449 Hjorth (1993) melphalan + Riccardi 2000 | 5/72 34/66 N.R. used risk ratios -1 | Hjorth (1993) -
Italy, Spain, patients prednisone vs deferred Mateos 13/57 47/62 HR 0.18 [0.10 to 0.34] have redone them | Gothenburg oncology
USA treatment (2013) using hazard ratios | centre
e Mateos (2013) Witzig (2013) | 18/35 22/33 HR 0.67 [0.36 to 1.23] (taken from Mateos (2013)
lenalidomide plus survival curves in Celgene.
dexamethasone vs Overall survival (event is death from any cause) some cases). Witzig (2013) Celgene
deferred treatment Immediate | Deferred and Novartis
*  Witzig (2013) thalidomide | | Hjorth (1993) | 17/25 12/25 | HR2.23[0.74,6.79] Overlap between
+ zoledronic acid vs Riccardi 2000 | 41/72 35/66 | HR 1.17 [0.60, 2.29] Riccardi (1994)
zoledronic acid Mateos (2013) | 4/57 13/62 | HR0.31[0.10, 0.94] and (2000) studies
Witzig (2013) | 9/35 9/33 HR 0.98 [0.30, 1.24] — have used 2000
study only.
Grade 3 -4 adverse events .
- See figure 2 for
Immediate | Deferred .
Mateos (2013) | 7/57 2/62 RR3.81[0.82,17.58) | | Studyauality
Witzig (2013) 17/13 13/33 RR 1.23 [0.60, 5.06]

Vertebral compression

Immediate | Deferred
Hjorth (1993) 0/25 2/25 RR 0.20 [0.01, 3.97]
Riccardi (2000) | 0/72 2/66 RR 0.18 [0.01, 3.75]

Second primary cancer
Immediate | Deferred
Hjorth (1993) 0/25 2/25 RR 0.20 [0.01, 3.97]
Riccardi (2000) | 0/72 2/66 RR 0.18 [0.01, 3.75]

ONJ occurred in 1/68 patients treated in Witzig et al (2013)
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Study, Population Interventions Results Additional Source of funding
country comments
D’Arena Patients with Pamidronate versus See figure 2 for Not reported
(2011), asymptomatic observation Pamidronate | Observation study quality
Italy myeloma Overall survival ?/89 ?/88 HR 1.00
[0.71,
1.40]
progression to 56/89 55/89 HR 0.94
symptomatic [0.68 to
disease 1.30]
Skeletal related 22/56 40/55 RR 0.54
events [0.38,
0.78]
Osteonecrosis of the | 0/89 0/88 -
jaw
Musto Patients with Zoledronate versus Zoledronate | Observation See figure 2 for Not reported. No
(2008), asymptomatic observation Death from 14/36 15/37 - study quality relevant conflicts of
Italy myeloma myeloma interest.
progression to 34/81 35/92 HR 0.94
symptomatic [0.58 to
disease 1.50]
Skeletal related 20/81 29/82 RR 0.70
events [0.43,1.13]
Osteonecrosis of the | 2/81 0/82 RR 5.06
jaw [0.25,
103.81]
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References of included studies

10.

11.

12.

13.

14.

Gao, M., Yang, G., Tompkins, V. S., Gao, L., Wu, X., Tao, Y. et al. (2014). Early versus deferred
treatment for smoldering multiple myeloma: a meta-analysis of randomized, controlled
trials. PLoS ONE [Electronic Resource], 9, e109758. Includes the following trials:

Hjorth, M., Hellquist, L., Holmberg, E., Magnusson, B., Rodjer, S., & Westin, J. (1993). Initial
versus deferred melphalan-prednisone therapy for asymptomatic multiple myeloma stage I--
a randomized study. Myeloma Group of Western Sweden. European.journal of
haematology., 50, 95-102.

Mateos, M. V., Hernandez, M. T., Giraldo, P., de la Rubia, J., de, A. F., Lopez, C. L. et al.
(2013). Lenalidomide plus dexamethasone for high-risk smoldering multiple myeloma. New
England Journal of Medicine, 369, 438-447.

Mateos, M.-V. (2010). Smoldering multiple myeloma (SMM) at high-risk of progression to
symptomatic disease: A phase Ill, randomized, multicenter trial based on lenalidomide-
dexamethasone (Len-Dex) as induction therapy followed by maintenance therapy with len
alone vs no treatment. Blood, Conference, 21.

Hernandez, J. M. (2011). Effect of treatment with lena / dexa of asymptomatic multiple
myeloma at high risk of progression on bone remodeling markers and cytokines related to
bone disease. Haematologica, Conference, 130.

Mateos, M.-V. (2014). Long term follow-up on the tretament of high risk smoldering
myeloma with lenalidomide plus low dose dex (RD) (phase Il spanish trial): Persistent
benefit in overall survival. Blood, Conference, 21.

Mateos, M. V. (2012). Smoldering multiple myeloma at high-risk of progression to
symptomatic disease: A randomized trial of LEN-DEX as induction followed by maintenance
therapy with LEN alone vs no treatment. Haematologica, Conference, 114-115.

Riccardi, A., Ucci, G., Luoni, R., Brugnatelli, S., Mora, O., Spanedda, R. et al. (1994).
Treatment of multiple myeloma according to the extension of the disease: a prospective,
randomised study comparing a less with a more aggressive cystostatic policy. Cooperative
Group of Study and Treatment of Multiple Myeloma. British.journal of cancer, 70, 1203-
1210.

Riccardi, A., Mora, O., Brugnatelli, S., Tinelli, C., Spanedda, R., Paoli, A. et al. (1998).
Relevance of age on survival of 341 patients with multiple myeloma treated with
conventional chemotherapy: updated results of the MM87 prospective randomized
protocol. Cooperative Group of Study and Treatment of Multiple Myeloma. British.journal of
cancer, 77, 485-491.

Riccardi, A., Mora, O., Tinelli, C., Valentini, D., Brugnatelli, S., Spanedda, R. et al. (2000).
Long-term survival of stage | multiple myeloma given chemotherapy just after diagnosis or at
progression of the disease: a multicentre randomized study. British Journal of Cancer, 82,
1254-1260.

Witzig, T. E., Laumann, K. M., Lacy, M. Q., Hayman, S. R., Dispenzieri, A., Kumar, S. et al.
(2013). A phase Il randomized trial of thalidomide plus zoledronic acid versus zoledronic
acid alone in patients with asymptomatic multiple myeloma. Leukemia, 27, 220-225.
D'Arena, G., Gobbi, P. G., Broglia, C., Sacchi, S., Quarta, G., Baldini, L. et al. (2011).
Pamidronate versus observation in asymptomatic myeloma: final results with long-term
follow-up of a randomized study. Leukemia & lymphoma, 52, 771-775.

Musto, P., Falcone, A., Sanpaolo, G., Bodenizza, C., Cascavilla, N., Melillo, L. et al. (2003).
Pamidronate reduces skeletal events but does not improve progression-free survival in
early-stage untreated myeloma: results of a randomized trial. Leukemia & lymphoma, 44,
1545-1548.

Musto, P., Petrucci, M. T., Bringhen, S., Guglielmelli, T., Caravita, T., Bongarzoni, V. et al.
(2008). A multicenter, randomized clinical trial comparing zoledronic acid versus observation
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1 in patients with asymptomatic myeloma.[Erratum appears in Cancer. 2008 Nov
2 15;113(10):2835]. Cancer, 113, 1588-1595.
3 15. Musto, P., Petrucci, M. T., Bringhen, S., Guglielmelli, T., Caravita, T., Balleari, E. et al. (2007).
4 Final Analysis of a Multicenter, Randomised Study Comparing Zoledronate vs Observation in
5 Patients with Asymptomatic Myeloma. Blood, 110, 164A.
6
7  Excluded papers (after checking full text)
8
Reference Exclusion reason
16. Alahamdi, M. S. & Tay, J. (2013). Early versus late treatment for smoldering Abstract only
(asymptomatic) multiple myeloma: A systematic review. Journal of clinical.oncology,
31.
17. Horwitz, L. J. (2012). A prospective, randomized, chemoprevention trial of celecoxib Includes MGUS
for high risk monoclonal gammopathy of undetermined significance and
asymptomatic multiple myeloma. Blood, 120.
18. Golombick, T., Diamond, T. H., Manoharan, A., & Ramakrishna, R. (2012). Monoclonal | Includes MGUS
gammopathy of undetermined significance, smoldering multiple myeloma, and
curcumin: a randomized, double-blind placebo-controlled cross-over 4g study and an
open-label 8g extension study. American.journal of hematology., 87, 455-460.
Golombick, T. (2013). Multiple myeloma precursor disease and curcumin. Clinical
Lymphoma, Myeloma and Leukemia, Conference, S168.
19. McCloskey, E. V., MacLennan, I. C. M., Drayson, M. T., Chapman, C., Dunn, J., & Kanis, Includes
J. A. (1998). A randomized trial of the effect of clodronate on skeletal morbidity in symptomatic
multiple myeloma. British Journal of Haematology, 100, 317-325. myeloma
20. Mhaskar, R. S. (2009). Bisphosphonates in multiple myeloma. a systematic review and | Abstract only
meta analysis. Blood, Conference, 22.
21. Vijayakumar, J. (2014). Meta-analysis of pharmacotherapy vs. Observation for Abstract only
management of smoldering multiple myeloma. Blood, Conference, 21.
9
10
11
12
13
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Chapter 5: Service organisation

Review Question:

What is the optimal configuration of local and regional haematology services for management of
myeloma (including access to specialised radiological imaging, radiotherapy services, the
management of renal disease, spinal disease and bone disease, clinical trials and supportive &

palliative care)?

Question in PICO format

Population

Intervention

Comparator

Outcomes

Myeloma patients
(Analyse data by
centre volume)

Access to an MDT,
specialised radiological
imaging, radiotherapy
services, the management
of renal disease, spinal
disease and bone disease,
clinical trials, transplant
services, dental clinic, and
supportive & palliative care
in one network

Any other service
configuration

o Patient-reported
outcomes (patient
experience)

o Travel times

e HRQOL

e Overall survival

e Progression-free
survival

Evidence statements

No studies were identified in the literature that examined the configuration of local and regional

haematology services for management of myeloma.

Search Results

Figure 5.1: Screening results

searching

Records identified through database

text,
0

Additional records identified through
other sources

Pap

neasunsTor exclusion

1048

Records after duplicates removed

1. Atmar. ] S. Shah H B & Nash. V. (2005) Impact of multidisciplinary
ple myeloma patients receiving
bod stem cell transplantation.
lantation, 11: 95.

Conference abstract so limited details.

Abstract summarises study plan/aims but
does not provide results/outcomes.

2. Bradley, K. (201¢) Ambulatory care:

Future-proofing clinical

Conference abstract so limited details.

Records screened
1048

hanmatalam: e ¥niicac ta dalivine an iuali*" cafabvs and natiant

» 1028

Itiplg

tatiol Records excluded

ummarises study plan/aims but
rovide results/outcomes.

iew

Requirements @d Coordination of Patient-Centered Care. Journal of

20

Full text articles assessed for eligibility

9.
vain,|
Jr. (2

Bs in

20

Articles excluded

ective study.

——rvivors of hematologic

malignancies. L#ukemia & lymphom

0

Studies included in evidence review

a, 51: 1862-1869.

malignancies, outcomes (risk of serious
medial utilisation (defined as emergency
room visits or hospitalizations),QOL, patient
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satisfaction) were not different for survivors
who were seen by single or multiple follow-
up providers.

Information on follow-up provider was
obtained from patient questionnaire:
1. Doctor from University of Nebraska
Medical Centre (UNMC)
2. Doctor outside UNMC
3. Doctors from both UNMC and
outside UNMC

No mention of access to specific services.

Not specific to myeloma: 6% of patients
seen by single providers had myeloma and
14% of patients seen by multiple providers
had myeloma.

5. Davies, M. J. (2006) Advancing access to myeloma treatment: Expert review.
administration, side effects, and implications for survival. [Review] Symposium summary.

[11 refs]. ONS News, 21: 11-12. No discussion of service provision.

6. Gertz, M. A., Ansell, S. M., Dingli, D., Dispenzieri, A., Buadi, F. K., Not relevant to PICO — feasibility of
Elliott, M. A., Gastineau, D. A., Hayman, S. R., Hogan, W. J., Inwards, | outpatient transplant
D. J., Johnston, P. B., Kumar, S., Lacy, M. Q., Leung, N., Micallef, I. N.,

Porrata, L. F., Schafer, B. A., Wolf, R. C. & Litzow, M. R. (2008)
Autologous stem cell transplant in 716 patients with multiple
myeloma: low treatment-related mortality, feasibility of outpatient
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Clinic Proceedings, 83: 1131-1138.

7. Howell, D. A, Shellens, R., Roman, E., Garry, A. C., Patmore, R. & Not relevant to PICO — study comparing use
Howard, M. R. (2011) Haematological malignancy: are patients of palliative care and hospice services in
appropriately referred for specialist palliative and hospice care? A patients with haematological cancers
systematic review and meta-analysis of published data. [Review]. compared to other cancers.
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9. Kohlweyer, U., Rohdenburg, S., Reinhardt, H., Hug, S., Metzke, B., Conference abstract so limited details.
Jakobs, D., Burbeck, M., Wider, S., Otte, P., Surlan, I, Schall, H.,

Urban, J. E., Muller, M., Schmidt, V., Udi, J., Kleber, M. & Engelhardt, | Not relevant to PICO — not service provision
M. (2011) Advantages of a 'Center of Clinical Investigations, for patients.

Optimization, Standardization & Safety (CIO)' as a central unit for

Hematology & Oncology departments for clinical studies,

chemotherapy management, and cancer registry assessments -

Freiburg (UKF) experience. Onkologie, 34: 129.

10. Lipe, B. C., Lansigan, F., Gui, J. & Meehan, K. (2012) Bone marrow Not relevant to PICO — retrospective
transplant for multiple myeloma: impact of distance from the analysis (US study) of 77 myeloma patients
transplant center. Clinical Advances in Hematology & Oncology, 10: to investigate possible disparities in survival,
28-32. based on the distance a patient lives from a

transplant centre.

11. Paul, C. L., Hall, A. E., Carey, M. L., Cameron, E. C. & Clinton-McHarg, | Not relevant to PICO — questionnaire sent to
T. (2013) Access to care and impacts of cancer on daily life: do they haematological cancer patients (in
differ for metropolitan versus regional hematological cancer Australia) to document experiences in
survivors? Journal of Rural Health, 29 Suppl 1: s43-s50. relation to the barriers to accessing care

and associated financial and social impacts
of the disease.

12. Ragon, B. K., Clifton, C., Chen, H., Savani, B. N., Engelhardt, B. G., Not relevant to PICO — retrospective
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Marrow Transplantation, 20: 53-57.

analysis (US study) to examine prognostic
factors (including distance from transplant
centre) for survival following stem cell
transplant. Mixed population.

13.

Rao, K., Darrington, D. L., Schumacher, J. J., Devetten, M., Vose, J. M.
& Loberiza, F. R. (2007) Disparity in survival outcome after
hematopoietic stem cell transplantation for hematologic
malignancies according to area of primary residence. Biology of
Blood and Marrow Transplantation, 13: 1508-1514.

Not relevant to PICO — retrospective
analysis (US study) of 2006 haematological
cancer patients to investigate possible
disparities in survival, based on whether the
patient lived in a rural or urban area.

14.

Rios, R. (2013) The impact of the type of hospital on survival of
multiple myeloma patients: The MICORE study. Revista Clinica
Espanola, 213: 330-335.

Spanish retrospective study to analyse
whether there are differences in survival of
myeloma patients treated in community
hospitals (n=175) vs. university hospital
(n=256).

No mention of access to specific services.

15.

Saunders CL, Abel GA, & Lyratzopoulos (2015). Inequalities in
reported cancer patient experience by socio-demographic
characteristic and cancer site: evidence from respondents to the
English Cancer Patient Experience Survey. European Journal of
Cancer Care, 24, 85-98.

Not relevant to PICO

16.

Short, M. & Bloodworth, C. (2015). An audit showing the effect of
modern myeloma treatments on service delivery: How will day units
cope with the increase in demand in the future? British Journal of
Haematology, 169, 96.

Not relevant to PICO — does not compare
service models.

17.

Sinacola, A., Waller, M., Murphy, M. & Tholouli, E. (2008) The
myeloma patient pathway: a multi-disciplinary team approach from
diagnosis to stem cell transplantation. Bone marrow
transplantation, 41: S351.

Conference abstract so limited details.

Development of patient pathway. No
outcomes reported.

18.

Sive, J. (2012) Hotel-based ambulatory care for complex cancer
patients: A review of the University College London Hospital
experience. Leukemia and Lymphoma, 53: 2397-2404.

Not relevant to PICO — review/audit of one
centres experience of using a hotel-based
ambulatory care unit.

19.

Takita, M., Tanaka, Y., Matsumura, T., Kishi, Y., Kodama, Y.,
Nishimura, T., Goto, T., Nagai, M. & Kami, M. (2009) Regional social
system for specialized medical care in hematologic malignancies: a
pilot study. Rural & Remote Health, 9: 1106-1Sep.

Not relevant to PICO — pilot study in Japan
reporting on regional medical supply and
demand for patients with haematological
cancer.

20.

Underhill, C., Koschel, A., Szer, J., Steer, C., Clarke, K., Grigg, A.,
Juneja, S., Stella, D., Francis, H. & Josselyn, K. (2010) Mentoring in
the management of hematological malignancies. Asia-Pacific Journal
of Clinical Oncology, 6: 28-34.

Not relevant to PICO — mentoring of health
professionals

Appendix G: evidence review

Page 191 of 670




O 00 N O U ~ W

10

11

12

13

14
15
16
17
18
19
20
21
22
23
24
25
26
27

Chapter 6: Managing newly diagnosed myeloma
First-line treatment

First autologous stem cell transplantation

Review Question:
Which patients with newly diagnosed myeloma should be considered for autologous stem cell
transplantation?

Question in PICO format

Population Intervention Comparator Outcomes
Patients with newly Autologous stem cell no further e Health related
diagnosed myeloma transplant treatment quality of life
grouped according to e Overall survival
- Age comparator e Progression free
- Fragility/weakn treatment (e.g. survival
ess lesser intensity) e Treatment related
- Comorbidities mortality
(charlson score, e Treatment related
ACE-27, FACT- morbidity
BMT) e Patient/carer/family
- Renal acceptability
impairment e Later effects
- Genetic o TWIST
abnormalities
- Response depth

Evidence Statements
See Figures 6.1 to 6.9 and Tables 6.1 to 6.7 below.
Age

Overall survival

Low quality evidence, from an individual patient meta-analysis (Levy et al, 2005) of three
randomised trials (Attal et al, 1996; Fermand et al, 1998 and Fermand et al 1999; N=575), suggests
that the effectiveness of high dose therapy with autologous stem cell transplant (HDT-ASCT)
compared to standard dose treatment (SDT) is similar in younger and older age groups. There was
no significant interaction between age (< 60 years versus 60 to 65 years) and the relative
effectiveness of HDT-ASCT and SDT (P=0.96). For patients aged 60 to 65 years the hazard ratio for all
cause mortality for HDT-ASCT versus SDT was 0.91 (95% C.I. 0.63 to 1.31; where HR < 1 favours HDT-
ASCT), for patients younger than 60 years the hazard ratio was 0.90 (95% C.I. 0.72 to 1.12; where HR
< 1 favours HDT-ASCT).

Seven randomised trials looked at age as a prognostic factor for overall survival but only two of
these trials found age (Bladé et al 1996 and Sonneveld et al 2007) to be an independent prognostic
factor. In Bladé et al (1996) the 56 to 70 year old age group were at higher risk of all cause mortality
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compared to those younger than 56 years: HR 1.87 [95%C.I. 1.12 to 3.19]. In Sonneveld et al (2007),
each additional year in age was associated with an increased risk of overall mortality: HR 1.04
[95%C.I. 1.02 to 1.07].

Progression free survival

Moderate quality evidence from nine randomized trials including 2474 patients, suggests
progression free survival is better with HDT-ASCT, regardless of the age entry criteria used in the
trial. For HDT-ASCT versus SDT, the HR for disease progression was 0.78 (95%C.l. 0.71 to 0.86; where
HR <1 favours HDT-SCT). In only one of the nine trials was progression free survival significantly
worse with autologous stem cell transplant (Facon et al, 2007), this was a trial in older patients (aged
65 to 75 years) comparing reduced intensity autologous stem cell transplantation with melphalan,
prednisolone and thalidomide.

TWISTT

Moderate quality evidence from two randomized trials (Fermand et al 1998, 2005) including 375
patients suggests that TWISTT is 6.93 months longer (95%C.l. 1.61 to 12.26 months longer) with
HDT-ASCT than with standard dose chemotherapy, regardless of the age entry criteria used in the
trial.

Treatment related mortality

Low quality evidence from six randomized trials including 1588 patients suggests that the risk of
treatment related mortality is higher with HDT-ASCT than with standard dose therapy, RR 2.00
[95%C.1. 1.25 to 3.19] where RR <1.0 favours HDT-ASCT. When grouping the trials by their age entry
criteria, the highest relative risks of treatment related mortality were seen in trials that included
patients aged 70 years or less, however the absolute risk of treatment related mortality with HDT-
ASCT in this subgroup was around 4% - lower than the 8% to 10% seen in trials restricted to under
65s or under 55s respectively.

Treatment related morbidity

In patients randomized to receive transplantation in Attal et al (1996) the completion of allocated
treatment was related to age, with older patients less likely to undergo transplantation. 12 of 67
patients (18%) aged 60 or less did not undergo transplantation compared to 14 of 33 patients (42%)
aged 60-65 years (P=0.01).

Fragility/weakness

Overall survival

Moderate quality evidence suggested a difference in the effectiveness of HDT-ASCT versus standard
dose therapy (SDT) according to the trials’ performance status (PS) entry criteria (test for subgroup
differences, P=0.01). For trials restricted to patients with WHO PS 0 to 2 there was uncertainty about
the relative effectiveness of HDT-ASCT and SDT in terms of overall survival (HR = 1.06; 95% C.l. 0.92
to 1.23; HR <1 favours HDT-ASCT). For trials that did not state any PS entry criteria, overall survival
was significantly better with HDT-ASCT than SDT (HR = 0.80; 95% C.I. 0.68 to 0.95; HR <1 favours
HDT-ASCT). It was unclear, however, what the actual performance status was of the patients in trials
not specifying performance status entry criteria.

Disease progression

Moderate quality evidence from nine randomized trials including 2474 patients, suggests a
difference in the relative effectiveness of HDT-ASCT and SDT in terms of disease progression
according to the performance status entry criteria used in the trial (test for subgroup differences,
P<0.0001). For trials restricted to patients with WHO PS 0 to 2 there was uncertainty about the
relative effectiveness of HDT-ASCT and SDT in terms of disease progression (HR = 0.93; 95% C.1. 0.82
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to 1.05; HR <1 favours HDT-ASCT). For trials that did not state any PS entry criteria, progression free
survival was significantly better with HDT-ASCT than SDT (HR = 0.63; 95% C.I. 0.55 to 0.72; HR <1
favours HDT-ASCT). It was unclear, however, what the actual performance status was of the patients
in trials not specifying performance status entry criteria.

In only one of these nine trials was progression free survival significantly worse with autologous
stem cell transplant (Facon et al, 2007), this was a trial in older patients (aged 65 to 75 years)
comparing reduced intensity autologous stem cell transplantation with melphalan, prednisolone and
thalidomide. The inclusion of this trial in the WHO PS 0-2 subgroup accounts for the subgroup
differences.

Comorbidities (charlson score, ACE-27, FACT-BMT)

No evidence was identified about the influence of comorbidities on the relative effectiveness of high
dose therapy or conventional dose therapy.

Renal impairment

Overall survival

Moderate quality evidence, from an individual patient meta-analysis (Levy et al, 2005) of three
randomised trials (Attal et al, 1996; Fermand et al, 1998 and Fermand et al 1999; N=575), suggests
that the effectiveness of high dose therapy with autologous stem cell transplant (HDT) compared to
standard dose treatment (SDT) is similar in high and low creatinine groups. There was no significant
interaction between creatinine level (< 120 umol/L versus > 120 umol/L) and the relative
effectiveness of high dose therapy with autologous stem cell transplant (HDT) and conventional
treatment (P=0.72). For patients with creatinine level < 120 pmol/L the hazard ratio for all cause
mortality for HDT versus conventional treatment was 0.86 (95% C.l. 0.69 to 1.08; where HR< 1
favours HDT), for patients creatinine level > 120 umol/L the hazard ratio was 0.94 (95% C.I. 0.65 to
1.12; where HR < 1 favours HDT).

Three randomised trials looked at creatinine as a prognostic factor for overall survival and in two of
these trials (Barlogie et al 2006 and Child et al 2003) creatinine level was an independent prognostic
factor for overall survival .

Disease progression

Two trials (Barlogie et al 2006 and Child et al 2003) looked at creatinine level as a prognostic factor
for disease progression and in one of these trials (Child et al 2003) it was an independent prognostic
factor for overall survival .

Genetic abnormalities

One trial (Barlogie et al, 2006) considered deletion of chromosome 13 on FISH as a prognostic factor.
FISH del(13) was an independent prognostic factor for both overall survival and disease progression
free survival. Compared with others, patients with FISH del(13) had an increased risk of all cause
mortality (HR 1.96; 95%C.l. 1.30 to 2.94) and of disease progression (HR 1.48; 95%Cl 1.03 to 2.12).
No evidence was presented of the relative effectiveness of HDT-ASCT versus SDT within the
subgroup of patients with FISH del(13).

Response depth

In Child (2003) the depth of response was associated with overall survival in the HDT-ASCT group —
for minimal response median survival was 25.6 months (95% CI 7.0 to 31.3 months), for partial
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response median survival was 39.8 months (95% Cl 33.8 to 61.4 months) and for complete response
median survival was 88.6 months (lower limit of 95% Cl 61.4 months),
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Table 6.1. GRADE profiles for high dose therapy with autologous stem cell transplant versus standard dose therapy

Quality assessment No of patients Effect
Quality
No of . . . . . - Other High dose therapy Standard Relative
studies Design Risk of bias | Inconsistency Indirectness Imprecision considerations with AutoSCT Chemotherapy (95% Cl) Absolute

Death from any cause (age < 60 years) (follow-up median 8.67 years)

3! randomised |serious? no serious no serious no serious none 154/212 161/215 HR 0.896 - BDDDO
trials inconsistency indirectness imprecision (72.6%) (74.9%) (0.717 to 1.121) MODERATE

Death from any cause (age 60 to 65 years) (follow-up median 8.67 years)

3! randomised |serious® serious® no serious no serious none 57173 63/75 HR 0.906 - @00
trials indirectness imprecision (78.1%) (84%) (0.626 t0 1.311) LOW

Death from any cause (performance status not specified) (follow-up median 3.1 to 10 years)

5 randomised |no serious  |serious® serious® no serious none 261/533 300/528 HR 0.80 (0.68 - @00
trials risk of bias imprecision (49%) (56.8%) to 0.95) LOW

Death from any cause (performance status 0 to 2) (follow-up median 4.7 to 7.7 years)

47 randomised |serious® no serious no serious no serious none 374/623 353/611 HR 0.94 (0.84 - EETe)
trials inconsistency indirectness imprecision (60%) (57.8%) to 1.05) MODERATE

Death from any cause (creatinine < 120 umol/L) (follow-up median 8.67 years)

3! randomised |serious® no serious no serious no serious none 154/217 167/226 HR 0.864 - ®DDO
trials inconsistency indirectness imprecision (71%) (73.9%) (0.693 to 1.077) MODERATE|

Death from any cause (creatinine = 120 ymol/L) (follow-up median 8.67 years)

3! randomised [serious? no serious no serious serious® none 57/68 57/64 HR 0.935 - ®D00
trials inconsistency indirectness (83.8%) (89.1%) (0.645 to 1.355) LOW

Progression free survival (follow-up median 3.1 to 10 years)
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Quality assessment No of patients Effect
Quality
si\luodioers Design Risk of bias | Inconsistency Indirectness Imprecision consiodtgreartions Hisv?tﬁfi;gzipy Chiri?giaefgpy g;l;:iéi Absolute
9° randomised |serious® no serious no serious no serious none ?/1223 ?/1194 HR 0.78 (0.71 - BDDDO
trials inconsistency indirectness imprecision to 0.86) MODERATE|
TWISTT (follow-up median 4.8 to 10 years; Better indicated by higher values)
210 randomised |serious? no serious no serious no serious none 185 190 - MD 6.93 months longer ®PP0
trials inconsistency indirectness imprecision (1.61 to 12.26 longer) |MODERATE]
Treatment related mortality (follow-up median 3.1 to 10 years)
6" randomised |serious® no serious no serious serious® none 50/796 25/792 RR 2.00 (1.25 | 32 more per 1000 (from |  @®®00
trials inconsistency indirectness (6.3%) (3.2%) to 3.19) 8 more to 69 more) LOW
Health related quality of life - not reported
0 - - - - - none - - - -
Treatment related morbidity - not reported
0 - - - - - none - - - -
Patient acceptability - not reported
0 - - - - - none - - - -

T Attal (1996), Fermand (1998), Fermand (2005) - IPD meta analysis by Levy (2005)
2 Unclear random sequence generation and blinding in all studies

% Low number of events

* Attal (1996), Child (2003), Fermand (1998), Fermand (2005) and Palumbo (2004)
® Unclear random sequence generation and blinding in most studies
® Only Child (2003) reported the actual performance status of included patients.
" Barlogie (2006), Blade (2005), Facon (2007) and Sonneveld (2007)
& No explanation was provided
° Attal (1996), Barlogie (2006), Blade (2005), Child (2003), Facon (2007), Fermand (1998), Fermand (2005), Plaumbo (2004) and Sonneveld (2007)
% Fermand (1998), Fermand (2005)
1 Attal (1996), Barlogie (2006), Fermand (1998), Fermand (2005), Palumbo (2004) and Sonneveld (2007)
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Table 6.2. Study characteristics according to the PICO subgroups

Study, country

Age

Fragility/weakness

Comorbidities (Charlson score, ACE-27,
FACT-BMT)

Renal function

Genetic
abnormalities

Response depth

Attal 1996,
France, Belgium

Up to 65 years (median 57
HDT, 57 SDT)

Excluded abnormal cardiac, liver or
renal function,

Barlogie 2006
USA

28 to 70 years (median 55
HDT, 54 SDT)

WHO PS 0-2 (or 3-4 if due to myeloma -

related bone disease)

Serum creatinine
<2mg/dL

FISH 13 del test

Blade 2005, Up to 70 years (median 57 WHO PS0or2 - - - Responders to induction

Spain HDT, 56 SDT) treatment only

Child 2003, Up to 65 years (median 55 WHO PS 0-2 (84%) Suitable for HDT Suitable for HDT - -

UK and NZ HDT, 56 SDT) WHO PS 3-4 (15%)

Facon 2007 65-75 years (median WHO PSO0or2 Excluded abnormal cardiac, liver or Serum creatinine - -

between 65 and 70 years) renal function, hepatitis, HIV <5mg/dL

Fermand 1998, Up to 56 years (median 48 - Excluded severely abnormal cardiac, Serum creatinine - -

France HDT, 47 SDT) liver or renal function. <3.4mg/dL

Fermand 2005, 55to 65 years (median 61 - Excluded severely abnormal cardiac, Serum creatinine

France HDT, 60 SDT) liver or renal function. <3.4mg/dL

Palumbo 2004, 50 to 70 years (median 65 - Excluded abnormal cardiac, liver or Serum creatinine - -

Italy HDT, 63 SDT) renal function, hepatitis, HIV <3mg/dL

Sonneveld 2007, | 32 to 65 years (median 56 WHOPSO0or2 Excluded severe cardiac disease Serum creatinine - -

Belgium, HDT, 55 SDT) <2mg/dL

Netherlands

3
4  Table 6.3: Evidence tables for RCTs
Study, Study Population Subgroup analysis | Intervention Comparison Outcomes Follow- | Additional comments
country type, up
period

Attal 1996, RCT, N=200 Age, <65, <60 HDT plus Conventional Response rate, Median Multivariate analysis of

France, 1990- Inclusion criteria Fragility/weakness, | autologous stem dose Overall survival, 3.1yrs prognostic factors: age,

Belgium 1993 Age <65 years, untreated myeloma, DSS I+l N cell transplant chemotherapy | event free survival, DSS, IgG vs other,
Exclusion criteria Comorbidity, N Treatment related Hemoglobin level,
cardiac problems, respiratory disease, abnormal liver Renal impairment mortality beta-2-microglobulin
function, psychiatric disease , Y (not excluded) level, plasma cells in

Genetics, N marrow (%)
Response depth, Y

Barlogie 2006 RCT, N=516 Age <70 HDT plus Conventional Overall survival, Median Multivariate analysis of

USA Inclusion criteria Fragility/weakness, | autologous stem dose progression free 6.3 yrs prognostic factors: age
Age < 70 years, untreated symptomatic myeloma, N cell transplant chemotherapy | survival, > 60 years, calcium >
Zubrod performance status of 0-2 (or 3-4 if due to Comorbidity, N 10 mg/dL, creatinine >
myeloma bone disease) Renal impairment, 2 mg/dL, PLT<130 X
Exclusion criteria N 103/uL, B2M >3.5
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Study, Study Population Subgroup analysis | Intervention Comparison Outcomes Follow- | Additional comments
country type, up
period
Systolic ejection fraction or carbon dioxide diffusing Genetics, N mg/dL, LDH > 190 U/L,
capacity <50%, active malignant disease within the Response depth, N PCLI > 1%
previous 5 years.
Blade 2005, RCT, N=216 Age, <70 HDT plus Conventional Overall survival, Median Multivariate analysis of
Spain 1994- Inclusion criteria Fragility/weakness, | autologous stem dose progression free 4.7 yrs prognostic factors: Age
1999 Age <70yrs, untreated symptomatic myeloma, DSS N cell transplant chemotherapy | survival, > 56 years, serum
I+, PSO to 2 Comorbidity, N Response, albumin level,
Exclusion criteria Renal impairment, hemoglobin level, beta-
No response to initial chemotherapy N 2-microglobulin level,
Genetics, N M-protein type (IgA vs
Response depth, N others) and treatment
arm
Child 2003, RCT, N=401 Age, <65 HDT plus Conventional Overall survival, Median Multivariate analysis of
UK and NZ 1993- Inclusion criteria Fragility/weakness, | autologous stem dose progression free 3.5yrs prognostic factors: age,
2000 Age <65yrs, untreated myeloma, meeting MRC criteria | N cell transplant chemotherapy | survival, serum creatinine,
for treatment Comorbidity, N Treatment related haemoglobin level,
Exclusion criteria Renal impairment, mortality, beta-2-microglobulin
Not reported (not meeting MRC criteria) N Response, level
Genetics, N
Response depth, Y
Facon 2007, RCT, N=447 Age, 65-75 Reduced intensity Melphalan Overall survival,
France 2000- Inclusion criteria Fragility/weakness, | autologous stem and Treatment related
2005 Age 65-75yrs (or ineligible for HDT), untreated N cell prednisolone mortality,
myeloma, DSS II+11l or | high risk Comorbidity, N transplantation + thalidomide | Progression free
Exclusion criteria Renal impairment, survival,
Cardiac problems, abnormal liver function N Treatment toxicity
amyloidosis, abnormal renal function (creatinine > 5 Genetics, N (grade 3-4),
mg/dl), other cancers, infections with HIV, HepB or Response depth, N Response,
HepC Second line
treatment,
Fermand RCT, N=185 Age, <56 HDT and Conventional Overall survival, Median Analysis of prognostic
1998, 1990- Inclusion criteria Fragility/weakness, | autologous stem dose therapy Treatment related 4.8 yrs factors, (treatment,
France 1995 Age <56yrs, untreated symptomatic myeloma N cell transplant (HDT delayed mortality age, salmon-durie, IgA,
Exclusion criteria Comorbidity, N until relapse) TWISTT and B-microglobulin,
Stage | MM, PFS 3-4, severe cardiac problems, Renal impairment, Event free survival, LDH/ULN)
respiratory disease, abnormal liver function, abnormal | N Response
renal function Genetics, N
Response depth, N
Fermand RCT, N=190 Age, N HDT and Conventional Overall survival, Median | Analysis of prognostic
2005, Inclusion criteria Fragility/weakness, | autologous stem dose therapy Treatment related 10 vyears | factors, (treatment, ISS
France Age 55-65yrs, untreated symptomatic myeloma N cell transplant mortality stage, creatinine,
Exclusion criteria Comorbidity, N TWISTT calcium, haemoglobin
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Study, Study Population Subgroup analysis | Intervention Comparison Outcomes Follow- | Additional comments
country type, up
period

Stage | MM, PFS 3-4, severe cardiac problems, Renal impairment, Event free survival, and B-microglobulin)

respiratory disease, abnormal liver function, abnormal | N Response

renal function Genetics, N

Response depth, N

Palumbo RCT, N=194 Age, 50-70, 65-70 Melphalan with Oral Overall survival, Median Multivariate analysis of
2004, 1997- Inclusion criteria Fragility/weakness, | stem cell support melphalan Disease progression, | 3.25 prognostic factors:
Italy 2000 Age 50-70yrs, untreated myeloma N and Early death, years (treatment and -

Exclusion criteria Comorbidity, N prednisolone Response microglobulin)

Cardiac problems, respiratory disease, abnormal liver Renal impairment, (MP)

function (serum bilirubin > 2 mg/dl), abnormal renal N

(creatinine > 3 mg/dl), other cancers, psychiatric or Genetics, N

liver disease Response depth, N
Sonneveld RCT, N=303 Age, 18-65 VAD then VAD then Overall survival, Median Multivariate analysis of
2007, 1995- Inclusion criteria Fragility/weakness, | Cyclophosphamide | Melphalan, G- | Disease progression, | 7.7 yrs prognostic factors:
Belgium, 2000 Age 18-65yrs, untreated myeloma N with stem cell CSF EFS (treatment, age,
Netherlands Exclusion criteria Comorbidity, N support Response salmon-durie, IgA, and

PFS 3-4, severe cardiac problems, respiratory disease,
abnormal liver function, abnormal renal function

Renal impairment,
N

Genetics, N
Response depth, N

B-microglobulin,
LDH/ULN)
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1  Table 6.4. Details of prognostic models

Exclusion criteria
cardiac problems, respiratory disease, abnormal liver function, psychiatric
disease

Study, country Population Factors considered Independent prognostic factors
Attal 1996, N=200 Age, DSS, IgG vs other, Hemoglobin level, beta-2-microglobulin oS

France, Inclusion criteria level, plasma cells in marrow (%), treatment group, response to | beta-2-microglobulin level
Belgium Age <65 years, untreated myeloma, DSS II+l treatment EFS

beta-2-microglobulin level, treatment group

Barlogie 2006
USA

N=516

Inclusion criteria

Age <70 years, untreated symptomatic myeloma, Zubrod performance
status of 0-2 (or 3-4 if due to myeloma bone disease)

Exclusion criteria

Systolic ejection fraction or carbon dioxide diffusing capacity <50%, active
malignant disease within the previous 5 years.

Age > 60 years, calcium > 10 mg/dL, creatinine > 2 mg/dL, PLT <
130 X 103/|J.L, B2M > 3.5 mg/dL, LDH > 190 U/L, PCLI > 1%, FISH
13 deletion

oS

creatinine > 2 mg/dL, PLT < 130 X 103/uL,
LDH > 190 U/L, PCLI > 1%, FISH 13 deletion
PFS

LDH > 190 U/L, PCLI > 1%, FISH 13 deletion

Age <65yrs, untreated myeloma, meeting MRC criteria for treatment
Exclusion criteria
Not reported (not meeting MRC criteria)

Blade 2005, N=216 Age > 56 years, serum albumin level, hemoglobin level, beta-2- | OS

Spain Inclusion criteria microglobulin level, Ig isotype (IgA vs others) and treatment Age > 56 years, haemoglobin > 100g/L
Age <70yrs, untreated symptomatic myeloma, DSS II+Ill, PS 0 to 2 arm
Exclusion criteria
No response to initial chemotherapy

Child 2003, N=401 Age, serum creatinine, haemoglobin level, beta-2-microglobulin | OS

UK and NZ Inclusion criteria level creatinine > 1.7 mg/dL, haemoglobin > 9

g/dL, beta-2-microglobulin level, treatment
group

PFS

creatinine > 1.7 mg/dL, haemoglobin > 9
g/dL, beta-2-microglobulin level

Fermand 2005,
France

N=190

Inclusion criteria

Age 55-65yrs, untreated symptomatic myeloma

Exclusion criteria

Stage | MM, PFS 3-4, severe cardiac problems, respiratory disease,
abnormal liver function, abnormal renal function

Age, treatment, ISS stage, creatinine, calcium, haemoglobin
and B-microglobulin)

oS
beta-2-microglobulin level

Palumbo 2004,
Italy

N=194

Inclusion criteria

Age 50-70yrs, untreated myeloma

Exclusion criteria

Cardiac problems, respiratory disease, abnormal liver function (serum
bilirubin > 2 mg/dl), abnormal renal (creatinine > 3 mg/dl), other cancers,
psychiatric or liver disease

Age, sex, treatment group, Ig isotype, DS stage and beta-2-
microglobulin

oS

Treatment group and beta-2-microglobulin
level

EFS

Treatment group and beta-2-microglobulin
level

Sonneveld
2007,
Belgium,

N=303
Inclusion criteria
Age 18-65yrs, untreated myeloma

Age, DSS stage, Ig isotype (IgA vs other), beta-2-microglobulin
(natural log), LDH/upper normal limit,

oS
Age (higher), IgA isotype, lower
haemoglobin concentration and higher
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Study, country

Population

Factors considered

Independent prognostic factors

Netherlands

Exclusion criteria
PFS 3-4, severe cardiac problems, respiratory disease, abnormal liver
function, abnormal renal function

LDH/UNL value

EFS

Age (higher), IgA isotype and lower
haemoglobin concentration

PFS

Age (higher), IgA isotype, lower
haemoglobin concentration and higher
LDH/UNL value
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Table 6.5. Independent prognostic factors for overall survival in trials of HDT-AutoSCT

versus SDT

Attal Barlogie

Blade

Child

Fermand

Palumbo

Sonneveld

Age - -

v

v

Beta-2-microglobulin v

v

v

Haemoglobin level -

Treatment group -

/<<

Immunoglobulin
isotype

DS stage -

Creatinine

LDH

Albumin

Calcium

Plasma cell index -

IS stage

FISH 13 deletion

v

platelets

v

Sex

Key: v significant independent prognostic factor, - not significant independent prognostic factors,

grey areas indicate the study did not consider the prognostic factor

Attal Palumbo | Sonneveld

Age - - v

Beta-2-microglobulin Vv v -

Haemoglobin level - v
Treatment group v v

Ig isotype - v

DS stage - - -

LDH v

Plasma cell index -

Sex -

Table 6.6. Prognostic factors for event free survival in trials of HDT-AutoSCT versus SDT

Key: v significant independent prognostic factor, - not significant independent prognostic factors,

grey areas indicate the study did not consider the prognostic factor
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Table 6.7. Prognostic factors for progression free survival in trials of HDT-AutoSCT versus

SDT

Barlogie | Child

Sonneveld

Age - -

v

Beta-2-microglobulin - v

Haemoglobin level - Vv

Treatment group -

Ig isotype

DS stage

Creatinine - v

LDH v

Albumin -

Calcium -

Plasma cell index v

IS stage

FISH 13 deletion v

platelets -

Key: v significant independent prognostic factor, - not significant independent prognostic factors,
grey areas indicate the study did not consider the prognostic factor

Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI

Figure 6.1. Overall mortality by age group, HDT versus SDT. From Levy (2005) meta-
analysis

Hazard Ratio
IV, Fixed, 95% CI

2.1.1 Age 60 to 65 years

Lewy 2005
Subtotal (95% CI)

Heterogeneity: Mot applicahle
Testfor overall effect: £=0.52 (P = 0.60}

-0.0937 018986 100.0%
100.0%

0.81[0.63,1.31]
0.91[0.63, 1.31]

2.1.2 Age < 60 years

Lewy 2004

Subtotal (95% CI)
Heterogeneity: Mot applicahle
Testfor overall effect Z=097 (P=0.33)

-0.1088 01137 100.0%
100.0%

0.901[0.72,1.13]
0.90 [0.72, 1.12]

Test for suboaroup differences: Chi®=0.00, df=1 (P = 0.96%, F=0%

Appendix G: evidence review

——

=

05

07

15

Favours HDOT- AutcSCT Favours SDT

Page 204 of 670



1

Figure 6.2. Overall mortality by trial age entry criteria, HDT versus lower dose therapy.

AutoSCT Lower dose therapy Hazard Ratio Hazard Ratio
Study or Subgroup  Events Total Events Total O-E Variance Weight Exp[(O-E) /V], Fixed, 95% CI Exp[({0-E) / V], Fixed, 95% CI
1.1.1 Age older than 65 years (using reduced intensity AutoSCT)
Facan 2007 (1) 78 128 G2 125 1258 3385 831% 1.451[1.04, 2.03] ——
Palurmbo 2004 (2) 10 44 14 36 -5.35 .83 16.9% 0.46[0.22, 0.87]
Subtotal (95% CI) 170 161 100.0% 1.19 [0.88, 1.62] i
Total events g8 76

Heterageneity: Chi* = 7.55, df= 1 (P = 0.006); F= 87%
Testfor overall effect Z=1.13 (P = 0.26)

1.1.2 Age 70 or less

Barlogie 2006 181 261 148 285 -2.42 TE  B0.2%
Blade 2005 a7 a1 a7 83 -0.459 18.5 19.8%
Subtotal (95% CI) 342 338 100.0%
Total events 188 186

Heterogeneity: Chi®=0.00, df=1 (P =1.00), F= 0%
Testfor overall effect: Z=0.31 (P = 0.76)

1.1.3 Age 65 yrs or less

Attal 1996 37 100 52 100 -10.09 2162 13.3%
Child 2003 G4 201 112 200 -14.68 5111 31.4%
Fermand 2005 79 94 a0 96 0.79 3667 22.5%
Sonneveld 2007 108 1485 108 148 1.88 59382 32.9%
Subtotal (95% CI) 550 544 100.0%
Total events 18 349

Heterogeneity: Chif= 581, df=3 (P=012); F=48%
Testfor averall effect Z=1.74 (P = 0.08)

1.1.4 Age 60 years or less

Attal 1956 14 67 20 99 -6.68 3.24 100.0%
Subtotal (95% CI) 67 55 100.0%
Total events 14 20

Heterageneity: Mot applicable
Testfor overall effect: Z= 233 (P =0.02)

1.1.5 Age 55 years or less

Fermand 1338 41 94 42 95 -0.42 20075 100.0%
Subtotal (95% CI) 94 96 100.0%
Total events 41 42

Heterageneity: Mot applicable
Testfor overall effect: Z=0.09 (P =0.93)

Testfor subgroup differences: Chi*=7.92, df= 4 (P = 0.09), F= 49.5%

Footnotes

(1) Reduced intensity stem cell transplantation compared to mephalan, prednisone and thalidomide
(2) Reduced intensity stem cell transplantation compared to mephalan and prednisone
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0.87 [0.77,1.21]
0.87 [0.61, 1.53]
0.97 [0.79, 1.19]

0.63[0.41, 0.96]
0.75[0.67, 0.99]
1.02[0.74,1.41]
1.03 [0.79, 1.35]
0.87 [0.75, 1.02]

0.44[0.22,0.88]
0.44 [0.22, 0.88]

0.95 [0.64, 1.51]
0.98 [0.64, 1.51]
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1  Figure 6.3. Overall mortality by trial performance status entry criteria HDT versus lower
2 dose therapy.

AutoSCT Lower dose therapy Hazard Ratio Hazard Ratio
Study or Subgroup  Events Total Events Total 0-E \ariance Weight Exp[{0-E) /V], Fixed, 95% Cl Year Exp[{0Q-E) / V], Fixed, 95% CI
1.2.1 PS not specified
Aftal 1996 3ar 100 52 100 -10.09 2162  BE% 0.63 [0.41, 0.96] 1996
Fermand 2005 74 94 a0 96 0.79 3667 11.5% 1.02[0.74,1.41] 1998 -t
Fermand 1598 41 94 42 96 -0.42 2075 6.5% 0.98 [0.64,1.51] 1995 T
Child 2003 94 201 112 200 -14.68 5111 161% 0.75[0.67, 0.899] 2003 —
Palurmbo 2004 {1} 10 44 14 36 -5.35 6.88 2.2% 0.46[0.22,0.97] 2004
Subtotal (95% Cl) 533 528 43.1% 0.80 [0.68, 0.95] <&
Total events 261 300
Heterogeneity: Chi*=6.65, df=4 (P = 0.16); F=40%
Test for overall effect Z=2.54 (P=0.01)
1.2.2WHOPS0-2
Blade 2005 ar g1 v g3 -0.59 188 5.58% 0.97 [0.61,1.53] 2005 I —
Barlogie 2006 181 2681 149 255 -2.42 7a 236% 0487 [0.77,1.21] 2006 —a—
Sonneveld 2007 108 145 105 148 1.58 53452 16.8% 1.03[0.79,1.35] 2007 .
Facon 2007 (2) 78 128 62 125 1258 3385 106% 1.451[1.04, 2.03] 2007 —
Subtotal (95% Cl) 623 611 56.9% 1.06 [0.92, 1.23] »
Total events T4 343
Heterogeneity: Chi*=413, df= 3 (P =0.29), F=37%
Testfar overall effect Z=0.83 (P=0.41)
Total (95% CI) 1156 1139 100.0% 0.94 [0.84, 1.05] L ]
Total events B35 653
Heterogeneity, Chi*= 16.84, df= 8 (P= 0.03); F=52% 0:2 0:5 2 5
Test for overall effect Z=1.04 (P=0.30) 'Fa'v'c-urs ALItDSCT Favours LDT
Test for subgroup differences: Chif=6.06, df=1 (P =0.01), F=835%
Footnotes
(1) Reduced intensity stem cell transplantation compared to mephalan and prednisone
(2) Reduced intensity stem cell transplantation compared to mephalan, prednisone and thalidomide
Figure 6.4. Overall mortality by creatinine group, HDT versus lower dose therapy. From
Levy (2005) meta-analysis
Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI I, Fixed, 95% CI
2.2.3 Creatinine < 120 pmollL
Lewy 2005 -0.1462 01125 100.0% 0.86 [0.69,1.08] —
Subtotal (95% CI) 100.0% 0.86 [0.69, 1.08]
Heterogeneity: Mot applicable
Test for averall effect £=1.30 (F = 0.14)
2.2.4 Creatinine = 120 pmollL
Lewy 20045 -0.0672 01894 100.0% 094 [0.65, 1.36] l
Subtotal (95% CI) 100.0% 0.94 [0.65, 1.36]
Heterogeneity: Mot applicable
Testfor overall effect Z=0.35{F=0.73)
: : : :
05 nr 1.5 2

Testfor subgroup differences: Chif=013, df=1 {P=072), F=0%
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Figure 6.5. Disease progression by trial age entry criteria, HDT versus lower dose therapy
(using data from Faussner, 2012)

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI I, Fixed, 95% CI
1.8.1 Age older than 65 yrs
Facon 2007 05247 014598 104% 1.69[1.27, 2.29] e —
Palumbao 2004 -0.734 017549 T.2% 048034, 0.68] e —
Subtotal (95% CI) 17.6% 1.01 [0.81, 1.26] .
Heterogeneity: Chi®= 30,35, df=1 (P < 0.00001), F=97%
Test for overall effect 2= 0.11 (P = 0.91)
1.8.2 Age 70 yrs or less
Barlogie 2006 -0.1383 00966 237% 0B7[0.72,1.08] — &
Elade 2004 -01625 0AFFF T.O0%  0.85([0.60,1.20] S
Subtotal (95% CI) 30.8% 0.87[0.73, 1.02] S
Heterogeneity: Chi*=0.01, df=1 (P =091); F=0%
Test for overall effect Z2=1.70 (P = 0.09)
1.8.3 Age 65 yrs or less
Attal 1996 -0.45943 01904 G1% 061 [0.42, 085  —
Child 2003 -0.3857 0176 16.0% 0.EB[0.54, 0.86] e —
Fermand 2005 -0.2744 014688 103% 076 [0.57,1.01] —
Sonneveld 2007 -0.3425 01211 151% 071 [0.56, 0.90] e
Subtotal (95% CI) 47.5% 0.70[0.61, 0.80] <
Heterogeneity: Chi*=091, df=3(P=082) F=0%
Test for overall effect: £= 530 (P = 0.00001}
1.8.4 Age 55 yrs or less
Fermand 1988 -0.7508 02312 41% 047 [0.30,0.74] B —
Subtotal (95% CI) 4.1% 0.47[0.30, 0.74] —ee i ——
Heterogeneity: Mot applicable
Test for overall effect: £= 3.25 (P = 0.001)
Total (95% CI) 100.0% 0.78 [0.71, 0.86] &
Heterogeneity: Chi®= 4563, df= 8 (P = 0.00001), F=82% D=5 DiT 115

Test for overall effect: £=5.21 (P = 0.00001}

Test for subgroup diferences: Chif=1436, df=3(P=0.002%, F=79.1%
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1  Figure 6.6. Disease progression by trial performance status entry criteria, HDT versus

2 lower dose therapy (using data from Faussner, 2012)

Hazard Ratio Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% Cl I, Fixed, 95% CI

1.10.1 PS not specified

Attal 1996 -0.4543 01904 G.1% 0.61[0.42, 089

Child 2003 -0.3887 0176 16.0% 0.68[0.54, 0.86] e —

Fermand 1988 -0.Fa08 02312 41% 047 [0.30,0.74] e —

Fermand 2005 -02744 01468 10.3% 076 [0.57,1.01] B —

Palumbao 2004 -0.734 01754 7.2% 048034, 0.68] e —

Subtotal (95% CI) 43.7% 0.63 [0.55, 0.72] <4

Heterogeneity: Chi*=6.03, df=4 (P =0.20); F= 34%

Test for overall effect: £2= 6.55 (P = 0.00001)

1.10.2WHO PS 0-2

Barlogie 2006 -01383 00966 23.7% 0.B7[0.72,1.08] —

Elade 2004 -01625 0AFFY 7.0% 0.85([0.60,1.200 S

Facon 2007 05247 014588 104% 1.69[1.27, 2.29] e —

Sonneveld 2007 -0.3425 01211 151% 071 [0.56, 0.900 e

Subtotal (95% CI) 56.3% 0.93 [0.82, 1.05] €

Heterogeneity: Chi®= 2248, df=3 (P = 0.0001%, F=87%

Test for overall effect Z=1.18 (P =0.24)

Total (95% CI) 100.0% 0.78 [0.71, 0.86] &

Heterogeneity: Chi®= 4563, df=8 (P = 0.00001); F=82% IZI=5 Di? 115 é

Test for overall effect: £=5.21 (P = 0.00001} Favours HOT- AutoSCT Favours SDT
3 Test for subgroup differences: Chi*=17.12, df=1 (P = 0.0001%, F=94.2%

5  Figure 6.7. TWIiSTT (months) by trial age entry criteria, HDT versus lower dose therapy

AutoSCT Lower dose therapy Mean Difference Mean Difference
Study or Subgroup  Mean [ iths] SD [ iths] Total Mean [ iths] SD | iths] Total Weight I, Fixed, 95% CI[! I, Fixed, 95% CI [ iths]
1.7.1 Age < 56 years
Fermand 1998 78 19.2068 91 223 30.7587 94 52.2% 5.50 [-1.86, 12.86) -
Subtotal (95% CI) 91 94  52.2% 5.50 [-1.86, 12.86] —~oall——
Heterogeneity. Mot applicable
Testfor overall effect: Z=1.46 (P=0.14)
1.7.2 Age < 65 years
Fermand 2005 251 28.8058 94 16.6 251704 96 47.8% 8.50[0.80,16.20] —a—
Subtotal (95% CI) 94 96 47.8% 8.50 [0.80, 16.20] —=aeEiie-—
Heterogeneity: Mot applicable
Test for overall effect Z= 216 (P=0.03)
Total (95% CI) 185 190 100.0% 6.93 [1.61, 12.26] il
Heterogeneity: Chi®=0.30, df=1 (P = 0.58); F= 0% BN R n a0

Testfor averall effect: Z= 2.55 (P=0.01)
6 Testfor subagroup differences: Chi®= 0.30, df=1 (P =058, F= 0%
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1

Figure 6.8. Treatment related mortality by trial age entry criteria, HDT versus SDT

AutoSCT Lower dose therapy Risk Ratio Risk Ratio
Study or Subgroup  Bvents Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.5.1 Age 7O yrs or less
Barlogie 2006 g 281 1 255 41% 7820498 62.08]
Palumbo 2004 5 45 1 499 3.9% 521062, 43.78]
Subtotal (95% CI) 356 354 8.0% 6.53[1.48, 28.79] —ee R ——
Total events 13 2
Heterogeneity: Chi*=0.07, df=1 (FP=0.79); F=0%
Testfor overall effect: £=2.48 (F=0.01)
1.5.2 Age 65 yrs or less
Aftal 1996 ] A 100 20.0% 1.40[0.46, 4.26] I R —
Fermand 2005 5 44 2 496 TA%  255[0451,12.84] N e e —
Sonneveld 2007 16 1485 B 148 24.6% 2.85[1.02,6.33] . —
Subtotal (95% CI) 349 344 526%  2.11[1.11,4.01] -
Total events 23 13
Heterogeneity: Chi®=0.74, df= 2 (P = 0.69) F=0%
Test for overall effect £= 228 F=0.02
1.5.3 Age 55 or less
Fermand 1398 {1} ] 91 10 94 39.4% 0.93[0.40,2.18] t
Subtotal (95% Cl) 91 94 394%  0.93[0.40, 2.18]
Total events ] 10
Heterageneity: Mot applicahle
Test for overall effect £= 017 {F=0.87)
Total (95% CI) 796 792 100.0%  2.00[1.25, 3.19] L
Total events a0 25
Heterogeneity: Chi®=6.29, df=5(F=0.28) F=20% T 0 10

Test for overall effect; £= 2,90 (F = 0.004)

Testfor subgroup differences: Chif=5.44, df =2 {F=0.07), F=63.2%

Footnotes

(1) Transplant related mortality - most patients in both groups had AutoSCT
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Figure 6.9. Risk of bias summary
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Figure 6.10: Screening results

searching

Records identified through database

Additional records identified through
other sources

v

Records after duplicates removed
1714

'

Records screened
1714

A 4

Records excluded
1680

'

34

Full text articles assessed for eligibility

Articles excluded
23

'

11 (9 RCTS, 2 meta-analyses)

Studies included in evidence review

References of included studies

1. Attal, M., Harousseau, J. L., Stoppa, A. M., Sotto, J. J., Fuzibet, J. G., Rossi, J. F. et al. (1996). A
prospective, randomized trial of autologous bone marrow transplantation and
chemotherapy in multiple myeloma. Intergroupe Frangais du Myélome. New England

Journal of Medicine, 335, 91-97.

2. Barlogie, B., Zangari, M., Bolejack, V., Hollmig, K., Anaissie, E., van, R. F. et al. (2006).
Superior 12-year survival after at least 4-year continuous remission with tandem
transplantations for multiple myeloma. Clinical Lymphoma & Myeloma, 6, 469-474.

3. Bladé, J., San-Miguel, J. F., Fontanillas, M., Alcal3, A., Maldonado, J., Garcia, C. J. et al. (1996).
Survival of multiple myeloma patients who are potential candidates for early high-dose
therapy intensification/ autotransplantation and who were conventionally treated. Journal
of Clinical Oncology, 14, 2167-2173

4. Child, J. A,, Morgan, G. J., Davies, F. E., Owen, R. G., Bell, S. E., Hawkins, K. et al. (2003). High-
dose chemotherapy with hematopoietic stem-cell rescue for multiple myeloma. New
England Journal of Medicine, 348, 1875-1883.

5. Facon, T., Mary, J. Y., Hulin, C., Benboubker, L., Attal, M., Pegourie, B. et al. (2007).
Melphalan and prednisone plus thalidomide versus melphalan and prednisone alone or
reduced-intensity autologous stem cell transplantation in elderly patients with multiple
myeloma (IFM 99-06): a randomised trial. Lancet, 370, 1209-1218.

6. Faussner, F. & Dempke, W. C. (2012). Multiple myeloma: myeloablative therapy with
autologous stem cell support versus chemotherapy: a meta-analysis. Anticancer Research,

32, 2103-21009.

7. Fermand, J. P, Katsahian, S., Divine, M., Leblond, V., Dreyfus, F., Macro, M. et al. (2005).
High-dose therapy and autologous blood stem-cell transplantation compared with
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10.

11.

conventional treatment in myeloma patients aged 55 to 65 years: long-term results of a
randomized control trial from the Group Myelome-Autogreffe. Journal of Clinical Oncology,
23,9227-9233.

Fermand, J. P., Ravaud, P., Chevret, S., Divine, M., Leblond, V., Belanger, C. et al. (1998).
High-dose therapy and autologous peripheral blood stem cell transplantation in multiple
myeloma: up-front or rescue treatment? Results of a multicenter sequential randomized
clinical trial. Blood, 92, 3131-3136.

Levy, V., Katsahian, S., Fermand, J. P., Mary, J. Y., & Chevret, S. (2005). A meta-analysis on
data from 575 patients with multiple myeloma randomly assigned to either high-dose
therapy or conventional therapy. Medicine, 84, 250-260.

Palumbo, A. (2004). Intermediate-dose melphalan improves survival of myeloma patients
aged 50 to 70: Results of a randomized controlled trial. Blood, 104, 3052-3057.
Sonneveld, P., Holt, B., Segeren, C. M., Vellenga, E., Croockewit, A. J., Verhoe, G. E. et al.
(2007). Intermediate-dose melphalan compared with myeloablative treatment in multiple
myeloma: long-term follow-up of the Dutch Cooperative Group HOVON 24 trial.
Haematologica, 92, 928-935.

References of excluded studies

Adekola, K. U. A. (2013). Characteristics of multiple myeloma patients with 6-year or longer
progression-free survival after a single autologous transplant. Blood, Conference, 21.
Potentially relevant, but observational study

Armeson, K. E., Hill, E. G., & Costa, L. J. (2013). Tandem autologous vs autologous plus
reduced intensity allogeneic transplantation in the upfront management of multiple
myeloma: meta-analysis of trials with biological assignment. [Review]. Bone Marrow
Transplantation, 48, 562-567. Compares tandem with single AutoSCT

Cavallo, F. (2010). A prospective, randomized study of melphalan, prednisone, lenalidomide
(MPR) versus melphalan (200 mg/m2) and autologous transplantation (MEL200) in newly
diagnosed myeloma patients: An interim analysis. Haematologica, Conference, $116-S117.
Abstract only — insufficient information about the study population characteristics
Cavallo, F. (2014). Early autologous stem cell transplantation improves survival in newly
diagnosed multiple myeloma patients. Haematologica, Conference, 520. Abstract only —
insufficient information about the study population characteristics

Chang, H., Qi, C,, Yi, Q. L., Reece, D., & Stewart, A. K. (2005). p53 gene deletion detected by
fluorescence in situ hybridization is an adverse prognostic factor for patients with multiple
myeloma following autologous stem cell transplantation. Blood, 105, 358-360. Potentially
relevant, but observational study

Corso, A., Galli, M., Mangiacavalli, S., Rossini, F., Nozza, A., Pascutto, C. et al. (2012).
Response-adjusted ISS (RalSS) is a simple and reliable prognostic scoring system for
predicting progression-free survival in transplanted patients with multiple myeloma.
American Journal of Hematology, 87, 150-154. Potentially relevant, but observational study
Gao, W. (2013). Comparable outcome of stem cell transplant versus bortezomib-based
consolidation in myeloma patients after major response to induction. Hematology, 18, 341-
347. Not RCT

lacobelli S, de Wreede LC, & Schonland (2015). Impact of CR before and after allogeneic and
autologous transplantation in multiple myeloma: results from the EBMT NMAM2000
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High-dose therapy with single autologous transplantation versus chemotherapy for newly
diagnosed multiple myeloma: A systematic review and meta-analysis of randomized
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improved efficacy of bortezomib containing induction regimens (BCIR) versus non-
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abstract). Annals of Hematology, 92, 935-943. Compares induction treatments.
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Health economic evidence

Myeloma: diagnosis and management of myeloma Economic evidence summary

Topic: Primary disease management for newly diagnosed myeloma, including autologous stem cell
transplantation.

Key question: Which patients with newly diagnosed myeloma should be considered for autologous stem
cell transplantation?

Population: Patients with newly diagnosed myeloma

Intervention: Autologous stem cell transplant
Comparator: no further treatment, comparator treatment (e.g. lesser intensity).

Outcomes: Health related quality of life, Overall survival, Progression free survival, Treatment related
mortality, Treatment related morbidity, Patient/carer/family acceptability, Later effects, TWiST

Summary

e The following databases were searched for economic evidence relevant to the PICO: MEDLINE,
EMBASE, COCHRANE, NHS EED. Studies conducted from any OECD countries were considered
(Guidelines Manual 2014).

e 463 possibly relevant papers were identified. Of these, 11 full papers relating to this topic were
obtained for appraisal. Three papers were not relevant to the PICO, one only considered costs and
four did not report quality of life based outcomes. Therefore three studies (Gulbrandsen et al 2001,
Van Agthoven et al 2004, Corso et al 2013) were included in the current review of published
economic evidence for this topic.

e Gulbrandsen et al considered the cost effectiveness of high dose chemotherapy in addition to
autologous stem cell transplant versus high dose chemotherapy alone in patients under 60 years of
age with newly diagnosed, symptomatic myeloma. The study reported the results in terms of cost
per Quality Adjusted Life Year (QALY) gained and considered a Norwegian societal perspective.
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Gulbrandsen et al found the transplant strategy to be both more costly and more effective
estimating a cost per QALY of $27,000. This ranged from $6,800 to $40,000 per QALY during
sensitivity analysis.

Gulbrandsen had limited exploration of uncertainty around the parameters and results and did not
present a probabilistic sensitivity analysis.

Corso et al considered the cost effectiveness of high dose chemotherapy with autologous stem cell
support versus high dose chemotherapy in previously untreated myeloma patients. The study
reported results in terms of cost per QALY gained and considered an Italian health payer
perspective. The transplant strategy was found to be both more expensive and more effective
leading to a cost per QALY of €44,454.

There was a lack of transparency in the Corso study around their elicitation of key parameters (in
particular utility weights) and the distributions used for parameters in their probabilistic sensitivity
analysis. Deterministic sensitivity analyses were not presented.

van Agthoven considered the cost effectiveness of intensive chemotherapy with stem cell
transplant versus intensive chemotherapy alone in patients <65 years of age with previously
untreated stage Il or IIl A/B myeloma. The study found the transplant strategy to be both more
costly and less effective.

van Agthoven presented limited exploration of uncertainty around their estimate making it difficult
to consider the robustness of these conclusions. The study was therefore deemed to have
potentially serious limitations.

Despite all three studies considering similar interventions and comparators it is difficult to
meaningfully compare results given the differing range of perspectives taken. All studies though
reported significantly higher costs for the transplant strategy than for the non-transplant strategy.
The incremental QALYs between the transplant and non-transplant strategies differed widely
across all studies ranging from -0.14 to 1.73 QALYs

All studies were considered only partially applicable to the decision problem. This is because all
studies took a perspective other than a NHS+PSS one. Discounting of costs and health outcomes
was also inconsistent, with that recommended by NICE. Only one study (van Agthoven et al) elicited
changes in ‘Health Related Quality of Life’ from a representative sample of the general public.

Volume of evidence

463 possibly relevant papers were identified. Of these, 11 full papers relating to this topic were
obtained for appraisal. Three papers were not relevant to the PICO, one only considered costs and
four did not report quality of life based outcomes. Therefore three studies (Gulbrandsen et al 2001,
Van Agthoven et al 2004, Corso et al 2013) were included in the current review of published
economic evidence for this topic.

All three studies compared a transplant strategy with a high dose chemotherapy strategy and
reported their outcomes in terms of cost per QALY

Selection criteria for included evidence:
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463

possibly relevant
papers identified

452

papers excluded
based on title &
abstract

v

11

full text paper
obtained

8

papers excluded
based on full text

v

3

papers included
in evidence
review

Studies that compare costs and health
consequences of interventions were included (i.e.
true cost-effectiveness analyses)

Quality of life based outcomes were used as the
measure of effectiveness in at least one of the
analyses presented

Studies conducted in OECD countries were included

Studies that presented incremental results or
presented enough information for incremental
results to be derived

Studies that matched the population, interventions,
comparators and outcomes specified in PICO

Studies not considering a UK NHS+PSS perspective
which presented identical or similar economic
models to a study which did were excluded
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Quality and applicability of the included studies

Applicability

Directly applicable

Partially applicable

Minor limitations

Potentially serious
limitations

Corso et al 2013
Gulbrandsen et al 2001

Van Agthoven et al 2004

Methodological quality

Very serious limitations

e All studies were considered only partially applicable to the decision problem that we are
evaluating. This is because all studies did not take a NHS+PSS perspective and discounting was also
inconsistent, with that recommended by NICE. Only one study (van Agthoven et al) elicited changes
in ‘Health Related Quality of Life’ from a representative sample of the general public.

e Potentially serious limitations were identified with all studies. All three studies presented
inadequate exploration of uncertainty with only one presenting a limited probabilistic sensitivity
analysis. Other limitations included the identification and reporting of key parameters.

Reference List

Corso A, Mangiacavalli S, Cocito F et al. (2013) Long Term Evaluation of the Impact of Autologous Peripheral
Blood Stem Cell Transplantation in Multiple Myeloma: A Cost-Effectiveness Analysis. PLoS ONE

8(9): e75047.

Gulbrandsen, N., Wislgff, F., Nord, E., et al. (2001). ‘Cost-utility analysis of high-dose melphalan with
autologous blood stem cell support vs. melphalan plus prednisone in patients younger than 60
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years with multiple myeloma.” European Journal of Haematology, 66, 328-336.

Van Agthoven, M., Segeren, C. M., Buijt, I., et al. (2004). ‘A cost-utility analysis comparing intensive
chemotherapy alone to intensive chemotherapy followed by myeloablative chemotherapy with
autologous stem-cell rescue in newly diagnosed patients with stage II/1ll multiple myeloma: a
prospective randomised phase Il study. ‘European Journal of Cancer, 40, 1159-1169.

1

2 Allogeneic stem cell transplantation

3 Review Question:

4  Which patients with myeloma should be considered for allogeneic stem cell transplantation?

5

6  Question in PICO format

Population Intervention Comparator Outcomes
Patients with newly Allogeneic stem cell e Chemotherapy e Health related
diagnosed myeloma grouped | transplant e First (in newly quality of life

according to -

- Age

- Performance status

- Comorbidities -
(Charlson score, ACE-
27)

- Renal impairment

- Genetic
abnormalities (FISH)

- ISS

- Beta-2 microglobulin

Patients with relapsed
myeloma grouped according
to
- Age
- Performance status
- Comorbidities
(Charlson score, ACE-
27)
- Renal impairment
- Genetic
abnormalities (FISH)
- Time to relapse
- Number of relapses
- Disease
responsiveness
(disease that
responded or is
stable after re-
induction therapy)

Myeloablative
conditioning
(MAC)
Non-Myeloablative
conditioning
(NMA) or reduced
intensity
conditioned (RIC
including auto/allo
RIC)

diagnosed
patients) or
second (in
relapsed patients)
autologous stem
cell transplant

e no treatment

e Overall survival

e Progression free
survival

e Treatment related
mortality

e Treatment related
morbidity

e Adverse events

e Patient/carer/family
acceptability

e PROMs
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Evidence statements

See Tables 6.8 to 6.15.

Patients with newly diagnosed myeloma

Very low to low quality evidence suggests that outcomes are better (OS and PFS or EFS are longer)
following treatment with a tandem approach of autologous-allogeneic stem cell transplant
compared to treatment with a tandem autologous-autologous stem cell transplant in newly
diagnosed myeloma patients in the following subgroups: patients with dell3 (Bjorkstrand et al.,
2011; Gahrton et al., 2013), ISS stage 3 patients (Lokhorst et al., 2012) and chemosensitive patients
(Rosinol et al., 2008). Allogeneic transplant was also found to be superior to any other treatment in
patients with beta-2-microglobulin (B2M) greater than 3 (Lokhorst et al., 2012).

There was also evidence to the contrary from 2 studies which reported that outcomes were better
with tandem autologous stem cell transplant compared to allogeneic transplant in newly diagnosed
high risk myeloma patients (Garban et al., 2006; Krishnan et al., 2011). In addition, one study
reported no difference in outcomes for the two treatment strategies in high risk patients (Bruno et
al., 2007).

Conflicting results between the different studies are unlikely to be due to a true difference in the
effect of allogeneic transplant in specific subgroups of patients but more than likely can be explained
by differences between studies such as different patient selections, different conditioning regimens,
and different GVHD prophylaxis regimen. Variation in the length of follow-up employed in the
different studies may also account for the differences in results. The studies of high risk myeloma
patients all report better results (longer OS and PFS or EFS) with tandem autologous transplant
compared to autologous-allogeneic transplant whereas studies of other population subgroups
report better outcomes with autologous-allogeneic transplant. But these studies of high risk patients
have shorter follow-up times (24-45 months) compared to the other studies (62-96 months).

No evidence was identified for the outcomes treatment related morbidity, health related quality of
life, adverse events, patient/carer/family acceptability and PROMs.

Patients with relapsed myeloma

Low quality evidence from a retrospective analysis suggests that outcomes are worse following
treatment with allogeneic stem cell transplant compared to a second autologous stem cell
transplant in relapsed patients with Durie-Salmon stage Ill myeloma. Allotransplant was associated
with a higher risk of relapse and treatment failure compared to autologous transplantation (Freytes
et al., 2014). Evidence from the same study suggests that there is little difference in outcomes
between related and unrelated donor allogeneic transplantation. The 3-year OS of patients who
underwent transplant from related donors was 19% compared to 21% in patients whose donors
were unrelated. Furthermore the TRM was also similar irrespective of donor type (Freytes et al.,
2014).

Moderate quality evidence from studies of allogeneic transplant that reported predictive factors
(high quality prognostic factor studies but downgraded as comparative studies are better for
answering the review question) suggest that in relapsed myeloma patients undergoing allogeneic
transplant B2 microglobulin < 3.3mg/L is predictive of lower NRM and longer PFS and OS (Efebera et
al.,, 2010), a longer interval between auto and relapse is predictive of lower OS (Patriarca et al.,
2012), an interval of more than 1 year between the first and the salvage transplant is predictive of
longer OS (Qazilbash et al., 2006), previous auto STC is predictive of lower NRM and longer PFS and
OS (Efebera et al., 2010), refractory disease is predictive of worse OS and PFS (Shimoni et al., 2010),
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disease duration of >5 years is predictive of worse PFS (Shimoni et al., 2010) and SCT from female

donor to male recipient is predictive of worse OS and PFS (Shimoni et al., 2010).

No evidence was identified for the outcomes treatment related morbidity, health related quality of

life, adverse events, patient/carer/family acceptability and PROMs.

Table 6.8: Predictive factors for allogeneic transplant in relapsed myeloma patients

Efebera® Patriarca® Qazilbash®

B2 microglobulin < 3.3mg/L

Interval between diagnosis
and allo

Interval between auto and
allo

Interval between auto and
relapse

Previous auto STC

age

disease status before SCT
(responsive or
unresponsive)

Disease duration of >5 years

Stem cell source

Donor type
(related/unrelated)

Donor and recipient gender

Use of DLI

ATG

Immunoglobulin subtype

Serum lactate
dehydrogenase

Serum albumin

Cytogenetic data

# Independent predictive factors from multivariate analysis.

Shimoni®

® Results from univariate analysis. Multivariate analysis was not performed due to a small sample size.

X: Not predictive.
n/a: Factor not investigated or too few numbers of patients to include in analysis.

Appendix G: evidence review

Page 220 of 670



Table 6.9: Summary of results in newly diagnosed myeloma patients

oS PFS EFS TRM Relapse/progression
Patients with del13 Better with allo Better with n/a n/a less with allo than
than 2™ auto allo than 2™ 2" auto
Bjorkstrand et al., auto
2011;
Gahrton et al., 2013
Patients with ISS stage Better with allo Better with n/a n/a n/a
11 than 2™ auto allo than 2™
auto
Lokhorst et al., 2012
Patients with B2M Better with allo Better with n/a n/a n/a
greater than 3 than other allo than other
treatment treatment
Lokhorst et al., 2012
High risk myeloma Better with 2™ n/a Better with 2" | n/a n/a
(patients younger than | auto than allo auto than allo
65 years, B2M greater
than 3, chrl3
abnormalities)
Garban et al., 2006
High risk patients Better with 2™ Better with n/a Higher with allo | higher with 2" auto
(B2M, cytogenetics) auto than allo allo than 2™ than 2™ auto than allo
auto
Krishnan et al., 2011
High risk patients No difference n/a No difference n/a n/a
(high B2M and/or between auto- between
chr13 abnormalities) allo and tandem auto-allo and
auto tandem auto
Bruno et al., 2007
Chemosensitive Better with allo Better with Better with Higher with allo | n/a
patients than 2™ auto allo than 2™ allo than 2™ than 2™ auto
auto auto

Rosinol et al., 2008
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Table 6.10: GRADE profile: Which patients with myeloma should be considered for allogeneic stem cell transplantation (allo versus second auto in patients
with newly diagnosed myeloma del13)?

Summary of findings
Quality assessment
v N? of Effect
patients
Relative Quality
No of . A . . . . Other second
. Design Limitations Inconsistency Indirectness Imprecision| . . Allo (95% Absolute
studies considerations auto a)
PFS at 96 months
1 observational no serious no serious no serious Serious’ none 29 63 PFS at 96 months was 16% greater in the allo group compared to those in ®000
studies limitations inconsistency indirectness the second auto group VERY LOW
OS at 96 months
1 observational no serious no serious no serious Serious’ none 29 63 ) OS at 96 months was 16% greater in the allo group compared to those in ®000
studies limitations inconsistency indirectness the second auto group VERY LOW

Table 6.11: GRADE profile: Which patients with myeloma should be considered for allogeneic stem cell transplantation (allo versus second auto in patients
with newly diagnosed myeloma who have high risk disease)?

Summary of findings
Quality assessment No of
i/ ?o Effect
patients
Relative Quality
No of . L . . .. her n
° ? Design Limitations Inconsistency Indirectness Imprecision 9‘ e . Allo| *¢€° g (95% Absolute
studies considerations auto a)
EFS
2 observational  |no serious no serious no serious no serious none One study: HR 0.52 (95%Cl: 0.22-1.21). ®B00
studies limitations inconsistency indirectness imprecision 123| 265 - Second study: mean EFS was 3 months longer in patients in the second auto LOW
group compared to those in the allo group.
0S
2 observational |no serious no serious no serious no serious none One study: HR 0.34 (95%Cl: 0.10-1.18).
studies limitations inconsistency indirectness imprecision 123| 265 - Second study: mean OS was 12 months longer in patients in the second auto @D00 LOW
group compared to those in the allo group.
3 yr PFS
1 observational  |no serious no serious no serious Serious’ none 29 31 ) 3 yr PFS was 3% greater in patients in the second auto group compared to @000
studies limitations inconsistency indirectness those in the allo group. VERY LOW
3 yr OS
1 observational  |no serious no serious no serious Serious’ none 29 31 ) 3 yr OS was 3% greater in patients in the second auto group compared to those @000
studies limitations inconsistency indirectness in the allo group. VERY LOW
3 yr TRM
1 observational  |no serious no serious no serious Serious’ none 29| 31 ) 3 yr TRM was 7% lower in patients in the second auto group compared to those @000
studies limitations inconsistency indirectness in the allo group. VERY LOW

relapse/progression at 3 yrs
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observational
studies

no serious
limitations

no serious
inconsistency

no serious
indirectness

N 1
Serious

none

29

31 -

Relapse/progression at 3yrs was 4% greater in patients in the second auto
group compared to those in the allo group.

@000
VERY LOW

Table 6.12: GRADE profile: Which patients with myeloma should be considered for allogeneic stem cell transplantation (allo versus second auto in patients
with newly diagnosed myeloma who have ISS stage IIl)?

Summary of findings
Quality assessment
Y N? of Effect
patients
Relative| Quality
No ?f Design Limitations Inconsistency Indirectness  |Imprecision 9ther. Allo second (95% Absolute
studies considerations auto a)
Syr PFS
1 observational no serious no serious no serious Serious” none 5 yr PFS was 28% greater in patients in the allo group compared to those in @000
. Lo . . . 17 17 -
studies limitations inconsistency indirectness the second auto group. VERY LOW
Syr OS
1 observational no serious no serious no serious Serious’ none 5 yr OS was 23% greater in patients in the allo group compared to those in @000
. Lo . . . 17 17 -
studies limitations inconsistency indirectness the second auto group. VERY LOW
Table 6.13: GRADE profile: Which patients with myeloma should be considered for allogeneic stem cell transplantation (allo versus other treatment in
patients with newly diagnosed myeloma who have 32M greater than 3mg/L)?
i Summary of findings
Quality assessment =
No of patients Effect
Relative i
ualit
No ?f Design Limitations Inconsistency Indirectness  |Imprecision f)ther. Allo G (95% Absolute o v
studies considerations treatment a)
Syr PFS
1 observational no serious no serious no serious Serious’ none 5 yr PFS was 20% greater in patients in the allo group compared to those @000
; S . . - 46 47 -
studies limitations inconsistency indirectness in the second auto group. VERY LOW
Syr OS
1 observational no serious no serious no serious Serious’ none 5 yr OS was 17% greater in patients in the allo group compared to those @000
; S . . - 46 47 -
studies limitations inconsistency indirectness in the second auto group. VERY LOW

Table 6.14: GRADE profile: Which patients with myeloma should be considered for allogeneic stem cell transplantation (allo versus second auto in patients
with newly diagnosed myeloma who are chemosensitive)?

Summary of findings

Quality assessment No of
X Effect
patients
Relative| Qualit
No of . . . . L. Other second v v
. Design Limitations Inconsistency Indirectness  |Imprecision . . Allo (95% Absolute
studies considerations auto a)
CR rate
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1 observational no serious no serious no serious Serious’ none 25 35 ) CR was 29% greater in patients in the allo group compared to those in the @000
studies limitations inconsistency indirectness second auto group. VERY LOW

median PFS

1 observational no serious no serious no serious Serious’ none 25 85 ) median PFS was 31 months in the second auto group and not reached in the @000
studies limitations inconsistency indirectness allo group. VERY LOW

median EFS

1 observational no serious no serious no serious Serious’ none 25 85 ) median EFS was 6 months greater in patients in the allo group compared to @000
studies limitations inconsistency indirectness those in the second auto group. VERY LOW

median OS

1 observational no serious no serious no serious Serious’ none 25 85 ) median OS was 58 months in the second auto group and not reached in the @000
studies limitations inconsistency indirectness allo group VERY LOW

TRM

1 observational no serious no serious no serious Serious’ none 25 85 ) TRM was 11% greater in patients in the allo group compared to those in the @000
studies limitations inconsistency indirectness second auto group. VERY LOW

Yimprecision due to small sample size

Table 6.15: GRADE profile: Which patients with myeloma should be considered for allogeneic stem cell transplantation (allo versus second auto in relapsed

myeloma patients with Durie-Salmon stage Ill myeloma)?

Summary of findings
Quality assessment No of
y - Effect
patients

Relativ: Qualit

No of . L . . .. Other second | ¢, A i
X Design Limitations Inconsistency Indirectness Imprecision . . Allo (95% Absolute
studies considerations auto a)
relapse

1 observational no serious no serious no serious no serious none 150|137 ) Allotransplant was associated with a high risk of relapse compared to ®D00

studies limitations inconsistency indirectness imprecision autotransplant (HR 3.05, 95% Cl 2.20-4.22) Low
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Search Results

Many studies were excluded as even though the outcomes of interest were reported the population was
heterogeneous and it was not possible to extract data specifically for newly diagnosed or relapsed patients.

Seven papers were identified that were specific for newly diagnosed patients. They were all prospective studies
comparing auto-allo STC (5 RIC and 2 NMA) with second auto STC as part of a tandem procedure in specific sub-
groups of patients.

Five papers were identified that were specific for relapsed patients. One study was a retrospective analysis of a

multicentre database that compared RIC auto-allo with second auto STC in specific sub-groups of patients and 4
studies were single intervention studies that evaluated prognostic factors for survival

Figure 6.11: Screening result

Records identified through database Additional records identified through
searching other sources
? 0
|
v
Records after duplicates removed
1714

'

Records screened Records excluded
1714 1657

A 4

'

Full text articles assessed for eligibility Articles excluded
57 —» 45

'

Studies included in evidence review
12
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1 Evidence table

Study

Population

Intervention

Comparator

Results

Additional comments

Bjorkstrand et al.,
2011

Prospective study
Multi-centre

Europe

newly diagnosed

357 patients with myeloma
up to age 69 years were
enrolled from 2001 to
2005. Patients with an HLA-
identical sibling donor were
allocated to the auto-allo
arm (n =108) and patients
without a matched sibling
donor were allocated to the
auto arm (n =249).

Median time of follow-up
after inclusion (i.e., the first
ASCT) was 61 months
(range, 21 to 91 months)
for patients alive at last
follow-up.

Of the 108 patients
allocated to the auto-
allo arm, 91 received an
RIC alloSCT

Median time between
autograft and allograft
was 4.2 months
(range, 1.3 t0 22.2
months)

65 male, 43 female
Median age 54 (34-66)

Patients without a
matched sibling donor
received either no
further treatment
(n=145) or, at the
discretion of the centre,
a second ASCT as part
of a tandem
transplantation
program (n=104).

146 male, 103 female
Median age 57 (31-69)

Cytogenetic analysis with respect to chromosome 13 deletion was performed in
214 patients by FISH.

allo 2"
auto
Del(13) 29 63
no Del(13) | 34 88
Del(13)

PFS at 60 0S at 60 relapse/
months months progression
(95% Cl) (95% Cl) risk

allo 31% 69% 55%
(18% - 53%) (54% - 88%) (39% - 77%)

2%auto | 11% 55% 86%
(5% - 22%) (44% - 69%) (78% - 96%)
P=.002 P=.003 P=.004

no Del(13)

PFS at 60 0S at 60 relapse/
months months progression
(95% Cl) (95% Cl) risk

allo 44% 70% 39%
(30% - 64%) (56% - 88%) (25% - 60%)

2"%auto | 20% 61% 76%
(12% - 32%) (51% - 73%) (67% - 87%)
P=.017 P=.363 P=.005

Although del(13) is not an
optimal prognostic
marker for outcome, at
the time the study was
being done this was the
only chromosomal
aberration that could be
adequately analyzed in
most centres.

It is still of some value
since it is often
associated with new and
better prognostic
chromosomal makers,
which indicate poor
prognosis (del(17p),
t(14;16), t(14;20)).

For update at 96 months
see Gahrton et al., 2013.

Bruno et al., 2007

Prospective

newly diagnosed

The study enrolled 245

Auto-allo transplant
(nonmyeloablative)

Tandem auto transplant

N=46

The availability of an HLA-identical sibling and, therefore, the possibility of
receiving an allograft were significantly associated with longer overall survival

Multicentre consecutive patients 65 N=58 (HR 0.35; 95% Cl, 0.19- 0.64; P = 0.001)
years of age or younger 27 male, 19 female and event-free survival

Italy with stage Il or Il myeloma | 30 male, 28 female (HR, 0.54; 95% Cl, 0.35-0.81; P = 0.003).
at five Italian centres. Mean age 55 years (33-

Mean age 55 years (34- | 63) In a stratified analysis that classified patients with high B2-microglobulin levels
Of these 245 patients, 199 65) or with chromosome 13 abnormalities as being at high risk, the adjusted hazard
had siblings, and 162 of the ratios were 0.34 (95% Cl, 0.10 to 1.18) for overall survival and 0.52 (95% Cl, 0.22
patients who had siblings to 1.21) for event-free survival.
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underwent HLA typing to
determine whether they
had potential HLA-identical
donors.

median follow-up 45
months (range: 21 to 90)

Efebera et al., 2010
Retrospective
analysis

Single-centre

USA

Relapsed

51 patients with heavily
pre-treated relapsed
myeloma

27 males, 24 females
Median age 51 years (32-
65)

Median follow-up in
surviving patients was 27
months (3-98).

RIC allo STC

Median time from
diagnosis to allo HCT
was 34 months

n/a

Multivariate Factors affecting OS and PFS:

Age, Immunoglobulin subtype (IG), serum lactate dehydrogenase (LDH), serum
albumin, stem cell source, donor type, use of DLI, interval between diagnosis
and allo SCT or interval between auto and allo SCT did not emerge as
statistically significant predictors of outcome.

Non-comparative/single
intervention study but
included as study reports
predictive factors.

Freytes et al., 2014

Retrospective
analysis of a
multicentre
database

USA

Relapsed

The study population
comprised of myeloma
patients <65 years who had
relapsed/progressed
after prior autologous
transplant and
subsequently received
NST/RIC allogeneic
transplant

or a 2nd autotransplant
between 1995 and 2008

Median follow-up of
NST/RIC survivors is 30
months (range, 2-98
months) and 29 months for
patients who underwent a
2nd autotransplant (range,
3-97 months).

152 subjects received
NST/RIC (32 from HLA-
identical siblings

and 120 from HLA-
matched unrelated
donors

90 male, 62 female
median age 53 (32 — 65)

137 subjects received a
2nd autotransplant

84 male, 53 female
median age 56 years
(28 - 65)

Durie-Salmon stage Il

In these patients, allotransplant was associated with a higher risk relapse and
treatment-failure compared to autotransplantation

(HR 3.05, 95% Cl, 2.20-4.22; p = 0.001).

Patients who underwent NST/RIC from related and unrelated donors had a
similar outcome.
The 3-year OS of patients who underwent NST/RIC from related donors
was 19% (95% Cl: 7-33) compared to patients whose donors were
unrelated, 21% (95% C: 14-28).

The TRM was also similar irrespective of donor type (HR 1.077, 95% ClI
0.75-1.54, p = 0.68).

Major limitations of this
study are the absence of
cytogenetic data and a
paucity of other
prognostic factors
available in the NST/RIC
cohort. 25% of the
NST/RIC patients had
these data available.
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Gahrton et al., 2013 | newly diagnosed See Bjorkstrand et al See Bjorkstrand et al Del(13) See Bjorkstrand et al
PFS at 96 0OS at 96
Update at a median | See Bjorkstrand et al months months
follow-up of 96 (95% Cl) (95% Cl)
months of Median time of follow-up allo 21% 47%
Bjorkstrand et al. after inclusion (i.e., the first 2" auto | 5% 31%
that prospectively ASCT) was 96 months
compares auto/RIC (range, 47 to 127 months) no Del(13)
allo to auto. for patients alive at last PFS at 96 0S at 96
follow-up. months months
Europe. (95% Cl) (95% Cl)
allo 26% 55%
2" auto | 16% 46%

Patients with or without the del(13) abnormality had similar outcome when
treated with auto/RIC allo and better outcome than those with auto. This is in
contrast to the outcome with auto, which was poorer in patients with the
del(13) abnormality than in those without.

Garban et al., 2006

Prospective study
multicentre

France &
Switzerland

newly diagnosed

284 patients

High risk myeloma: Patients
younger than 65 years who
had Durie-Salmon stage |
(one bone lesion), II, or il
myeloma and initial
biologic features chr13
deletion (FISH analysis) and
B2-microglobulin levels
greater than 3 mg

When an HLA-identical
sibling donor was identified
at diagnosis, the patient
was offered dose-reduced
allogeneic stem cell
transplantation after ASCT.

Patients who had no donor
underwent tandem ASCT.

Median follow-up time of

RIC-Allo SCT (n=65)

32 male, 33 female
Median age 54 (36-65)

46 patients completed
the entire program

The median time
between diagnosis and
ASCT was 153 days
(range, 120-226 days),
and it was 73 days
(range, 44-92 days)
between ASCT and

dose-reduced allograft.

Second ASCT (n=219)

114 male, 105 female
Median age 58 (28-65

Combination of ASCT followed by allogeneic transplant was not superior to
tandem ASCT.
0OS and EFS —no significant difference.

EFS oS
RIC-Allo 31.7 35
months months
2" auto | 35 47.2
months months
P=0.35 P=0.07

There was a trend for better OS for the patients in the tandem transplantation
trial than for patients treated with the combination of ASCT followed by mini-
allogeneic transplantation.
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24 months.

Krishnan et al.,

newly diagnosed

allogeneic transplant

second autologous

Standard risk

2011 using a non- transplant 3 yr PFS 3yr0OS Relapse/pr 3 yr TRM
710 patients with multiple myeloablative ogression at
Phase 3 multicentre | myeloma within 10 months | conditioning standard risk: 3yrs
trial from initiation of induction n=366 allo 43% 77% 46% 11%
therapy were classified as 260 male, 176 female (36% -51%) | (72% - 84%) | (39% - 54%) | (7% - 16%)
USA standard (SRD) or high risk standard risk: Median age 55 (22-70) 2" 46% 80% 50% 4%
(HRD) disease based on n=156 auto (42% - 51%) | (77% - 84%) | (46% - 55%) | (2% - 5%)
cytogenetics and beta-2- 111 male, 78 female High risk: P=0.671 P=0.191 P=0.402 P<0.001
microglobulin levels. Median age 53 (29-68) n=31
(standard risk : B-2 27 male, 21 female High risk
microglobulin High risk: Median age 57 (32-70) 3 yr PFS 3yr0S Relapse/pr 3 yr TRM
was < 4 mg/L and no N=29 ogression at
deletion of chr 13) 21 male, 16 female 3yrs
Median age 51 (32-66) allo | 40% 59% 38% 22%
Assignment to auto-allo (47% - 60%) | (45% - 78%) | (22% - 54%) | (8% - 35%)
HCT was based on 2™ 33% 67% 57% 11%
availability of an HLA- auto | (22%-50%) | (54%-82%) | (42%-71%) | (2% - 19%)
matched sibling donor. P=0.743 P =0.460 P=0.079 P=0.311
Median follow up of the
study population is 40
months (inter-quartile
range 38-43 months)
Lokhorst et al., Newly diagnosed donor no donor ISS stage Il Among the 260 patients
2012 n=122 n=138 5-year PFS 5-year OS included in this analysis,
donor versus no-donor 71 male, 51 female 93 male, 45 female Maintenance of 41% 65% there were 224 (86%)
Prospective analysis of patients Median age 54 (32-65) Median age 54 (30-65) second HDM with conventional
multicentre study included in the phase 3 Second auto 13% 42% karyotyping data
HOVON-50MMtrial. 99 allo-RIC 97 patients started with n=17 available. However, only
Netherlands 15 maintenance maintenance P=0.17 P=0.55 23 patients had
266 patients having 8 no treatment 3 high dose melphan del(13/13q), of whom
received an autologous-SCT 41 no treatment B2M great than 3 mg/L only 10 received an allo-
fulfilled the criteria to be Median time between 5-year PFS 5-year OS SCT. These numbers are
included, 138 patients auto and allo was 3.9 Allo SCT 35% 59% too small to draw any
without an HLA-identical months n=46 conclusion.
sibling donor and 122 Other 15% 2%
patients with a donor treatment
n=47
Median follow-up of 77 P=0.13 P=0.31

months.
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In the subgroup of donor-patients who actually received an allo-SCT, higher age
was significantly associated with
worse PFS (HR =1.04, 95% Cl = 1.01-1.07, P =.02)
and OS (HR =1.05, 95% Cl = 1.01-1.09, P =.01)
Patriarca et al., Relapsed allo-SCT n/a Variables considered as possible prognostic factors: Non-comparative/single
2012 - time between diagnosis and allo-SCT (months) intervention study but
169 patients with myeloma - disease status before SCT (responsive or unresponsive) included as study reports
Retrospective who relapsed after auto- - donor (sibling or unrelated) predictive factors.
analysis SCT underwent HLA typing - HLA typing (HLA-matched related versus HLAmatched unrelated
multicentre and search for a donor. 75 versus HLA-mismatched unrelated)
patients found a donor - stem cell source (bone marrow or peripheral blood),
Italy (median age 55 years (34- - ATG (yes or no)
68)) and 68 underwent allo- - acute GVHD (grade 0-l or grade II-1V)
SCT. - chronic GVHD (absent or present),
- donor lymphocyte infusion (DLI; yes or no)
Median follow-up after the
beginning of salvage Prognostic factors that were significantly (P <.10) associated with PFS in the
treatment was 19 months univariate proportional hazards model:
(range 1-97) in all patients e interval between diagnosis and allo-SCT (HR, 1.01; 95%Cl, 1.00-1.02; P=.08)
and 29 months (range 6-88) e progressive disease before transplant (HR, 4.27; 95%Cl, 1.01-16.56; P=.04)
in surviving patients. e development of chronic GVHD (HR, 0.43; 95%Cl, 0.18-1.04; P=.06)
The final survival model showed no significant prognostic factors for PFS.
The variables with a significant association with OS in univariate analysis:
e interval between auto-SCT and relapse (HR,1.012; 95%Cl, 1.00-1.04; P=.08)
e progressive disease before transplant (HR, 3.74; 95%Cl, 0.81-17.28; P=.09)
¢ T cell depletion with ATG (HR, 0.52; 95%Cl, 0.26-1.05; P=.07)
e development of chronic GVHD (HR, 0.32; 95%Cl, 0.10-0.95; P=.04).
In multivariate analysis, development of chronic GVHD maintained a protective
effect on OS (HR,0.11; 95%Cl, 0.17-0.68; P=.02), whereas an increased interval
between auto-SCT and relapse was associated with poor OS (HR, 1.07; 95% ClI,
1.01-1.13; P =.02).
Qazilbash et al., Relapsed RIC allo n/a Prognostic indicators for survival in the allogeneic transplant group: Multivariate analysis was
2006 not performed due to a
patients relapsing after an N=26 On univariate analysis, an interval of > 1 year between the first and the salvage small sample size.

Retrospective
analysis

USA

autograft

In general, younger
patients (up to age 65 yrs)
with available human

15 male, 11 female
median age 51 yrs
(32-65)

transplant (P = 0.02) predicted a significantly better OS.

Age, cytogenetics, disease status at the time of transplantation, type of donor,
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leukocyte antigen-matched median interval tumour mass, B2 microglobulin level, serum albumin level, and chronic GVHD
donors, financial clearance, between the first and also were studied and were found to have no effect on survival.
better performance status, the second transplant
and less comorbidity were was 17 months
treated with an allogeneic
transplant. median follow-up of 30
months
Rosinol et al., 2008 Newly diagnosed allo-RIC 2" auto
n=25 n=85

Prospective study 110 chemosensitive Mean age 52 + 6 Mean age 55 + 8 CRrate Median Median Median OS | TRM
myeloma patients failing to PFS EFS

Spain achieve at least near allo 40% Not 26 Not 16%
complete remission (nCR) reached months reached
after a first ASCT were 2" 11% 31 months | 19.6 58 months | 5%
scheduled to receive a auto months
second ASCT or allo-RIC p=0.001 | p=0.08 P=0.4 P=0.9 p=0.09
depending on HLA—
identical sibling donor
availability.
follow-up median 5.2 years

Sahbe

Shimoni et al., 2010

retrospective
analysis

Israel and Germany

Relapsed

Retrospective analysis was
conducted of allo- SCT
outcomes in 50 patients
who received RIC for
recurrent/refractory
myeloma in 2 participating
centres.

Female 21, male 29
median age 53 years (32-
64)

Median years from
diagnosis = 3 (range 6

months — 14 years).

Median follow-up 6.4 years

RIC allo- SCT

n/a

Variables considered as possible prognostic factors:
- time between diagnosis and allo-SCT
- disease status at SCT
- donor type (sibling or unrelated)
- donor gender
- prior auto STC
- time from auto STC
- prior lines of therapy

The independent factors found to be predictive of worse OS were:
- refractory disease (hazard ratio [HR], 2.5; 95% Cl, 1.4-4.6% [P=.003])
- SCT from a female donor to a male recipient (HR, 5.5; 95% Cl, 2.5-
12.5% [P=.001]).

The factors found to be predictive of worse PFS were:
- refractory disease (HR, 3.6; 95% Cl, 1.4-4.6% [P=.001])
- SCT from a female donor to a male recipient (HR, 4.1; 95% Cl, 1.7-9.6%
[P=.001])
- disease duration of >5 years (HR, 2.8; 95% Cl, 1.3-6.1% [P=.01])

Non-comparative/single
intervention study but
included as study reports
predictive factors.
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(5-7.9).

The 7-year PFS in 19 patients with none of these adverse prognostic factors was
47% (95% Cl, 25-70%).

Could not assess the prognostic effect of deletion 13 accurately due to missing
data (32% of patients had no genetic data).
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References of included studies

10.
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autologous/reduced-intensity conditioning allogeneic stem-cell transplanta