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Executive summary

Decision problem, description of the technology and clinical care pathway

e The submission covers the technology’s full marketing authorisation for this indication

e Maribavir is a first-in-class (benzimidazole riboside) anti-cytomegalovirus (CMV) agent, with a
novel mechanism of action that has multi-targeted anti-CMV activity

Disease overview

e CMV is a common viral pathogen of the Herpesviridae family.! While CMV infection is generally
asymptomatic or mild, when the host immunity is weakened, latent CMV can reactivate causing a
severe infection, tissue invasive disease, or a severe debilitating condition™2

e Transplant patients, who are required to have immunosuppression for transplantation, are
vulnerable to both reactivation of the patient’s own latent CMV infection, and/or a latent CMV
infection transferred from the transplant donor to the recipient

Burden

o CMV infections that are refractory or resistant to currently available antivirals are a major cause of
morbidity and mortality among solid organ transplant (SOT) and allogeneic haematopoietic stem
cell transplant (HSCT) recipients?®

e Given the shortage of organs, transplant failure is a costly and tragic outcome which wastes a
precious resource; patients with transplant failures are generally eligible to receive another
transplant, retransplant is not guaranteed

Care pathway

o For the treatment of patients with refractory or resistant CMV post-transplant (SOT and HSCT), the
available options include ganciclovir (Cymevene®), valganciclovir (Valcyte ®), or foscarnet
(Foscavir®) retreatment with initial or another antiviral can be used, depending on safety profile. All
are used off-label in the United Kingdom (UK)

Clinical effectiveness — SOLSTICE

e SOLSTICE was a Phase lll, multicentre, randomised (2:1 ratio), open-label, active-controlled, 20-
week study which evaluated the efficacy, safety and tolerability of maribavir 400 mg twice daily
(BID), compared with investigator-assigned anti-CMV treatment (IAT) (ganciclovir [intravenous; V],
valganciclovir [oral], foscarnet [IV], or cidofovir [IV]) in transplant recipients with CMV infections that
are refractory or resistant to treatment

Efficacy

e Maribavir met the primary endpoint with a greater proportion of patients (55.7%) achieving
confirmed CMV viraemia clearance at the end of study Week 8 compared with IAT (23.9%), a
difference of 32.8% (95% confidence interval [Cl]: 22.8%, 42.7%; p<0.001)

Safety

e Maribavir had a favourable safety profile and was generally well-tolerated compared to IAT in

patients with refractory or resistant CMV in SOLSTICE
Cost-effectiveness

e Maribavir is a cost-effective treatment option compared to current standard of care (IAT)

¢ In the base case, for the intention-to-treat (ITT) population (SOT and HSCT combined), the
deterministic incremental cost-effectiveness ratio (ICER) was £15,337 with higher incremental
costs (£2,004), higher incremental quality-adjusted life years (QALYs) (0.131) and life years
(0.160)

e The probability that maribavir is cost-effective compared with IAT was 51.83% at a willingness-to-
pay (WTP) threshold of £20,000 and 61.72% at a WTP threshold of £30,000
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B.1 Decision problem, description of the technology and
clinical care pathway

B.1.1 Decision problem
The submission covers the technology’s full marketing authorisation for this indication.

This decision problem addressed in this submission is summarised in Table 1.
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Table 1: The decision problem

Final scope issued by NICE Decision problem addressed | Rationale if different from the
in the company submission | final NICE scope
Intervention(s) | Maribavir Maribavir
Population(s) | People with cytomegalovirus infection that is refractory or resistant | As per the final NICE scope N/A
to treatments after haematopoietic stem cell
transplantation or solid organ transplant
Comparators e Ganciclovir e Ganciclovir Cytotoxic lymphocytes and
e Valganciclovir e Valganciclovir hyperimmune globulins are not
e Foscarnet e Foscarnet included within the decision
e Cidofovir e Cidofovir problem as they are not used in
e Ganciclovir with foscarnet None of the listed comparators | régular clinical practice within the
e Ganciclovir with hyperimmune globulins currently have a marketing UK. No evidence of their efficacy
¢  Cytotoxic lymphocytes authorisation in the UK for this | has been identified by an SLR
None of the listed comparators currently have a marketing indication. (Appendix D.1)
authorisation in the UK for this indication.
Outcomes The outcome measures to be considered include: As per the final NICE scope N/A
e CMV infection symptom improvement or reduction
e Length of hospital stay
o Mortality
e Tissue invasive disease
e Transplant graft function
e Viral load
o Adverse effects of treatment
e Health-related quality of life
Subgroups to | If the evidence allows the following subgroups will be considered. The NICE submission includes | N/A
be considered | These include: Study 303 data for HSCT and
e People who have had HSCT SOT population
e People who have had SOT
The availability and cost of biosimilar and generic products should
be taken into account.
Guidance will only be issued in accordance with the marketing
authorisation. Where the wording of the therapeutic indication does
not include specific treatment combinations, guidance will be
issued only in the context of the evidence that has underpinned the
marketing authorisation granted by the regulator.

CMV=Cytomegalovirus; HSCT=Haematopoietic stem cell transplant; IAT=Investigator-assigned anti-CMV treatment; N/A=Not applicable; NICE=National Institute for Health and Clinical Excellence;
SLR=Systematic literature review; SOT=Solid organ transplant; UK=United Kingdom
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B.1.2 Description of the technology being appraised

Maribavir is a first-in-class (benzimidazole riboside) anti-cytomegalovirus (CMV)
agent, with a novel mechanism of action that has multi-targeted anti-CMV activity,
through the inhibition of the UL97 protein kinase and its natural substrates. UL97
kinase is involved in several important processes in the CMV life cycle including
phosphorylation of CMV viral and host proteins which modulate the cell-cycle to
support viral deoxyribonucleic acid (DNA) synthesis, the regulation of viral gene
expression, and the induction of nuclear lamina disruption to facilitate nuclear egress
of viral particles.* By targeting the UL97 enzyme, maribavir acts at multiple stages of
the CMV lifecycle, inhibiting both replication and encapsulation of CMV DNA as well
as preventing the escape of viral capsules from infected cells.® This multisite action
makes maribavir less susceptible to mutations of the viral DNA polymerase which can
cause resistance in other therapies used for the treatment of CMV (Figure 1).5-°

Figure 1: Stages of CMV replication and sites of action of currently used
antivirals
Critical processes in CMV replication

Maribavir
Valganciclovir, ganciclovir,
foscarnet, cidofovir . .
o Replication
Letermovir o Maturation and encapsidation

o Egress of viral capsids

CMV=Cytomegalovirus; ER=Endoplasmic reticulum
Source: Maertens J, et al. 2019; Takeda 2019."%"
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Table 2: Technology being appraised

UK approved name and brand
name

Maribavir (LIVTENCITY)?

Mechanism of action

Maribavir is a potent and selective, orally bioavailable
benzimidazole riboside antiviral drug with a novel
mechanism of action against human CMV. Maribavir
attaches to the UL97 encoded kinase at the adenosine
triphosphate binding site, abolishing phosphotransferase
needed in processes such as DNA replication,
encapsidation, and nuclear egress making maribavir less
susceptible to mutations of the viral DNA polymerase and
enabling activity against strains with viral DNA polymerase
mutations.®-°

Marketing authorisation/CE mark
status

Maribavir does not currently have a marketing
authorisation in the UK.

An application for marketing authorisation was submitted to
the EMA on 31 May 2021, with an application to the MHRA
(via the reliance route) planned for September 2021. EMA
and MHRA approval is expected in November 2022.

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

At present, Takeda anticipates maribavir to be indicated for
the treatment of adults with post-transplant CMV infection
and/or disease who are resistant and/or refractory to prior
therapy including ganciclovir, valganciclovir, cidofovir or
foscarnet

Method of administration and
dosage

Oral administration 400 mg BID, (200 mg x 2 tablets in the
morning and 200 mg x 2 in the evening with or without food
for 8 weeks

Additional tests or investigations

Not anticipated

List price and average cost of a
course of treatment®

Cost per 56 x 200 mg pack: EE
Cost per 8-week treatment cycle: £

Patient access scheme (if
applicable)

Simple discount

Cost per 56 x 200 mg pack
Cost per 8-week treatment cycle:

BID=Twice daily; CE=Conformité Européenne; CMV=Cytomegalovirus; DNA=Deoxyribonucleic acid; EMA=European
Medicines Agency; mg=Milligram; MHRA=Medicines and Healthcare products Regulatory Agency; SmPC=Summary of product

characteristics; UK=United Kingdom

2 Proposed product name in the UK pending MHRA approval
b The list price of maribavir has been submitted to the Department of Health and Social care and is subject to approval. Takeda
UK Ltd offer a simple discount on the submitted list price which has been accepted by PASLU.
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B.1.3 Health condition and position of the technology in the
treatment pathway

Disease overview

therefore, are less likely to result in morbidity and mortalit
Epidemiology

Burden

CMV is a common viral pathogen (prevalent in 60—70% of the general population) of the
Herpesviridae family." While CMV infection is generally asymptomatic or mild, when the host
immunity is weakened, latent CMV can reactivate causing a severe infection, tissue invasive
disease, or a severe debilitating condition2
Transplant patients, who are required to have immunosuppression for transplantation, are
vulnerable to both reactivation of the patient's own latent CMV infection, and/or a latent CMV
infection transferred from the transplant donor to the recipient
o There are two phases of post-transplant care: acute and chronic
= Acute phase (1-3 months): Immunosuppression therapy will be higher during
this phase; therefore, patients are at higher risk of CMV infection
= Post-transplant chronic phase (3—6 months): Immunosuppression therapy is
decreased as a result of the patients innate immunity becoming more robust;

In the 2019-2020 financial year, there were over 4,700 solid organ transplant (SOT)
procedures in the United Kingdom (UK)'2

In 2019, there were 1,726 allogeneic haematopoietic stem cell transplant (HSCT) procedures in
the UK'3

Due to the lack of UK-specific epidemiology evidence in the literature, Takeda has estimated
the total number of patients eligible for maribavir using available UK data and validated this
with expert English clinicians. It is estimated there are - patients post-transplant who are
refractory or resistant to CMV per year in the UK

CMV infections that are refractory or resistant to currently available antivirals are a major cause
of morbidity and mortality among SOT and allogeneic HSCT recipients?
Generally, CMV manifests as CMV infection (asymptomatic) or CMV disease (symptomatic,
presents as fever in combination with either neutropenia, thrombocytopenia, or bone marrow
suppression); patients can experience severe outcomes when not treated and when resistant
or refractory to treatment, including: 1516
o When CMV infects an end-organ in SOT patients, it causes tissue injury that results in
organ dysfunction and leads to tissue invasive disease such as CMV pneumonia,
gastrointestinal CMV disease, CMV central nervous system disease, and CMV
retinitis 516
o CMV infection after allogeneic HSCT also leads to tissue invasive disease (e.g.
esophagitis, gastroenteritis, hepatitis, retinitis, pneumonia, encephalitis)'”
Various studies indicate that any level of CMV is associated with an increased risk of mortality
post-transplant in both SOT and HSCT patients8-2*
Given the shortage of organs, transplant failure is a costly and tragic outcome which wastes a
precious resource; patients with transplant failures are generally eligible to receive another
transplant, but retransplant is not guaranteed
o An effective treatment regimen to prevent CMV infection can reduce the risk of
transplant failure and improve success
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Care pathway

e For both SOT and HSCT, the management of CMV post-transplant can be separated into two
stages:22:23
o Prophylaxis is administered prior to detectable CMV viral load and ensures patients
remains at undetectable levels?2
o Pre-emptive therapy is administered once patients have a detectable CMV viral load;
these patients can be symptomatic or asymptomatic??

e SOT treatment pathway:??

o There are no treatments approved for the management of CMV post-SOT, the most
commonly used treatments: ganciclovir, valganciclovir, foscarnet, and cidofovir are
used off-label

o Pre-emptive therapies for the treatment of patients with refractory or resistant CMV
post-transplant include retreatment with valganciclovir or ganciclovir; or the use of
foscarnet. However, treatments are often limited due to toxicity associated with
valganciclovir and ganciclovir (e.g. neutropenia) and foscarnet (e.g. nephrotoxicity)

e Allogeneic HSCT treatment pathway:

o Letermovir is the only product approved for the management of CMV post-HSCT;
however, it is used as prophylaxis through the first 100 days post-transplant and
cannot be used for pre-emptive treatment in the population of interest - refractory or
resistant post-transplant

o For the treatment of patients with refractory or resistant CMV post-transplant, the
available options include ganciclovir, valganciclovir, or foscarnet, retreatment with initial
or another antiviral can be used, depending on safety profile

B.1.3.1 Disease overview

Human CMV is a common viral pathogen of the Herpesviridae family.! While CMV
infection is generally asymptomatic or mild, when the host immunity is weakened or
suppressed, latent CMV can reactivate causing a severe infection (Table 3).2* In
immunocompromised patients (e.g. post-transplant), an asymptomatic CMV infection
can quickly progress to CMV syndrome and tissue invasive disease, a severe
debilitating condition.'? SOT and allogeneic HSCT require the use of potent
immunosuppressive chemotherapy, which reduces the patient’s protection to CMV;
consequently, CMV is a frequent complication after transplantation.?52

Table 3: Definitions of CMV manifestations
Terminology Definition

Prescence of detectable CMV viral particles. A CMV infection can be
asymptomatic

CMV infection

A symptomatic CMV infection. CMV disease can be classified as CMV

CMV disease ) . . .
syndrome or tissue invasive disease

e For SOT patients, CMV syndrome is defined as fever (>38 °C) for at least
2 days within a 4-day period, CMV detection in blood and either

CMV syndrome neutropenia or thrombocytopenia

e For allogeneic HSCT patients, the definition for CMV syndrome is broader
and is defined as a combination of fever and bone marrow suppression

Combination of CMV detection or CMV syndrome, plus an end-organ disease
(e.g. CMV pneumonia, CMV gastrointestinal disease, CMV hepatitis, CMV
nephritis, CMV cystitis, CMV myocarditis, CMV retinitis)

CMV=Cytomegalovirus; HSCT=Haematopoietic stem cell transplant; SOT=Solid organ transplant
Source: Danziger-Isakov, LA. 2021; Ljungman P, et al. 2002; Ramanan P, et al. 2013.1627:2

CMV tissue
invasive disease

Company evidence submission template for maribavir for treating refractory or resistant
cytomegalovirus infection after transplant ID3900

© Takeda UK Ltd (2022) All rights reserved Page 14 of 126



B.1.3.2 Pathogenesis of post-transplant CMV

CMV is a double-stranded DNA virus which depends on its ability to hijack host cells
to produce additional copies of itself within the immunocompromised patient
environment.?42° The lifecycle of CMV in a human host cell is illustrated in Figure 2.

Figure 2: CMV life-cycle in a human host cell
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DNA=Deoxyribonucleic acid; ER=Endoplasmic reticulum; CMV=Cytomegalovirus
Source: Crough T. 2009.24

Due to the immunosuppression required to prevent organ rejection following SOT and
allogeneic HSCT, patients are vulnerable to both reactivation of the patient’'s own
latent CMV infection, and/or a latent CMV infection transferred from the transplant
donor to the recipient.?° In addition, in rare cases, if both the recipient and donor are
CMV-negative, primary CMV infection can occur.!

CMV reactivation occurs when CMV-seropositive patients reactivate their CMV
infection; in this case, the prior and current CMV strains are indistinguishable.30 In
addition, CMV-seropositive recipients may acquire a new CMV infection strain, and
CMV-seronegative recipients may acquire a new or primary CMV infection from the
donor or blood products used during the transplant.'>16:32

Patients are at higher risk of CMV infection progressing to CMV disease during the
initial period after transplantation, when high levels of immunosuppression are used.
As patients move to the post-transplant maintenance phase (3—6 months), the dose
of immunosuppression is reduced.3® As a result, the patient's own immune system is
more able to combat viral replication in most cases.3*
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B.1.3.3 Epidemiology

CMV infection is highly prevalent, present in approximately 60% to 70% of the
population.’ However, the incidence rates of CMV infection and CMV disease post-
transplantation vary considerably in the literature.”3® Given the lack of UK-specific
epidemiology data, Takeda developed and validated a patient flow pathway with
expert English clinicians. Based on this, Takeda estimates that Il patients with
refractory and/or resistant CMV infection after transplant would be eligible for
treatment with maribavir in 2022 (See Section B.1.3.3.3 for additional details).

B.1.3.3.1 Literature estimates of SOT epidemiology

In the 2019-2020 financial year, there were over 4,700 SOT procedures in the UK.
The latest figures for SOT procedures in the UK (2021) have been impacted by
COVID-19; therefore, Takeda believes the 2019-2020 data are the most accurate
representation of the number of SOTs performed. SOT procedures included renal
(69.4%), liver (19.1%), pancreas (4.4%), cardiothoracic (6.7%), and intestinal (0.4%)
transplants.’> CMV infection occurs in approximately 18% of SOT patients overall.3¢
However, the rate of infection varies according to recipient serostatus.3’-42 Of the
patients with a CMV infection, 4% to 12% of patients progress to CMV disease.37-39:42-
44 There is limited evidence on the number of patients who are refractory or resistant
to current antiviral treatments post-transplantation and no evidence is available from
the UK. In Europe, available studies estimate 0.7% to 8.4% of patients who have a
CMV infection after treatment develop treatment resistance.3%374546 Expert clinicians
have recommended that, in the case of data paucity, renal transplants can be used as
a proxy for overall SOT as it represents a large portion of SOTs.

B.1.3.3.2 Literature estimates of allogeneic HSCT epidemiology

In 2019, there were 1,726 allogeneic HSCT procedures in the UK.'3 As with SOT, the
latest figures for HSCT procedures in the UK (2020) have been impacted by
COVID-19; therefore, Takeda believes the 2019 data are the most accurate
representation of the number of HSCTs performed. CMV infection occurs in
approximately 50% of allogeneic HSCT patients, with 5 to 10% of patients who have
CMV infection progressing to CMV disease.** There is limited evidence on the number
of patients who are refractory or resistant to current antiviral treatments post-
transplantation and no UK-specific evidence is available. In Europe, studies conducted
prior to the availability of letermovir indicate that between 9.0% and 25.5% of
allogeneic HSCT patients with a CMV infection are refractory to treatment, and
between 1.8% and 2.2% of patients who receive treatment develop drug
resistance.*’#8 The number of patients with a CMV infection post-HSCT has
decreased since July 2019, due to the availability of letermovir (TA591) for prophylaxis
of CMV in allogeneic HSCT patients.*°
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B.1.3.3.3 Eligible population for maribavir

Given the lack of UK-specific epidemiology data, Takeda developed and validated a
patient flow pathway with expert English clinicians. Based on publicly available data
supplemented with input from these clinicians, Takeda estimates that patients with
refractory and/or resistant CMV infection after transplant would be eligible for
treatment with maribavir in 2022.

A summary of the relevant sources used to estimate the size of the eligible population
of patients with refractory and/or resistant CMV infection after transplant is provided in
Table 4.

Table 4: Epidemiology data used in estimating nhumber of patients eligible for
maribavir for treating refractory or resistant CMV infection after transplant

SOT HSCT
D55 Number of
of Source atients Source

patients P
Number of NHSBT Organ Donation
transplant 4,733 and Transplantation for 1,714 BSBM'I;):oert:\g UKas
patients in the UK the UK as of 9 April 2020
Number of
transplant . . . .
patients with R/R - Expert clinical advice - Expert clinical advice
CMV in the UK
Number of
transplant ONS population ONS population
patients with R/R - estimates? - estimates?
CMV in England
Total number of
patients eligible
for maribavir in -
England

@ The number of SOT/HSCT patients with R/R CMV in England has been calculated by multiplying the number of transplant
patients with R/R CMV in the UK by 0.843 (the general population of England/the general population of UK)

BSBMT=British Society of Blood and Marrow Transplantation; HSCT=Haematopoietic-cell transplant; NHSBT=National Health
Service Blood and Transplant; ONS=0Office of National Statistics; R/R=Refractory or resistant; SOT=Solid organ transplant
Sources: NHS Blood and Transplant. 2020; BSBMTCT Registry. 2019; Office of National Statistics. 2021.'213.50

B.1.3.4 Clinical burden

CMV infections that are refractory or resistant to currently available antivirals are a
major cause of morbidity and mortality among SOT and allogeneic HSCT recipients.3
Generally, CMV manifests as an asymptomatic CMV infection before progressing to
symptomatic CMV disease (presenting as fever in combination with either
neutropenia, thrombocytopenia or bone marrow suppression); however, patients can
experience severe outcomes when not treated or are resistant or refractory to
treatment (See Section B.1.3.1 for CMV disease definitions).’> When CMV infects an
end-organ in SOT patients, it causes tissue injury that results in organ dysfunction and
leads to tissue invasive diseases such as CMV pneumonia, gastrointestinal CMV
disease, CMV central nervous system disease, and CMV retinitis.'®'® CMV infection
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after allogeneic HSCT can also lead to tissue invasive disease (e.g. oesophagitis,
gastroenteritis, hepatitis, retinitis, pneumonia or encephalitis). The direct effects of
tissue invasive disease or CMV syndrome are accompanied by indirect effects,
including increased incidence of concurrent bacterial and/or fungal infections, potential
graft-versus-host disease (GvHD), graft rejection post-transplantation and increased
risk of mortality.2251-54

B.1.3.4.1 Graft loss

Given the lack of UK-specific evidence in the literature, international data have been
used to support the impact of viraemia on graft loss.

In a Canadian retrospective study including 2,466 renal transplant recipients, it was
found that death-censored graft loss was significantly increased in recipients with
increasing number of CMV viraemia episodes. Patients who had two or more episodes
of CMV viraemia, which are reflective of the refractory/resistant CMV population, had
an increased risk of graft loss compared with patients without CMV viraemia episodes
(hazard ratio [HR]:3.24; 95% confidence interval [CI]: 1.80 to 5.85) (Figure 3).3¢

Figure 3: Death censored graft loss in renal patients by viraemia episodes
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Cl=Confidence interval; CMV=Cytomegalovirus; HR=Hazard ratio
Note: 1=patients with only one episode of CMV; 2+=patients who had had two or more episodes of CMV
Source: Dobrer S, et al. 2021.%

B.1.3.4.2 GvHD and CMYV infection

After an allogeneic HSCT, the donor’s stem cells (graft) may react against the host
cells, termed GvHD. GvHD can manifest within the first 100 days after transplant
(acute) or more than 100 days after transplant (chronic).>® GvHD affects many different
areas of the body, most commonly the skin, gut (including the bowel and stomach) or
liver.% In some cases, GvHD can be life threatening.>¢ Although a causal relationship
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in which CMV may lead to GvHD is not well evidenced in the literature, a single study
has suggested that CMV infection may lead to the development of GvHD. However,
for more severe grades of GVHD, the association was not significant.5® In addition, the
study suggested that GvHD increases the probability of CMV viraemia.%® There is
inconclusive evidence to demonstrate if CMV infection increases the probability of
GvHD or vice versa.

B.1.3.4.3 Mortality and CMV infection

Various studies indicate that any level of CMV is associated with an increased risk of
post-transplant mortality in both SOT and HSCT patients.'8-21

B.1.3.4.3.1 Mortality in SOT

In a Canadian retrospective study including 2,466 renal transplant recipients, patients
with two or more episodes of CMV viraemia (reflective of the proposed
resistant/refractory CMV population) had a statistically significant increased risk of
mortality compared with patients without CMV viraemia episodes (HR: 3.09; 95% CI:
1.93, 4.95) (Figure 4).3¢

Figure 4: Patient survival over time by number of CMV viraemia episodes
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Source: Dobrer S, et al. 2021.%

In response to the limited published mortality data, two multinational CMV outcomes,
treatment patterns and healthcare resource utilisation studies (OTUS) following either
SOT or HSCT have been conducted by Takeda.%”®® The interim analyses of OTUS
SOT included [} patients, of whom were European patients with refractory or
resistant CMV who had undergone an SOT between January 2014 and September
2021. The subgroup of European patients (N=58) had an incidence rate of all-cause
and CMV-related mortality of and | cases per 1,000 person-years,
respectively.5® The risk of mortality was greater among patients who had a subsequent
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recurrence (N=7): the incidence rate of all-cause mortality was I cases per 1,000-
person-years for patients who had at least two recurrent CMV episodes.®® The
expected date of completion of OTUS-SOT is April 2022.

B.1.3.4.3.2 Mortality in allogeneic HSCT

The interim analyses of OTUS HSCT for Cohort 1 included - patients, of whom .
were European patients with refractory of resistant CMV who had undergone an
allogeneic HSCT from January 2017 to October 2021. The subgroup of European
patients had an incidence rate of all-cause and CMV-related mortality of [Jj and ||}
cases per 1,000 person-years, respectively.®® In patients who had undergone an
allogeneic HSCT who had at least two recurrent CMV episodes (N=9), the incidence
rate of all-cause mortality increased to || cases per 1,000 person-years.®0 The
expected date of completion of OTUS-HSCT is April 2022. Final analyses are yet to
be performed, but the majority of data were likely collected after the availability of
letermovir.

B.1.3.5 Humanistic burden

The effect of CMV infection on health-related quality of life (HRQoL) is extremely
challenging to isolate from the effects of antiviral treatment, the tolerability of the
medications used and/or the underlying medical condition.®' A systematic literature
review (SLR), conducted by Takeda (see Appendix H), identified no UK studies which
quantitatively described the effect of CMV infection on HRQoL in a refractory or
resistant post-transplant population; however, clinical experts are in agreement that
‘reducing CMV reactivation rates and the need for CMV therapy would improve quality
of life”. 14

One Australian study in patients who had undergone HSCT, found that the European
Organisation for Research and Treatment of Cancer (EORTC) global quality of life
(QolL) score was significantly lower in patients who had CMV compared with those
who did not (67 vs. 75 respectively, p=0.02) with a higher fatigue score (44 vs. 33
respectively, p=0.018) and lower social functioning score (67 vs. 83 respectively,
p=0.02).62

In response to the challenge of directly collecting meaningful HRQoL data, a vignette
study was carried out in 2021 by Takeda to identify appropriate health-related utilities
data. Health state descriptions were developed in conjunction with UK clinicians before
valuation by a sample of the UK public (N=JJjjlf). Overall, the sample acknowledged
the substantial impact of CMV on utility in both SOT and allogeneic HSCT patients
with CMV infection. The utility for SOT and allogeneic HCST patients with a CMV
infection that did not require treatment was ‘ this reduced to [l in
asymptomatic patients who required treatment and in patients with symptomatic
CMV who required treatment.%3
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B.1.3.6 Patient burden

In response to the limited evidence on patient burden, Takeda conducted a patient
advisory board in December 2021 to better understand the patient voice.®* Where
possible, data from the literature has been provided to support this perspective. Having
a transplant is a huge and challenging event in a patient’s life. Patients are given a
life-changing diagnosis with impending mortality, and those who require an SOT must
often wait years before a matched organ is available. In the UK, there is a chronic
shortage of organs with 6,213 people waiting for an SOT in December 2021.55 While
patients await an organ, they must manage the symptoms of their underlying condition
and the accompanying management of the condition (i.e. dialysis), which is often
burdensome. In the financial year 2019-2020, 372 patients died while on the active
list waiting for their SOT, and a further 746 were removed from the transplant list as a
result of deteriorating health and ineligibility for transplant.’> The number of patients
dying while on the waitlist has likely increased during the COVID-19 pandemic as
waitlisted SOT recipients have higher rates of mortality after testing positive for
COVID-19,% so the number of patients dying while on the waitlist has likely increased
during the COVID-19 pandemic. Given the shortage of donors, a second transplant
may in principle be offered to patients, but there is no guarantee of the availability of
a suitable second transplant.®” Matching donors becomes increasingly difficult as
patients are exposed to more antigens, making tissue typing challenging. The average
waiting time for a deceased donor kidney transplant in the UK is 2—3 years.58

“I've been on dialysis for five years. For me, it's the most difficult part of the
wait. Dialysis keeps me alive whilst | wait for a transplant; but that’s all it does.
I'm in limbo” (patient quote )&

With many patients waiting such a long time for their transplant, it is a huge relief once
they are able to receive an organ; however, this may be short lived as patients learn
the organ is at risk of failure due to CMV infection or reactivation. This is a major
concern for patients, particularly in the case of live donor transplants where the donor
is potentially known to the recipient. This makes the organ donation even more
“precious” to the recipient.54

CMV infection has a significant impact on long-term HRQoL. For recipients of
allogeneic HSCT who received treatment for CMV infection, fatigue is common and
social functioning is affected.®? For SOT recipients, patients can experience long-term
fatigue, lethargy, breathlessness and an inability to think clearly/process information
post-CMV diagnosis.®* Furthermore, clinical expert opinion suggests the increasing
use of a prophylaxis regimen has turned CMV from an acute-stage life threatening
infection into a late-stage chronic and often recurring infection for those that are
impacted by it, resulting in further detriment to patients’ HRQoL.

From discussions with six English patients, we understand anxiety increases as the
future is uncertain. Patients feel they’ll never be cured of CMV, and dread seeing the
hospital number appear on their phone.%*
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“l don’t want to go back and experience everything again” (patient quote)®®
“I'm anxious that the lab tests might go wrong” (patient quote)®®
“it’s hard to find a balance, and | seem to be in a circle of hell” (patient quote)®?

Post-transplant CMV infection has a significant impact on work and lifestyle, with the
need for increased hospital visits/blood tests. Due to chronic health issues and
frequent visits and follow-ups to the clinic, patients may be unable to maintain full-time
employment. This burden makes it difficult to resume work and maintain lifestyle
activities that patients had prior to the transplant.64.69

‘wouldn’t stray too far from a toilet” [due to gastrointestinal issues] (patient
quote)®®

“combined effects of the infection and the treatment made me just want to get
rid of it!” (patient quote)®®

“to sum it all up, great that the transplant finally came through but the CMV hit
me like a hammer, it’s no joke” (patient quote)®?

“some friends died, and | couldn’t tell them goodbye as it was dangerous for my
health to have contact with them” (patient quote)®®

There is lack of information provided to patients about the risk of CMV. Some patients
with documented recurrent CMV episodes, symptoms and treatments are unaware of
the relationship of their symptoms with CMV.%4 Whilst there are dedicated patient
organisation groups in the UK, they are primarily focused on congenital CMV and
provide little education on CMV post-transplant.®*

“People don’t know about CMV. Since the beginning, there is bad information,
and | feel so lonely” (patient quote)®®

“l was told that CMV could not come back, and that was on the top of my mind.
I'm a bit confused” (patient quote)®®

Clinical experts have highlighted the difficulty in isolating the impact of CMV in
transplant recipients due to various burdens post-transplant patients experience.
Recipients must endure the burden of taking medication intravenously, the stress and
anxiety from having an infection, re-hospitalisation, and antiviral therapy toxicity, all
without proper education of their disease. Furthermore, these burdens are
emphasised due to the uncertainty in their diagnosis and the potential for transplant
rejection.6%70
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B.1.3.7 Economic burden

In the proposed patient population for maribavir, patients have previously undergone
an SOT or allogeneic HSCT. In addition to the substantial clinical burden the transplant
places on the patient, these transplants represent a significant cost to the healthcare
system; within the national schedule of National Health Service (NHS) costs,
transplants represent 13 of the top 20 most expensive healthcare resource group
(HRG) costs.”! Depending on organ type, an adult SOT costs between £12,000
(kidney) and £87,000 (complex heart); while allogeneic HSCT ranges from £28,000 to
£90,000, depending on the donor.”

CMV infection adds to the already large economic burden associated with transplants.
Regardless of the severity of disease, the most commonly used anti-CMV viral
therapies in the UK often require patients to be hospitalised during treatment as many
are administered intravenously multiple times per day.”?"® This means that transplant
recipients with a CMV infection incur higher costs and use more resources due to the
increased length of hospitalisation compared with transplant recipients who do not
have a CMV infection.?%277.78 For every recurrence of CMV, the length of
hospitalisation is amplified.5%.60

B.1.3.7.1 Economic burden in SOT

In the interim analyses of OTUS SOT, of European patients with one CMV episode
who had undergone an SOT (i}, the combined rate of emergency department visits
and hospitalisations related to CMV was [} cases per 1,000 person-years. In
European patients who had undergone an SOT and had experienced two or more
episodes of CMV (JJl}), the combined rate of emergency department visits and
hospitalisations related to CMV was ] cases per 1,000 person-years. In patients
who had undergone an SOT (i), the median length of stay (LOS) for CMV-related
hospitalisations was [JJJj days.5°6°

B.1.3.7.2 Economic burden in allogeneic HSCT

In the interim analyses of OTUS HSCT, of European patients with one CMV episode
who had undergone an allogeneic HSCT ( ), the combined rate of emergency
department visits and hospitalisations related to CMV was ] cases per 1,000
person-years. In patients who had undergone an allogeneic HSCT and had at least
two or more episodes of CMV (JJil}), the incidence doubled to [} per 1,000 person-
years. The median LOS for CMV-related hospitalisations in patients who had
undergone an allogeneic HSCT (i), was ] days.5°6°

B.1.3.8 Care pathway

There is no NICE clinical guidance for the treatment of patients who are refractory or
resistant to treatments after SOT or allogeneic HSCT. TA591 — letermovir for
prophylaxis of allogeneic HSCT recipients — does not include refractory/resistant CMV
and is therefore not relevant to this population.4?
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The management of CMV post-transplant can be separated into two stages,
prophylaxis and pre-emptive therapy (Table 5).2223 The goal of prophylaxis is to
maintain low or no CMV viraemia during the early post-transplant stage when there is
no evidence of infection,?? while pre-emptive therapy is administered to patients with
detectable CMV viraemia (who may be asymptomatic or symptomatic).?? The following
information focuses on pre-emptive therapy, which is the proposed use of maribavir.

Table 5: Definition of therapy in CMV

Therapy Definition

Administered prior to detectable CMV viral load and ensures CMV remains at
undetectable levels

Administered once patients have a detectable CMV viral load; these patients can
Pre-emptive be symptomatic or asymptomatic. Pre-emptive therapy includes first-line or second-
line plus therapy

Prophylaxis

CMV=Cytomegalovirus
Source: British Transplantation Society. 2015; Emery V, et al. 2013.22

There are currently no licensed medications to treat CMV in patients after SOT or
allogeneic HSCT who are refractory or resistant to CMV treatment in the UK; although
there are common antiviral therapies that are used off-label valganciclovir (Valcyte®),
ganciclovir (Cymevene®), foscarnet (Foscavir®), and cidofovir.”2-76

B.1.3.8.1 Care pathway for SOT

B.1.3.8.1.1 Guidelines for management of CMV infection after SOT

In the UK, there is one set of guidelines for prevention and treatment of post-transplant
CMV in SOT, published by the British Transplantation Society (BTS) (Table 6).%?
However, these were published in 2015 and Takeda has been advised by external
clinical experts that the guidelines are outdated, and that the treatment pathway has
evolved.

The BTS guidelines recommend ganciclovir and valganciclovir as pre-emptive first-
line treatments and foscarnet and cidofovir as second-line treatments for CMV in
SOT.?2 Valganciclovir and ganciclovir are currently approved for the prevention of
CMV after SOT.
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Table 6: Guidelines for management of CMV infection after SOT (BTS 2015)
Recommendations
Pre-emptive treatment
Patients with CMV disease should receive:
e |V ganciclovir or oral valganciclovir until resolution of symptoms and for a minimum of 14
days
e Foscarnet and cidofovir are second-line therapeutic options unless ganciclovir resistance
has been demonstrated
e Consideration should be given to a reduction in immunosuppression
e After treatment doses have been administered, an additional 1-3 months of appropriate
prophylaxis should be considered to minimise the risk of recurrent infection
e The duration and efficacy of treatment should be determined using PCR monitoring of viral
load
CMV=Cytomegalovirus; DNA=Deoxyribonucleic acid; IV=Intravenous; PCR=Polymerase chain reaction; SOT=Solid organ

transplant
Source: British Transplantation Society. 2015.22

B.1.3.8.1.2 Treatment pathway for patients with SOT

In the UK, intravenous (IV) ganciclovir and oral valganciclovir are the most common
first-line treatments for patients with CMV who have undergone an SOT. UK clinical
experts have advised foscarnet and cidofovir are not commonly used as they are
associated with nephrotoxicity, despite recommendations per guidelines as a second-
line option. Additionally, experts have advised patients must demonstrate ganciclovir
resistance to receive cidofovir or foscarnet. Generally, patients will be retreated with
ganciclovir or valganciclovir in the second-line setting if recurrence occurs. The
treatment pathway is summarised in Figure 5.

Figure 5: CMV treatment pathway after SOT

Prophylaxis

Depending on SOT type:
* Aciclovir * Valganciclovir
* Ganciclovir

Pre-emptive therapy/CMV infection therapy

+ Ganciclovir
* Valganciclovir

* Ganciclovir * Foscarnet*
* Valganciclovir * Cidofovir*

* [Foscarnet

CMV=Cytomegalovirus; SOT=Solid organ transplant
*Requires monitoring of renal function
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B.1.3.8.2 Care pathway for allogeneic HSCT

B.1.3.8.2.1 Guidelines for management of CMV infection after HSCT

In the UK, there is one set of guidelines for prevention and treatment of patients post-
transplant CMV in HSCT, published by the British Society of Blood and Marrow
Transplantation (BSBMT) and British Society for Haematology (BSH) (Table 7).2
However, these were published in 2013 and Takeda has been advised by external
clinical experts that the guidelines are outdated, and that the treatment pathway has
evolved (e.g. the guidelines do not reflect the availability of letermovir for prophylaxis).

The BSH guidelines recommend ganciclovir as first-line pre-emptive therapy,
foscarnet as a second-line agent upon ganciclovir treatment failure (or alternative first-
line treatment if neutropenia is present), and cidofovir as a third-line treatment if
patients are intolerant to other treatments.??

Table 7: Guidelines for management of CMV infection after HSCT (BSH 2013)

Recommendations
Pre-emptive therapy
e Ganciclovir is recommended as first-line pre-emptive therapy for CMV in HSCT patients
e Oral valganciclovir is a valid alternative when gastrointestinal absorption is normal or only
minimally impaired
e Foscarnet is recommended as an alternative first-line agent if neutropenia is present or for
ganciclovir treatment failure
e Pre-emptive therapy with cidofovir can be considered as third-line in patients unresponsive
to, or intolerant of, both a ganciclovir preparation and foscarnet
e In patients in whom CMV DNA loads in blood increase by 1 log'® over 2 weeks of pre-emptive
therapy with a first-line drug, an alternative agent and drug resistance profiling should be
considered
e Drug resistance should start to be suspected if CMV loads in the blood fail to respond after
14 days of therapy, especially in non-lymphopaenic or multiply pre-treated patients
Note: The BSH 2013 guidelines were written prior to the availability of letermovir. Clinical practice has evolved since the
availabilit
CMV=Cyt{Jmeganvirus; DNA=Deoxyribonucleic acid; HSCT=Haematopoietic stem cell transplant; PCR=Polymerase chain

reaction; SOT=Solid organ transplant
Source: Emery V 2013.2

B.1.3.8.2.2 Treatment pathway for patients with HSCT

Currently, letermovir is the only treatment with a marketing authorisation for the
prevention of CMV disease in patients after an allogeneic HSCT, and is used for
prophylaxis.’®

Ganciclovir (IV) and oral valganciclovir are the most common first-line treatments for
patients with CMV who have undergone an HSCT; foscarnet is generally not used as
a first-line therapy due to the poor safety and tolerability profile.'473.74.80.81 |n the
second-line setting, patients are often retreated with ganciclovir or valganciclovir if
recurrence occurs. There is no approved therapy available for the treatment of patients
with refractory or resistant CMV.
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Clinicians tend to follow their local standard operating procedure (SOP), based upon
the BSBMT guidelines, BSH guidelines, and European Society for Blood and Marrow
Transplantation (EBMT) guidance with adaptations.?

In summary, in line with the BSH guidelines, clinical experts have advised Takeda that
IV ganciclovir and oral valganciclovir are the most common first-line treatments for
patients with CMV who have undergone an HSCT; foscarnet is generally not used as
a first-line therapy. In the second-line setting, patients will often be retreated with
ganciclovir or valganciclovir if a recurrence occurs. The treatment pathway is
summarised in Figure 6.

Figure 6: CMV treatment pathway after HSCT

Prophylaxis

* Letermovir

=

Pre-emptive therapy/CMV infection therapy

* Ganciclovir
= Valganciclovir*

Ganciclovir * Valganciclovir* « Ganciclovir + foscarnet**
* Foscarnet** + Cidofovir**
« Cidofovir**

* Ganciclovir + foscarnet**

CMV=Cytomegalovirus; HSCT=Haematopoietic stem cell transplant
*For patients without severe gastrointestinal graft-versus-host-disease
**Requires monitoring of renal function

B.1.3.8.3 Limitations of the current standard of care

Current medications used to treat post-transplant CMV infection who are refractory or
resistant to antiviral treatment in the UK (valganciclovir, ganciclovir, cidofovir and
foscarnet) are used off-label and have substantial drawbacks associated with their
use. IV treatments (ganciclovir, foscarnet, cidofovir) require several administrations
per day and for patients to be closely monitored for the duration of treatment, often
necessitating the hospitalisation of patients for the duration of antiviral treatment.”276

Moreover, these treatments are associated with significant toxicities which may limit
their appropriateness for use.”?76 Valganciclovir and ganciclovir are associated with
neutropenia as one of the most common adverse events (AEs), which can result in
life-threatening bacterial and/or fungal infections.8384 Foscarnet is associated with
nephrotoxicity resulting in kidney injury, and is therefore challenging to use in patients
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who have undergone a renal transplant or have impaired renal function.”-83-85
Additionally, cidofovir has been associated with neutropenia and other renal
dysfunctions.” These CMV drug-induced toxicities can lead to treatment
discontinuation, treatment switching or dose adjustment, which in turn may lead to
sub-optimal dosing and the risk of resistant CMV infection/disease.38486-88

Treatment resistance is a major issue in the refractory or resistant population as there
are few available treatments for CMV in transplant patients. Drug resistance may
develop as a consequence of CMV mutation, and may lead to viraemia breakthrough,
necessitating therapy switching and further increasing the risk of morbidity and
mortality.>8° The currently available anti-CMV agents for pre-emptive therapy act at
the same stage within the cell replication pathway: inhibiting DNA polymerase and
hence viral DNA synthesis. Therefore, viral mutation at this stage can lead to cross-
resistance; where resistance to one of the four anti-virals used for the treatment of
CMV infection confers resistance to the other three, resulting in decreased efficacy
and necessitating a reduction in immunosuppression. Maribavir acts at multiple stages
of the CMV lifecycle, inhibiting both replication and encapsulation of CMV DNA, as
well as preventing the escape of viral capsules from infected cells, limiting the potential
for development of resistance (Section B.1.2).5%0

B.1.3.8.4 Maribavir’s proposed place in the treatment pathway

The context for the proposed use of maribavir is summarised in Figure 7 (SOT) and
Figure 8 (HSCT). Within this submission, maribavir is positioned as a second-line
agent in the treatment of CMV in patients who have received SOT or HSCT. This will
place maribavir alongside other second-line treatments including cidofovir and
foscarnet, as well as retreatment with ganciclovir and/or valganciclovir. The new
management strategy would provide an effective second-line therapy and avoid
common toxicities associated with current treatments.
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Figure 7: Proposed CMV treatment pathway after SOT

Prophylaxis

Depending on SOT type:
* Aciclovir * Valganciclovir
* Ganciclovir

Pre-emptive therapy/CMV infection therapy

* Ganciclovir
* Valganciclovir

Ganciclovir * Foscarnet* Proposed place in treatment
* Valganciclovir + Cidofovir* pathway for maribavir

* Foscarnet

CMV=Cytomegalovirus; SOT=Solid organ transplant
*Requires monitoring of renal function

Figure 8: Proposed CMV treatment pathway after HSCT

Prophylaxis

* Letermovir

Pre-emptive therapy/CMV infection therapy

* Ganciclovir
* Valganciclovir*

* Ganciclovir *  Valganciclovir* * Ganciclovir + foscarnet
* Foscarnet** * Cidofovir** Proposed place in treatment pathway for maribavir

» Cidofovir**
* Ganciclovir + foscarnet**

CMV=Cytomegalovirus; HSCT=Haematopoietic stem cell transplant
*For patients without severe gastrointestinal graft-versus-host-disease
**Requires monitoring of renal function

B.1.4 Equality considerations

Patients from minority ethnic groups are more likely develop conditions such as high
blood pressure, diabetes and certain forms of hepatitis than white people.®' This
makes them more likely to need a transplant; 35% of UK kidney transplants in 2019-
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20 were in minority ethnic groups,®? compared with 14.6% in the general English
population.®® However, there is an imbalance between the numbers of minority ethnic
donors and those patients in need of a lifesaving transplant. People from these
communities represented 7% of all deceased donors in 2019-20 compared with 32%
of those on the transplant waiting list.%* While many minority ethnic group patients are
able to receive a transplant from a white donor, the best match will typically be
obtained from a donor of similar ethnic background.®293 A less than optimal match may
result in higher levels of immunosuppression resulting in an increased risk of CMV.%
Patients from these backgrounds continue to wait longer for an organ, 20% of black,
Asian and minority ethnic patients have received a transplant one year after being
listed for a kidney, the most commonly transplanted organ, compared with 31% of
white patients.®*

Age is a consideration when selecting who is most eligible for a kidney transplant via
the National Kidney Allocation Scheme. Points are awarded based on level of tissue
match, time spent waiting for transplant and the age of the recipient (with a progressive
reduction in points given after the age of thirty). The majority of patients developing
end-stage renal disease who are eligible for kidney transplantation are between 45
and 65 years of age despite evidence to show that age should not be a contra-
indication for transplantation.%-%7

Older patients have less treatment options due to toxicity, some patients receive a
transplant which is not a complete match. A less than optimal match may result in
higher levels of immunosuppression resulting in an increased risk of CMV and graft
rejection. Given the chronic shortage of transplants, there is a need to optimise post-
transplant maintenance to ensure graft rejection does not occur.
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B.2 Clinical effectiveness

Trial design — SOLSTICE

e SOLSTICE was a Phase lll, multicentre, randomised (2:1 ratio), open-label, active-controlled,
20-week study

o The aim was to establish the efficacy, safety profile, and tolerability of maribavir 400 mg (twice
daily (BID) compared with investigator-assigned anti-CMV treatment (IAT; ganciclovir [IV],
valganciclovir [oral], foscarnet [IV], or cidofovir [IV]) in transplant recipients with CMV infections
that are refractory or resistant to treatment

e Patients were randomised 2:1 (maribavir: IAT) and treatment duration was 8 weeks

e The primary outcome was proportion of confirmed clearance of plasma CMV DNA (confirmed
CMV viraemia clearance) at the end of Study Week 8 vs. IAT

e Secondary and exploratory outcomes included confirmed CMV viraemia clearance and CMV
infection symptom control at Week 16, mortality, recurrence of CMV viraemia, CMV viral load
over time, transplant graft function, EuroQoL Group 5-Dimension 5-Level (EQ-5D), Short Form-
36 version 2 (SF-36), hospitalisations

e In SOLSTICE, 350/352 i99.4%i iatients received treatment and 73.4% comileted the studi

e In the randomised population, maribavir met the primary endpoint with a greater proportion of
patients (55.7%) achieving confirmed CMV viraemia clearance at the end of study Week 8
compared with IAT (23.9%), a difference of 32.8% (95% CI: 22.8%, 42.7%; p<0.001)

o Key results for secondary outcomes were (maribavir vs. |IAT respectively):

o Confirmed CMV viraemia clearance and CMV infection symptom control followed by
maintenance through Week 16: 18.7% vs. 10.3% (adjusted difference 9.5% [95% CI:
2.0, 16.9; p=0.013]

o All-cause mortality at Week 20: 11.5% vs. 11.1%; HR: | EGcINcINIINQ -
limited follow-up duration did not allow for the quantification of a mortality benefit
Clinically relevant recurrence of CMV viraemia at any time: 26.0% vs. 35.7%

@)
o Hospitalisations: Reduction of-°/_o in hospitalisations (p=0.021) and - in LOS

ip:o.ozgi

o The safety set (N=350) was used for safety analyses in SOLSTICE and consisted of all
randomised patients who received at least one dose of study medication
e Within the safety population, the mean exposure to maribavir (_; standard deviation
[SDI: ) was approximately 50% longer than IAT due to early discontinuation of
treatment in the IAT group (“)
e Maribavir had a favourable safety profile and was generally well-tolerated compared to IAT in
patients with refractory or resistant CMV in SOLSTICE
e The majority of participants had AE that were mild or moderate in severity
o Dysgeusia was the most frequently reported treatment-emergent adverse event
(TEAE) in the maribavir group (maribavir: 37.2%; IAT: 3.4%)
o Neutropenia was the most frequently reported TEAE in the IAT group (maribavir: 9.4%;
IAT: 22.4%), with highest frequency in patients treated with valganciclovir/ganciclovir
(33.9%)
o Similar percentages of patients in the maribavir and IAT groups reported serious TEAEs despite
the fact that the duration of exposure to maribavir was approximately - longer than to IAT
o Acute kidney injury was among the most frequently reported serious adverse events
(SAE) overall, reported in - of patients in each treatment group
e A total of 40 subject deaths were reported for this study: two patients in the maribavir group
who died within the first week of initiating treatment as well as four patients (2 in each
treatment group) who died more than 20 weeks after the first dose of study-assigned treatment
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B.2.1 Identification and selection of relevant studies

A clinical SLR was conducted to identify, evaluate, and summarise the clinical efficacy
and safety of anti-CMV agents for the treatment of refractory or resistant CMV
infection/disease in SOT or HSCT recipients.

The SLR is a compilation of one original SLR (1 January 2020 to 27 April 2020) and
one SLR update (28 April 2020 to 21 September 2021). Results were compiled for
studies identified across both reviews and are presented in this section for RCTs and
in Appendix D.1.3 for observational studies.

B.2.2 List of relevant clinical effectiveness evidence

Overall, 11 studies were identified: two RCTs,®® one prospective observational
study®>% and eight retrospective observational studies.3199-19% A full list of included
studies in the clinical SLR is provided in Table 8. No evidence was identified for
ganciclovir with hyperimmune globulins or cytotoxic lymphocytes.
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Table 8: Summary of the key study characteristics included in the clinical SLR

Sample size details . Study setting Treatments
Phase Blindin o i

S} MEE Eligible ‘Intervention ‘Analysed 4 (Country) Follow-up duration compared
Randomised controlled trials

235 maribavir Multicentre International
Duarte 2021 98 352 117 IAT. (gar)0|cIOV|r, 3522 |Phase lll |Open label |(North America, Europe, 8 weeks treatment + 12 Maribavir vs. IAT
(SOLSTICE) valganciclovir, Asia) weeks follow-up

foscarnet, cidofovir)

40 maribavir 400 mg Maribavir (low-
Papanicolaou 2019 40 maribavir 800 mg i . 12 weeks treatment + 12 dose) vs.
(TAK-620-202)° 120 40 maribavir 1,200 120 Phase Il |Double-blind [Multicentre (US) weeks follow-up maribavir (high-

m dose)

9
Prospective observational study
Hantz 2010%° | 37 Foscarnet 37 N/A Open label |Multicentre (France) |N/A
Retrospective observational studies
Yin 2020100 31 Cidofovir 31 N/A N/A NR 43.45 weeks N/A
Veit 2021101 28 Letermovir 28 N/A N/A Single centre NR N/A
(Germany)

Pierce 2018102 31 Foscarnet 31 N/A N/A Single centre (US) NR N/A
Avery 2016103 39 Foscarnet 39 N/A N/A Single centre (US) NR N/A
Myhre 2011104 27 Foscarnet? 27 N/A N/A Single centre (Norway) |NR N/A

Foscarnet 37 @%Selfg (IQR: 99.94-338.92) Treatment arm

. 3 .

Fisher 2017 37 N/A N/A Single centre (US) 178.15 (IQR: 95.59-330.23] vs. controlled

Control arm 109 arm

weeks

Foresto 201810° 28 Foscarnet 28 N/A N/A NR NR N/A
Kohlschmidt 201910s| 39 |Sanciclovir+ 30 |NA N/A Single centre NR N/A

Foscarnet (Germany)

IAT=Investigator-assigned anti-CMV treatment; RCT=Randomised controlled trial; N/A=Not applicable; NR=Not reported; US=United States
@ Qverall, 350/352 patients received treatment as two randomised subjects (one in each treatment group) were not dosed
b 10/27 patients were treated with foscarnet
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Of the two RCTs identified, one study, SOLSTICE (TAK-620-303), was the pivotal trial
which forms the main evidence base for the efficacy, safety and tolerability of maribavir
in the population relevant to the decision problem, and is presented within this section.
The other study, TAK-620-202, a Phase Il multicentre, randomised, dose-ranging,
parallel-group study also provides non-comparative data for maribavir; a summary of
this data can be found within Appendix D.4.2.1 (Clinical effectiveness results).

The observational studies identified in the clinical SLR included six studies that
included foscarnet,39.12105 one observational study each included cidofovir,1°
letermovir,'" and ganciclovir plus foscarnet.'® These observational studies identified
in the clinical SLR are not further considered as no comparative data was collected
and the relevant comparators are included in SOLSTICE.

Table 9: Clinical effectiveness evidence

disease in patients who are
resistant/refractory to ganciclovir,
valganciclovir, cidofovir or
foscarnet

Study SOLSTICE (TAK-620-303; TAK-620-202 (NCT01611974)
NCT02931539)

Study design Phase llI, multicentre, randomised, | Phase Il, multicentre, randomised,
open-label, active-controlled study | dose-ranging, parallel-group study

Population Post-transplant CMV infection and | Post-transplant CMV infection and

disease in patients who are
resistant/refractory to ganciclovir,
valganciclovir or foscarnet

Intervention(s)

Maribavir 400 mg (2% 200 mg oral
tablets) BID for 8 weeks

Maribavir BID for up to 24 weeks
e 400 mg (2% 200 mg oral

in the economic
model

tablets) BID
e 800 mg (4x 200 mg oral
tablets) BID
e 1200 mg (6% 200 mg oral
tablets) BID
Comparator(s) IAT (ganciclovir [IV], valganciclovir | N/A
[oral], foscarnet [IV], or cidofovir
[IV])
Indicate if trial Yes Yes
supports
application for
marketing
authorisation
Indicate if trial used | Yes No

Rationale for
use/non-use in the
model

SOLSTICE is the pivotal trial for
maribavir

The data from TAK-620-202 are
superseded by the Phase Il
comparative trial SOLSTICE

Reported outcomes
specified in the
decision problem

e CMV clearance

CMV infection symptom
improvement or reduction
Mortality

Recurrence rates

Tissue invasive disease
Viral load

e CMV clearance
e Adverse effects of treatment
e CMV recurrence
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https://clinicaltrials.gov/ct2/show/NCT02931539?term=NCT02931539&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT01611974?term=NCT01611974&draw=2&rank=1

e Adverse effects of

treatment
e HRQoL
All other reported See Table 11 e PK

outcomes
BID=Twice daily; CMV=Cytomegalovirus; HRQoL=Health-related quality of life; IAT=Investigator-assigned anti-CMV treatment;
IV=Intravenous; mg=Milligrams; PK=Pharmacokinetics

Source: Avery RK, et al. 2021; Papanicolaou GA, et al. 2019.51%

B.2.3 Summary of methodology of the relevant clinical
effectiveness evidence

B.2.3.1 Trial design

SOLSTICE was a Phase Ill, multicentre, randomised, open-label, active-controlled
study to evaluate the efficacy and safety of maribavir compared to IAT in transplant
recipients with CMV infections refractory or resistant to ganciclovir, valganciclovir,
foscarnet or cidofovir.'97:108 The design of SOLSTICE is summarised in Figure 9.

Figure 9: SOLSTICE design schematic

Study Treatment Phase Follow-up Phase

maribavir 400mg PO BID

IAT
{ganciclovir, valganciclovir, fascamet o cidofovir]

Assess Rescue Arm Eligibility

T

Rescue Arm
{8 weeks of maribavir 400mg FO BID treatment)

Visit 1 Visit 2 Visit 3-10 Visit 11-18 Weekly Every 2 Weeks
Wks 2t00 wko Whks 1-8 Whs 920 (first 4 weeks) (1ast 8 Wks)
wk -2 wko wk8 Wk 20

BID=Twice daily; IAT=Investigator-assigned anti-CMV treatment; mg=Milligrams; PO=0ral; Wk=Week
Note: Eligibility to enter the maribavir rescue arm was assessed starting at Visit 5/Week 3 up to Visit 9/Week 7
Source: Avery RK, et al. 2021.%7

B.2.3.2 Trial drugs and concomitant medications

Following stratification, patients were randomised in a 2:1 allocation ratio to receive
open-label maribavir 400 mg BID or IAT (ganciclovir [IV], valganciclovir [oral],
foscarnet [IV], or cidofovir [IV]), as per the investigator's prescribed dosing for
8 weeks.'"%” The choice of specific IAT was at investigators’ discretion and could
include mono- or combination therapy (<2 drugs) with any of the four approved IATs.
Patients in the IAT arm could stop treatment at the discretion of the investigator for
lack of confirmed viraemia clearance and/or intolerance to the assigned treatment.%”
After 3 weeks, patients in the IAT arm could stop treatment (at the discretion of the
investigator) for lack of confirmed viraemia clearance and/or intolerance to the
assigned treatment, and enter into the rescue arm. Rescue treatment consisted of
maribavir 400 mg BID for 8 weeks for patients in the IAT arm.
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Concomitant medications taken during the on-treatment observation period were
similar to medications used prior to the trial and was consistent between treatment
arms: immunosuppressants (maribavir: 92.3%; IAT: 94.0%), drugs for peptic ulcer and
gastro-oesophageal reflux disease (GORD) (maribavir: 81.2%; IAT: 79.3%),
corticosteroids for systemic use (maribavir: 75.6%; IAT: 72.4%), and sulphonamides
and trimethoprim (maribavir: 54.3%; IAT: 65.5%). Antimycotics for systemic use were
used concomitantly by 42.0% of patients (maribavir: 41.0%; IAT: 44.0%)."%7

B.2.3.3 Locations where the data were collected

The study was conducted across 12 countries: Canada, US, UK, Belgium, Germany,
Denmark, Spain, France, Croatia, Italy, Singapore and Australia. '

B.2.3.4 Eligibility criteria
The key eligibility criteria are presented below.'%®

Key inclusion criteria:'®®

1. Recipients of HSCT or SOT aged =12 years at the time of consent

2. Current CMV infection with a screening value of 22,730 IU/mL in whole blood
or 2910 IU/mL in plasma, and refractory to the most recently administered of
the four anti-CMV treatment agents (defined as failure to achieve >1 log1o
decrease in CMV DNA level in whole blood or plasma after a 14-day or longer
treatment period with IV ganciclovir/oral valganciclovir, IV foscarnet, or IV
cidofovir)

3. Screening laboratory assessments:
a. Absolute neutrophil count (ANC) 21,000/mm?3 (1.0 x 10%/L)
b. Platelet count 225000 mm3 (25 x 109/L)
C. Haemoglobin 28 g/dL
d. Estimated glomerular filtration rate (eGFR) >30 mL/min/1.73 m?

4. Life expectancy of 28 weeks

Exclusion Criteria:'%°

1. Current CMV infection considered refractory or resistant due to inadequate
adherence to prior anti-CMV treatment

2. Required ganciclovir, valganciclovir, foscarnet, or cidofovir administration for
conditions other than CMV when study treatment was initiated or needed a
coadministration with maribavir for CMV infection. A patient who was not
continuing with the same antiviral drug(s) (ganciclovir, valganciclovir, or
foscarnet) for the study treatment (when randomised to the IAT arm), must have
discontinued their use before the first dose of IAT. If the patient was currently
being treated with cidofovir and was assigned by the investigator to another
anti-CMV therapy as IAT, the patient must have discontinued use of cidofovir
at least 14 days prior to randomisation at Visit 2/Day 0 and the first dose of IAT

3. Received leflunomide, letermovir, or artesunate when study treatment was
initiated (leflunomide must have discontinued =14 days prior to randomisation
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at Visit 2/Day 0 and the first dose of study treatment; letermovir must have been
discontinued =3 days prior to the first dose of study treatment; artesunate must
have been discontinued prior to the first dose of study treatment)
4. Tissue invasive CMV disease with central nervous system involvement,
including the retina (e.g. CMV retinitis)
Known positive results for human immunodeficiency virus (HIV)
Active malignancy, with the exception of non-melanoma skin cancer. Patients
who had a HSCT and who had experienced relapse or progression of the
malignancy, as per investigator’s opinion were not to be enrolled

o o

B.2.3.5 Patient characteristics

Overall, treatment groups were well balanced with respect to the demographics and
baseline characteristics.'%” A total of 136 patients (38.6%) were enrolled from Europe,
of which 14 patients were enrolled in UK sites.'%° The majority of patients had received
SOT prior to enrolment (59.0% vs. 60.4%, in the IAT and maribavir arms,
respectively).’®” The most common SOT types were kidney (46.4% vs. 52.1%), lung
(31.9% vs. 28.2%), and heart (13.0% vs. 9.9%). The demographics and baseline
characteristics are summarised in Table 10. UK clinical experts have validated the
whole trial population as generalisable to the UK.&

Table 10: Demographics and baseline disease characteristics by treatment

group (randomised set)

Characteristic (NI:,I-I,;” Marlba\(lrl‘lr=4203(35)m g BID
Age (year)

Median (range) 54.0 (19, 77) 57.0 (19, 79)
Male sex, n (%) 65 (55.6) 148 (63.0)
Weight, n 115 232

Median (range) 70.0 (39, 131) 74.1 (36, 124)
Race, n (%)

White 87 (74.4) 179 (76.2)

Black or African American 18 (15.4) 29 (12.3)

Asian 7 (6.0) 9 (3.8)

Other 5(4.3) 16 (6.8)

Missing 0 2 (0.9)
| Region, n (%)

North America 71 (60.7) 134 (57.0)

Europe 39 (33.3) 97 (41.3)

Asia 7 (6.0) 4(1.7)
SOT, n (%) 69 (59.0) 142 (60.4)

Kidney 32 (46.4) 74 (52.1)

Lung 22 (31.9) 40 (28.2)

Heart 9 (13.0) 14 (9.9)

Multiple 5(7.2) 5(3.5)

Liver 1(1.4) 6 (4.2)

Pancreas 0 2(1.4)

Intestine 0 1(0.7)
HSCT, n (%) 48 (41.0) 93 (39.6)

Allogeneic 48 (100.0) 92 (98.9)
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Characteristic (NI:;.:7) Marlba\(lrl‘lr=42(:),’%)m g BID
Donor type,
HLA identical sibling 2(4.2) 13 (14.1)
HLA matched other relative 10 (20.8) 12 (13.0)
HLA mismatched relative 7 (14.6) 11 (12.0)
Unrelated donor 29 (60.4) 56 (60.9)
Stem cell source
Peripheral blood stem cell 30 (62.5) 71(77.2)
Bone marrow 13 (27.1) 16 (17.4)
Cord blood 5(10.4) 5(5.4)
Prgsgnce of acute GvHD confirmed for HSCT 8 (17.0) 23 (25.0)
recipients
Pre_sc_ance of chronic GvHD confirmed for HSCT 5 (10.6) 6 (6.5)
recipients

CMV DNA levels by central laboratory at baseline, IU/mL

Median (IQR)

[ 2869.0 (927, 11,636) | 3377.0 (1036, 12,544)

and/or cidofovir, n (%)

Patients with or without CMV mutations known to confer resistance to ganciclovir, foscarnet,

Refractory CMV infection with resistance 69 (59.0) 121 (51.5)
Refractory CMV infection without resistance 34 (29.1) 96 (40.9)
Missing resistance results 14 (12.0) 18 (7.7)
Prior use of CMV prophylaxis, n (%) 45 (38.5) 100 (42.6)
Current CMV i:\fection is the first episode post- 78 (66.7) 162 (68.9)
transplant, n (%)
Most recent anti-CMV agent prior to randomisation, n (%)
Ganciclovir/Valganciclovir 98 (83.8) 204 (86.8)
Foscarnet 18 (15.4) 27 (11.5)
Cidofovir 1(0.9) 4(1.7)
:?;); direct-acting anti-CMV agents at any time, n=116 n=234
Valganciclovir 96 (82.8) 178 (76.1)
Ganciclovir 82 (70.7) 147 (62.8)
Foscarnet 37 (31.9) 49 (20.9)
Letermovir 5 (4.3) 12 (6.1)
Cidofovir 5(4.3) 7 (3.0)

BID=Twice daily; BMI=Body mass index; CMV=Cytomegalovirus; DNA=Deoxyribonucleic acid; GvHD=Graft-versus-host-
disease; HSCT=Haematopoietic stem cell transplant; HLA=human leukocyte antigen; IAT=Investigator-assigned anti-CMV
treatment; 1QR=Interquartile range; LLOQ=Lower limit of quantification; max=Maximum; mg=Milligrams; min=Minimum;
N=Number of patients; SD=Standard deviation; SOT=Solid organ transplant

Source: Avery RK, et al. 2021; Avery RK, et al. 2021.107.109

In the intention-to-treat (ITT) population, the majority of patients who received IAT
were treated with foscarnet (40.5%), ganciclovir (24.1%) or valganciclovir (24.1%)
(Figure 10). Overall, the majority of the patients receiving maribavir completed the
study; whilst for patients receiving IAT, the majority discontinued treatment early. The
most common reason for discontinuation in the maribavir group was lack of efficacy,
while for the IAT group, it was AEs (Figure 10).107.108
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In the SOT population, patients who received IAT were treated with ganciclovir or
valganciclovir ), foscarnet ( , foscarnet in combination with ganciclovir or
valganciclovir ( ), or cidofovir (| ).1%8 In the HSCT population, the majority of
patients who received treatment with IAT were treated with valganciclovir or
ganciclovir (JJll), foscarnet '), cidofovir (JJli}), or foscarnet in combination with
ganciclovir or valganciclovir ( ).198 SOT patients were more commonly treated with
ganciclovir/valganciclovir, whilst HSCT patients were more commonly treated with
dual therapy or cidofovir.'1°

Figure 10: Patient flow

Screened
N=415 Minimum CMV viral load not
confirmed (n = 31)
N Current CMV infection resistant,
il 7 but not refractory to most recent
treatment (n = 21)
. Other (n=21)
Randomized
n =352

k. L 4

IAT

n=117
Foscamet (n = 47, 40.5%)
Ganciclovir (n = 28, 24.1%)
Valganciclovir (n = 28, 24.1%)
Cidofovir (n = 6, 5.2%)
Foscamet/valganciclovir (n = 4, 3.4%)
Foscamet/ganciclovir (n = 3, 2.6%)

Maribavir
n=235

k. L 4

Completed 8 weeks of IAT

(n =37, 31.6%)

Discontinued IAT (n = 79, 67.5%)
Lack of efficacy (n = 16, 13.7%)
Adverse events (n = 36, 30.8%) N Entered maribavir rescue arm
Death (n =1, 0.9%) v (n=22, 18.8%)
Noncompliance (n = 1, 0.9%)
Withdrawal of consent (n = 8, 6.8%)
Lost to follow-up (n = 1, 0.9%)
Other (n =16, 13.7%)

Completed 8 weeks of maribavir

(n =183, 77.9%)

Discontinued maribavir (n = 51, 21.7%)
Lack of efficacy (n =21, 8.9%)
Adverse events (n = 15, 6.4%)
Death (n= 7, 3.0%)
MNoncompliance (n = 2, 0.9%)
Withdrawal of consent (n = 2, 0.9%)
Other (n=4, 1.7%)

. ¥

Completed study (n = 58, 49.6%)
Discontinued study (n = 37, 31.6%)
Death (n= 8, 6.8%) Completed rescue treatment

Completed study (n = 199, 84.7%) ¥
Discontinued study (n = 36, 15.3%)

Death (n = 24, 10.2%)

Withdrawal of consent (n = 8, 3.4%) Lwc;;’;‘t’;“o"ﬁ;af_:;f{':ej:fno :9;‘3 13.7% (n =21, 95.5%)
; o .0,
Lost to follow-up (n =2, 0.9%) Adverse events (n = 5, 4.3%) Completed study (n = 20, 90.9%)

Adverse events (n = 1, 0.4%)

Other {n = 1, 0.4%) MNoncompliance (n = 6, 5.1%)

Other (n =1, 0.9%)

CMV=Cytomegalovirus; IAT=Investigator-assigned anti-CMV treatment; MBV=Maribavir; N=Number of patients
Source: Avery RK, et al. 2021.1%7

B.2.3.6 Outcomes used in the economic model/specified in the scope and
primary outcome

A list of the primary, secondary, exploratory and safety outcomes of the SOLSTICE
trial can be found in Table 11. Outcomes highlighted in bold are reported in this
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submission and/or are included within the economic model. Responder criteria for key
outcomes included within the submission are presented in Table 12.

Table 11: Outcomes from the SOLSTICE trial

Endpoint Description

e Confirmed clearance of plasma CMV DNA (confirmed CMV viraemia
clearance) at the end of Study Week 8

Key e Confirmed CMV viraemia clearance and CMV infection symptom

secondary control at Week 8 with the benefit maintained through Week 16

e Achievement of the confirmed CMV viraemia clearance after 8 weeks of
receiving study-assigned treatment

e Achievement of the confirmed CMV viraemia clearance and CMV infection
symptom control after 8 weeks of receiving study-assigned treatment

e The maintenance of the CMV viraemia clearance and CMV infection
symptom control achieved at the end of Study Week 8 through Weeks 12
and 20

¢ Recurrence of CMV viraemia
o Clinically relevant recurrence of CMV viraemia

Recurrence of CMV viraemia during and off study-assigned treatment

Maribavir resistance profile

All-cause mortality

Endpoints assessed for maribavir rescue treatment:
o Confirmed clearance of plasma CMV DNA at the end of 8 weeks

of maribavir rescue treatment phase
o Achievement of viraemia clearance and CMV infection symptom
control for maribavir rescue treatment

CMV viral load over time

Time to first CMV viraemia clearance

Time from first CMV viraemia clearance to CMV viraemia recurrence

Graft outcomes (rejection or graft loss)

Specific T-cell response over time

Extent of exposure and compliance

Prior and concomitant medications

AEs

AE of special interest

AE by medical concept

Clinical laboratory variables

Vital signs

Electrocardiogram

Treatment with hemopoietic growth factors, blood, and blood product

transfusions

e EQ-5D-5L

HRQoL e SF-36v2

AE=Adverse event; CMV=Cytomegalovirus; DNA=Deoxyribonucleic acid; EQ-5D-5L=EuroQoL Group 5-Dimension 5-Level;
HRQoL=Health-related quality of life; SF-36v2=Short Form-36 version 2
Source: Avery RK, et al. 2021; Takeda. 2021.1°7:108

Primary

Additional
secondary

Exploratory

Safety
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Table 12: Responder criteria for key outcomes reported in this submission
and/or included within the economic model

Endpoint | Criteria for response

Primary endpoint

Confirmed CMV Confirmed CMV viraemia clearance at the end of Study Week 8 was
viraemia clearance at | defined as plasma CMV DNA concentrations <LLOQ (i.e., <137 IU/mL),
the end of Study when assessed by central specialty laboratory, in two consecutive post-
Week 8 baseline samples separated by at least 5 days.

Key secondary endpoint

To qualify as a responder for the key secondary efficacy endpoint, patients
were required to meet the following criteria:

e Primary endpoint responder (i.e., CMV viraemia clearance at end

of Study Week 8)
e CMV infection symptom control at Week 8 (for patients who were
symptomatic at baseline) or no new symptoms of tissue invasive

improvement or disease or _CMV synd_rome at Week 8 (for patients who were
resolution at the end asy.mptomatlc at baselme) . . .
of Study Week 8, and e Maintenance of CMV viraemia clearance and CMV infection
maintenance of this s_ymptqm control through Week 16, where_ mamtene_mce of CMV
treatment effect viraemia clearance through Weekl .16 is determlned. by the
through Study Week absence of two consecutive positive CMV DNA viral load
16 assessments through Week 16
Symptom status for tissue invasive disease or CMV syndrome was the
adjudicated status per the EAC. Patients were not required to complete
the stipulated 8 weeks of study-assigned treatment.
Other secondary endpoints
Recurrence of CMV viraemia was defined as plasma CMV DNA
Recurrence of CMV concentrations 2LLOQ, when assessed by central specialty laboratory, in
viraemia 2 consecutive plasma samples separated by at least 5 days after
achieving confirmed viraemia clearance

CMV viraemia
clearance and
symptomatic CMV
infection

Clinically relevant
recurrence of CMV
viraemia

All-cause mortality N/A
Exploratory endpoints
CMV viral load over
time

Graft outcomes N/A
Safety endpoints

Recurrence of CMV viraemia (as defined above) after Week 8 that
required alternative anti-CMV treatment

Plasma CMV DNA concentration assessed by the central laboratory

An AE was any untoward medical occurrence in a clinical investigation
patient administered a pharmaceutical product that may not necessarily
have a causal relationship with that treatment. The primary analysis of
AEs safety was based on the “treatment-emergent” principle. The on-treatment
observation period starts at the date of study treatment initiation through
seven days after the last dose of study treatment, or through 21 days after
the last dose of cidofovir (if cidofovir is the IAT).

AE=Adverse event; CMV=Cytomegalovirus; DNA=Deoxyribonucleic acid; EAC=Endpoint Adjudication Committee;

IAT=Investigator-assigned anti-CMV treatment; LLOQ=Lower limit of quantification; N/A=Not applicable
Source: Avery RK, et al. 2021."%°
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B.2.4  Statistical analysis and definition of study groups in the
relevant clinical effectiveness evidence

B.2.4.1 Analysis populations

The primary objective of SOLSTICE was to evaluate the efficacy of maribavir in
clearing CMV viraemia compared with IAT, in transplant recipients who were refractory
or resistant to prior anti-CMV treatment. The primary analysis was conducted in the
randomised (ITT) set, with data collected until 17 August 2020. Definitions of the
analysis sets are summarised in Table 13.1%7

Table 13: Definition and number of participants by analysis population in
SOLSTICE

Analysis

SOLSTICE, N (%)

population DEiTIen Maribavir| IAT All
All patients who had signed informed consent and some 415
Enrolled study procedures had begun (e.g., dispensed study- - " (100.0)

assigned treatment, current drug had been withdrawn)
All patients in the enrolled set who had been randomised to

235 117 | 352

Randomised the study. Patients were analysed in the treatment group to (100.0) |(100.0)[(100.0)

set . .
which they were randomised
All patients who took any dose of study-assigned treatment 234 116 | 350
Safety Set Patients were analysed according to the treatment actually (99.6) |(99.1) | (99.4)
received ) ) ]

CMV=Cytomegalovirus; IAT=Investigator-assigned anti-CMV treatment; N=Number of patients
Source: Avery RK, et al. 2021.%

Subgroup analyses were performed for the primary and key secondary efficacy
endpoints for the following subgroups:1%7
e Transplant type (SOT, HSCT, kidney transplant)
e CMV DNA viral load (high, intermediate, low)
e Symptom status (symptomatic, asymptomatic) at baseline as adjudicated by
Endpoint Adjudication Committee (EAC)
e Presence of CMV mutation resistant to ganciclovir, foscarnet, and/or cidofovir
per central laboratory results (yes, no)
e Age group
o 218 to <45 years of age
o 245 to <65 years of age
o 265 years of age
Enrolling region (North America, Europe, Asia)
Sex (male, female)
Prior antilymphocyte use (yes, no)
Maribavir vs. individual IAT type (if sample size was adequate)

Company evidence submission template for maribavir for treating refractory or resistant
cytomegalovirus infection after transplant ID3900

© Takeda UK Ltd (2022) All rights reserved Page 42 of 126



B.2.4.2 Statistical analyses and approach to missing data

For both the primary and key secondary endpoints, the difference in proportion of
responders between treatment groups were obtained using Cochran-Mantel-Haenszel
(CMH) weighted average across all strata, and tested using CMH method, with
transplant type and baseline plasma CMV DNA concentration as two stratification
factors. All statistical tests and Cls were 2-sided at a=0.05. Hypothesis testing of the
primary and key secondary endpoint was adjusted for multiple comparisons using a
fixed sequence testing procedure to control the family-wise Type 1 error rate at a 5%
level. Only after the primary efficacy endpoint was deemed statistically significant, the
key secondary endpoint was assessed at a=0.05 (2-sided). The phrase ‘statistically
significant’ is applied only to analyses of the primary and key secondary efficacy
endpoints with adjustment for multiplicity. If indicated, the other secondary endpoints
and exploratory endpoints were analysed statistically at a=0.05 (2-sided), without
adjustment for multiple comparisons.’07:10°

A summary of the statistical analyses and approach to missing data used for
assessment of key endpoints included in the SOLSTICE trial relevant to this
submission is presented in Table 14.
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Table 14: Statistical analyses and approach to missing data for endpoints in the SOLSTICE trial relevant to the submission

Kaplan-Meier

Analysis
. Statistical population . .
Endpoint analysis relevant to this Primary missing data approach
submission
Primary endpoint
. . . If a patient took alternative anti-CMV treatment or maribavir as rescue treatment
Confirmed CMV viraemia
. before Study Week 8 they were assumed to be non-responders
clearance at the end of Study CMH Randomised set ; o ) . ; ) . .
If a patient had missing data due to early discontinuation to confirm viraemia
Week 8
clearance at Study Week 8 they were assumed to be non-responders
Key secondary endpoint
cMv viraemia clear:ance _and If a patient took alternative anti-CMV treatment or maribavir as rescue treatment
symptomatic CMV infection before Study Week 16. th dtob d
improvement or resolution at the _ efore Study Week 16, they were assumed to be non-responders _
CMH Randomised set | If a patient discontinued study early before Study Week 16 without data to confirm the
end of Study Week 8, and . . ; . )
. . maintenance of viraemia clearance and CMV infection symptom control at Study
maintenance of this treatment Week 16, they were assumed to be non-responders
effect through Study Week 16 » ey P
Other secondary endpoints
Recurrence of CMV viraemia N/A Randomised set All CMV DNA measurements after achieving conﬂr_med CM\_/ viraemia clearance
regardless of rescue or alternative treatment were included in the assessment
Time to event . : .
All-cause mortality analysis; Randomised set Included all deaths reported on study regardless of receipt of alternative anti-CMV

treatment or maribavir rescue therapy

Exploratory endpoints

All CMV viral load data collected after the initiation of rescue or alternative anti-CMV

CMV viral load over time N/A Randomised set .
treatment was included
Graft outcomes N/A Randomised set All _outcomes after receiving study-assigned treatments before rescue or alternative
anti-CMV treatment were included
Safety endpoints
For patients who transferred from the study treatment to either maribavir rescue or to a
non-study anti-CMV treatment, the on-treatment observation period ended at the seven
AEs N/A Safety set days after the last dose of study treatment or through 21 days if cidofovir is used, or

until initiation of maribavir rescue treatment or non-study anti-CMV treatment,
whichever was earlier. Safety analyses for the maribavir rescue arm were analysed
separately using the Rescue Set

AE=Adverse event; CMH=Cochran-Mantel-Haenszel; CMV=Cytomegalovirus; DNA=Deoxyribonucleic acid; mL=millilitres; N/A=Not available/not applicable

Source: Avery RK, et al. 2021; Takeda. 2021."07.108
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B.2.4.3 Sample size calculation

Based on the Phase Il Study 202, it was assumed that at least 60% of maribavir-
treated patients (at Visit 9/Week 7) and 40% of IAT-treated patients (Visit 10/Week 8)
would have achieved undetectable plasma CMV DNA when calculating the sample
size for SOLSTICE. A total of 315 patients were required in the ratio of 2:1
(210 patients in maribavir group and 105 patients in the IAT group) to provide 90%
power in hypothesis testing at a=0.05 (2-sided test). The sample size was estimated
based on a 2-group continuity corrected Chi-square test of equal proportions.'0”

B.2.5 Quality assessment of the relevant clinical effectiveness
evidence

An assessment of the quality of the relevant clinical effectiveness evidence is
presented in Table 15. SOLSTICE was a well-performed RCT with a low risk of bias.

Table 15: Quality assessment of studies identified by SLR

SOLSTICE

Trial (TAK-620-303;

NCT02931539)
Was randomisation carried out appropriately? Yes
Was the concealment of treatment allocation adequate? Yes
Were the groups similar at the outset of the study in terms of prognostic Yes
factors?
Were the care providers, participants and outcome assessors blind to No
treatment allocation?
Were there any unexpected imbalances in dropouts between groups? No
Is there any evidence to suggest that the authors measured more N

o}

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

B.2.6 Clinical effectiveness results of the relevant trials
B.2.6.1 Primary endpoint

SOLSTICE demonstrated that maribavir is a highly effective treatment for the
clearance of CMV compared with IAT. In the ITT population, a greater proportion of
patients in the maribavir group (65.7%) achieved confirmed CMV viraemia clearance
at the end of study Week 8 compared with IAT (23.9%). After adjusting for the
stratification factors (transplant type of SOT vs. HSCT and baseline plasma CMV DNA
viral load group of low vs. pooled intermediate/high), the difference was 32.8% (95%
Cl: 22.8%, 42.7%; p<0.001) (Figure 11).9 The number of patients needed to treat
with maribavir vs. IAT to achieve an instance of additional CMV clearance at Week 8
was 3 (95% CI: 2, 4)
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Figure 11: Primary efficacy endpoint analysis: confirmed CMV viraemia
clearance at Week 8 by treatment group (randomised set)

100 - W Maribavi
Adjusted difference (95% Cl): | Ai” avir
32.8 (22.80-42.74)
P <0.001
80
S
1]
)
& 60+ 55.7%
a
7]
o
<
E
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5
o 23.9%
20
131/235
0 |

CMV viremia clearance at Week 8

Cl=Confidence interval; CMV=Cytomegalovirus; IAT=Investigator-assigned anti-CMV treatment

Note: Patients with confirmed CMV viraemia clearance at the end of Week 8 were considered as responders regardless of
whether the study-assigned treatment was discontinued before the end of the stipulated 8 weeks of therapy. Plasma CMV DNA
assessments after starting alternative anti-CMV treatment or rescue treatment were not evaluable for the assessment of study-
assigned treatment effect

Source: Avery RK, et al. 2021.1%

Various methods were used to investigate the impact of early discontinuation on the
primary endpoint of CMV viraemia clearance at the end of study Week 8. The
sensitivity analyses were prespecified to assess the robustness of the primary efficacy
endpoint using alternate definitions of CMV viraemia clearance response, as
described in Table 16. Overall, the results of the sensitivity analyses were consistent
with the primary analysis (Table 16)."%° Only a small proportion of patients (31.6%)
received the full 8 weeks’ treatment with IAT, most discontinued due to AEs or a lack
of efficacy. Additional analyses are presented within the Appendix E.1.2.

Company evidence submission template for maribavir for treating refractory or resistant
cytomegalovirus infection after transplant ID3900

© Takeda UK Ltd (2022) All rights reserved Page 46 of 126



Table 16: Sensitivity analyses of the primary efficacy endpoint analysis:
confirmed CMV viraemia clearance at Week 8 (randomised set)

Adjusted
. . Maribavir difference in
:‘:Rl\:\sl v(;ll;aseel;na clearance at end of Week 8 (NI:‘I-: p 400 mg BID percentage of
P (N=235) responders
(95% Cls)

Based on alternate definitions of response

Patients who met criteria of confirmed
CMV viraemia clearance at the time of 26.1%

0, 0,

premature study discontinuation were 39 (33.3%) 137 (58.3%) (15.6%, 36.7%)
included as a responder, n (%)
Patients with confirmed CMV viraemia
clearance at any time during the treatment o o 23.6%
phase were included as a responder, n 61(52.1%) 174 (74.0%) (13.2%, 33.9%)
(%)
Patients in the IAT group, but not in the

o L : o
maribavir group, who initiated alternative 41 (35.0%) 131 (55.7%) 21.7%

anti-CMV treatment before Week 8 were
included as a responder, n (%)

(11.0%, 32.5%)

BID=Twice daily; Cl=Confidence interval; CMV=Cytomegalovirus; IAT=Investigator-assigned anti-CMV treatment; Mg: Milligram;
N=Number of patients
Source: Avery RK, et al. 2021.%°

B.2.6.2 Secondary outcomes included in the scope

B.2.6.2.1 Confirmed CMV viraemia clearance and CMV infection symptom
control

The key secondary endpoint evaluated a composite of CMV viraemia clearance and
CMV infection symptom control at Week 8 (on-treatment period) and the maintenance
of the benefit through Week 16.1%7 In the randomised population, a greater proportion
of patients in the maribavir group (18.7%) achieved this composite outcome compared
with IAT (10.3%). Thus, more patients benefited from maribavir treatment and hence
more benefited from sustained composite outcomes of clearance and symptom control
inclusive of the off-treatment period. The adjusted difference of 9.5% (95% CI: 2.0%,
16.9%; p=0.013) was statistically significant (Figure 12).1%7
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Figure 12: Analysis of achieving confirmed CMV viraemia clearance and CMV
infection symptom control followed by maintenance through Week 16 by
treatment group (randomised set)

607 5579 Adjusted difference (95% CI) P value
Week 8 328 (22.80-42.74) <0.001
50 Week 12 13.5 (5.84-21.17) <0.001
= Week 16 9.5 (2.02-16.88) 0.013
R (key secondary endpoint)
& 40
0]
2 Week 20 9.8 (2.58-17.06) 0.008
a
®
é 307 B Maribavir
3 IAT
2}
S 204 18.7% 18.3%
a
10.3% 10.3% 9.4%
10 -
0 | | |
Week 8 Week 12 Week 16 Week 20

CMV viremia clearance and symptom control

Cl=Confidence interval; CMV=Cytomegalovirus; IAT=Investigator-assigned anti-CMV treatment

Patient with response (both CMV viraemia clearance and CMV infection symptom control) at Week 8 regardless of whether the
study-assigned treatment was discontinued before the end of the stipulated 8 weeks of therapy, and maintenance of this treatment
effect through Week 16 was considered as a responder.

Source: Avery RK, et al. 2021.%7

Symptom control was defined as patients who were symptomatic at baseline and
achieved improvement or resolution of symptoms, or asymptomatic at baseline and
no new symptoms of tissue invasive disease or CMV, at Week 8 through Week 16.
Any negative outcome within the continuum resulted in the patient being counted as a
non-responder for the key secondary outcome. Moreover, if a patient discontinued,
took alternative anti-CMV treatment or was administered maribavir as rescue
treatment during this time, they were considered non-responders. Non-response does
not equal a clinically relevant recurrence that requires retreatment; clinically relevant
recurrence (i.e., recurrence among responders, after Week 8, who received alternative
anti-CMV treatment) occurred less frequently in patients randomised to maribavir
(26.0%) than IAT (35.7%) (See Table 14 for the responder definitions).

Maintaining CMV clearance and symptom control in the refractory or resistant
population while keeping the antiviral dose low enough to reduce toxicity and prevent
discontinuation is an issue with conventional antiviral treatments currently used to treat
patients with refractory or resistant CMV.7276 Patients are more at risk of CMV infection
progressing to CMV disease during the initial period after transplantation when high
levels of immunosuppression are used. As patients move to the post-transplant
maintenance phase (3—6 months), the dose of immunosuppression is reduced.®® As a
result of this the immune system is more able to combat viral replication.3*
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B.2.6.2.2 All-cause mortality

Maribavir was associated with a similar rate of all-cause mortality in the randomised
population when compared with IAT over the course of the study. At Week 20, the
observed incidence of all-cause mortality was 11.5% for the maribavir group,
compared with 11.1% for the IAT group.'”” The distribution of time to all-cause
mortality at this time-point was similar between the maribavir and IAT groups. The HR
for the comparison of maribavir and IAT was - (95% CiI: -q), indicating no
significant difference between the treatment groups.'%® The time to all-cause mortality
by treatment group is shown in Table 17.

Table 17: Time to all-cause mortality by treatment group (randomised set)

HR (95% Cl)
Treatment Group: Maribavir vs. IAT |

BID=Twice daily; Cl=Confidence interval; HR=Hazard ratio; IAT=Investigator-assigned anti-CMV treatment; Max=Maximum;
Mg=Milligram; Min=Minimum; N=Number of patients; NR=Not reached
Source: Avery RK, et al. 2021; Takeda 2021.107:108

Time to all-cause mortality by _ Maribavir 400 mg BID
treatment group LI (L) (N=235)
Number of patients who died, n (%) 13 (11.1) 27 (11.5)
Number of patients censored, n (%) 104 (88.9) 208 (88.5)
Observed event time for those who _ _
died, days, median (min, max)
Kaplan-Meier estimates of time to death
25th, days (95% Cl) B e
50th, days (95% CI)
75th, days (95% CI)
p-value
]

The similarity in the rate of all-cause mortality between maribavir and IAT may be due
to the trial design. The limited follow-up duration did not allow for the quantification of
a mortality benefit.

B.2.6.2.3 Recurrence of CMV viraemia

Clinically relevant recurrence (i.e., recurrence among responders, after Week 8, who
received alternative anti-CMV treatment) occurred less frequently in patients
randomised to maribavir (26.0%) than IAT (35.7%). Among the 22 patients who initially
received IAT and subsequently received maribavir rescue treatment due to lack of
response, 11 (50.0%) achieved confirmed CMV viraemia clearance at Week 8 of the
maribavir rescue treatment phase (Table 18).'%” The analysis of recurrence of CMV
viraemia during the first 8 weeks, the follow-up period, and any time on study by
treatment is presented in Table 18.
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Table 18: Analysis of recurrence of CMV viraemia (randomised set)
CMV viraemia recurrence during the first 8 Maribavir 400 mg BID

weeks, the follow-up period, and any time on IAT (N=117) (N=235)
study

Number of patients with clinically relevant

recurrence (recurrence among responders, after B 35.7) Bl 25.0)

week 8 who received alternative anti-CMV
treatment), n/N (%)?
CMV viraemia clearance after study-assigned O O
treatment at any time on study, n (%)°
Patients with CMV viraemia recurrence
During the first 8 weeks, n (%)
During the follow-up weeks, n (%)
Any time on study, n (%)
BID=Twice daily; Cl=Confidence interval; CMV=Cytomegalovirus; IAT=Investigator-assigned anti-CMV treatment; Mg=Milligram;
N=Number of patients
@ This exploratory analysis examined recurrence requiring treatment in patients who either completed therapy at Week 8 or
discontinued treatment prior to Week 8 (but did not receive any alternative anti-CMV therapy before the assessment of the primary
endpoint at Week 8) AND who achieved viraemia clearance per the primary endpoint
® This pre-specified analysis examined recurrence of CMV viraemia was defined as plasma CMV DNA concentrations 2LLOQ,
when assessed by central specialty laboratory, in 2 consecutive plasma samples separated by at least 5 days after achieving

confirmed viraemia clearance
Source: Avery RK, et al. 2021; Takeda 2021.107:108

B.2.6.2.4 CMV viral load over time

The CMV viral load of patients over time (i.e., plasma CMV DNA concentration
assessed by the central laboratory) was an exploratory efficacy endpoint.’®® Maribavir
appeared to elicit a stronger response at 4 weeks, reducing the Logio plasma CMV
viral load by [}, compared with in the IAT arm. Although by 20 weeks the results
in the maribavir arm and the IAT arm appeared similar, this is likely due to the lower
number of patients in the IAT arm with measurements compared with the maribavir
arm. The patients without a measurement are more likely to have not achieved viral
clearance.'® For full details on this secondary endpoint, please refer to the Appendix
D.4.1.1.

B.2.6.2.5 Transplant graft function

The outcome of graft failure was a clinical determination that the graft irreversibly and
irrevocably ceased functioning (e.g., in the case of a renal transplant, the patient
returned to permanent dialysis, if dialysis-dependent prior to transplant, or returned to
insulin dependency in the case of pancreas transplant) as determined by the
investigator.’® In both treatment groups, few patients experienced adverse graft
outcomes during the study up to 20 weeks. %8

No SOT recipients experienced new onset of chronic allograft dysfunction (chronic
rejection) or graft loss. Among the 141 patients with HSCT (maribavir: 93 patients; IAT:
48 patients), new GvHD was reported during the study for | (Jllll) HSCT recipients
in the maribavir group and [ HSCT recipients in the IAT group.'%®
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Table 19: Graft status at baseline (randomised set)

IAT Maribavir Total
(N=117) 400 mg BID (N=352)
(N=235)
SOT
Functioning with complications, n (%) - - -
Functioning, n (%) | [ [
Other, n (%) | . .
HSCT
Partially engrafted, n (%) - - -
Functioning with complications, n (%) - - -
Functioning, n (%) | [ [

BID=Twice daily; HSCT=Haematopoietic stem cells transplant; IAT=Investigator-assigned anti-CMV treatment; N=Number of
patients; SD=Standard deviation; SOT=Solid organ transplant
Source: Takeda 2021.1%
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Table 20: Transplant graft status (randomised set)

SOT

HSCT

IAT
(N=69)

Maribavir
400 mg BID
(N=142)

Zs
&=

Maribavir
400 mg BID
(N=93)

Acute rejection ?

Yes

No

Missing

Chronic rejection ?

Yes

No

Missing

Graft loss 2

Yes

No

Missing

New GvHD 2

Yes

No

Missing

Time to acute rejection for those

g

ith the event (day

()

~—

n

Mean (SD)

Median

Q1, Q3

Min, Max

Time to chronic rejection for those with the event (days)

n

Time to graft loss for those

with the

event (days

n

Mean (SD)

Median

Q1, Q3

Min, Max

i

n

Time to new GvHD among HSCT patients (days)

Mean (SD)

Median

Q1, Q3

Min, Max

. o

BID=Twice daily; GvHD=Graft-versus-host disease; HSCT=Haematopoietic Stem Cell Transplant; IAT=Investigator-assigned
anti-CMV treatment; Max=Maximum; Mg=Milligram; Min=Minimum; N=Number of patients; NR=Not reached; Q=Quartile;
SD=Standard deviation; SOT=Solid organ transplant

@ Percentages are based on the number of patients in the subset

Source: Takeda 2021."%
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B.2.6.2.6 Health-related quality of life

The EuroQoL 5-Dimension 5-Level (EQ-5D-5L) and Short Form-36 version 2 (SF-
36v2) instruments were used to assess HRQoL. Overall, there was XXXXXXXXXXXXXXX
in health states over the treatment and follow-up phases for all patients. The changes
in EQ-5D-5L were

108 Based on the SF-36v2, there was

from baseline to the end of both treatments.'%® Patients treated
with maribavir demonstrated in physical and mental
sub-domains of the SF-36 (Table 21).108

Table 21: Summary of SF-36v2 domain score (randomised set)

IAT Maribavir 400 mg BID
(N=117) (N=235)
: Change from Change from
Domains Baseline baseline at Week Baseline baseline at week
Mean (SD) 8 Mean (SD) 8

Mean (SD) Mean (SD)
Patients . .
Physical
component I | | |
score
Mental
component | | | |
score

BID=Twice daily; IAT=Investigator-assigned anti-CMV treatment; Mg=Milligram; N=Number of patients; SD=Standard deviation;
SF-36v2=Short form 36 Version 2
Source: Takeda 2021.1%

B.2.6.2.7 Hospitalisation

For patients on treatment, those receiving maribavir were || less likely to be
hospitalised compared with patients receiving IAT (p= JJli}). Over the full study period,
patients receiving maribavir were [} less likely to be hospitalised (p= (Table
22).111
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Table 22: Incidence of hospitalisation for patients receiving maribavir or IAT
(randomised set)

IAT Maribavir 400 mg Adjusted difference in
(N=117) BID rates of hospital
(N=235) admissions, IRR (95% CI)

On-treatment phase?®
Adjusted incidence rate,
admissions/person/year
(95% CI)

Adjusted incidence rate of
hospitalisation
admissions, incidence
rate (95% CI)

Full study period®
Adjusted incidence rate,
admissions/person/year
(95% CI)

Adjusted incidence rate of
hospitalisation
admissions, incidence

rate (95% CI)

BID=Twice daily; Cl=Confidence interval; IAT=Investigator-assigned anti-CMV treatment; IRR=Incidence rate ratio;
Mg=Milligram; N=Number of patients; SD=Standard deviation

@ On-treatment adjusted rates are adjusted for duration of time on treatment (52 days for maribavir, 35.7 days for IAT)

b Adjusted rates for the full study period are adjusted for duration of time in study (132.1 days for maribavir, 92.9 days for IAT)
Source: Takeda 2021.1"

While on treatment, patients receiving maribavir had a statistically significant reduction
of il in LOS, compared with IAT (h) (). » the IAT group, patients
experienced an increased pre-rescue LOS, but this was not statistically significant
compared to maribavir.

Table 23: LOS for patients receiving maribavir or IAT (randomised set)
IAT Maribavir 400 mg BID | Adjusted difference in
(N=117) (N=235) LOS, IRR (95% CI)

On-treatment phase?®
Adjusted duration of
LOS, days/person/year
(95% CI)

Full study period®

Adjusted duration of
LOS, days/person/year
(95% CI)

BID=Twice daily; Cl=Confidence interval; IAT=Investigator-assigned anti-CMV treatment; IRR=Incidence rate ratio;
Mg=Milligram; LOS=Length of stay; N=Number of patients; SD=Standard deviation

2 On-treatment LOS are adjusted for duration of time on treatment (52 days for maribavir, 35.7 days for IAT)

b LOS for the full study period are adjusted for duration of time in study (132.1 days for maribavir, 92.9 days for IAT)

Source: Takeda 2021."""

B.2.7  Subgroup analysis

Subgroup analyses were performed for patients who had SOT or HSCT. Overall, in
patients who had undergone an SOT, the benefits of treatment with maribavir were
consistent with the benefits seen in the overall population (Table 24).108.110
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Table 24: Efficacy endpoint analysis in SOT patients

LT LR Adjusted difference
. IAT 400 mg . . o
Endpoint _ in proportion (95%
=) 2l Cl); p-value
(N=93) ’

Primary endpoint

Confirmed CMV viraemia clearance 30.5(17.3, 43.6);
at Week 8, n (%)? 18 (26.1) 79 (55.6) _—

Secondary endpoint

0,
Number of patients who died, n (%)P - - HR OSeCl

BID=Twice daily; Cl=Confidence interval; CMV=Cytomegalovirus; DNA=Deoxyribonucleic acid; HR=Hazard ratio
IAT=Investigator-assigned anti-CMV treatment; N=Number of patients; SOT=Solid organ transplant

Note: Percentages are based on the number of patients in the Randomised Set

@ Analysis was pre-specified

b Post-hoc analysis

Source: Avery RK, et al. 2021; Takeda 2021.107:110

Similarly, patients treated with maribavir who had received HSCT demonstrated
consistent benefits across the majority of the primary and secondary outcomes.
However, mortality rates were higher among HSCT patients than the overall
population (Table 25).108.110

Table 25: Efficacy endpoint analysis in HSCT patients

IAT M4a0r(|)b;wr Adjusted difference
Endpoint A g s e e
B BID Cl); p-value
(N=93) )

Primary endpoint
Confirmed CMV viraemia clearance 36.1(21.1, 51.2);
at Week 8, n (%)° 10 (20.8) 52 (55.9) _

Secondary endpoints
I
e

BID=Twice daily; Cl=Confidence interval; CMV=Cytomegalovirus; HR=Hazard ratio; HSCT=Haematopoietic stem cells
transplant; IAT=Investigator-assigned anti-CMV treatment; N=Number of patients

@ Analysis was pre-specified

b Post-hoc analysis

Source: Avery RK, et al. 2021; Takeda 2021.107:110

Number of patients who died, (%)

B.2.8 Meta-analysis

As SOLSTICE is the only Phase lll trial supporting the application, a meta-analysis is
not required.

B.2.9 Indirect and mixed treatment comparisons

As the key trial (SOLSTICE) provided a comparison between maribavir and the
relevant comparators, an indirect treatment comparison is not required.
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B.2.10 Adverse reactions

B.2.10.1 Safety analysis population

The safety set (N=350) was used for safety analyses in SOLSTICE and consisted of
all randomised patients who received at least one dose of study medication. For this

analysis, patients were included in the treatment group corresponding to the study
medication they actually received.

B.2.10.2 Adverse effects of treatment

B.2.10.2.1 Treatment exposure

Within the safety population, the mean exposure to maribavir (| lll; sD: | IEGzINzG
B w25 approximately 50% longer than IAT due to early discontinuation of
treatment in the IAT group (b) (Table 26).108

Table 26: Treatment exposure of the safety population
IAT Maribavir 400 mg BID
(N=116) (N=234)

Exposure duration?

nb

Mean (SD), days

Median, days 34.0 57.0
Min, max, days 4,64 2,64

Actual exposure to study-assigned treatment®

n° .
Mean (SD), days
Median, days

Min, max, days
BID=Twice daily; IAT=Investigator-assigned anti-CMV treatment; max=Maximum; min=Minimum; N=Number of patients;
SD=Standard deviation
@ Exposure duration: Number of days between the date of the first exposure and the date of last exposure of the drug
administered
b Two patients in the IAT group (valganciclovir) and 4 patients in the maribavir group did not have any eDiary data collected
for administration of oral study-assigned treatment. These patients are not included in this table
¢ Actual exposure days to study-assigned treatment: Number of days in which at least one dose of study-assigned treatment was
taken/administered
Source: Avery RK, et al. 2021; Takeda 2021.107:1%8

B.2.10.2.2 Treatment-emergent adverse events

The majority of patients in both treatment groups had at least one treatment-emergent
AE (TEAE) in the on-treatment observation period, reflecting the medical complexity
of this patient population.’® Dysgeusia (altered sense of taste) was the most
frequently reported TEAE in the maribavir group (maribavir: 37.2%; IAT: 3.4%).
Dysgeusia this was reported as mostly mild (88.5%), usually resolved either on
treatment or shortly after the last dose of maribavir, and rarely led to treatment
discontinuation (0.9% of patients in maribavir group). Neutropenia was the most
frequently reported TEAE in the IAT group (maribavir: 9.4%; IAT: 22.4%), with the
highest frequency observed in patients treated with valganciclovir/ganciclovir (33.9%).
Rates of nausea (maribavir: 21.4%; IAT: 21.6%), vomiting (maribavir: 14.1%; IAT:
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16.4%), and diarrhoea (maribavir: 18.8%; IAT: 20.7%) were similar between treatment
groups, but acute kidney injury (maribavir: 8.5%; IAT 9.5%; foscarnet: 21.3%),
hypokalaemia (maribavir: 3.4%; IAT: 9.5%; foscarnet: 19.1%), and leukopenia
(maribavir: 3.0%; IAT: 6.9%; valganciclovir/ganciclovir: 12.5%) occurred less
frequently in the maribavir group, compared with IAT (Table 27).107.108

An overall summary of treatment related TEAEs during the on-treatment observation
period by treatment group can be found in Appendix F.1.1. Frequently occurring
TEAEs occurring in 25% of patients during the on-treatment observation period by
treatment group can be found in Appendix F.1.2.

Table 27: Frequently occurring TEAEs in 210% of patients in the maribavir or
IAT group? (safety set)

IAT Type® Maribavir
System organ class IAT Ganciclovir/ Foscarnet | Cidofovir 400 mg
preferred term (N=116) | Valganciclovir (N=47) (N=6) BID
(N=56) (N=234)
Any related TEAE, n (%) 106 (91.4) | 51(91.1) | 43(915) | 5(83.3) (572?1)
Blood and lymphatic system disorders, n (%)
Anaemia 14 (12.1) 4(7.1) 9(19.1) 0 29 (12.4)
Leukopenia 8 (6.9) 7 (12.5) 1(2.1) 0 7 (3.0)
Neutropenia 26 (22.4) 19 (33.9) 7 (14.9) 0 22 (9.4)
Gastrointestinal disorders, n (%)
Diarrhoea 24 (20.7) 13(23.2) 9(19.1) 1(16.7) | 44 (18.8)
Nausea 25 (21.6) 8 (14.3) 14 (29.8) 1(16.7) | 50 (21.4)
Vomiting 19 (16.4) 7 (12.5) 8 (17.0) 2(33.3) | 33(14.1)
General disorders and administration site conditions, n (%)
Fatigue 10 (8.6) 7 (12.5) 3(6.4) 0 28 (12.0)
Oedema peripheral 9(7.8) 3(5.4) 5(10.6) 0 17 (7.3)
Pyrexia 17 (14.7) 6 (10.7) 9(19.1) 2(33.3) | 24(10.3)
Infections and infestations, n (%)
CMV viraemia® | 6(5.2) | 4(7.1) | 121) | 0 | 24(10.3)
Metabolism and nutrition disorders, n (%)
Hypokalaemia 11 (9.5) 1(1.8) 9(19.1) 1(16.7) 8 (3.4)
Hypomagnesemia 10 (8.6) 2 (3.6) 7 (14.9) 1(16.7) 9 (3.8)
Hypophosphatemia 5(4.3) 0 5(10.6) 0 4(1.7)
Nervous system disorders, n (%)
Dysgeusia 4 (3.4) 2 (3.6) 0 1(16.7) | 87 (37.2)
Headache 15 (12.9) 6 (10.7) 8 (17.0) 0 19 (8.1)
Taste disorder 5(4.3) 0 5(10.6) 0 4(1.7)
Renal and urinary disorders, n (%)
Acute kidney injury | 11(9.5) | 1(1.8) | 10(21.3) | 0 | 20(8.5)
Vascular disorders, n (%)
Hypertension | 8(6.9) | 1(1.8) | 6(12.8) | 0 | 9(3.8)

BID=Twice daily; |IAT=Investigator-assigned anti-CMV treatment; Mg=Milligram; N=Number of patients; TEAE=Treatment-
emergent adverse event

2 The cidofovir group was not considered in the application of the 10% cutoff due to low patient numbers (n=6)

b Qverall, 7 patients received a combination of valganciclovir/ganciclovir and foscarnet (not included in the table)

¢ Events such as worsening of CMV viraemia were coded to the preferred term of CMV viraemia

Source: Avery RK, et al. 2021.%°

B.2.10.2.3 TEAEs leading to discontinuation
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During the on-treatment observation period, TEAEs leading to discontinuation of
study-assigned treatment were reported for a greater proportion of patients in the IAT
group than in the maribavir group. Treatment discontinuation due to TEAEs by IAT
type was highest for foscarnet, following cidofovir, and ganciclovir/valganciclovir. e

Table 28: TEAESs leading to discontinuation by treatment (safety set)

IAT Type o .
System Organ Class IAT Ganciclovir | .| anbav 400
Preferred Term, n (%) (N=116) Valganciclovir (N=47) (N2234)

N=56

Any TEAE leading to
discontinuation

Blood and lymphatic system
disorders

Anaemia

Leukopenia

Neutropenia
Thrombocytopenia
Gastrointestinal disorders
Diarrhoea

Nausea

Infections and infestations
CMYV infection

CMV infection reactivation
CMV viraemia
Encephalitis CMV

Neoplasms benign,
malignant and unspecified
(incl cysts and polyps)
Acute lymphocytic
leukaemia recurrent
Nervous system disorders

Dysgeusia

Renal and urinary disorders
Acute kidney injury

Renal failure

Renal impairment

BID=Twice daily; CMV=Cytomegalovirus; IAT=Investigator-assigned anti-CMV treatment; TEAE=Treatment-emergent adverse
event
Source: Takeda 2021.1%

I —
| —
N | ]
M |

B.2.10.2.4 Adverse events of special interest

B.2.10.2.4.1 Tissue invasive disease

Most patients did not have CMV tissue invasive disease or CMV syndrome at baseline
(maribavir: || GGG A7: ). During the on-treatment observation
period, TEAEs in the adverse events of special interest (AESI) class of tissue invasive
CMV disease/syndrome were reported for ||l of patients in each treatment group
(Table 29).108
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Table 29: Tissue invasive disease during on-treatment observation period
(safety set)

AESI Class Preferred Term IAT Maribavi400img

N=116 BID (N=234
Tissue invasive CMV disease/syndrome, n (%)

CMV chorioretinitis, n (%)
CMV colitis, n (%)

CMV enteritis, n (%)
CMV gastrointestinal infection, n (%)
CMV mucocutaneous ulcer, n (%)

CMV syndrome, n (%)

AESI=Adverse event of special interest; BID=Twice daily; CMV=Cytomegalovirus; IAT=Investigator-assigned anti-CMV
treatment; Mg=Milligram; N=Number of patients

Note: A continuing non-adverse event of special interest (non-AESI) that changed in severity was collected as one AE at the
highest level of severity.

Source: Takeda 2021.1%®

Additional data on other AESI can be found in Appendix F.1.3.
B.2.10.2.4.2 Deaths due to TEAEs

A total of 40 deaths were reported in SOLSTICE. This included two patients in the
maribavir group who died within the first week of initiating treatment (before receiving
a sufficient course of therapy) as well as four patients (two in each treatment group)
who died more than 20 weeks after the first dose of study-assigned treatment (i.e.,
after the 20-week study observation period).109

The most common SAEs leading to death were due to respiratory failure or relapse or
progression of underlying disease. Details are presented in the Appendix F.1.4.10°

B.2.11 Ongoing studies
B.2.11.1 SOLSTICE long term follow-up

In order to evaluate long-term efficacy and safety outcomes in patients who are
refractory or resistant to prior anti-CMV treatments, patients enrolled within the
maribavir arm of the SOLSTICE trial are being followed up for 12 months after trial
initiation. Outcomes include all-cause mortality, overall survival and graft outcomes
(including the proportion of patients with graft failure, time to graft failure and
proportion of patients with re-transplantation). The final results for the SOLSTICE long
term follow-up trial are expected Q2 2022.

B.2.12 Innovation

Maribavir is an efficacious treatment option that addresses the considerable clinical
unmet need that remains in patients with post-transplant CMV infection and/or disease
who are refractory or resistant to CMV treatment. Furthermore, the potential
prevention of transplant loss due to CMV infection reduces the economic burden
associated with this disease. However, there are several benefits associated with
maribavir which are not captured in the economic model.
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In 2013, maribavir was granted an orphan drug designation, with the European
Medicines Agency (EMA) recognising the effectiveness in the prevention of CMV in
patients at risk. Maribavir will be the first drug approved for the treatment of patients
with refractory or resistant CMV post-transplant. All pre-emptive anti-CMV treatments
used in UK clinical practice are used off-label. The commonly used treatment options
have substantial drawbacks associated with their use (e.g., IV treatments [ganciclovir,
foscarnet, cidofovir]) require several administrations per day and close monitoring for
the duration of treatment, often necessitating the hospitalisation of patients for the
duration of antiviral treatment.”>76

In contrast, maribavir will be available as an oral formulation; patients will not require
hospitalisation to receive treatment, thereby reducing the burden of treatment
administration and monitoring. Maribavir can be administered with or without food,
resulting in a convenient administration for patients that may aid treatment compliance.
In comparison, the only other oral anti-CMV agent, valganciclovir, is recommended to
be taken with food, whenever possible.

Maribavir is associated with a favourable safety profile in patients with CMV post-
transplant who are refractory or resistant to ganciclovir, valganciclovir, cidofovir or
foscarnet. Maribavir, when compared with IAT, has demonstrated reduced
discontinuation due to TEAEs (maribavir: 13.2% vs IAT: 31.9%) and discontinuation
due to treatment-related TEAEs (maribavir: 4.7% vs IAT 23.3%).'%° Treatments
currently used are associated with significant toxicities which may limit the
appropriateness.”?’® Due to the toxicity risks, the available treatment options are
associated with risk of suboptimal dosing (e.g., treatment discontinuation, dose
reduction) which may reduce efficacy in the real world.

The currently available anti-CMV agents act on one stage within the cell replication
pathway: inhibiting DNA polymerase. As a result, resistance to one of the four currently
used antivirals can confer resistance to the other three, reducing efficacy and
necessitating a reduction in immunosuppression. Maribavir represents a new anti-
CMV class (benzimidazole riboside) that has multi-targeted anti-CMV activity across
the CMV lifecycle, resulting in maribavir being less susceptible to mutations of the viral
DNA polymerase and enabling activity against strains with viral DNA polymerase
mutations.®® Due to this, maribavir results in sustained efficacy to allow for patients to
build their natural immunity.

Patients who had two or more episodes of CMV viraemia had a higher risk of graft loss
compared to patients with no or one CMV viraemia episode in a Canadian study in
renal transplant patients (see Section B.1.3.4.1).%6 This impact of CMV viraemia on
graft loss was not incorporated in the economic model, as long-term benefits of
improved CMV status were not incorporated (see section B.3.2).

In addition to the substantial clinical burden that transplants place on patients, these
transplants are a large cost for the healthcare system. Given the chronic shortage of
organs, tissues and cells for transplant, patients may be subjected to prolonged
waiting times, which may result in death or removal from the transplant list due to
deteriorating health.'265 Considering the long waiting time, the possibility of transplant
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failure due to CMV infection thereby results in further complications for patients,
including deteriorations in HRQoL (e.g., increased anxiety).®® Additionally, considering
the large investment required from healthcare systems across the patient’s transplant
journey, there is a need to ensure transplant loss due to CMV does not occur. The
availability of maribavir may help ensure that the investments made by patients and
healthcare systems in ensuring successful transplants do not go to waste as a result
of CMV infection.

B.2.13 Interpretation of clinical effectiveness and safety evidence

SOLSTICE demonstrates that maribavir 400 mg BID provides clinically relevant
benefits over ganciclovir, valganciclovir, cidofovir or foscarnet, for patients with CMV
post-transplant who are refractory or resistant to CMV treatment, whilst having a
favourable safety profile and the capacity to reduce the amount of time patients spend
in hospital. The Phase Ill, multicentre, randomised design of the trial provides a strong
evidence base to evaluate the efficacy and safety of maribavir in the target population.
The reported clinical endpoints were aligned to the key post-transplant morbidities and
the patient baseline characteristics across both treatment arms were balanced.
Despite the wide heterogeneity in local and international CMV management practices,
UK clinical experts have verified that the SOLSTICE patient population is
generalisable to the UK.

In SOLSTICE, more than twice as many transplant patients with refractory or resistant
CMV infection/disease treated with maribavir achieved the primary endpoint of CMV
viraemia clearance at Week 8, compared with patients treated with conventional
ganciclovir, valganciclovir, foscarnet or cidofovir (maribavir: 55.7% vs. IAT: 23.9%;
p<0.001). The rate of CMV recurrence requiring treatment was substantially lower in
the maribavir group (34/131; 26.0%) in comparison with the IAT group (10/28; 35.7%).
No differences in all-cause mortality were observed across treatment groups.'®® For

patients on treatment, patients receiving maribavir had a statistically significant
reduction in hospitalisations (d) and LOS ( ) compared

with patients receiving IAT.""

Overall, the benefits of maribavir are consistent across both patients who have
undergone SOT and HSCT."® For SOT patients, confirmed CMV viraemia clearance
at Week 8 was higher in patients receiving maribavir (55.6%) compared with IAT
(26.1%) (adjusted difference: 30.5%; 95% CI: 17.3%, 43.6%; p<0.001). For mortality,
rates were lower in SOT population (maribavir: 4.9% vs. IAT: compared with
the overall study population (maribavir: |||l vs. IAT: 108,110

For HSCT patients, confirmed CMV viraemia clearance at Week 8 was numerically
higher in the maribavir group (55.9%) compared with IAT (20.8%) (adjusted difference:
36.1%; 95% CI: 21.1%, 51.2%; p<0.001). For mortality, rates were higher in the HSCT

population imaribavir: vs. IAT: | than the overall study population

(maribavir: vs. IAT: ).108,110
Maribavir was well tolerated in patients with CMV post-transplant who are refractory
or resistant to ganciclovir, valganciclovir, cidofovir or foscarnet. Nearly five times more
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maribavir-treated patients completed the treatment course compared with
conventional therapies. In addition, maribavir demonstrated a lower incidence of
TEAEs leading to discontinuations compared with IAT (maribavir: 13.2% vs. IAT:
31.9%), and a lower incidence of treatment-related TEAEs leading to discontinuation
(maribavir: 4.7% vs. IAT 23.3%) with no new safety signals identified.'%°

B.2.13.1 Key clinical issues

B.2.13.1.1 No trial results beyond week 20

In SOLSTICE, treatment was administered for a maximum of 8 weeks, with 12 weeks
of follow-up.'® The acute nature of the disease means that 20 weeks is more than
sufficient for evaluation of CMV clearance and recurrence; however, evaluation of
important long-term outcomes, such as graft loss and mortality, are difficult within this
time frame. In order to evaluate long-term efficacy and safety outcomes in patients
who are refractory or resistant to prior anti-CMV treatments; patients enrolled within
the maribavir arm of the SOLSTICE trial are being followed up for 12 months after trial
initiation. Outcomes include all-cause mortality, overall survival and graft outcomes
(including the proportion of patients with graft failure, time to graft failure and
proportion of patients with re-transplantation). Twelve-month follow up data are
expected to be available in Q2 2022.

B.2.13.1.2 Use of IAT

SOLSTICE was conducted with an open-label design,' principally because of the
need for the physician to individualise drug selection for treatment-refractory patients
in the IAT arm, choosing the appropriate therapy based on clinical data and judgment,
institutional guidelines, and published guidance documents. Furthermore, genetic
testing for antiviral resistance in SOLSTICE may have resulted in the identification of
the most appropriate treatment for patients in the IAT arm. Therefore, the maribavir
results may be conservative given that genetic testing is not part of routine UK practice
for the management of CMV infection.8® For patients in the IAT arm, the protocol
allowed investigators flexibility to choose a combination of two antiviral drugs, to cycle
between oral valganciclovir and IV ganciclovir during the study, and to modify dose as
necessary. This was specifically to limit the impact of toxicity on the ability of the
patients to complete therapy due to the well characterised toxicities associated with
the anti-CMV agents used as IAT. The distribution of the CMV therapies within
SOLSTICE was validated by UK clinical experts and was considered reflective of
English clinical practice for difficult-to-treat infections with refractory or resistant
CMV.14

Company evidence submission template for maribavir for treating refractory or resistant
cytomegalovirus infection after transplant ID3900

© Takeda UK Ltd (2022) All rights reserved Page 62 of 126



B.2.13.1.3 Discontinuation

In SOLSTICE, treatment discontinuations were higher with IAT (67.5%) than maribavir
(21.7%); largely due to the high risk of AEs associated with the IAT treatments.’0
Overall, 31.9% of patients treated with IAT had a TEAE leading to discontinuation, in
contrast with only 13.2% of patients treated with maribavir.'® In addition a maribavir
rescue arm was an option for patients originally assigned IAT after at least 3 weeks of
treatment (see Section B.2.3.2). Patients who received maribavir rescue or alternative
anti-CMV treatment before the end of Week 8, or failed to achieve confirmed CMV
viraemia clearance at Week 8 (including missing virologic data) were considered non-
responders.'%® However, the various sensitivity analyses conducted on the primary
endpoint (Section B.2.6.1 and Appendix E.1.2.) indicate that discontinuation did not
have a large impact on the primary outcome of the trial.
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B.3 Cost effectiveness

Model structure and input parameters

e A de novo model was developed from a UK payer perspective comparing maribavir with IAT in
CMV infection that is refractory or resistant to treatments after SOT or HSCT

e The Markov model has been separated into two stages:

o Stage 1: 0 to 12 months
= A three state Markov model: clinically significant CMV infection (csCMV), no
clinically significant CMV infection (n-csCMV) and a dead state
o Stage 2: 12 months to lifetime horizon
= A two state Markov model with the states being alive or dead

o The time horizon represents a lifetime (up to age 100 years), with 4-week cycles for the first 3
years, then 1-year cycles thereafter. Costs and quality adjusted life years (QALYs) are
discounted at an annual rate of 3.5%.

e The economic model utilises the primary endpoint from SOLSTICE, alongside important
secondary endpoints, and the outputs from an individual patient data (IPD) analysis of the
SOLSTICE data to establish the cost-effectiveness of maribavir compared with IAT

e Health state utility

o Health state utility values in Stage 1 of the model were derived using the EQ-5D-3L
from SOLSTICE. For Stage 2 of the model a disutility value is calculated from the
SOLSTICE week 20 utility and the mean UK general population utility at age 53 is
applied to the mean age-specific UK population utility values for the remainder of the
time horizon

o The disutility associated with AEs was sourced from UK specific literature, whilst the
disutility associated with graft loss was derived from a UK vignette study

e The economic model includes several cost categories:

o Drug acquisition were adjusted using SOLSTICE time on treatment data

o Monitoring frequency was estimated from the respective SmPCs

o Administration (i.e., IV or oral) were in line with NICE'’s preferred approach in TA591
(letermovir)

o Health state resource use (hospitalisation) and AE incidence rates were sourced from
the IPD analysis of the SOLSTICE trial

o Costing was sourced from the British National Formulary (BNF) and NHS cost
schedule

o The mortality rates applied in the model are dependent on the time point:

o Stage 1: transplant (week 0-8) and health state specific mortality (week 8-52) were
derived from SOLSTICE

o Stai;e 2: transilant siecific mortaliti estimates sourced from UK siecific literature

e Inthe base-case, for the ITT population (SOT and HSCT combined), the deterministic
incremental cost-effectiveness ratio (ICER) for maribavir compared to IAT was £15,337 with
higher incremental costs (£2,004), higher incremental QALY (0.131), and higher incremental
life years (0.160)

e Based on 10,000 sampled probabilistic ICERSs, the probability that maribavir is cost-effective
compared to IAT is 51.83% at a willingness-to-pay (WTP) threshold of £20,000, and 61.72% at
a WTP threshold of £30,000.

e The ICER in the SOT only and HSCT only subgroup was £9,303 and £29,471, respectively.
The higher ICER in the HSCT subgroup is driven by the impact of the underlying disease on
mortality, resulting in lower life years and lower overall quality-adjusted life-years (QALYSs).

e The model was most sensitive to drug acquisition costs, transition probabilities for clearance,
and the time point at which stage 2 of the model commences.

B.3.1 Published cost-effectiveness studies

An economic SLR was conducted to identify published economic evaluations (cost-
effectiveness analyses) comparing treatments for:
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i. CMV in SOT or HSCT recipients that are refractory or resistant to pre-emptive
treatment
i. CMVin SOT or HSCT recipients on pre-emptive treatment.

The economic SLR was a compilation of one original SLR and two sets of updates
conducted across multiple timeframes from 2007-2021, with the most recent
conducted in September 2021. A summary of the timeframes covered for each SLR
and its subsequent updates is presented in Table 30. The results obtained from the
included studies identified across all reviews were compiled and are summarised in
this section.

Of note, economic studies that included SOT or HSCT recipients that received
prophylaxis for CMV were excluded. Prophylaxis aims to prevent a post-transplant
CMV infection occurring; in contrast, patients who are refractory or resistant already
have a CMV infection that has not responded to prior treatment. As this difference in
disease staging requires different modelling considerations, the economic evaluations
of products for prophylaxis were considered less relevant and were therefore excluded
to focus the SLR on the more directly relevant treatment setting and ensure the
number of identified studies was manageable. Further details of the search strategy
are provided in Appendix G.2. To ensure that any relevant information from previous
NICE appraisals was captured, a targeted search was undertaken to identify any NICE
appraisals which evaluated products for CMV. This also included prophylactic
treatments , as this was not considered to be a burdensome addition to the review.

Table 30: Summary of the SLRs conducted for economic evaluations (cost-
effectiveness analyses) review
Year of search 2017 2020 2021
Version Original SLR Update 1 Update 2

Economic/cost- 1st January 2007 to | 15 November 2017 | 29 April 2020 to 21t

effectiveness analysis th A
SLR search dates 14th November 2017 to 28" April 2020 September 2021

SLR= Systematic literature review

B.3.1.1 CMV R/R to pre-emptive treatment

No studies were identified which evaluated economic/cost-effectiveness for CMV in
SOT or HSCT recipients that are refractory or resistant to CMV treatments.

B.3.1.2 CMV on pre-emptive treatment

One economic analysis was identified reporting the cost-effectiveness of a CMV-
specific T-cell therapy for the management of CMV in allogeneic HSCT recipients.'?
This study was only presented as an abstract, and reported a Markov model
comparing foscarnet (second-line CMV treatment), cidofovir (third-line disease
treatment) and standard treatment (no further detail) from the NHS perspective. No
details were provided on health states included in the model, cycle length, or time
horizon and source of clinical effectiveness. For details, please see Appendix G.4.2.
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B.3.1.3 Prophylaxis of CMV

The targeted literature review identified one NICE health technology assessment
(HTA), which evaluated a product for the prevention of CMV; letermovir (TA591).4°
This NICE appraisal presented an economic model comparing letermovir with placebo
for CMV prophylaxis in allogeneic HSCT patients. The model started with a decision
tree followed by a two-state Markov (alive/dead) model. The use of the decision tree
was criticised by the Evidence Review Group (ERG) for its over simplified approach
and lack of explicit health states to capture differences in QALYs. Outcomes reported
were QALYs, life years, costs and the ICER (£/QALY) per patient.

Although not directly applicable to the resistant and refractory setting, the model
presented in this NICE appraisal (TA591)*° included components that are relevant to
all settings. Therefore, TA591 was used in part to inform the approach developed for
the maribavir model.

B.3.2 Economic analysis

No relevant economic evaluations were identified by the economic SLR and therefore
a de novo model was developed, incorporating relevant aspects of the model
developed for NICE TA591 as appropriate. Expert clinical input from UK SOT and
HSCT physicians, as well as expert health economists, was used to define the health
states and model structure. 4113

B.3.2.1 Patient population

The model population represents patients with CMV that are refractory or resistant to
treatment after allogeneic HSCT or SOT. The population is aligned with the inclusion
criteria used in SOLSTICE:"%"

e Participants 212 years of age with a life expectancy =8 weeks; however no
patients under the age of 18 were enrolled and therefore the minimum user
defined starting age in the model is 18

e Recipient of HSCT or SOT

e Documented CMV in whole blood or plasma, with a screening value of 22730
IU/mL in whole blood or 2910 IU/mL in plasma in two consecutive assessments,
separated by =21 day

e Current CMV infection that is refractory to the most recently administered of the
four available anti-CMV treatment agents

This is in line with the final NICE scope, as highlighted in Section B.1.1.
B.3.2.2 Model structure

Based on expert UK clinician and external health economist advice, and a review of
previous economic evaluations, a Markov approach was determined to be the most
appropriate modelling method for the decision problem of this appriasal.™ Though the
previous model for letermovir (TA591) for prophylaxis used a decision tree and Markov
model hybrid,*® all relevant outcomes and disease states can be captured within a
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Markov framework without the need for an initial decision tree. The Markov approach
also allows this model to capture a link between explicit health states, defined by CMV
status, and the consequential impact on QoL, mortality, and other events (such as
CMV recurrence and graft loss) which are drivers of cost-effectiveness.

The model has been separated into two stages:
e Stage 1: 0 to 12 months
o A three state Markov model with the states being clinically significant
CMV infection (csCMV), no clinically significant CMV infection (n-
csCMV) and a dead state.
e Stage 2: 12 months to lifetime horizon
o A two state Markov model with the states being alive or dead

Clinical experts advised that the treatment for refractory or resistant CMV is for a
limited period, and most patients would complete treatment within 12 months. Patients
are at higher risk of CMV infection progressing to CMV disease during the initial period
after transplantation, when high levels of immunosuppression are used. As patients
move to the post-transplant maintenance phase (3-6 months), the dose of
immunosuppression is reduced.®® As a result of this, the patient’s own immune system
is typically better able to combat viral replication.34 This results in natural clearance of
CMV, which reduces the need for continued intervention. For this reason, the model
assumes no further CMV events can occur after 12 months, with any remaining CMV
assumed to be controlled by the patient’s immune system without the need for further
anti-CMV treatment. Therefore, in the second stage of the model (post 12-months), a
two-state Markov (alive and dead) is used to model long-term survival for the
remainder of the time horizon. Clinical experts advised that continuing treatment
beyond 12 months occurs only in rare cases, and that it is therefore a reasonable
simplifying assumption to transition to the two-state alive/dead Markov model after 12
months. In addition, this approach is consistent with the methods accepted by the
NICE committee in a recent health technology appraisal for letermovir (TA591) for
preventing CMV in allogeneic HSCT recipients.*°

B.3.2.2.1 Markov model (Stage 1; 0—52 weeks)

During the first 12 months (52 weeks; Stage 1), a three-state Markov model is used.
This approach was selected because it adequately allows the model to capture
important distinctions in CMV status and thus the ability to link these states to other
important model outcomes (QoL, mortality and incidence of important clinical events).
The three health states in the model are:

e Clinically significant CMV (csCMV): All patients enter the model with clinically
significant refractory or resistant CMV requiring treatment. This state is
occupied by patients who do not achieve CMV viraemia clearance (i.e.,
clearance defined as plasma CMV DNA concentration below the lower limit of
quantification [LLOQ]) or patients who in a previous cycle occupied the non-
clinically significant CMV (n-csCMV) health state but then experience a
clinically significant recurrence (i.e., plasma CMV DNA concentration >LLOQ
which requires treatment).
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Non-clinically significant CMV (n-csCMV): patients who achieve CMV
clearance or those who have achieved clearance and do not experience a
clinically significant recurrence occupy the n-csCMV health state.

Dead: All patients in the model have a risk of transitioning to the dead state;
this is an absorbing final health state.

Clinically significant refractory or resistant CMV requiring treatment was selected as
the health state definition rather than any level of CMV viraemia above the LLOQ.
Clinical experts advised that that the CMV viraemia LLOQ is a strict criteria that does
not necessarily reflect clinical significance,™ and only recurrences which result in
active treatment by a clinician should be considered clinically significant.'* Clinically
significant recurrences allow the model to capture CMV events that have important
clinical and cost implications. The Markov model structure is illustrated in Figure 13,
where the arrows represent the transitions allowed in the model.

Figure 13: Markov model structure (0—12 months)

0-12 Months

csCMV=Clinically significant cytomegalovirus; cs-recurrence=Clinically significant-recurrence; n-csCMV=Non-clinically
significant cytomegalovirus

The feasible transitions in the three-state Markov model are:

csCMV - n-csCMV (clearance): patients who respond to treatment and
achieve CMV clearance (i.e., plasma CMV DNA concentration <LLOQ in two
consecutive readings)

csCMV - csCMV (no clearance): patients who have no response to treatment
and remain in the csCMV health state

n-csCMV - c¢sCMV (cs-recurrence): patients who achieved CMV clearance
experience a CMV viral load >LLOQ and require treatment with an anti-CMV
agent

n-csCMV - n-csCMV (no cs-recurrence): patients who maintain CMV
clearance and do not have a clinically significant recurrence
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e csCMV - dead or n-csCMV - dead: patients in the csCMV or n-csCMV
health states that die.

B.3.2.2.2 Markov model (Stage 2; 52 week — lifetime)

The Markov model structure in Stage 2 (12 months to the lifetime horizon) is illustrated
in Figure 14 (alongside the Stage 1 Markov). From 12 months onwards, the model
assumes no further CMV events can occur. Instead, the model adopts a two-state
approach with ‘Alive’ and ‘Dead’ health states. All patients who occupy either the
csCMV or n-csCMV health state at 12 months (in Stage 1) enter the ‘Alive’ state.

Figure 14: Markov model structure (0 to lifetime)

O 0-12 Months 12 Months - Lifetime

csCMV=Clinically significant cytomegalovirus; cs-recurrence=Clinically significant-recurrence; n-csCMV=Non-clinically
significant cytomegalovirus

The feasible transitions in the two-state Markov model are:
e Alive 2 alive: patients who do not die (i.e. 1 - p[transplant specific mortality])
remain in the alive state
e Alive © dead: all patients in the alive state are at risk of transplant-specific
mortality and general population mortality

B.3.2.2.3 Time horizon

For the base-case analysis, the model uses a lifetime horizon to ensure that all costs
and effects of treatment are captured. This method is in alignment with the NICE
reference case.!'* A time horizon of 47 years for a starting cohort aged 53 (average
age of participants in SOLSTICE) is assumed to represent a lifetime horizon with all
patients assumed to be dead at age 100.

B.3.2.2.4 Cycle length

The model uses a 4-week cycle length for the first three years, thereafter, it adopts
annual cycles. A 4-week cycle length was chosen for the initial period as SOLSTICE
showed evidence that patients treated with maribavir achieved faster clearance
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compared with IAT (i.e. before completion of the 8-week treatment duration). A 4-week
cycle was deemed a reasonable balance between allowing the model to capture the
benefits associated with this earlier clearance, mirroring the average length of
treatment in clinical practice, while reducing the computational burden associated with
a potential shorter cycle length. In the base-case, after the first year, the model
transitions to stage 2 (alive-death model). However, to allow the model to be flexible
and have the ability to include further CMV occurrences beyond 12 months, 4-week
cycles are used up to year 3. After year 3, the model uses annual cycles to model
transitions from the alive state to the dead states only, to ensure the model does not
become computationally burdensome.

B.3.2.2.5 Features of the economic analysis

The key features of the economic analysis in the current appraisal, as well as those
used in the previous technology appraisal for letermovir for preventing CMV disease
after HSCT (TA591), are presented in Table 31. In alignment with the NICE reference
case, the cost-effectiveness analysis takes the UK payer perspective. Unit costs and
resource use are based on the perspective of the NHS (National Health Service) and
PSS (Personal Social Services), while health outcomes for patients are measured
using QALYs. Costs and health outcomes are discounted annually, with a (base-case)
discount rate of 3.5% for both costs and outcomes, in line with the NICE reference
case.'*
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Table 31: Features of the economic analysis

Previous appraisal

Current appraisal

Factor

TA591

Chosen values

Justification

Model
structure

Decision tree (stage 1; 0—24 weeks)
followed by alive/dead Markov (stage 2;
24 weeks -lifetime)

Three-state Markov (stage 1; 0-52
weeks) followed by alive/dead after 1
year (stage 2; 52 weeks — lifetime)

The choice to adopt a two-state model from 12-months
onwards was based on discussions with clinical experts and
experienced health economists. Clinical experts explained
that almost all patients with CMV would be off treatment at
12 months as patients’ immunity recovers overtime resulting
in natural clearance of CMV without the need for CMV
treatment. The Markov approach for stage 1 allows the
model to capture important distinctions in CMV status and
thus the ability to link these states to other important model
outcomes (quality of life, mortality and incidence of
important clinical events)

Cycle length

not applicable (stage 1)
1 year (stage 2)

4-week (year 0 to 3)
1 year (year 3 to lifetime)

SOLSTICE CSR indicates that patients on treatment with
maribavir achieve faster clearance compared with IAT. As a
result, a 4-week cycle length was chosen to capture the
benefit of this faster clearance

Time horizon

Lifetime

Lifetime

This time horizon is sufficient to ensure that all cost and
benefit differences between maribavir and SOT are
captured, as suggested by the NICE reference case''

Perspective

UK payer perspective (NHS England)

UK payer perspective (NHS England)

In line with the NICE reference case’4

was that of the NHS and PSS

was that of the NHS and PSS

Discounting [3.5% 3.5% In line with the NICE reference case''4
The sources of utilities were obtained |The sources of utilities were obtained
from PNOO1 trial data and were from SOLSTICE and were collected
Source of collected using FACT-BMT and the EQ-|using EQ-5D-5L. The utilities derived In line with the NICE reference case '
utilities 5D. The utilities derived from the EQ-  |from the EQ-5D were applied in the
5D were applied in the model. Health  |model. Health effects are expressed in
effects were expressed in QALYs QALYs
Source of Sourced from the NHS refgrence costs |Sourced from the NHS refgrence costs _ _
costs and PSSRU. The perspective on costs |and PSSRU. The perspective on costs |In line with the NICE reference case''*

CSR=Clinical study report; FACT-BMT= Functional Assessment of Cancer Therapy - Bone Marrow Transplantation; NHS=National Health Service; NICE=National Institute of Health and Care
Excellence; PSS=Personal Social Services; PSSRU=Personal Social Services Research Unit; QALY =Quality-adjusted life year
Source: NICE 2019.4°
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B.3.2.3 Intervention technology and comparators

In line with the final scope, the economic analysis presented in this submission is for
the use of maribavir in patients with CMV infection that is refractory or resistant to
CMV treatments after SOT or HSCT.

The comparator included in the model is IAT, which is a blend of the four most
commonly used anti-CMV agents in the UK: ganciclovir, valganciclovir, foscarnet and
cidofovir. This is in line with the maribavir pivotal trial SOLSTICE.'%7 IAT was selected
as the comparator in the SOLSTICE trial principally because of the need for the
physician to individualise drug selection for treatment-refractory subjects in the IAT
arm, choosing the appropriate therapy based on clinical data and judgment, guidelines
and published guidance documents. This is consistent with how anti-CMV agents are
provided to refractory or resistant patients in the real-world clinical setting.

In SOLSTICE, 7 out of 116 patients in the IAT arm were treated with a combination
therapy (foscarnet/valganciclovir [n=3] and foscarnet/ganciclovir [n=4]). Dual therapy
is not routinely used in UK clinical practice and there is a lack of guidance on its use,
and in particular, dosing. In order to avoid potential double counting of costs by costing
both therapies at a full dose, a conservative assumption was made that these patients
should be distributed evenly across the two drugs, effectively equating to half a dose
of each drug. The uncertainty in this approach, however, has a negligible impact on
the results due to the limited number of patients receiving combination therapy in the
SOLSTICE trial. The readjusted percentages are presented in Table 32.

Table 32: Treatment distributions in SOLSTICE and the economic model

SOLSTICE distribution, n (%) Model distribution, n (%)
Drug Maribavir IAT Maribavir IAT
Maribavir 100% 100%
Ganciclovir 28 (24.1) 29.5 (25.4)
Valganciclovir 28 (24.1) 30 (25.9)
Foscarnet 47 (40.5) 50.5 (43.5)
Cidofovir 6 (5.2) 6 (5.2)
Foscarn_etl _ 4(3.4) N/A
valganciclovir
Foscarnet / 3 (2.6) N/A

|_ganciclovir

IAT=Investigator-assigned anti-CMV treatment; N/A=Not applicable
Source: Takeda 2021.1%

In the intervention arm, patients receive maribavir as their first treatment and IAT as
retreatment for patients who do not clear CMV or have clinically significant recurrence.
For the comparator arm, patients receive IAT as their first treatment and IAT as a
retreatment. In the base-case, it is assumed the IAT distribution is the same as the
proportions observed in SOLSTICE, adjusted as per the initial treatment.

Company evidence submission template for maribavir for treating refractory or resistant
cytomegalovirus infection after transplant ID3900

© Takeda UK Ltd (2022) All rights reserved Page 72 of 126



B.3.3 Clinical parameters and variables
B.3.3.1 Baseline patient characteristics

The baseline population characteristics of the economic model are derived from the
SOLSTICE study (Table 33) to align with the population in which treatment effects
were measured. Expert clinical opinion indicated that the baseline characteristics
within the trial are broadly aligned with UK clinical practice. For full baseline
characteristics in SOLSTICE see Section B.2.3.5 (Table 10).

Table 33: Baseline patient characteristics

Patient characteristic Value
Age, years (SE) 53 (0.70)2
Male, % (SE) 61% (0.03)°
Patient weight, kg (SE) 74.80 (0.97)2
SOT patients (of HSCT and SOT patients), % (SE) 59.9%¢
Distribution of SOT types, %
Heart 11%
Kidney 50%
Lung 29%
Liver 3%
Other 6%

CSR=Clinical study report; HSCT=Hematopoietic stem transplantation; kg=kilogram; SD=Standard deviation; SE=Standard
error; SOT=Solid organ transplant

2SE is calculated as %, where n is the total number of patients in the trial (352) and the SD is from the SOLSTICE CSR

pr(1-p)
n

b SE is calculated as , Where p is the probability and n is the total number of individuals in the trial.

¢ Type of transplant is not included in the probabilistic sensistivity analysis and therefore no SE value is assigned
Source: Avery RK, et al. 2021.1%

Patient age and gender are used to estimate all-cause mortality rates of the cohort in
Stage 2 of the Markov model, using general population lifetables. These lifetables are
adjusted to account for the added risk of mortality among transplant recipients (SOT
or HSCT), with the risk of mortality dependent on time since transplant (Section
B.3.3.2.3).

The patient weight is used to calculate the cost of treatment as certain IAT dosages
are defined according to bodyweight.

The model separately models SOT and HSCT patients (i.e., there are separate Markov
traces for these patients), therefore, the baseline type of transplant parameter is used
to weight the results from these two models to derive weighted average cost-
effectiveness results in the ITT population.

B.3.3.2 Transition probabilities

Transition probabilities in the model are defined by three key clinical parameters:
clearance, recurrence and mortality. The input values that inform the transition
probabilities are described in the sections below.
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B.3.3.2.1 Clearance

Clearance (defined as plasma CMV DNA concentration <LLOQ in two consecutive
readings, separated by at least five days) is the primary treatment effect associated
with an anti-CMV agent, and defines the transition from csCMV to n-csCMV.
Clearance probabilities for maribavir and IAT were taken directly from SOLSTICE. As
explained in Section B.3.3.2.1, due to evidence of faster clearance with maribavir, the
model uses a 4-week cycle length. The clearance observed for both the maribavir arm
and IAT at week 4 are derived from IPD analysis of SOLSTICE (Table 34)."° The IPD
analysis also reported the proportion of patients who achieve CMV clearance from
week 4 to week 8 in the maribavir and IAT arms (i.e., those who were non-responders
at week 4 and achieve a response at week 8). This was used as a transition probability
for clearance from week 4 to 8 (transition from csCMV to n-csCMV).

From weeks 8 to 52, patients who occupy the csCMV health state in either the
maribavir or IAT arms are assumed to receive IAT retreatment. Therefore, the
clearance probabilities utilised from week 8 onwards are derived from the IAT arm of
SOLSTICE."° Specifically, the clearance observed from week 0 to 8 in the trial has
been converted into a 4-week transition probability and used for the remaining cycles
of the Stage 1 Markov in the model.

From week 52 onwards (i.e., the start of Stage 2), the model assumes that no further
CMV events can occur, and therefore, that all patients are off treatment and natural
clearance will occur. Therefore, clearance probabilities are no longer of relevance
beyond 52 weeks.

Table 34: 4-week clearance transition probabilities from csCMV to n-csCMV

Time point Maribavir: IAT:
Mean (SE)? Mean (SE)?2

Week 0 to 4

Week 4 to 8

Week 8 to 52°

Week 52 onwards N/A N/A

N/A=Not applicable; SE=Standard error; csCMV=Clinically significant cytomegalovirus; n-csCMV=Non-clinically significant
cytomegalovirus; IAT=Investigator assigned treatment

2SE is calculated using the formula: /@, where p is the incidence percentage and n is the number of individuals in the trial

arm
*The model retains functionality to incorporate different 4-weekly transition probabilities between week 8 to 20 and then for
week 20 onwards.

¢ Assumed same as IAT as retreatment is with IAT

Source: Takeda 2021; Takeda 2021.108110

B.3.3.2.2 Clinically significant recurrence

Clinically significant recurrence (defined as those who after achieving clearance, have
a plasma CMV DNA >LLOQ and requires treatment with an anti-CMV agent) defines
the transition from n-csCMV to csCMV. Clinically significant recurrence probabilities
for maribavir and IAT were taken from an IPD analysis of SOLSTICE.'%"11° Patients
are only able to occupy the n-csCMV health state from week 4 onwards, therefore, the
first occurrence of clinically significant recurrence occurs at week 8. The IPD analysis
reported the number of patients achieving a response at week 4 who then have a
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recurrence requiring treatment at week 8, in both the maribavir and IAT arms.""? This
was used as a transition probability for cs-recurrence (transition from n-csCMV to
csCMV) from week 4 to week 8.

It should be noted that between weeks 4 and 8, patients who discontinued treatment
due to AEs and then initiated a subsequent anti-CMV treatment before, or at, week 8
were classified as patients who had recurrence requiring treatment. Any patient who
could not reasonably be assumed to have had a recurrence requiring treatment
between weeks 4 and 8 (i.e., due to death or lack of data on CMV viral load) was
excluded from the efficacy analysis,''° and the recurrence probability was adjusted to
account for this exclusion. Therefore, the adjusted recurrence rate is equal to the
number of patients with response at week 4 and patients with recurrence requiring
treatment at week 8, plus those on alternative CMV treatment and those who
discontinued due to AEs; this total number of patients is then divided by the number
of patients achieving response at week 8 (after excluding patients who did not comply
with the study procedure, withdrew from the study, died, or due to another reason but
remained in the study).

From week 8 to 52, transition probabilities for cs-recurrence are determined according
to treatment history. Patients whose most recent treatment was maribavir (i.e., patients
achieved CMV clearance following treatment with maribavir, and have since occupied
the n-csCMV health state), have a risk of recurrence defined by converting the
recurrence requiring treatment observed in the maribavir arm between week 8 to 20
in SOLSTICE into a 4-week transition probability (Table 35).1"° Those patients who
have had IAT as their most recent treatment have a risk of recurrence defined by
converting the recurrence requiring treatment observed in the IAT arm between week
8 to 20 in SOLSTICE into a 4-week transition probability.

From week 52 onwards (i.e., the start of Stage 2), the model assumes no further CMV
events can occur, all patients are off treatment and natural clearance will occur.
Therefore, recurrence probabilities are no longer of relevance beyond 52 weeks.

Table 35: 4-week recurrence transition probabilities from csCMV to n-csCMV

Time point Most recent treatment maribavir: Most recent treatment IAT
Mean (SE)?2 Mean (SE)?

Week 0 to 4 N/A N/A

Week 4 to 8

Week 8 to 52

Week 52 onwards N/A N/A

N/A=Not applicable; SE=Standard error; IAT=Investigator assigned treatment
2SE is calculated using the formula: /%_p), where p is the incidence percentage and n is the number of individuals in the trial

arm
Source: Takeda. 2021.1°

B.3.3.2.3 Mortality

As illustrated in the Markov structural diagrams in Section B.3.2.2 (Figure 13 and
Figure 14), all patients are at risk of mortality.
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B.3.3.2.3.1 Week 0 to 8

Following the completion of IPD analysis, it was observed that neither treatment,
health-state nor transplant type had a statistically significant impact on mortality in the
first 8 weeks. However, following discussions with clinical experts, it was advised that
as the underlying condition for SOT and HSCT patients are different, it would be most
appropriate to use transplant specific mortality rates.'* The IPD analyses reported the
risk of mortality by transplant type separately for weeks 0 to 4 and weeks 4 to 8, and
these were used directly as transition probabilities in the model, with mortality
assumed the same for the csCMV and n-csCMV health state for weeks 0 to 8 (Table
36)."9 In addition to the transplant specific mortality probabilities, background sex-
and age-specific general population mortality have been added to the transplant-
specific mortality rates.!'® Annual sex- and age- specific mortality probabilities were
taken from Office for National Statistics data,!’® converted into 4-week mortality
probabilities and added to the transplant-specific mortality probabilities in each cycle.

Table 36: Week 0 to 8 mortality rates

Time point S L
Mean (SE)? Mean (SE)?

Week 0 to 4

Week 4 to 8

SE=Standard error; HSCT=Hematopoietic stem transplantation; SOT=Solid organ transplant

2SE is calculated using the formula: /@, where p is the incidence percentage and n is the number of individuals in the trial

arm
Source: Takeda 2021; Takeda 2021.108.110

B.3.3.2.3.2 Week 8 to 52

From week 8 to 52, health-state specific mortality was incorporated into the model to
better reflect the outcomes associated with CMV status. The IPD analysis classified
patients into two categories: response (patients achieving clearance) and no response
(all patients not achieving clearance) at week 8, as per the primary endpoint of
SOLSTICE."" Then, the number of mortality events in each category at any point from
week 8 up to the end of the trial (week 20) were calculated. This produced a 12-week
probability of mortality for these two categories, where response could be defined as
n-csCMV and no response as csCMV. The 12-week probabilities were converted into
4-week probabilities and used to estimate the transition probabilities for mortality from
week 8 to 52 (Table 37). In addition to the transplant-specific mortality probabilities,
background sex- and age-specific general population mortality rates have been added
to the transplant-specific mortality rates. Annual sex- and age- specific mortality
probabilities were taken from Office for National statistics data,''® converted into 4-
week mortality probabilities and added to the transplant-specific mortality probabilities
in each cycle.
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Table 37: Week 8 to 52 Mortality rates
Time point csCMV (SE)? n-cCMV (SE)?

Week 8 to 52 ] ]

SE=Standard error; csCMV=Clinically significant cytomegalovirus; n-csCMV=Non-clinically significant cytomegalovirus

2SE is calculated using the formula: /%—m' where p is the incidence percentage and n is the number of individuals in the trial

arm
Source: Takeda. 2021; Takeda. 2021.1%8.110

The decision to not further categorise patients by health state and transplant type was
taken due to sample size, as patient numbers become too low in each respective
category to provide robust and plausible estimates. Specifically, in the SOT cohort,
W and B % mortality probabilities were observed over 12 weeks in the response
and no response groups, respectively (Table 37). When converted into 4-week
probabilities, this results in ] % and | % for the n-csCMV and csCMV health states,
respectively (Table 38). Expert clinicians advised Takeda that using the ITT population
and health-state specific values provided the most clinically appropriate results.

Table 38: Time to all-cause mortality by response vs. no response from week 8
to 20 by transplant type

Time point Response at week 8 No response at week 8
HSCT SOT HSCT SOT
Number of -— - - -

subjects who

died [n (%)]
HSCT=Haematopoietic stem cell transplant; SOT=Solid organ transplant
Source: Takeda. 2021."°

B.3.3.2.3.3 Week 52 onwards

Transition probabilities in Stage 2 are governed by long-term mortality estimates. For
patients who received SOT, mortality was estimated based on data from the NHS
Organ Donation Annual Activity Report.’® This was chosen as it provides the most
up-to-date information on SOT for UK patients. One-, two-, five-, and ten-year post-
transplant survival estimates for first non-paediatric heart, lung, liver and kidney
transplants of all donor types (shown in Table 39) were converted into their
corresponding annual conditional survival probabilities. For lung, Donation after
Circulatory Death (DCD) donor types, the survival probabilities were available only for
one-, two- and three-year post-transplant, so this organ and donor type was only
included in mortality calculations for the first three years post-transplant.

Company evidence submission template for maribavir for treating refractory or resistant
cytomegalovirus infection after transplant ID3900

© Takeda UK Ltd (2022) All rights reserved Page 77 of 126



Table 39: SOT survival probabilities

Organ Donor 1-year 2-year 5-year 10-year
Type Survival, % Survival, % Survival, % Survival, %
Kidney DBD 97 95 89 77
Kidney DCD 97 95 86 76
Kidney Living 99 98 95 87
Heart DBD 84 78 70 64
Lung DBD 83 75 58 38
Lung DCD 76 68 612 N/A
Liver DBD 94 92 84 68

DBD=Donor after brain death; DCD=Donor after circulatory death, N/A=Not applicable; SOT=Solid organ transplant
@ 3-year survival estimate as the 5-year survival estimate was not available
Source: NHS Blood and Transplant 2021.1"6

The annual conditional survival probabilities for each organ and year category were
converted into annual conditional mortality probabilities shown in Table 40. To account
for years where there are no published data available (year 6), a constant rate of
mortality is assumed between the most recent available year and the next available
year. This method requires the difference to be taken between available years to
derive a constant annual probability, to be applied in each year. For example, the
difference between the 5- and 10-year survival probabilities are used to derive an
annual mortality probability for years 6, 7, 8 and 9.

Table 40: SOT annual mortality probabilities

Donor Annual Annual Annual Annual
Organ t probability at probability at probability at probability at
ype year 1 year 2 year 5 year 10
Kidney DBD 0.03 0.02 0.02 0.03
Kidney DCD 0.03 0.02 0.02 0.02
Kidney Living 0.01 0.01 0.01 0.02
Heart DBD 0.16 0.07 0.07 0.02
Lung DBD 0.17 0.10 0.10 0.08
Lung DCD 0.24 0.11 0.20 N/A
Liver DBD 0.06 0.02 0.03 0.04
Average - 0.10 0.05 0.04 0.04

DBD=Donor after brain death; DCD=Donor after circulatory death; N/A=Not applicable; SOT=Solid organ transplant
Source: NHS Blood and Transplant. 2021.""®

The calculated weighted average annual probabilities across each organ type were
then compared to the general population age- and sex-adjusted mortality values, and
the largest mortality rate of the two was selected for each age in the model (starting at
age 53).11°

The SOT patient survival curves for patients who are 1-, 2- and 3- year(s) post-
transplant and enter the model at age 53, are shown in Figure 15, patients are
assumed to be 1-year post transplant on entering the model. The methods used to
estimate long-term mortality for SOT patients ensures that long-term mortality is
adjusted for the 1 year since patients have had a transplant.
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Figure 15: SOT survival curves
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SOT=Solid organ transplant

Note: For 1-year post transplant it is assumed that patients received a transplant at age 52 and are still alive at age 53 (starting
age in the economic model)

Source NHS Blood and Transplant 2021.116

For HSCT, data from the Haematological Malignancy Research Network (HMRN)* is
used to estimate mortality in the first 5 years post-transplant (Table 41). After year 5,
the HMRN data showed high attrition and therefore, the 5-year mortality is continued
for the remaining model years. From 5 years post-transplant, the base-case mortality
is estimated by comparing the annual mortality probability at 5 years with the age- and
sex-adjusted mortality values for the general population, taking the largest of the two
at each time point past 5 years post-transplant. 11°

Table 41: HSCT mortality rate and annual probability

Years Mortality rate Annual probability
2-years post-transplant 0.19 0.173
3-years post-transplant 0.1 0.104
4-years post-transplant 0.05 0.049
5-years post-transplant 0.06 0.058

HMRN=The Haematological Malignancy Research Network; HSCT=Haematopoietic stem cell transplant
Source: NICE 2019.4°

In years post-transplant where data are unavailable (year 1), it is assumed to be the
same as the closest year with available data (year 2). The HSCT patient survival
curves for patients who are 1-, 2-, and 3- year(s) post-transplant and enter the model
at age 53 are shown in Figure 16, which was derived using the annual probability of
mortality in Table 41. Patients are assumed to be 1-year post transplant on entering
the model.
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Figure 16: HSCT survival curves
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Note: For 1-year post transplant it is assumed that patients received a transplant at age 52 and are still alive at age 53 (starting
age in the economic model)

Source: NICE 2019.4°

B.3.3.2.4 Disease complications

B.3.3.2.4.1 Graft loss

Although no graft loss events occurred in SOLSTICE (see Table 20), clinical experts
indicated that graft preservation is an important factor for the treatment of CMV in SOT
patients. Clinical experts also explained that graft loss events would be more likely to
be observed over a longer time horizon, and with greater frequency in a CMV cohort.
This is supported by the results from a retrospective cohort study of 20,473 patients in
France,?° which reported 2-year probabilities of graft loss of 9.41% in patients who do
not have CMV within 3 months of SOT, and 10.81% in those who have CMV in this
period. These values were used to derive a RR of graft loss of 1.15 for patients with
CMV compared with those without CMV. The 2-year probabilities of graft loss for study
participants with CMV were converted into 4-week probabilities (0.44%) and used as
a cyclical probability in the model for the csCMV health state. The probabilities for
patients in the csCMV health state was then calculated in the model by multiplying the
4-week csCMV probabilities of graft loss by the 1.15 RR (Table 42).

Table 42: Risk of graft loss for patients with csCMV and n-csCMV

Health state Risk of graft loss: Mean (SE)?
csCMV 0.0044 (0.0014)
n-csCMV 0.0038 (0.0013)

csCMV=Clinically significant cytomegalovirus; n-csCMV=Non-clinically significant cytomegalovirus; SE=Standard error,

px(1-p)
n

2SE is calculated using the formula: , where p is the incidence percentage and n is the number of individuals in the trial

arm
Source: Hakimi Z, et al. 2017.2°
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When a graft loss event occurs in the model, the distribution of organ transplant at
baseline (Table 43) is used to estimate the specific organ impacted during the graft
loss (e.g., 11% of graft loss events per cycle are assumed to impact the heart, see
Table 43 for other proportions). Patients are only at risk of a single graft loss event in
the model; although a second transplant may in principle be offered to patients, given
the shortage of matched organs there is no guarantee of a suitable second transplant
donor.” Studies indicate that patients who have a retransplant have an elevated risk
of mortality (Table 43);'17:118 therefore, individuals who suffer from graft loss
experience an increased risk of mortality. This increased mortality is applied by
multiplying the organ-specific HR sourced from the literature by the relevant annual
age- and sex-specific mortality.108.117.118

Table 43: Baseline distribution of transplant type and mortality risk for

retransplant patients
Baseline SOLSTICE, SOT population HR of mortality for retransplant patients
transplant Proportion of transplant
type type at baseline: Mean (SE) Mean (SE) Source
Heart 0.11 (0.02)2 1.79 (0.20)° Miller et al. 2019117
transplant
Kidney 0.50 (0.03)? 1.25 (0.09) Panchal et al. 2015119
transplant
Lung 0.29 (0.02)2 1.30 (0.08)° Kawut et al. 2008120
transplant
Liver 0.03 (0.01)2 1.30 (0.13)° Kim et al. 201018
transplant
Other 0.06¢° (0.1)2 1.339(0.13)2 Weighted average

Cl=Confidence interval; HR=Hazard ratio; SE=Standard error; SOT=Solid organ transplant
@SE is assumed to be 10% of the value.

. 95% CI-1 95% CI
bSE is calculated as 2R 95% cl-lower 95% ¢l

3.92
¢ 1- sum of all other baseline transplant types.
4 Weighted average of all other transplant types, weight is the proportion of transplant type at the baseline.

Additionally, clinical experts indicated that patients who have had a failed kidney
transplant would not be expected to receive a retransplant immediately. Instead, these
patients are likely to receive dialysis before receiving their transplant. Therefore, in the
base-case, all renal transplant patients who experience graft loss are assumed to have
a retransplant, along with the additional cost of dialysis while waiting for a transplant.
The waiting time for retransplant for renal patients is based on a weighted average for
deceased (63.47%) and living donors (36.57%), which is 976 days and 313 days,
respectively.?’
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Table 44: Dialysis inputs

Baseline transplant type Base case Source

P_ropo.rt|on of patients on lifetime 07 Assumption

dialysis

Annual cost of dialysis £32,259.00 NICE (NG107) 122

Years of dialysis 201 The British Tril;splant Society

HR - dialysis mortality 1.39 Rayner et al.’?3
L Liem et al.’?* (used in NICE

Dialysis disutility -0.25 NG107)

HR=Hazard ratio; NICE=The National Institute for Heath and Care Excellence
@ The disutility of dialysis is the difference between the utility of haemodialysis and renal transplantation.

In a Canadian retrospective study including 2,466 renal transplant recipients, it was
found that death-censored graft loss was significantly increased in recipients with
increasing number of CMV viraemia episodes, with the effect sustained over time (see
Figure 3).36 As the model moves to a two-state Markov model after 12 months, long-
term effects on graft survival are not captured. This is, therefore, a conservative
approach, as in SOLSTICE, patients treated with maribavir were more likely to achieve
CMV clearance compared with IAT.

B.3.3.2.4.2 GvHD

As described in Section B.1.3.4, there is limited clinical evidence of a causal
relationship between CMV and GvHD, therefore the incidence of GvHD was not
included in the base-case. In a scenario analysis, GvHD is incorporated using
published data.%6:125

B.3.3.4 Adverse events

Treatment emergent adverse events (TEAESs) that had an incidence of 210% in either
the maribavir or IAT arms, as well as any additional AEs from SOLSTICE considered
clinically important by clinical experts, were included in the model. Each individual IAT
drug was assumed to have the pooled IAT incidence, which keeps AEs consistent with
the pooled IAT treatment efficacy data. It was assumed that SOLSTICE provided rates
of AEs over a 20-week time horizon, which were converted into 4-week probabilities
and implemented as a treatment-specific cyclical risk in the model (Table 45).
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Table 45: Incidence of AEs included within the model — 4-week probability

AE Maribavir IAT

Acute Kidney injury 0.040 0.042
Anaemia 0.034 0.047
Diarrhoea 0.045 0.052
Dysgeusia 0.080 0.024
Fatigue 0.024 0.017
Febrile neutropenia 0.003 0.010
Headache 0.018 0.027
Leukopenia 0.013 0.022
Nausea 0.050 0.047
Neutropenia 0.079 0.108
Pyrexia 0.024 0.034
Renal impairment 0.002 0.010
Thrombocytopenia 0.019 0.022
Vomiting 0.040 0.034

AE=Adverse event; IAT=Investigator-assigned anti-CMV treatment
Source: Takeda 2021."°

B.3.4 Measurement and valuation of health effects

An HRQoL SLR was conducted to identify studies reporting health-related utility values
associated with CMV in SOT or HSCT recipients. The search did not exclude
publications related to prophylaxis, as these studies might provide relevant utility
values (e.g. GvHD, acute graft rejection).

B.3.4.1 Health-related quality-of-life data from clinical trials

HRQoL was evaluated in SOLSTICE using the EQ-5D-5L and the SF-36v2. In line
with the NICE reference case, EQ-5D-5L values were mapped to EQ-5D-3L using the
methodology by van Hout et al. 2012.126

B.3.4.2 Health-related quality-of-life studies

The HRQoL SLR is a compilation of one original SLR and two sets of updates
conducted across multiple timeframes from 2017-2021, with the most recent
conducted in September 2021 (Table 46). See Section B.3.1 for a summary of the
timeframes covered for the SLR and the updates. Results were compiled for studies
identified across all reviews and are summarised in this section and detailed in
Appendix H. The utility values of interest for this HRQoL SLR included:

Healthy (no viraemia)

Asymptomatic CMV

Symptomatic CMV

Acute graft rejection

Graft loss

Acute graft vs. host disease (GvHD)

Chronic GvHD

Opportunistic infections

Dialysis

Repeat transplantation

Company evidence submission template for maribavir for treating refractory or resistant
cytomegalovirus infection after transplant ID3900

© Takeda UK Ltd (2022) All rights reserved Page 83 of 126



Table 46: Summary of the SLRs conducted for health-related utility review

Year of search 2017 2020 2021
Version Original SLR Update 1 Update 2
Health-related utility Data inception to 14t 15t November 2017 | 29" April 2020 to 21st
SLR search dates November 2017 to 28t April 2020 September 2021

SLR: Systematic literature review

AEs were excluded from the scope of this SLR to ensure the number of included
studies was manageable. Instead, a targeted UK search was conducted (see
Section B.3.4.3) to obtain utility estimates relating to AEs.

B.3.4.2.1 Summary of included studies

Across the three HRQoL SLRs with searches last updated on 215t September 2021, a
total of 13 studies and 4 HTAs reporting health-related utility values were identified.
All the included studies were cost-utility analyses, and reported utility values. Of these
studies, two were conducted in the UK,127:128 gjx were conducted in US,34.129-133 gne
each was conducted in Spain,’3* Italy,'3® Australia,’® Hong Kong,'3” and country was
not reported for one study.'3® Two HTAs each were retrieved from Canadian Agency
for Drugs and Technologies in Health (CADTH)'3%.140 and NICE,*%'4! respectively.

No studies were directly relevant for the decision problem, since they did not provide
health-related utility values for patients with refractory or resistant CMV who have
cleared CMV or are receiving pre-emptive therapy.

Five studies and two HTAs identified included letermovir as prophylaxis in allogeneic
HSCT recipients.’> Another five studies reported utilities for patients receiving
valganciclovir as prophylaxis following renal transplant,3+129-131.136 gnd one study
reported utilities for pre-emptive therapy using ganciclovir following orthoptic liver
transplant.'38

In addition, a cost-effectiveness study reported CMV utilities for patients at risk of
developing CMV infection after receiving transfused plasma, that is neither following
SOT or HSCT."* Three studies did not include patients with CMV but provided utility
values for graft loss.'?8.140.141 One study investigated utility values for tacrolimus and
ciclosporin treatment in liver transplant recipients.’”® Two HTA reports provided
information on end stage renal disease in patients with autosomal dominant polycystic
disease'#? and everolimus with tacrolimus in liver transplant recipients.4!

A summary of key findings of relevance to the decision problem is provided below,
with additional supplementary detail provided in Appendix H.4.
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B.3.4.2.1.1 Transplant and post-transplant utility values

Four publications included utility values for renal transplant recipients3+130.131.136  two
publications included utility values for liver transplant recipients'?8134 while three

publications and two HTAs included utility values for allogeneic HSCT
recipients.49.133.135,137,139

Kidney transplant utility values (on patients with any condition) in the studies were
derived from Laupacis et al. (1996), a Canadian study including 168 patients that
collected utility values using time-trade off (TTO) before and up to 2-years post renal
transplant’*2. Three studies reported that the patients with functioning kidney
transplant had a utility value of 0.73.34130.131 Tilden et al. reported that patients with
functioning graft had a utility value of 0.70.3¢

Babigumira et al. (2018) reported the health state utilities that were obtained from the
published literature, supported by assumptions where estimates were unavailable.
The post-liver transplant value was 0.73 (range 0.63-0.84),'34 derived from a TTO
study including patients with chronic hepatitis C virus.'*® Muduma et al. (2016)
reported the utilities for two health states, derived from a UK-specific study in which
an EQ-5D tariff value was elicited from 542 liver transplant recipients.'4 For the first
year of the base-case analysis, the model used the 6-month post-transplant mean EQ-
5D tariff value of 0.69. For subsequent years, the 24-month post-transplant value of
0.76 was used."?®

A cost-utility analysis (CUA) was submitted to CADTH comparing letermovir as
prophylaxis of CMV infection, alongside usual care, in adult CMV-seropositive HSCT
recipients compared with usual care alone.'® Treatment-specific utility values in the
submission were taken from a CUA (submitted to CADTH) comparing intensive
chemotherapy alone to intensive chemotherapy followed by myeloablative
chemotherapy with autologous stem-cell rescue in newly diagnosed patients with
stage Il/lll multiple myeloma (MM).'3° The post-allogeneic HSCT value after the first
year was 0.76,'4® and the post-trial utility value in the CADTH Centre for Reviews and
Dissemination (CRD) re-analysis was 0.768 (limits for one-way analysis 0.703—
0.834)"3° which was derived from Marty et al (2017).146

B.3.4.2.1.2 Dialysis utilities

Five studies and one HTA reported utility values for dialysis from the published
literature.34.129-131,136,147 The utility values used by five studies3#12%-131.136 were taken
from the TTO studies by Laupacis et al. (1996), Narayan et al. (2007) and Howard et
al. (2009),142148.14% gand ranged from 0.5334131 to 0.57.130.136 The HTA (submitted to
CADTH) assessed tolvaptan for autosomal dominant polycystic kidney disease,'#” and
used a utility value for end-stage renal disease on dialysis of 0.65 (base-case 0.57),
taken from a HRQoL and cost-utility study on haemodialysis using the EQ-5D."%°
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B.3.4.2.1.3 Organ rejection utility values

In the model submitted to NICE comparing letermovir to placebo for the prevention of
CMV disease after a stem cell transplant (TA591),4° a disutility for GvHD of 0.09 was
included, based on Pidela et al. (2011) and Brazier and Ara (2011).%".152 Pidala was
a United States (US) observational study that reported SF-36 values in 254 HSCT
recipients with chronic GvHD.'S' However, the methodology used to derive the
disutility included in the submission was not described.*® The model submitted to NICE
also included a disutility for relapse after stem cell transplant of 0.0114, which was
calculated using the difference between the utility reported in Leunis et al.’® and
general population mortality, sourced from Ara et al.’%2

The publication by Blumberg et al. included other utility values listed in the paper by
Laupacis et al. (1996)'4? The utility values for acute kidney rejection in year 1 was 0.5
and year 2 was 0.683, and the utility values for graft failure in year 1 was 0.62 and in
year 2 was 0.556.'%° Das et al. (2000) presented utility values (instrument not
specified) associated with the different acute and chronic rejection of liver transplant
that were based on the expert opinion of a group of physicians experienced in the
post-transplantation care of liver transplant recipients. The utility value for acute and
chronic rejection was 0.9 (range 0.85-1.0) and 0.5 (range 0.3-0.7), respectively.38

A 2015 submission to NICE for everolimus for preventing organ rejection in liver
transplantation (TA348) presented health-related utility values after transplantation for
asymptomatic state (0.58), hepatic-rejection (0.58), graft loss (severe chronic
rejection, 0.53), chronic kidney disease stage 4 (with dialysis, 0.49), and chronic
kidney disease stage 5 (with dialysis, 0.28).'*" The values were found through an SLR
which identified seven studies, five of which were studies measuring EQ-5D in a UK
population. The HTA submission reported two of these seven studies. Utility scores
for the health states in the hepatic rejection model and the renal sub-model were based
on Ratcliffe et al.(2004) and Neri et al. (2012) respectively, both UK studies using EQ-
5D.144.154 Utility scores for the health states in the hepatic rejection model and the renal
sub-model were based on Ratcliffe et al.(2004) and Neri et al. (2012) respectively,
both UK studies using EQ-5D.144.154

B.3.4.3 Adverse reactions

Disutility values associated with AEs were excluded from the HRQoL SLR. Mean
disutility values for treatment-emergent serious adverse events with an incidence of
=10% and additional clinically important AEs occurring in patients treated with either
IAT or maribavir were estimated from published literature on UK-based disutilities
(Table 47). The primary source of information for the disutility values was the
Catalogue of EQ-5D Scores for the UK (Sullivan et al. 2011),"® with other sources for
UK disutility values used if there was no suitable condition in Sullivan et al. 2011. If the
exact disutility value of the AE was not available, the disutility value of the disorder
most closely matching the AE was used. It was assumed all disutility values were
annual utility decrements. However, in cases where the time period for a disutility was
explicitly reported, the values have been adjusted to create a one-year disutility value.

Company evidence submission template for maribavir for treating refractory or resistant
cytomegalovirus infection after transplant ID3900

© Takeda UK Ltd (2022) All rights reserved Page 86 of 126



The disutility associated with each AE is adjusted for duration of the event using the

following formula:

Duration of AE

365.25

Table 47: Disutility of treatment related adverse events

Description in

AE Mean AE disutility (SE) Source
source
ICD-9 593 Oth
Acute kidney injury -0.101 (0.009) Sullivan et al. 20071%5 Renal & Ureteral
Disorders
Anaemia -0.2502 (0.025)° Ossa et al. 2007156 -
Diarrhoea 20.073 (0.017) Sullivan et al. 200715 1%‘ Noninfectious
astroenteritis
Assumed no care
Dysgeusia 0.000 (0.000) required and therefore -
zero disutility
Fatigue -0.041¢ (0.004)P Nafees et al. 2017157 -
Febrile neutropenia -0.090 (0.016) Nafees et al. 2008158 -
Headache -0.027 (0.007) Sullivan etal, 200715 | 054 Headaches,
ncluding Migraine
Leukopenia -0.0909 (0.015) Bullement et al. 201915° -
Nausea -0.025¢ (0.003) Nafees et al. 2017157 -
Neutropenia -0.090 (0.015) Nafees et al. 2008158 -
Pyrexia -0.110e (0.011) Beusterien et al. 201060

Renal impairment

-0.101 (0.012)

Sullivan et al. 2007155

ICD-9 593 Oth
Renal & Ureteral
Disorders

Thrombocytopenia

-0.108' (0.024)

Tolley et al. 2012161

Vomiting

-0.025¢ (0.003)

Nafees et al. 2017157

AE=Adverse event; Cl=Confidence interval; ICD=International Statistical Classification of Diseases and Related Health
Problems; PFS=Progression-free survival; SE=Standard error; TTO=Time trade-off

* Difference between no anaemia and moderate anaemia

b SE is assumed to be 10% of the mean value

¢ TTO between remaining in health state for 10 years w/o improvement and giving up x number of years for full health.
Adjustment from 10 year to 1 year disutility value

4 Lower 95% Cl: —0.062; Upper 95% Cl: —0.122

¢ Based on no change in lymphocytic leukaemia with pyrexia

fPFS response with thrombocytopenia - TTO values; PFS responder mean: 0.671

B.3.4.4 Health-related quality-of-life data used in the cost-effectiveness
analysis

B.3.4.4.1 Health state quality of life

The economic model includes health-state utility values for patients with csCMV and
n-csCMV who are refractory or resistant to CMV treatment post SOT or HSCT.

The HRQoL SLR did not identify utility values for csCMV or n-csCMV; the utility values
identified related either to earlier CMV stage (e.g. 1L pre-emptive treatment) or
SOT/HSCT recipients without CMV (e.g. prophylaxis). Therefore, health state utility
values from SOLSTICE were applied in the model base-case. Due to the lack of
HRQoL data for patients with refractory or resistant CMV, Takeda also carried out a
vignette study in to derive additional appropriate health-related utility data, to further
support the utility estimates from SOLSTICE and reduce any uncertainty surrounding
utility estimates. Utility values sourced from the vignette study are not included within
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the base-case; however, they are included within a scenario analysis (Section
B.3.8,Table 67).%3

The vignette study provides alternative utility values to SOLSTICE, which followed
patients for 20 weeks, and therefore may not be sufficiently long to adequately capture
HRQoL improvements in those with severe disease. In addition, after 3 weeks,
patients in the IAT arm could stop treatment (at the discretion of the investigator) for
lack of confirmed viraemia clearance and/or intolerance to the assigned treatment, and
then enter into the rescue arm of SOLSTICE.'"” Crossover potentially introduces bias
to utility estimates, as the most severe patients, or patients who experience TRAEs,
may be more likely to cross over to the rescue arm and be excluded from the utility
analysis; maribavir demonstrated a lower incidence of TEAEs leading to
discontinuations compared with IAT (maribavir: 13.2% vs. IAT: 31.9%), and a lower
incidence of treatment-related TEAEs leading to discontinuation (maribavir: 4.7% vs.
IAT 23.3%).1%°

B.3.4.4.1.1 Week 0 to 52

Outputs from the mixed modelling conducted as part of the IPD analysis indicated that
transplant type and response status had a significant effect on utilities and that
treatment arm did not have a significant impact.’'® For this reason, in the base case
analysis, transplant and health-state specific utility values at week 8 were selected
(Table 48).

Table 48: Summary of transplant and health state specific utility values from
week 0 to 52

State

csCMV
n-csCMV

csCMV=Clinically significant cytomegalovirus; n-csCMV=Non-clinically significant cytomegalovirus; HSCT=Haematopoietic stem
cell transplant; SE=Standard error; SOT=Solid organ transplant
Source: Takeda 2021.11°

Utility value: Mean (SE)
SOT HSCT

B.3.4.4.1.2 Week 52 onwards

SOLSTICE collected utility values up to 20 weeks. To estimate utility values for SOT
and HSCT patients from 52 week onwards, a two-step approach was applied. First,
the difference between the mean UK general population utility score at age 53 (starting
age of model cohort) 162 and the week 20 SOT and HSCT utilities from the SOLSTICE
IPD analysis''® (Table 49) was calculated. Secondly, this disutility value was applied
to the mean UK population utility values in every model cycle. The approach is in line
with the ERG’s suggested, and the NICE committee’s accepted, approach in TA591,
where the long-term disutility associated with HSCT was based on the difference
between the mean utility value of patients from the trial endpoint and the mean utility
values from the UK general population.4®
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Table 49: Transplant specific utility values from week 52

State Utility value: Mean (SE)
SOT 0.81 (0.081)
HSCT 0.71 (0.071)

CMV=Cytomegalovirus; HSCT=Haematopoietic stem cell transplant; SE=Standard error; SOT=Solid organ transplant
Source: Szende A, et al. 2014; Takeda 2021.110.162

B.3.4.4.1.3 Vignette study

Health state descriptions were developed in conjunction with UK clinicians before
valuation by a sample of the UK public (N=]Jilf).62 Overall, the sample acknowledged
the substantial impact of CMV on utility in both SOT and allogeneic HCST patients
with CMV infection (Table 50).

Table 50: Vignette study utilities across health states

Utility value: Mean?

Clinically significant - Symptomatic

+ GvHD

+ Graft loss, kidney transplant

+ Graft loss, lung transplant

Clinically significant - Asymptomatic

+ GvHD

+ Graft loss, kidney transplant

+ Graft loss, lung transplant

Non-clinically significant

+ GvHD

+ Graft loss, kidney transplant

+ Graft loss, lung transplant

GvHD=Graft-versus-host disease

2 Any respondent who was classified as a speeder and assigned the same utility value for each health state, and assigned non-
clinically significant CMV a lower utility value than both clinically significant and symptomatic CMV and clinically significant and
asymptomatic CMV was excluded from the analysis

Source: Takeda 2021.%3

B.3.4.4.2 Disease complications

B.3.4.4.2.1 Graft loss

As there was no observed graft loss in SOLSTICE, utility decrements associated with
graft loss were estimated from an alternative source. Despite availability of pre- and
post-transplant renal and liver transplant utility values from the HRQoL SLR described
in Section B.3.4.2, these studies do not reflect the HRQoL impact in a cohort who have
had CMV. Therefore, a vignette study was completed to derive QoL scores for CMV
patients who have had a graft loss. The utility decrement used in the model to capture
the impact of graft loss takes the difference between patients with asymptomatic
csCMV and patients with asymptomatic csCMV with kidney graft loss (used for utility
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decrement for kidney graft loss) or lung graft loss (used for utility decrement for all
graft loss events other than kidney graft loss). (Table 51).

Table 51: Graft loss disutility
Baseline Asymptomatic csCMV Symptomatic csCMV Utility decrement

transplant type with graft loss Mean (SE)?
Heart transplant h

Kidney transplant -

Lung transplant
Liver transplant

Other

SE=Standard error
2 SE is assumed to be 10% of the mean value
Source: Takeda 2021.%%

B.3.4.4.2.2 GvHD

GvHD events are not included in the base case analysis. For the scenario analysis
that includes GvHD, the utility decrement applied to each event in the model is 0.09,
as identified in the HRQoL SLR (see Section B.3.4.2.1.3).4°

B.3.5 Cost and healthcare resource use identification,
measurement and valuation

B.3.5.1 Resource identification, measurement and valuation studies

A healthcare resource utilisation (HRU) SLR was conducted to identify published
studies reporting HRU for:
i. CMV in SOT or HSCT recipients that is refractory or resistant to pre-emptive
treatments
ii. CMVin SOT or HSCT recipients on pre-emptive treatment

The HRU SLR is a compilation of one original SLR and two sets of updates conducted
across multiple timeframes from 2017-2021, with the most recent conducted in
September 2021. A summary of the timeframes covered for each HRU SLR and
update is presented in Table 52. As per the economic evaluation SLR, prophylaxis to
prevent CMV disease was excluded from the scope. A summary of key findings is
provided below with more study-by-study details provided in Appendix I.

Table 52: Summary of the SLRs conducted for HRU review

Year of search 2017 2020 2021
Version Original SLR Update 1 Update 2
Health-related utility Data inception to 14t 15t November 2017 | 29t April 2020 to 21st
SLR search dates November 2017 to 28" April 2020 September 2021

SLR=Systematic literature review; HRU=Healthcare resource utilisation

B.3.5.1.1 CMV refractory or resistant to pre-emptive therapy

Three retrospective observational studies (five publications) were identified for CMV
in HSCT recipients that is refractory or resistant to treatments. None of the studies
were conducted in the UK; one study was conducted in the US,'%3 one study in
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Germany'®* and the country was unclear in one study.'®> A summary of key findings
is provided in Appendix 1.4.1.

B.3.5.1.2 CMV on pre-emptive treatment

In total, 14 studies (16 publications) were identified that reported HRU data for CMV
in SOT or HSCT recipients (nine observational studies [eight retrospective and one
prospective],2021.166-172 three economic evaluations'’3175 and two RCTs).'76:177 Of the
14 studies, 12 reported the economic burden for SOT recipients20.166-171.173-177 " one
reported the economic burden for HSCT recipients,?’ and one study reported the
economic burden for both SOT and HSCT recipients.'”2 Of these 12 studies, four were
conducted in the UK.166.168.169.173 Among the UK studies, one was a modelling study
comparing valaciclovir prophylaxis with current practice in renal transplant
recipients,'”® one was a case series including renal transplant recipients, and two were
retrospective cross-sectional studies in liver transplant recipients.66.168.169 A summary
of key findings is provided in Appendix 1.4.2.

Mauskopf et al. (2000) reported the cost of managing CMV with a wait & treat strategy.
Disaggregated costs from the cost-effectiveness model were reported without any
detail on the costing and resource assumption inputs.'”® Therefore, the results are less
relevant for the NICE decision problem. Further detail on this study is provided in
Appendix 1.4.2.1.

Geddes et al. (2003) analysed the effectiveness and cost of a deferred treatment
strategy using weekly CMV polymerase chain reaction (PCR) surveillance in high-risk
renal transplant recipients from January 1998 to December 2000 in a UK renal unit.
The cost of weekly PCR surveillance in deferred and pre-emptive strategies was
estimated, and compared with the cost of 3 months oral ganciclovir prophylaxis. All
patients received 14 days of IV ganciclovir 250 mg twice-daily. Some patients received
the deferred strategy, where it was assumed that all patients who developed evidence
of CMV received, while other patients received treatment when they became CMV
PCR positive or developed features of the disease (whichever occurred earlier). In the
prophylaxis strategy, all patients received oral ganciclovir 1,500 mg daily for 12 weeks.
During the first 3 months post-transplant, 48.8% patients (n=20/41) had CMV. The
deferred strategy cost £1,159 per patient (excluding the cost of hospitalisation),
compared with £1,381 per patient for pre-emptive strategy and £1,500-£2,213 per
patient for prophylaxis strategy.'66

Singhal et al. (2003) conducted a retrospective cross-sectional study of adult liver
transplant recipients in the UK who developed CMV in 1997, and estimated the
morbidity and costs associated with disease. Among 116 transplant recipients, 11
patients developed CMV. Treatment consisted of IV ganciclovir in all 11 patients,
reduction of immunosuppression in nine patients and IV immunoglobulin in two
patients. The median additional LOS was 10 days (range 1-16), with 103 additional
hospital days in total (of which 11 were on the intensive care unit [ICU]) compared with
patients without CMV disease. In 1997, the total cost associated with these 11 patients
was £59,782 (£5,435 per patient [range: £2603-£19,843]).169
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Shah et al. (2005) reported that, from August 2001 to August 2002, 120 patients
underwent liver transplantation in the UK. No cases of symptomatic CMV infection
occurred in the donor negative/recipient negative or donor negative/recipient positive
patients. Of 49 long-term donor positive survivors, seven patients developed CMV.
Costs of managing CMV for the seven patients was £42,860 (£6,123 per patient
[range: £1,615—£11,513]) which comprised of drug costs, cost of inpatient care and
costs of investigation. The mean additional LOS required by these patients was 14
days (range 1-16) compared to patients without CMV disease.'®

B.3.5.2 Intervention and comparators’ costs and resource use
B.3.5.2.1 Treatment costs

Treatment costs in the model are a combination of acquisition, administration and
monitoring costs. A list price of £l and a patient access scheme (PAS) price of £
- per 8-week treatment cycle for maribavir has been proposed to NHS England.
Costs for the individual IAT drugs were sourced from the BNF. In the case of cidofovir,
a published UK price was not identified, therefore, the cost of cidofovir in the US was
converted into UK currency and used as a proxy. The cost of IAT in the model is a
weighted average cost of the four anti-CMV agents, with the distribution across these
drugs estimated using the treatment patterns observed in the IAT arm in SOLSTICE.
For detail on the approach taken in the model see Section B.3.2.3.

In SOLSTICE, the total exposure time to maribavir and IAT was reported (Table 53).198
Time on treatment durations are used to adjust the treatment costs per cycle from
week 0 to 52 by multiplying by the relevant 4-week acquisition costs (Table 55) divided
by 8. An 8-week period was chosen as that is the duration of the study treatment
phase, with patients not completing the entire 8-week phase assumed to discontinue
from treatment.

Table 53: Time on treatment from SOLSTICE
Maribavir IAT

Mean (SE)? Mean (SE)?
Time on treatment, weeks

IAT=Investigator-assigned anti-CMV treatment; SE=Standard error
2 The SE is assumed to be 10% of the mean value;
Source: Takeda. 2021.1%

From week O to 8, it is assumed that all patients remain on their respective ITT
treatment (maribavir or IAT), with costs adjusted by a time-on-treatment parameter to
account for treatment discontinuation (Table 53). From week 8 onwards, all patients
who have clinically significant CMV are treated with IAT, and therefore, IAT-specific
time-on-treatment data are used to adjust relevant costs for patients receiving
retreatment.

B.3.5.2.2 Drug acquisition costs

The cost per pack (or solution for infusion) (Table 55) and cost per 4-week cycle for
the indicated dose are derived using drug monographs from the British National
Formulary (BNF) (Table 54). Although the BNF indicates there is an induction dose
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and maintenance dose for all drugs, in practice, clinical expert advice indicated that
patients receive a single dosing regimen until CMV has been cleared (i.e. there is no
maintenance dose).

Table 54: Drug monographs

Assumed indicated
Drug Indication dose? dose for a 4-week
period®

IV days per 4-
week period

N/A (assumes fixed price for an 8-
Maribavir week dose, irrespective of weight or N/A (oral drug)
dose frequency)

Initially 5 mg/kg every 12 hours for
14-21 days, then maintenance

6 mg/kg OD, on 5 days of the week,
alternatively maintenance 5 mg/kg 5 mg/kg every
OD, maintenance only for patients at | 12 hours for 28 days
risk of relapse; if disease progresses
initial induction treatment may be
repeated.

Initially 900 mg BID for 21 days, then
maintenance 900 mg OD, induction 900 mg BID for 28 N/A
regimen may be repeated if retinitis days (oral drug)
progresses.

Initially 60 mg/kg every 8 hours for 2—
3 weeks, alternatively initially

90 mg/kg every 12 hours for 2—3
weeks, then maintenance 60 mg/kg 60 mg/kg every
OD, then increased if tolerated to 8 hours 28 days
90-120 mg/kg OD, if disease
progresses on maintenance dose,
repeat induction regimen.

Initially 5 mg/kg once weekly for 2
weeks, then maintenance 5 mg/kg
Cidofovir every 2 weeks, maintenance
treatment to be started 2 weeks after

completion of induction treatment.
N/A=Not applicable; mg=milligrams; kg=kilograms; IV=Intravenous; BID=Twice daily; OD=Once daily

2 Indicated dose is provided in the BNF.

® The assumed doses is from the advisory board which stated that in the UK the induction dose issued to treat CMV until
clearance.

Source: NICE (BNF) 2021.178-181

Table 55: NHS list price

Ganciclovir 28 days

Valganciclovir

Foscarnet 28 days

5 mg/kg once weekly

for 4 weeks 4 days

Drug Cost per pack Cost per 4-week cycle
Maribavir H -
Ganciclovir £115.00 £963.42
Valganciclovir £865.17 £1,614.98
Foscarnet £119.85 £7,530.42
Cidofovir? £562.00 £2,242.01

2 In the case of cidofovir, a published UK price was not identified, therefore, the cost of cidofovir in the US has been converted
into UK currency and used as a proxy
Source: NICE (BNF) 2021; Wolters Kluwer Health Inc. 2021,178-180.182

Drug acquisition costs are adjusted for time on treatment, as described below.
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B.3.5.2.2.1 Week 0 to 8

The cost of maribavir with a PAS discount for an 8-week treatment cycle is .
This cost is incurred by all patients in cycle 0, then adjusted to account for the time on
treatment observed in SOLSTICE (costs multiplied by [JJl|% to account for a [Jweek
treatment duration, see Table 53). The cost of IAT (weighted average of the individual
IAT drugs) is applied to all patients in cycle 0. To calculate an 8-week cost, two 4-
weekly costs are summed. This cost is multiplied by the time on treatment observed
in SOLSTICE in the IAT arm (costs multiplied by % to account for a [ -week
treatment duration). As the treatment costs are incurred by all patients in cycle 0, no
further acquisition costs are incurred by patients in cycle 1 (week 4) or cycle 2 (week
8) of the model.

B.3.5.2.2.2 Week 8 to 52

In the base case, from week 8 onwards, for both the maribavir and IAT arm, patients
who occupy the csCMV health state are assumed to receive IAT (i.e., no patients are
on maribavir). The 4-week cyclical costs are adjusted to account for time on treatment
in each cycle, as for week 0 to 8 (costs multiplied by B oer cycle [IAT time on
treatment is | weeks)).

B.3.5.2.2.3 Week 52 onwards

The model transitions to Stage 2 from week 52 onwards, where no costs are applied
to any patients.

B.3.5.2.3 Monitoring costs

The respective SmPCs were used to estimate the 4-week monitoring frequencies
(Table 56 and Table 57) for each anti-CMV agent considered in this economic model.
In the case of maribavir, the relevant monitoring frequencies were assumed to be
equal to the monitoring requirements of valganciclovir, as this is the only oral IAT drug.
The frequencies reported in Table 57 were multiplied by the relevant unit cost for each
monitoring type, to derive a 4-week monitoring cost (Table 58). For week 0 to 52, the
monitoring costs were adjusted for time on treatment. From week 52 onwards, it was
assumed no patients were on treatment, so monitoring costs were not included.
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Table 56: Monitoring requirements extracted from SmPC of each product

Drug SmPC summary
Maribavir Assumed same as valganciclovir — the only other oral therapy
Ganciclovir It is recommended that complete blood counts including platelet counts be

monitored during therapy.

Valganciclovir

It is recommended that complete blood counts and platelet counts should be
monitored regularly during therapy.

Foscarnet

Serum creatinine should be monitored every second day during induction
therapy and once weekly during maintenance therapy.

Seizures, related to alterations in plasma minerals and electrolytes, have been
associated with foscarnet treatment. Therefore, patients must be carefully
monitored for such changes and their potential sequelae.

Cidofovir

Renal function (serum creatinine and urine protein) must be monitored within
48 hours prior to each dose of cidofovir.

Neutropenia may occur during cidofovir therapy. Neutrophil count should be
monitored while receiving cidofovir therapy

SmPC=Summary of product characteristics
Source: Cymevene SmPC 2021; Valcyte SmPC 2018; Foscavir SmPC 2020; Cidofovir SmPC 2020; Aciclovir SmPC 2021.7276

Table 57: Weekly monitoring frequency

Drug o ;;Ig;?‘:)lood Renal(lsf g?)ctlon Electrolytes Neutrophils
Maribavir 1 0 0 0
Ganciclovir 3.5 0 0 0
Valganciclovir 1 0 0 0
Foscarnet 0 3.5 3.5 0
Cidofovir? 0 3.5 0 3.5

2 In the case of cidofovir, monitoring frequency is not reported in the SmPC; therefore the US monitoring frequency used in the

US has been used as a proxy
SCr=Serum creatinine

Source: Gilead Sciences Inc. 2010; NHS 2021.183.184

Table 58: Monitoring costs

Drug Unit costs, £ (SE)? HRG code
Complete blood count 1.91 (0.191) DAPS03
Renal function (SCr) 1.22 (0.122) DAPS04
Electrolytes 1.22 (0.122) DAPS04
Neutrophils 2.58 (0.258) DAPS05

HRG=Healthcare resource group; SCr=Serum creatinine; SE=Standard error
@ SE is assumed to be 10% of the cost

Source: NICE 2021."8

B.3.5.2.4 Administration costs

For oral drugs (maribavir and valganciclovir), a one-off administration cost of £210 is
included, based on the National schedule of NHS costs (SB11Z — “Deliver Exclusively
Oral Chemotherapy”).”! This approach is in line with the ERG’s preferred approach in
TA591 (letermovir).4°

For IV drugs (ganciclovir, foscarnet, cidofovir), the cost of a single complex infusion is
applied once per day of treatment, regardless of the setting and number of IV doses
required. This aligns with the NICE committee’s accepted approach in TA591. For
example, though patients on ganciclovir require 5 mg/kg twice per day, this is costed
as a single complex IV infusion rather than two separate infusions. The cost of infusion,
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£404, is derived from the National schedule of NHS costs (SB14Z — “Deliver Complex
Chemotherapy, including Prolonged Infusional Treatment, at First Attendance”). The
total number of IV days required has been calculated using the drug monograph from
the BNF (Table 54). This is a conservative assumption, as patients require more than
one infusion per day when treated with ganciclovir and foscarnet; therefore, the cost
may be higher than that in the model. This is also in line with the ERG’s preferred, and
the NICE committee’s accepted, approach in TA591 (letermovir).9

B.3.5.3 Health-state unit costs and resource use

The HRU SLR did not provide relevant costs for health-state unit cost and resource
use in refractory or resistant CMV population.

In the base case, the frequency of hospitalisation is taken from the HRU data observed
in the IPD analysis of SOLSTICE (Table 59).""° The analysis categorised patients into
response and no response groups at week 8, and explored HRU between these
groups through to the end of the trial at week 20. The analysis found that patients who
achieved a response at week 8 had a lower risk of hospitalisation compared with those
who had not achieved a response (Table 59). The hospitalisation risks in the response
and no response groups were used as proxies for in the n-csCMV and cs-CMV health
states, respectively.

Table 59: Healthcare resource use (4-week probability)

Health resource 4-week probability of 4-week probability of
HRU (SOT): Mean (SE)? HRU (HSCT): Mean (SE)

Hospitalisation (response/csCMV) 0.259 (0.026) 0.241 (0.024)

Hospitalisation (no response/n-csCMV) 0.153 (0.015) 0.217 (0.022)

csCMV=Clinically significant CMV; HRU=Healthcare resource utilization; SOT=Solid organ transplant; HSCT=Haemopoietic
stem cell transplant; ns-csCMV=Non-clinically significant CMV; SE=Standard error

p*(1-p)
n

@ The standard error was calculated using the formula: , where p is the incidence percentage and n is the number of

individuals in the trial arm
Source: Takeda 2021; Takeda 2021.1%8110

Healthcare costs for each health state were sourced from the National Schedule of
NHS costs — 2019/2020 (shown in Table 60). In SOLSTICE, patients who were in the
csCMV health state were required to have viral load tests twice per week (eight times
over a four-week cycle) to monitor the progression of disease, with a cost per test of
£33.15. This was in line with that used in TA591 (letermovir).*®
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Table 60: Health resource costs

Health resource Cost, £ (SE) HRG Code
Hospitalisation (response/csCMV) 7,019.85 (701.99) Weighted ?X/igazgsa()f WJ02A-
Hospitalisation (no response/n-csCMV) 1,969.53 (196.95) Weighted ?Xlilgggac’f WJo2C-

csCMV=Clinically significant CMV; HRG=Healthcare resource group; ns-csCMV=Non-clinically significant CMV; SE=Standard
error

@ SE was assumed to be 10% of the cost

®1CD code B259: Cytomegaloviral disease, unspecified leads to HRG code WJ02. Total unit activity and unit cost has been
used.

Source: NHS 2021.™

B.3.5.4 Adverse reaction unit costs and resource use

The costs of each AE were sourced from the National Schedule of NHS costs — Year
2019-2020, with a weighted average of multiple HRG codes used to calculate the cost
of an individual AE when appropriate, as summarised in Table 61. The costs
associated with each AE are multiplied by the proportion of each AE outlined in Table
45 (Section B.3.3.4), and applied for each respective event per cycle.

Table 61: Cost of treatment related adverse events

AE Cost, £ (SE)? HRG Code®
Acute kidney injury 1,955.06 (195.50) Weighted average of LAO7H-LAQ7P
Anaemia 1,159.16 (115.92) Weighted average of SA03G and SAO3H
Diarrhoea 795.58 (79.56) FDO01J
Dysgeusia 0 N/A

WH17C, Used code grouper to find HRG code,
Fatigue 761.70 (76.17) Malaise and fatigue ICD code R53 leads to

HRG code WH17

Febrile neutropenia

2,883.68 (288.37)

Weighted average of SA35A-SA35B

Headache 643.36 (64.34) Weighted average of AA31C-AA31E
Leukopenia 1,080.78 (108.08) Weighted average of SA08G-SA08J
Nausea 838.22 (83.82) FD10M
Neutropenia 1,425.12 (142.51) Weighted average of SA35C-SA35E
Pyrexia 795.43 (79.54) WJ07D

Renal impairment

1,375.85 (137.58)

Weighted average of LA09J-LA09Q

Thrombocytopenia

771.92 (77.19)

Weighted average of SA12G — SA12K

Vomiting

838.22 (83.82)

FD10M

AE=Adverse event; SE=Standard error; HRG=Healthcare resource group; N/A=Not applicable

@ SE is assumed to be 10% of the cost

b All HRG costs were sourced from the total unit cost column. Where a weighted average is stated across a range of HRG
codes the total unit activity and total unit cost column has been used to create a weighted average of cost

Source: NHS 2021.™

B.3.5.5 Miscellaneous unit costs and resource use
B.3.5.5.1 Disease complications

B.3.5.5.1.1 Graft loss

As the National Schedule of NHS costs does not provide a breakdown of the costs
associated with re-transplantation, it is conservatively assumed that the cost of a
second transplant due to graft loss is equal to the particular organ transplant cost from
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the National Schedule of NHS costs. The costs associated with re-transplantation due
to graft loss are summarised in Table 62 and applied for each graft loss event.

Table 62: Retransplant costs

Transplant type Retransplant Cost, £ (SE)? HRG Code®

Heart 65,038.86 (6,503.89) ED05Z

Kidney transplant 13,967.54 (1,396.75) Weighted average LA0O1A-03B
Lung transplant 57,350.32 (5,735.03) Dz01Z

Liver transplant 21,629.65 (2,162.97) GA15A

Other 43,619.60 (4,361.96) GA14Z

SE=Standard error; HRG=Healthcare resource group

@ SE is assumed to be 10% of the cost

® All HRG costs were sourced from the total unit cost column. Where a weighted average is stated across a range of HRG
codes the total unit activity and total unit cost column has been used to create a weighted average of cost

Source: NHS 2021.™

B.3.5.5.1.2 GvHD

GvHD events are not included in the base case due to limited clinical evidence that
CMV has a causal relationship with GvHD (see Section B.1.3.4 Clinical burden). In the
scenario analysis where GvHD is included, the cost applied in the model is £11,448.
This cost is sourced from a recent NICE technology appraisal for letermovir (TA591),
49 which was accepted by the NICE committee, and is adjusted for inflation.

B.3.6 Summary of base-case analysis inputs and assumptions
B.3.6.1 Summary of base-case analysis inputs

The base case model control settings and assumptions are presented below in Table
63.

Table 63: Base-case settings

Setting Base-case value/assumption SOur_ce in
submission
Cost-effectiveness model settings
Analysis mode Deterministic
Time horizon 47 years B.3.2.2.3
WTP threshold £20,000
Perspective Payer B.3.2.2.5
Cost of maribavir ﬁ B.3.5.2.1
Cohort size 1,000
Currency £
Discount rate (costs and benefits) 3.5% B.3.2.2.6
Number of PSA simulations 10,000
4-week from year 0 to 3
Cycle length Annual cycles from })//ear 3 to lifetime B.3.2.24
Population
Age 53 years
Weight (kg) 74.80 B.3.3.1
Sex (male, %) 61
Average time since transplant (years) — 1.00
SOT ' .
- - Assumption
Average time since transplant (years) — 1.00
HSCT '
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Setting Base-case value/assumption Sour-ce in
submission

% of SOT patients 60% B.3.3 1
% of HSCT patients 40% T
Treatment pathway
Treatment arm Maribavir then retreatment with IAT B3.23
Comparator arm IAT then retreatment with IAT T
IAT treatment distribution (initial treatment and retreatment)
Ganciclovir 25.4%
Valganciclovir 25.9%
Foscarnet 43.5% B.3.23
Cidofovir 5.2%
Model structure
Stage 2 Markov (alive/dead model) | 52 weeks onwards | B.3.2.22
Cost and utility
Total time on treatment (weeks) [0 to 52
— Maribavir ( 't ] - weeks B.3.51
Total time on treatment (weeks) [0 to 52] - R
AT weeks
Quality of life measure EQ-5D B.3.4
Retreatment effectiveness (clearance) Same as initial treatment

. — B.3.3.2
Retreatment effectiveness (recurrence) Same as initial treatment

CMV=Cytomegalovirus; EQ-5D=EuroQol 5 dimensions; HSCT=Haematopoietic stem cell transplant; IAT=Investigator-assigned
anti-CMV treatment; kg=Kilogram; N/A=Not applicable; NICE=The National Institute for Heath and Care Excellence; SOT=Solid
organ transplant; WTP=Willingness-to-pay; PSA=Probabilistic sensitivity analysis

B.3.6.2 Assumptions
The assumptions included in the economic model are presented in Table 64.

Table 64: Base-case assumptions

Base-case input Source in

- . . Justification
selection/assumption |submission

Setting

Treatment efficacy

The ITT population preserves the
randomisation for this important input

parameter
Clearance and T B.3.3.2.1, Benefit of maribavir over IAT was
recurrence B.3.3.2.2 observed regardless of treatment type

Definition of recurrence includes the
requirement of treatment which was
validated with clinical experts

AEs

I Clinically important AEs : -
AE incidence rates in addition to TEAES Inclusion of clinically relevant AEs

— maribavir and occurring 210% in either B.3.3.4 from SOLSTICE will capture all AEs

IAT that may impact HRQoL or costs
treatment arm

AE costs — Costs for each AE use B354 Model takes a UK payer perspective

maribavir and IAT |NHS reference costs T and thus uses NHS costs
égn?ﬁgl::grgﬁjsr:oxirtched Utility decrements sourced from UK

AE disutility — X catalogues to align with NICE

maribavir and IAT studies assumeq to_ have B.3.4.3 reference case and UK base-case
presented the disutility of

chronic conditions over
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disutility

Setting Base-c_:ase el . Sourc_e ir_| Justification
selection/assumption |submission
one year unless When utility decrement was
otherwise specified unavailable for an AE type, a proxy
disease area was used
Utility decrement was
adjusted for duration of
each AE type
Costs
Cyclical 4-week
acquisition costs — | PAS price B.3.5.2.2
maribavir
BNF185
Cyclical 4-week
acquisition costs — | Cost of Cidofovir B.3.5.2.2 NICE reference case
all IAT drugs estimated from US
sources .
Administration unit | National reference B N.O COSF was reported in the BNF for
186 3.5.24 cidofovir
costs costs
Monitoring unit Natlo?gl reference B3523
costs costs
Monitoring Ganciclovir SmPC7?
frequency —
ganciclovir, Valganciclovir SmPC7® |B.3.5.2.3 NICE reference case
valganciclovir,
foscarnet Foscarnet SmPC"
Monitoring Unavailable in medicines.org and
frequency — Cidofovir SmPC7° B.3.5.2.3 therefore apply the manufacturers
cidofovir recommendations
Valganciclovir is the only oral IAT
Monitoring treatment, and as maribavir is also
frequency — Same as valgancivlovir’® |B.3.5.2.3 administered orally it is assumed to
maribavir have the same monitoring
requirements
HRU — SOT ITT (frequency per B.3.5.3 Aligns with SOLSTICE
person)
HRU — HSCT ITT (frequency per B.3.5.3 Aligns with SOLSTICE
person)
HRU unit costs NHS reference costs' |B.3.5.3 NICE reference case
Disease complications
Graft loss —
baseline Only included in B.3.3.24 Aligns with SOLSTICE, where no graft
transplant scenario analysis R loss was observed
distribution
While SOLSTICE did not observe any
4-week probability graft loss, clinical experts indicated
Hakimi et al. 201720 B.3.3.24 that it is an important consideration,
of graft loss .
therefore values from the literature
were used
NHS Reference Costs
19/20. Retransplant Cost for retransplant are not available
Retransplant costs | costs are assumed to be |B.3.5.5.1
. on the NHS cost schedule
the same as initial
transplant costs’"
Retransplant Literature B.3.4.4.2
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Setting Base-c_:ase el . Sourc_e ir_| Justification
selection/assumption |submission
Literature. The HR for There was no graft loss in SOLSTICE
“other” transplants is a and therefore values are sourced from
Retransplant weighted average of the the literature
mortality named transplant HRs, |B.3.3.2.4
using the baseline Assumes no increase in mortality in
transplant distributions the base-case for patients who have
as the weight retransplant
4-week probability |Literature (scenario B.3.3.04
of GvHD event analysis) D . . .
NICE TA591% (scenario ch—znarlo gnalysm only, as there is
GvHD costs analysis) B.3.5.5.1 limited evidence for the causal
. . relationship that CMV causes GvHD
GVHD disutility | iterature (scenario B.3.4.4.2
analysis)
Utility
Transplant and health state specific
_ o were used as the IPD analysis
E%aSrliDbgg:lrt);r\:glue Transplant and health B.3.4.4.1 indicated that transplant type and
IAT (week 0—52) state specific (atweek 8) | 7 response status have a significant
impact on utility, while the treatment
arm did not
The difference between
Background utility |the UK general
week 52 onwards | population utility and B.3.4.4 1 Aligns with the ERG recommended
(at week 20 utility |week 20 SOT and HSCT |~ approach from NICE TA591
values) utility from SOLSTICE
were used
Mortality
: Treatment did not directly impact
Mortality (weeks
0-8) - :/n;ribavir Transplant specific B3323  |mortalityin SOLSTICE
e Clinical experts advised the underlying
and IAT disease is more important
Mortality (weeks 8 Health state specific mortality was
to 52) — csCMV, n- | Health state specific B.3.3.2.3 incorporated to better reflect
csCMV outcomes associated with CMV status
General In line with the ERG’s suggested
population method to estimate long-term mortality
mortality —- HSCT |HMRN#® B.3.3.2.3 for HSCT
(week 52
onwards) For SOT patients one-, two-, five-, and
General ten-year post-transplant survival
population : estimates for first SOT transplants
mortality — SOT NHS Organ ponatlon B.3.3.2.3 were converted into their
Annual Activity Report'1® . L
(week 52 corresponding annual conditional
onwards) survival probabilities?

AE=Adverse event; BNF=British National Formulary; CMV=Cytomegalovirus; csCMV=Clinically significant cytomegalovirus;
EQ-5D=EuroQol 5 dimensions; ERG=Evidence Review Group; HMRN=Haematological Malignancy Research Network;
GvHD=Graft-versus-host disease; HR=Hazard ratio; HRU=Healthcare resource utilization; HSCT=Haematopoietic stem cell
transplant; IAT=Investigator-assigned anti-CMV treatment; IPD=Individual patient data; ITT=Intention-to-treat; NHS=National
Health Service; NICE=The National Institute for Heath and Care Excellence; PAS=Patient access scheme; SmPC=Summary of
product characteristics; SOT=Solid organ transplant; TEAE=Treatment emergent adverse event; UK=United Kingdom;

US=United States

2For lung DCD donor types, the survival probabilities were available only for one-, two- and three-year post-transplant, so this
organ and donor type was only included in mortality calculations for the first three years post-transplant
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B.3.6.3 Probabilistic sensitivity analysis distributions

Distributions were applied to the parameters in the model depending on their
characteristics, with probabilities assigned a beta distribution (due to values being
bounded between 0 and 1), costs assigned a gamma distribution, and other
parameters assigned a Dirichlet, normal or log-normal distribution as appropriate
(shown in Table 65). The mean disutility values were multiplied by -1 to ensure that
they were positive, and a beta distribution could be used.

Table 65: Parameter PSA distributions

Parameter P PR Source in
arameter name Distribution ..
| group submission
Not included in .
Population Age PSA Section B.3.3.1
characteristics, Weight (kg) Normal Section B.3.3.1
mean (SE) Sex (male) Normal Section B.3.3.1
Time since transplant (years) Log-normal Assumption
Other Alive dea_d wee.ks us_ed Normal Sect?on B.3.2.2.5
parameter Rate of dlsc_ontlmua.ltlon qumal Sect|or_1 B.3.5.2.2
groups IAT drug distribution Dirichlet Seqtlon 3.2.3
Time on treatment Log-normal Section B.3.5.2
Treatment CMV clearance Beta Section B.3.3.2.1
efficacy CMV recurrence Beta Section B.3.3.2.2
SOT/HSCT specific mortality (0 to 8 Beta Section B.3.3.2.3
Mortality c weeks)_ - "
csCMV/n-csCMV specific mortality (8 Beta Section B.3.3.2.3
to 52 weeks)
l(;l:;zber of IV Ganciclovir, foscarnet and cidofovir Normal Section B.3.5.2.2
Administration costs Gamma Section B.3.5.2.4
Costs Monitoring costs — by drug Gamma Section B.3.5.2.3
Monitoring costs Gamma Section B.3.5.2.3
Monitoring Maribavir, ganC|cIOV|r,_valganlclowr, Normal Section B.3.5.2.3
frequency foscarnet and cidofovir
Health resource HRU utilization Log-Normal Section B.3.5.3
utilization
Baseline transplant type Dirichlet Section B.3.3.1
Risk of graft loss Beta Section B.3.3.2.4
Graft loss Transplant costs Gamma Section B.3.5.5.1
Transplant disutility Beta Section B.3.4.4.2
Transplant mortality - relative risk Log-normal Section B.3.3.2.4
Health state and transplant specific .
Utilties EOBD oo P Beta Section B.3.4.4.1
Background utility (week 52 onwards) Beta Section B.3.4.4.1
Costs Gamma Section B.3.5.4
AEs Disutility Beta Section B.3.4.3
Duration Normal Section B.3.3.4
Incidence Beta Section B.3.3.4
General SOT Beta Section B.3.3.2.3
fnoopr‘t‘;ﬁ:';” HSCT Beta Section B.3.3.2.3

AE=Adverse event; CMV=Cytomegalovirus; csCMV=Clinically significant CMV; EQ-5D=EuroQol 5 dimensions;
HRU=Healthcare resource utilization; HSCT=Haematopoietic stem cell transplant; IAT=Investigator-assigned anti-CMV
treatment; kg=Kilogram; IV=Intravenous; N/A=Not applicable; NICE=The National Institute for Heath and Care Excellence; n-
csCMV=Non-clinically significant CMV; PSA=Probabilistic sensitivity analysis; SE=Standard error; SOT=Solid organ transplant
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B.3.7 Base-case results (ITT)

In patients with CMV infection that is refractory or resistant to treatments after HSCT
or SOT, treatment with maribavir results in an increase in QALYs (0.131) and
increased costs (£2,004) compared with IAT. This results in an incremental cost per
QALY gained of £15,337 (Table 66).

Table 66: Base-case results, ITT population, discounted

Total ICER
costs Total | Total | Incremental | Incremental | Incremental incremental
£ LYG | QALYs costs (£) LYG QALYs (£/QALY)
Maribavir 8.39 6.02
AT 823 5 89 2,004 0.160 0.131 15,337

ICER=Incremental cost-effectiveness ratio; LYG=Life years gained; QALY=Quality-adjusted life year; IAT=Investigator-
assigned anti-CMV treatment; ITT=Intention-to-treat

Figure 17 reflects the time spent in each health state (by percentage of the model
cohort) over the first 52 weeks of the time horizon for the ITT population. Patients
treated with maribavir have improved CMV clearance and reduced recurrence rates
compared with patients treated with IAT. Therefore, patients in the IAT arm spend
longer in the csCMV health state (0.50 life years in the IAT arm vs. 0.38 life years in
maribavir arm; Figure 17).
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Figure 17: Time in health state, ITT population, Phase 1 (0—-52 weeks

CMV=Cytomegalovirus; csCMV=Clinically significant CMV; IAT=Investigator-assigned anti-CMV treatment; IT T=Intention-to-
treat; ns-csCMV=Non-clinically significant CMV
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Figure 18: Lifetime survival — Phase 1 (0—52) and Phase 2 (52 onwards

IAT=Investigator-assigned anti-CMV treatment

Figure 19: Breakdown of QALYSs, ITT discounted

CMV=Cytomegalovirus IAT=Investigator-assigned anti-CMV treatment; ITT=Intention-to-treat; QALY=Quality-adjusted life year

Figure 20 shows the cost breakdown for the discounted base-case results of the ITT
population. The key driver of incremental costs is the maribavir acquisition cost, with
cost-offsets for reduced treatment administration cost due to the requirement of IV
infusion and reduction in hospitalisations.
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Figure 20: Cost breakdown, ITT discounted

IAT=Investigator-assigned anti-CMV treatment; ITT=Intention-to-treat; GvHD=Graft-versus-host disease

B.3.8 Sensitivity analyses
B.3.8.1 Probabilistic sensitivity analysis

Probabilistic sensitivity analysis (PSA) was completed to quantify the level of
confidence in the output of the base-case analysis, in relation to uncertainty in the
model inputs. Model input parameters included in the PSA are specified with mean,
SE, and distributions (depending on the type of variable, for example, beta
distributions for probabilities). Where possible, the SE values were estimated using
trial or published data, however, where this value was not available, the SE value was
assumed 10% of the mean.

The mean results for the PSA are presented in Table 67 and the scatterplot is
presented in Figure 21. The PSA results are aligned with the deterministic results, with
maribavir having greater QALYs and higher costs compared with IAT. This results in
an incremental cost per QALY gained of £17,156. The cost-effectiveness acceptability
curve (Figure 22) shows the probability that maribavir is cost-effective compared with
IAT at a range of WTP thresholds. Maribavir has a 51.83% probability of being cost-
effective at a WTP threshold of £20,000 and 61.72% at a WTP threshold of £30,000.

Table 67: PSA Cost effectiveness results — ITT population, discounted

Total Total Incr Incr ICER Probability cost-| Probability
costs effective at cost-effective
£ QALYs | costs (£) | QALYs | (£/QALY) £20,000 (%) at £30,000 (%)

Maribavir 6.03 51.83% 61.72%
IAT 5.91 2176 0.127 17.156 48.17% 38.28%

IAT=Investigator-assigned anti-CMV treatment; ICER=Incremental cost-effectiveness ratio; Incr=Incremental; QALY =Quality-
adjusted life year; ITT=Intention-to-treat; PSA=Probabilistic sensitivity analysis
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Figure 21: ICER scatterplot

QALY=Quality-adjusted life year; ICER=Incremental cost-effectiveness ratio; WTP=Willingness-to-pay; PSA=Probabilistic
sensitivity analysis

Figure 22: Cost-effectiveness acceptability curve

CE=Cost-effectiveness; IAT=Investigator-assigned anti-CMV treatment; WTP=Willingness-to-pay

B.3.8.2 Deterministic sensitivity analysis

Deterministic sensitivity analysis was conducted by varying key parameters by their
SE, 95% CI or +/- 20% of the expected values (base-case) depending on data
availability. Certain parameters were varied as a group:
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Transition probabilities

Mortality

Drug acquisition costs for all IAT drugs
Healthcare resource use

AEs

Graft loss costs and utility decrements

e Maribavir and IAT utility for all, SOT and HSCT

The top 25 parameters that affected the ICER are shown in the tornado diagram in
Figure 23.
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Figure 23: Tornado graph

HSCT=Haematopoietic stem cell transplant; IAT=Investigator-assigned anti-CMV treatment; ICER=Incremental cost-effectiveness ratio; IV=Intravenous; kg=Kilogram; SOT=Solid organ transplant
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B.3.8.3 Scenario analysis

Scenario analyses were undertaken to investigate the effect of certain model inputs

on costs and outcomes. Table 68 summarises the results of the scenario analysis.

Table 68: Scenario analysis results

Incremental | Incremental | Incremental | ICER (£/QALY)

Scenario; Description costs (£) LYs QALYs gained
Base-case . 0.160 0.131 £15,337
1 Comparator: Foscarnet only with IAT ToT 0.160 0.131 Dominates
5 Intervention: Retreatment with maribavir in

the intervention (maribavir) arm [ 0.379 0.306 Dominates
3 Costs: No discontinuation after

retreatment [ 0.160 0.131 Dominates
4 Utilities: Transplant and health state utility -

from week 0—20 0.160 0.128 £15,693
5  Utilities: ITT at week 8 | 0.160 0.130 £15,400
6 Utilities: ITT at week 0—20 | 0.160 0.126 £15,844
7 Utilities: Vignette Study and SOLSTICE . 0.160 0.143 £13,971
8 Utilities: SF-36 - Transplant and health

state specific (at week 8) 0.160 0.124 £16,136
9 Disease complications: Include GvHD . 0.160 0.131 £16,314
10  Background mortality only week 8—52 0.008 0.023 £19,774
11 Graft loss - disutility values from literature 0.160 0.131 £15,340
12 Exclude AEs 0.160 0.127 £23,263
13 Exclude duration of AEs 0.160 0.203 £9,890
14  Societal perspective 0.160 0.131 £14,307
15  Retransplant mortality: Off 0.153 0.126 £15,903

AE=Adverse event; GvHD=Graft-versus-host disease; ICER=Incremental cost-effectiveness ratio; ITT=Intention-to-treat;
LY=Life year; QALY=Quality-adjusted life year; SF-36=Short form-36; ToT=Time on treatment; IAT=Investigator-assigned anti-

CMV treatment

B.3.9

Subgroup analysis (SOT and HSCT)

Each of the ITT discounted results, graphs and figures are also presented for the SOT
and HSCT populations in the following sections.

B.3.9.1 SOT

Table 69 provides a summary of the discounted base-case results for SOT patients

only, based on the inputs outlined in Section B.3.6.1. Similar to the ITT population
results, maribavir results in an increase in QALY's and higher costs compared with IAT.
This results in an incremental cost per QALY gained of £9,303.

Table 69: Cost effectiveness results — SOT population, discounted

Total ICER
costs Total | Total | Incremental | Incremental | Incremental incremental
) LYG | QALYs | costs (£) LYG QALYs (£/QALY)
Maribavir B | 041 | 705
AT R 690 1,422 0.185 0.153 £9.303

IAT=Investigator-assigned anti-CMV treatment; ICER=Incremental cost-effectiveness ratio; QALY=Quality-adjusted life year;

SOT=Solid organ transplant; LYG=Life-years gained
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B.3.9.2 Allogeneic HSCT

Table 70 provides a summary of the discounted base-case results for allogeneic HSCT
patients only, based on the inputs outlined in Section B.3.6.1. Similar again to the ITT
population results, maribavir has greater QALY's and higher costs compared with |AT.
This results in an incremental cost per QALY gained of £29,471.

Table 70: Cost effectiveness results — HSCT population, discounted
Total Total | Total |Incremental | Incremental | Incremental inc:grEeRntal
costs (£) | LYG | QALYs | costs (£) LYG QALYs (E/QALY)
Maribavir 6.85 4.48
AT 673 738 2,873 0.123 0.097 29,471

HSCT=Haematopoietic stem cell transplant; IAT=Investigator-assigned anti-CMV treatment; ICER=Incremental cost-
effectiveness ratio; QALY=Quality-adjusted life year; LYG=Life-years gained

B.3.10 Validation

Clinical and health economic experts continually guided the model development from
the conceptual stage until the finalisation of the core model.

For the UK adaptation of the Takeda cost-effectiveness model, advice and input was
obtained from a UK HTA advisory board of clinicians and health economists, where
clinical effectiveness and cost-effectiveness were considered, including the framework
for the model-based cost-effectiveness analysis.'*

To verify the results of the cost-effectiveness model, internal and external quality
control procedures have been undertaken to ensure that the mathematical calculations
were performed correctly and were consistent with the model's specifications. This
process included:
e Review of formula/calculations in the model, to ensure that they are functioning
as expected
e Review of data inputs included in the model
e Sense check of model results and key outcomes
e Extreme value testing to ensure that changes to the model inputs and settings
impact the results as expected

B.3.11 Interpretation and conclusions of economic evidence

In patients with CMV, maribavir demonstrated a statistically significant and clinically
relevant improvement in CMV clearance compared with IAT. The economic model
utilised this primary endpoint, alongside important secondary endpoints from
SOLSTICE, and outputs from an IPD analysis of SOLSTICE data to establish the cost-
effectiveness of maribavir compared with IAT. Maribavir is a highly cost-effective
treatment option for patients with refractory or resistant CMV post-transplant. In the
base-case, for the ITT population (SOT and HSCT combined), the deterministic ICER
was £15,337; with higher incremental costs (£2,004), higher incremental QALYs
(0.131) and life years (0.160). The ICER in the SOT-only and HSCT-only subgroups
were £9,303 and £29,471 respectively; the higher ICER in the HSCT subgroup is
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driven by the impact of the underlying disease on mortality, resulting in lower life years
and lower overall QALYs.

In the model, due to the impact of clearance and recurrence, patients in the IAT arm
spend longer in the csCMV health state (0.50 life years in the IAT arm vs. 0.38 life
years in the maribavir arm). As the utility value is lower in the csCMV health state
compared with the n-csCMV health state, the impact of treatment on CMV clearance
and recurrence are the key drivers for QALYs. In the csCMV health state, as patients
are on treatment, the state is associated with higher costs, as well as lower QoL
compared with the n-csCMV health state. The key driver of costs in the maribavir arm
is the acquisition cost, and in the IAT arm, the key cost driver was the treatment
administration cost (due to the requirement of IV infusions).

The economic model does not capture several additional benefits associated with
maribavir, potentially demonstrating that the conclusions of the economic analysis are
conservative. Firstly, the currently available anti-CMV agents act on one stage within
the cell replication pathway: inhibiting DNA polymerase. As a result, resistance to one
of the four currently used antivirals confers resistance to the other three reducing
efficacy and necessitating a reduction in immunosuppression, thereby putting the graft
at risk. Maribavir represents a new anti-CMV class (benzimidazole riboside) that has
multi-targeted anti-CMV activity across the CMV lifecycle resulting in maribavir being
less susceptible to mutations of the viral DNA polymerase and enabling activity against
strains with viral DNA polymerase mutations.®® Due to this, maribavir results in
sustained efficacy to allow for patients to build their natural immunity. In addition to
this, maribavir can be administered with or without food, resulting in a convenient
administration for patients that may improve treatment compliance. In comparison, the
only other oral anti-CMV agent, valganciclovir, is recommended to be taken with food,
whenever possible.

The eligible patients for maribavir are SOT or allogeneic HSCT recipients. In addition
to the substantial clinical burden that these transplants place on patients, the
transplants are a large cost for the healthcare system. Given the chronic shortage of
organs, tissues, and cells for transplants, patients may be subjected to prolonged
waiting times, which may result in death or removal from the transplant list due to
deteriorating health.’?6® Considering the long waiting times, the possibility of
transplant failure due to CMV infection thereby results in further complications for
patients, including deteriorations in HRQoL (e.g., increased anxiety).%® Additionally,
considering the large investment required from healthcare systems across the
patient’s transplant journey, there is a need to ensure transplant loss due to CMV does
not occur. The availability of maribavir may help ensure that the investments made by
patients and healthcare systems in ensuring successful transplants do not go to waste
as a result of CMV infection.

CMV infection has a significant impact on the long-term HRQoL. For recipients of
allogeneic HSCT who received treatment for CMV infection, fatigue and social
functioning are affected.f? For SOT recipients, patients experience long-term fatigue,
lethargy, breathlessness, and an inability to think clearly/process information post-
CMV diagnosis.®* Post-transplant CMV infection has a significant impact on work and
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lifestyle, with the need for increased hospital visits/blood tests. Due to chronic health
issues and frequent visits and follow-ups to the clinic, patients may be unable to
maintain full-time employment. This burden makes it difficult to resume work and
maintain lifestyle activities that patients had prior to the transplant.54:69

In addition, the longer term impact of CMV viraemia on graft loss, as observed in the
retrospective study in renal transplant recipients,¢ is not captured in the economic
model, as long-term benefits of CMV in the first year were excluded. This is a
conservative assumption, as patients treated with maribavir are more likely to achieve
CMV clearance compared with IAT.

A potential limitation of the model is whether the model underestimates time on
treatment for the subsequent IAT drugs for patients who do not achieve clearance or
have a clinically significant recurrence. Specifically, there could be a case that patients
who require retreatment have improved adherence, as clinicians encourage patients
to comply with the treatment course to achieve satisfactory clinical outcomes. A
scenario analysis, where patients in a retreatment setting have improved adherence
(i.e. continue treatment for 8 out of 8 weeks) resulted in maribavir dominating IAT.
Other scenario analyses also present instances where maribavir dominates IAT;
including in clinical settings where foscarnet is prescribed frequently and retreatment
in the maribavir arm is with maribavir. Although certain scenarios (excluding AEs,
including background mortality only from week 8-52) do increase the ICER;
cumulatively, the evidence illustrates that the base-case adopted in the economic
model is potentially a conservative one, with plausible alternative scenarios that could
considerably drive the final cost-effectiveness outcome strongly in favour of maribavir
(i.e., dominating IAT).

In summary, maribavir represents a highly cost-effective and well tolerated treatment
option compared to the current standard of care, for a small patient population with a
high unmet need; for patients who are resistant or refractory to treatments for a
potentially life-threating CMV infection following an already clinically and economically
burdensome SOT or HSCT procedure.
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Notes for company

Highlighting in the template

Square brackets and grey highlighting are used in this template to indicate text that
should be replaced with your own text or deleted. These are set up as form fields,
so to replace the prompt text in [grey highlighting] with your own text, click
anywhere within the highlighted text and type. Your text will overwrite the

highlighted section.

To delete grey highlighted text, click anywhere within the text and press
DELETE.

Section A: Clarification on effectiveness data

A1. Priority question. Please clarify if the marketing authorisation for maribavir
is expected to state that maribavir is to be used only when a patient is
resistant or refractory to their last anti-CMV treatment. That is, patients who
achieve clearance on maribavir will not be re-treated with maribavir if they

have recurrence after clearance on maribauvir.

Maribavir is proposed to be indicated for the treatment of adults with post transplant
cytomegalovirus (CMV) infection and/or disease who are resistant and/or refractory
to one or more prior therapy including ganciclovir, valganciclovir, cidofovir or
foscarnet. We do not expect patients will be retreated with maribavir following
recurrence after clearance on maribavir. Prior therapy on maribavir was an exclusion

criteria within the SOLSTICE trial so data on maribavir retreatment is not available.

A2. Priority question. Please provide information on mean and median time
since transplant surgery at baseline for each treatment arm and based on
transplant type.

Time since transplant was not captured in the SOLSTICE trial. As these patients are

refractory / resistant to previous CMV therapy the time since transplant is not a
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useful measure as the population could have had multiple CMV infections and

various number of anti CMV therapies over time.

A3. Priority question. Please confirm what treatment was used for CMV
prophylaxis for each treatment arm. Please also provide the breakdown of the

number of patients who received CMV prophylaxis based on transplant type.

Data on prior therapy was captured in SOLSTICE. However, it is not reported if the
specific treatment was used for prophylaxis or previous therapy in the RR population

(who may have received multiple prior treatments).

Overall, 41.2% of subjects had used CMV prophylaxis (unspecified) prior to the first
episode of CMV infection that was refractory to treatment at entry to this study
(maribavir: 100 [42.6%] subjects; IAT: 45 [38.5%] subjects). Prophylaxis for CMV

occurred || GGG <cipients: I SOT recipients versus
I SCT recipients.

Given the prophylactic-only indication for letermovir, we are able to confirm that

letermovir was given to o p-tients I AT and

B -ribavir), however availability of letermovir across the various trial
sites was variable as marketing authorisation was granted in 2018 and the
SOLSTICE clinical trial started in 2016.

A4. Priority question. Please complete table 1 (see below) by providing results
by treatment arm based on time since surgery. Please provide the number of
patients and results separately for patients with a time from surgery to

randomisation of

A) < 3 months
B) > 3 months to < 6 months

C) > 6 months to < 12 months

D) > 12 months

Based on the results provided in Table 1, please discuss if the relative

treatment effect of maribavir is expected to differ by time since surgery.
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Time since surgery was not captured in SOLSTICE (please see response to
question A2) and unfortunately it is not possible to perform this analysis to complete
Table 1. Given the mechanism of action of maribavir there is no known reason why
the treatment effect of maribavir would differ according to time since surgery. Time
since surgery may be associated with other variables such as level of
immunosuppression and overall frailty score, so if there is significant variance

between arms it could confound the overall results.
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Table 1.

<3 months since surgery

>3 months to <6 months

since surgery

surgery

>6 months to <12 months since

>12 months since surgery

IAT

Mar

IAT

Mar

IAT

Mar

IAT

Mar

Number at
baseline

%

%

Dif.

n/N

%

%

Dif. |p n/

%

%

Dif.

%

%

Dif.

Clearance at 4
wks

Clearance at 8
wks

Clinically
relevant
recurrence at wk
8 for patients
with clearance
at 4 wks

Clinically
relevant
recurrence at wk
20 for patients
with clearance
at 8 wks

Mortality
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Type of
transplant

HSCT: GvHD

HSCT: Total

SOT: Kidney

SOT: Lung

SOT: Heart

SOT: Total

Number of
patients
hospitalised

p - please provide the p-value and the respective 95% CI
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AS5. Priority question. Please complete table 2 (see below) by providing results

for the ITT population (with the respective statistical significance of the

difference between arms) and the subgroup of patients in the IAT arm

receiving foscarnet (with the statistical significance of the difference between

the maribavir and foscarnet arms).

Please see Table 2 completed below. Data on clearance at week 20 for foscarnet

alone are not available, and clearance at week 4 is taken from a post-hoc individual

patient data (IPD) analysis conducted to inform the CEM model, as the timepoint for

the primary efficacy analysis in SOLSTICE was week 8. Two sample proportionality

test p-values have been calculated.

Table 2. Clearance and clinically relecant recurrence by treatment arm, transplant

type and resistance status

IAT (total)

IAT (foscarnet)

Mar

Number at
baseline

117

47

235

n/N

Dif.

Dif.

Clearance at 4
wks

Clearance at 8
wks

Clearance at 20
wks

Clinically
relevant
recurrence at wk
8 for patients
with clearance at
4 wks

=3

I I I I13
>
3
I I I I i

I I I IU
>
2
I I I I i

Clinically
relevant
recurrence at wk
20 for patients
with clearance at
8 wks

Mortality at week
8

Mortality at week
20

Type of transplant

HSCT: GvHD
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hscT:Total | | HH I B BE BN Bl B Bl
sotkidney N |HIH HE HE Bl Bl Bl Bl Bl
SOT: Lung Il Il BN B Bl BNl EE e
sotHeart |HIH N I HE BE B Bl B Bl
SOT: Total Il B BB BN BN E e
Number of Il Il Bl B Bl Nl EE e
patients

hospitalised

Resistance diagnosis:

Resistant Il Il Bl B Bl Nl EE e
Not resistant [ | Il EE [

(refractory)

p - please provide the p-value and the respective 95% CI

Dif. — please provide % difference versus maribavir

NR, not reported

*Deaths only reported for safety set

AG. Priority question. Please complete table 3 (see below) by providing results
by treatment arm based on the current CMV infection being either the first or a
later episode post-transplant. Please provide the number of patients and

results separately for patients for whom the current CMV episode is

A. the first episode post-transplant

B. a second or later episode post-transplant

Avery (2021) states that 162/235 (68.9%) maribavir and 78/116 (66.7%) IAT patients
have their current CMV infection as the first episode post transplant. However, this
may not be the first episode in their lifetime, since ||} (lll%) maribavir and || ([l|%)
were R+ at entry to the trial. Because of this we do not have the data to complete
Table 3. Furthermore, all patients had to have an infection resistant and/or refractory
to their previous therapy and thus all infections treated, whether by maribavir or IAT
were more complex than a straightforward initial first episode. Numerous sensitivity
analyses were performed including baseline viral load, which may be predictive of
whether the episode is first or later post-transplant, since earlier episodes tend to be
characterised by higher viral loads. No difference was seen between results for

either low or higher viral loads.
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Table 3.

First CMV episode post-transplant Second or later CMV episode post-
transplant

IAT Mar IAT Mar

Number at
baseline

nN [ % nN | % Dif. |p nN | % nN | % Dif. |p

Clearance
at 4 wks

Clearance
at 8 wks

Clinically
relevant
recurrence
at wk 8 for
patients with
clearance at
4 wks

Clinically
relevant
recurrence
at wk 20 for
patients with
clearance at
8 wks

p - please provide the p-value and the respective 95% CI

A7. Priority question. Please complete table 4 (see below) by providing results
based on the baseline resistance status being either resistant or not resistant
(refractory). Please provide the number of patients and results separately for

patients for whom the baseline resistance status is

C. resistant

D. not resistant (refractory)

Of the 350 patients who received at least one dose of IAT (n=116) or maribavir
(n=234), I (%) patients in the IAT arm and |} (ll1%) patients in the maribavir

arm had evaluable CMV genotypic data at baseline.
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Of the patients with evaluable CMV genotypic data at baseline, ||| (%) and I}
(%) had at least one confirmed and previously reported GCV/VGCV, FOS or CDV
resistance-associated mutation in pUL97 and/or pUL54 at baseline, in the IAT- and

maribavir arms, respectively.

Treatment response at Week 8 by IAT resistance status is shown in Table 4,
however, response rates at Week 4 are not available as the only analysed timepoints
in SOLSTICE were Week 8 and Week 20 (Week 4 data, where available, are taken
from a post-hoc IPD analysis conducted to inform the CEM model). Data on clinically
relevant recurrence by resistance status are also not available. Results should be
interpreted with caution as it is not known whether resistance status or mutation type
influenced investigator choice of IAT in SOLSTICE, and some confirmed pUL97 and
pUL54 mutations are known to confer low grade or variable resistance (or only
modest resistance when present alone). In addition, as genotyping is not performed
in routine clinical practice, data to support the effect of resistance mutations on

treatment outcomes are lacking.
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Table 4. Treatment response by resistance status

Baseline resistance status: Resistant

Baseline resistance status: Not resistant

IAT (N=103)

Mar (N=217)

IAT (N=103)

Mar (N=217)

Number at
baseline

n/N

% (95%
cl)

n/N

%

Adjusted
Dif. (95%
Cl)

n/N

% (95%
cl)

n/N

%

Adjusted
Dif. (95%
Cl)

Clearance at 4
wks

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

Clearance at 8
wks

Clinically
relevant
recurrence at
wk 8 for patients
with clearance
at 4 wks

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

Clinically
relevant
recurrence at
wk 20 for
patients with
clearance at 8
wks

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR, not reported

p - please provide the p-value and the respective 95% CI
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A8. Priority question. Please provide unadjusted results for

E) the primary outcome (confirmed CMV viraemia clearance at Week
8)

F) confirmed CMV viraemia clearance and CMV infection symptom
control at Week 8, 12, and 20.

The unadjusted results for the primary outcome are presented in Table B:

Table B: Unadjusted results for the primary outcome

CMV Vireamia clearance response at week 8 IAT (N=117) Maribavir (N=235)
n (%) n (%)

Responders - -

Non responders - -

Unadjusted difference in proportion of responders -

(95% CI)

Note: Unadjusted difference in proportion (Maribavir — IAT) and the corresponding 95% Cl is
computed by the normal approximation method.

Results at Week 8 for the proportion of responders who achieved CMV viremia
clearance and CMV infection symptom control are identical to the results of the
primary efficacy endpoint analysis, indicating that all responders for the primary

endpoint also had CMV infection symptom control at Week 8.

The proportion of responders who achieved CMV viremia clearance and CMV
infection symptom control at Week 8 and maintained the effect through Week 12 and
Week 20 off treatment was approximately || ]l for maribavir-treated subjects

than for the IAT group, regardless of the duration of follow-up (see Table C).

Clarification questions Page 1 of 64



Table C: Confirmed CMV viraemia clearance and CMV infection symptom control at Week 8, 12, and

20
CMV Vireamia clearance and CMV infection IAT (N=117) Maribavir (N=235)

symptom control n (%) n (%)
At Study week 8
Responders
Non responders
Unadjusted difference (95% CI)
At Study week 12
Responders
Non responders
Unadjusted difference (95% ClI)
At Study week 20
Responders
Non responders
Unadjusted difference (95% ClI)
Note: Unadjusted difference in proportion (Maribavir — IAT) and the corresponding 95% Cl is
computed by the normal approximation method.

A9. Priority question. Please provide data on the number of patients
hospitalised at week 4, 8, and 20. Please provide the data by treatment arm,
type of transplant, and response (clearance [CMV/nCMV]) at each timepoint.
Please also provide a breakdown of the reason for hospitalisations due to drug
administration, AE, severe CMV disease or other reasons.

Hospitalisation rates by treatment arm at Weeks 8 and 20 are shown in Table D.
There was a significant J|% reduction (p=0.021) in hospitalisations observed in the
maribavir arm during the on- treatment phase (Week 8) compared with IAT. Data at

Week 4, and subgroup data by transplant type and response, are not available.
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Table D: Hospitalisations

Week 8

Week 20

IAT (N=117)

Maribavir

IAT (N=117)

Maribavir
N=235)

Admissions
Adjusted difference,
maribavir vs IAT

|

iN=235)

Patients with 21 admission, n (
Any admission
General ward admission
ICU admission

Adjusted annual rate, 95% CI
Any admission
General ward admission
ICU admission

%)

IAT)

IAT)

N[

Week 8 rates are adjusted for duration of time on treatment (52 days for maribavir, 35.7 days for

Week 20 rates are adjusted for duration of time in study (132.1 days for maribavir, 92.9 days for

il -

Reasons for hospitalisation by treatment arm are shown in Table E. Reasons were

captured as free text in the CRF and categorised by specified categories of interest
and Medical Dictionary for Regulatory Activities (MedDRA) codes. CMV-related

events (CMV infection/disease and treatment) were the most frequently reported

reasons for hospitalisation.

Table E: Reason for hospitaliation by treatment arm

Reason for hospitalisation

IAT (N=117) | Maribavir

CMV infection/disease

CMV treatment

Neutropenia

Transplant or graft complications

GVHD

AE (unspecified)

Multiple reasons listed

|N235|

MedDRA category

01. Blood and lymphatic system disorder

02. Cardiac disorders

03. Congenital, familial and genetic disorders

04. Ear and labyrinth disorders

05. Endocrine disorders

06. Eye disorders

07. Gastrointestinal disorders

08. General disorders and administration site
conditions

09. Hepatobiliary disorders

10. Immune system disorders

11. Infections and infestations

12. Injury, poisoning and procedural
complications

13. Investigations

Overall
N=352

1 - -

B
5
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14. Metabolism and nutrition disorders

15. Musculoskeletal and connective tissue
disorders

16. Neoplasms benign, malignant and
unspecified (incl cysts and polyps)

17. Nervous system disorders

18. Pregnancy, puerperium and perinatal
conditions

19. Psychiatric disorders

20. Renal and urinary disorders

21. Reproductive system and breast disorders
22. Respiratory, thoracic and mediastinal
disorders

23. Skin and subcutaneous tissue disorders
24. Social circumstances

25. Surgical and medical procedures

26. Vascular disorders

27. Product issues

mubinbibb

unkmbihk

A10. Priority question. Please clarify the criteria for recurrence requiring
treatment in SOLSTICE. If any of the criteria are subjective and so subject to
potential bias in an open-label trial, how was potential bias minimised for the

assessment of clinically relevant recurrence?

No specific additional definition was supplied regarding definition of a recurrent
infection requiring treatment beyond the definition of initial infection requiring
treatment. We would therefore expect the requirement for recurrence requiring
treatment to be the same i.e. The participant must have a documented CMV
infection in whole blood or plasma, with a screening value of greater than or equal to
(>=) 2730 international units per milliliter (IU/mL) in whole blood or >= 910 IU/mL in
plasma in 2 consecutive assessments, separated by at least 1 day, as determined by
local or central specialty laboratory quantitative polymerase chain reaction (qPCR) or
comparable quantitative CMV DNA results. Both samples should be taken within 14
days prior to randomization with second sample obtained within 5 days prior to
randomization. The same laboratory and same sample type (whole blood or plasma)
must be used for these assessments. This threshold was selected following
discussions with regulatory authorities and in careful consideration towards including
patients with clinically significant CMV viremia. The description of recurrence was in

similar terms as “clinically significant.”
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A11. Priority question. Please provide Kaplan-Meier data on the Cumulative
Probability of First CMV Viremia Clearance at Week 4 to CMV Viremia

Recurrence Requiring Alternative Treatment by Treatment Group up to Week 8.

The proportion of patients that had recurrence requiring treatment between week 4
and week 8 is included in Table 12. Given the sample size of patients who have
recurrence requiring treatment between week 4 and week 8 is limited and the time
frame of conducting the survival analysis (a 4-week period) is short, generating
Kaplan-Meier data is not appropriate as the results would not generate interpretable

outcomes.

A12. Priority question. Please provide mortality data at 20 weeks for the safety
population by treatment arm and separately for the rescue arm and for those

randomised to IAT who did not cross over to the rescue arm.

B ) AT and I (ll°%5) maribavir patients died within the first 20

weeks after the first dose.

Of the 22 subjects who received rescue therapy, 1 death was reported during rescue
treatment with maribavir in a subject that originally was given foscarnet. The
Investigator assessed that the death was not related to the subject’s investigator

assigned study treatment (foscarnet) or to rescue treatment with maribavir.

A13. Please provide data on TEAESs leading to discontinuation for patients treated
with cidofovir (safety set, CS Table 28)7?

Il of the six (%) cidofovir patients discontinued study-assigned treatment due to

TeAEs. I
-

A14. In the CS it is stated that, “Any patient who could not reasonably be assumed
to have had a recurrence requiring treatment between weeks 4 and 8 (i.e., due to
death or lack of data on CMV viral load) was excluded from the efficacy analysis”.
Please provide information on how many patients were assumed not to have had a

recurrence and excluded from the analysis.

Please find a response to this question detailed in Table F below:

Table F:Calculation of the number of patients who had a recurrence requiring treatment
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Response status at Week 8

CMV measurements through
week 8 but did not meet
response criteria

Number of subjects from
response at week 4 to
recurrence requiring
treatment at week 8

Alternative anti-CMV
treatment

Discontinuation due to
adverse events

Total included (n)

Discontinuation due to non-
compliance with study
schedule

Due to other reason but
remained in the study

Withdrawal by subjects

Dead (between week 4 to
week 8)

Total (n/N)

AbLAILLELL

Included

Included

Included

Included

Excluded

Excluded

Excluded

b LR

Excluded
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Section B: Clarification on cost-effectiveness data

For any scenarios requested in Section B, please ensure these are
implemented as user-selectable options in the economic model so that these

can be combined.

For all KM data requested and used by the company, please provide the KM

data in Excel, together with the number of patients at risk.

Furthermore, if the company chooses to update its base case results, please

ensure that cost-effectiveness results, sensitivity and scenario analyses

incorporating the revised base case assumptions are provided with the

response along with a log of changes made to the company base case.

B1. Priority question. Given the length of the Excel equations informing the

model traces, model validation in the available time for this STA will be

difficult. In the interest of transparency, please provide a model specification

document which mathematically describes the transitions between states in

the model (in differential or iterative form but absent of any IF/OR/AND

statements included in the Excel model which merely enable scenarios).

In Table G the transitions between each of the five different health state traces

shown in the Markov engines of the model are explained.

Table G: Health state transition matrix

From > To csCMV n-csCMV (1) csCMV n-csCMV (2)

treatment 1 retreatment
csCMV Possible to stay in Patients can only move After week 8, N/A —

treatment 1 | this state up to week from csCMV treatment  those still with patients can
8. After week 8, those 1 to n-csCMV(1) from csCMV are only move in
still with csCMV are week 0 to 8 moved onto to this trace
moved onto retreatment from csCMV
retreatment and move and move to retreatment
to the csCMV the csCMV
retreatment trace retreatment

trace

n-csCMV(1) | This transition is only  This transition is Defined by N/A —
possible up to week defined by the number  the number of patients can
8. The transition is of patients who do not patients who only move
defined by the rate of  have a recurrence in have a into this
recurrence from week each respective cycle. recurrence in  trace from
0 to 4 and then week  You can only stay in each csCMV
4108 the n-csCMV(1) trace if respective retreatment

you clear between cycle
Clarification questions Page 7 of 64
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From = To

csCMV
retreatment

n-csCMV (2)

Table H provides an example of how the different lines in the formulas in the engine

represent the transition calculations. There are five different formulas taken from the

csCMV
treatment 1

N/A - patients cannot
move from the
csCMV retreatment
trace to the csCMV
treatment 1 health
state

N/A - patients cannot
move from the
csCMV retreatment
trace to the n-csCMV
(2) health state as all
patients who clear up
to week 9 are moved
into the n-csCMV(1)
trace or at week 8
those who are still in
this trace are moved
to the csCMV
retreatment trace

n-csCMV (1)

week 0 -8 and never
have a recurrence.

N/A — patients cannot
move from the csCMV
retreatment trace to the
n-csCMV (1) because
this trace can only be
entered into between
weeks 0-8 from the
csCMV treatment 1
trace

N/A patients can only
enter the n-csCMV (1)
trace between weeks
0-8 from the csCMV
treatment 1 trace

csCMV
retreatment

Defined by
the number of
patients who
do not clear in
each
respective
cycle

Defined by
the number of
patients who
have a
recurrence in
each
respective
cycle

n-csCMV (2)

Defined by
the number
of patients
who have a
clearance in
each
respective
cycle

Defined by
the number
of patients
who do not
have a
recurrence in
each
respective
cycle

Markov engine (Maribavir) cells AH18, Al20, AJ20,AK20 and AL20. Each of the
formulas represents a cell calculation from one of the five states in the engine
(csCMV treatment 1, n-csCMV (1), csCMV retreatment, n-csCMV (2) and Dead).

Formula reference 1: Markov engine (Maribavir) - AH18

1

+

4

Formula reference 2: Markov engine (Maribavir) — Al20
=Al19*(1-$P20)*(1-dblDataGraftLossRiskNonClinicallySignificantCMVUsed)*(1-1F(dblControlScenarioRecurrenceFrequency="0n",$AD20,1)*
1 dblDataTrtEfficacyMaribavirRecurrenceSOT8to20Used)

Formula reference 3: Markov engine (Maribavir) — AJ20

1 =AH19*(1-5020)*(1-dblDataGraftLossRiskClinicallySignificantCMVUsed)*
(1-IF(dblControlRetreatment="0n",SAE20,1)*IFS(SAIS$12="Maribavir",dblDataTrtEfficacyMaribavirClearanceSOT8t020Used,SAIS12="IAT" dblDataT rtEfficacyl ATClearanceSOT8to20Used))

+A119*(1-5020)*(1-dblDataGraftLossRiskClinicallySignificantCMVUsed)*
3 (1-1F(dblControlRetreatment="0n",5AE20,1)*IFS(SAI$12="Maribavir",dblDataTrtEfficacyMaribavirClearanceSOT8t020Used,SAIS12="IAT" dblDataTrtEfficacylATClearanceSOT8to20Used))

Formula reference 4: Markov engine (Maribavir) - AK20

Clarification questions

=AH17*(1-5018)*(1-dblDataGraftLossRiskClinicallySignificantCMVUsed)*(1-dblDataTrtEfficacyMaribavirClearanceSOT4to8Used)

+AK19*(1-$P20)*(1-dblDataGraftLossRiskNonClinicallySignificantCMVUsed)*IF(dblControlScenarioRecurrenceFrequency="0n",$AF20,1)*
IFS(SAIS12="Maribavir",dblDataTrtEfficacyMaribavirRecurrenceSOT8t020Used,5AI$12="IAT" dblDataTrtEfficacylATRecurrenceSOT8to20Used)

Al17*(1-$P18)*(1-dblDataGraftLossRiskNonClinicallySignificantCMVUsed) *IF(dblControlScenarioRecurrenceFrequency="0n",$SAD18,1)*
2 dblDataTrtEfficacyMaribavirRecurrenceSOT4to8Used

Page 8 of 64

Dead

Transition
defined by
mortality
rate for
those with
csCMV

Transition
defined by
mortality
rate for
those with
n-csCMV

2 +Al19*(1-SP20)*(1-dblDataGraftLossRiskNonClinicallySignificantCMVUsed)*IF(dblControlScenarioRecurrenceFrequency="0n",SAD20,1)*dblDataTrtEfficacyMaribavirRecurrenceSOT8t020Used



=(AH18*(1-5019)*(1-dblDataGraftLossRiskClinicallySignificantCMVUsed)*
1 IF(dbIControlRetreatment="0n",5AE19,1) *IFS(SAIS12="Maribavir",dbIDataTrtEfficacyMaribavirClearanceSOT8t020Used,SAIS12="1AT",
dblDataTrtEfficacylATClearanceSOT8to20Used))

+
2 AJ18*(1-$019)*(1-dblDataGraftLossRiskClinicallySignificantCMVUsed)*
IF(dbIControlRetreatment="0n",$AE19,1)*IFS(SAIS12="Maribavir",dblDataTrtEfficacyMaribavirClearanceSOT8t020Used,SAIS12="1AT",
dblDataTrtEfficacylATClearanceSOT8to20Used)

+AK18*(1-$P19)*(1-dblDataGraftLossRiskNonClinicallySignificantCMVUsed)*
(1-IF(dblControlScenarioRecurrenceFrequency="0n",5AF19,1) *IFS(SAI$12="Maribavir",dblDataTrtEfficacyMaribavirRecurrenceSOT8to20Used,SAIS12="1AT",
dblDataTrtEfficacylATRecurrenceSOT8to20Used))

Formula reference 5: Markov engine (maribavir) — AL20

1 2 3

=(AH19+AJ19)*$020+(AI19+AK19)*$P20+AL19

Table H: Example transition matrix

csCMV csCMV

treatment 1 "CSCMV()  otreatment  MCSCMV(2) Dead
(1] N/A [1] 1] [1]
(2] [1] 2] N/A 2]
N/A N/A [3] 2] [1]
N/A N/A 4] 3] 2l
N/A N/A N/A N/A 3]

B2. Priority question. Given that most of the parameters used in the economic
model were sourced from the company’s IPD analysis, and the lack of detail
provided for the latter, please provide the statistical plan for the IPD analysis
(and subsequent report), together with the definition of outcomes used and

any additional detail relevant for the analysis conducted.

The IPD analysis was conducted post-hoc. We have provided a report in response to

these questions

B3. Priority question. Given that lack of detail provided in the CS around

hospitalisations in the model, please provide a detailed description of:

- what assumptions were made to model hospitalisations in each
treatment arm and what were the assumed reasons for patients in the model

needing hospitalisation;
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As the underlying disease type (SOT or HSCT) is very different, and there is a difference in
the severity of csCMV and n-csCMV patients, the hospitalisation rate used in the model is
transplant- and health-state specific. Hospitalisation rates in the IAT and maribavir treatment
arms are assumed to be the same, with patients assumed to require hospitalisation due to

recurrence of CMV and complications relating to a patient’s transplant.

- how the assumptions made in the model relate to the hospitalisations
observed in SOLSTICE;

The hospitalisation rate used in the model is taken directly from SOLSTICE and converted

into a 4-week probability (see Table N in response to Question B5).

- what input parameters were used to estimate the proportion and the
cost of hospitalisations and justify the choice of source for the parameters.
The cost of a hospitalisation for n-csCMV and csCMV has been sourced from the NHS
Reference Costs 2019/20 with an HRG code of WJ02 (major infectious disease). This code
was used as the ICD-10 codes that relates to “Other cytomegaloviral disease” (B25.8) and
“Cytomegaloviral disease, unspecified” (B25.9) correspond to the HRG code WJ02 using the
HRG4+ 2020/21 National Costs Grouper. csCMV uses a weighted average of the total cost
and activity of HRG codes WJ02A and WJ02B (major infectious diseases with multiple
interventions and major infectious diseases with single intervention respectively), while n-
csCMV uses a weighted average of WJ02C and WJ02D (major infectious diseases without
interventions, with CC score 6+ and 3-5 respectively). Patients hospitalised with n-csCMV
have lower severity and therefore and not expected to require additional interventions when
hospitalised, while patients hospitalised with csCMV are assumed to require additional
interventions due to the increased severity of disease. Takeda have taken a conservative
assumption around hospitalisation events in the model by assuming a high cost for the n-

csCMV state, a lower cost estimate would favour maribavir (see response to B29).

B4. Priority question. In TA591, the ERG noted that, “A significant proportion
of people with haematological cancers will experience relapse in their
underlying disease following a SCT. These people will incur additional
resource use and experience lower quality of life”. The ERG added that, “This
[the omission of relapse from the model] is problematic as the costs and QALY
decrements associated with relapse will not impact evenly on the two groups
due differences in the number of patients at risk in the two groups (different
mortality rates)”. Therefore, please justify why relapse post-HSCT was not

included in the company’s base case and include a scenario analysis where
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this is included in the model. The ERG suggests using the 47% from the HMRN
data from TA591, if deemed appropriate by the company.

Scenario settings: In the Disease Complications sheet, functionality has been added
to include the impact of a HSCT relapse for patients. Specific details of the scenario

are outlined below in Table I.

Table I: Scenario B4 — inclusion of HSCT relapse

ICER
Total costs Total LYs Total QALYs incremental
(E/QALY)

Scenario
Maribavir -E
IAT -
Base case

Maribavir
The utility decrement associated with a relapse is -0.01 which was derived by taking

|
|

IAT

the difference in reported utility score for patients with AML from Leunis et al. (2014)

and the general population utility reported by Ara et. al. (2011).

In this scenario the probability of relapse was assumed to be 47% and a one-off
impact was assumed at week 52. Whilst the disutility impact is assumed to only
effect a patient for 3-months, the costs of a relapse is assumed to be incurred for two
years. The cost of a relapse (£55,529) was derived by taking the three-month cost of
£6,375 for a HSCT relapse reported in TA451 (ponatinib for treating chronic myeloid
leukaemia and acute lymphoblastic leukaemia) and inflating it to 2021 values. This

2021 value was then adjusted further to account for two years of treatment.

Treatment effectiveness

B5. Priority question. Please provide a comparison of the model and
SOLSTICE outcomes (survival; number of CMV recurrences; number of CMV
clearances; hospitalisations) for all the available time points in SOLSTICE

(please see table A as an example).

Table A. Percentage of patients dead in the model and in SOLSTICE
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% death weighted by SOT and
HSCT in the model Trial
Difference in
mortality Difference in
Time (Weeks) maribavir IAT maribavir | IAT mortality
0 0.0% 0.0% 0.00% 0.0% 0.0% 0.0%
4 3.2% 3.2% 0.00% 3.4% 2.6% -0.8%
8 5.4% 5.4% 0.00% 6.0% 4.3% -1.7%
12 7.1% 7.5% 0.33% - -
16 8.8% 9.4% 0.59% - -
20 10.5% 11.2% 0.79% 10.7% 9.5% -1.2%

Comparison of SOLSTICE and model outcomes are provided in Tables J-P below:

Table J: Mortality trace from the model versus mortality in SOLSTICE

Mortality % in the model-
weighted by SOT and HSCT

SOLSTICE trial
mortality

Model trace vs
SOLSTICE trial

Time
(weeks)

Maribavir

0

4

8

12

16

20
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Table K: Clearance trace from the model versus clearance in SOLSTICE

Clearance

Clearance % in the model-

weighted by SOT and HSCT

SOLSTICE trial
clearance

Model trace vs
SOLSTICE trial

Time

Maribavir

(weeks)

IAT Maribavir

IAT

Maribavir

IAT

0
4

8
12
16
20

Table L: Clearance inputs used in the model vs clearance in SOLSTICE

Clearance Clearance input used in the model SOLSTICE trial clearance
Time (weeks) Maribavir Maribavir IAT
0 ] [
4 | .
8 || .
12 .
16 N .
20 -

AThe values used in the model were converted into 4-week probabilities using the week 0-8 IAT clearance values from
SOLSTICE

It is not possible to calculate the model trace for recurrence as some patients in the
csCMV health state will not clear; as these patients are not tracked, the number of

patients who recur cannot be calculated.

Table M: Recurrence requiring treatment inputs used in the model versus recurrence requiring
treatment in SOLSTICE

Recurrence Recurrence requiring treatment input | SOLSTICE trial recurrence
used in the model requiring treatment
Time (weeks) Maribavir IAT Maribavir IAT
0
4
8
12
16 I I I I

AThese values were converted into 4-week probabilities using the recurrence values for maribavir (26.0%) and IAT (35.7%)
from the SOLSTICE trial.
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Table N: Probability of hospitalisation used in the model versus the hospitalisation rate in SOLSTICE

Hospitalisations

4-week probability
of hospitalisation

Difference in

Rate of

hospitalisation in

in the model # SOLSTICE Difference in
hospitalisation hospitalisation
Health state - SOT | HscT soT | HscT
transplant type
csCMV I I
n-csCMV N N I I I

AThe 4-week probability of hospitalisation used in the model is the rate of hospitalisation from SOLSTICE converted into a 4-

week probability.

Table O: Hospitalisation trace in the model (calculated using the total cohort of 1000 patients)

Hospitalisati
ons

Maribavir

IAT

Cycle

SOT

HSCT

SOT

HSCT

0

4

8

12

16

20

Table P: Hospitalisation trace in the model (calculated using the number of patients alive in each

cycle)

Hospitalisati
ons

Maribavir

IAT

Cycle

SOT

HSCT

SOT

HSCT

0

4

8

12

16

20
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B6.Priority question. Please conduct a scenario analysis where the primary
outcome data from SOLSTICE (i.e. confirmed CMV viremia clearance at week
8) is used to estimate the first clearance events in the model. In other words,
please remove 4 week outcomes from the model, and assume that the first

cycle in the model after week 0 is week 8.

The scenario analysis is presented in Table Q below:

Table Q: Scenario B6 — week 0-8 clearance set to zero, and week 8 clearance set to response
observed in each treatment arm at week 9 (maribavir 55.7%, IAT 23.9%)

ICER
Total costs Total LYs Total QALYs incremental
(E/QALY)
Base case
Maribavir - - -
AT _— _— mu | .
Scenario
Maribavir - - -
AT _— _— mu | .

This scenario results in a decrease in the ICER, compared with the base case in the
Company Submission (Sl /QALY). Takeda opted to use a four-week ICER to
capture evidence of treatment response occurring before the primary endpoint date

as illustrated in Figure 1 below.
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Figure 1: Cumulative probability of first CMV viremia clearance within study week 8

Whilst removing the first cycle from the model improves the ICER, by using 4-week
cycles, Takeda have ensured that the model better reflects the outcomes observed
in the trial. In addition, the use of the 4-week cycles prevents the need to incorporate

a half-cycle correction.

B7.Priority question. Please confirm what is the assumption on time elapsed

since surgery when patients enter the economic model and discuss:

A. the potential discrepancy between the latter assumption and time
since surgery for patients who enrolled in SOLSTICE (as
requested in question A4). For example, the ERG is concerned
that patients >3 months post-surgery are being exposed in the

model to the full 52 weeks of increased risk post-surgery. Similar
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issues are expected to be observed for the modelled time in
hospitalisation due to surgery;

B. why 52 weeks was the chosen time point for when patients enter
the “dead/alive” model and if the company has a clinical rationale
for specifically capturing the first 52 weeks after patients initiated

treatment with maribavir in the model.

A: As time since surgery was not captured in the SOLSTICE trial we sought clinical
expert opinion to inform a plausible assumption with regard to the time period over
which patients in the R/R CMV population are considered to be at risk of CMV
reactivation. We also considered the approach taken in the NICE appraisal of
letermovir for CMV (NICE TA591, 2019) and discussed with clinical experts the
relevance of this to the R/R CMV population.

Clinicians considered 52 weeks to be a reasonable assumed duration for this period
from the inititiation of treatment for those eligible for maribavir. The clinical experts
also noted that some patients will continue to have reactivations beyond 52 weeks

but as a simplifying assumption, a 52 week cut off was reasonabile.

It should be noted that, although the assumption aligns with the NICE appraisal of
letermovir for CMV (NICE TA591, 2019), the R/R population are a more severe risk
group, and represent only a minority of the population modelled in TA591. This
higher risk subgroup are likely to need continued treatment for longer and are more
prone to needing hospitalisations, whether it be for intravenous anti-CMV treatment

or for the management of complications such as graft rejection.

B: The choice to adopt a 2-state Markov model from 12-months onwards was
decided through discussions with clinicians from Takeda and an advisory for
maribavir (Takeda UK Ltd, 2021). The clinicians advised that the treatment of
patients with CMV was not for an indefinite period and almost all patients would be
off treatment at 12 months, this is because patients’ immunity recovers overtime
which results in natural clearance of CMV without the need for an intervention. For
this reason, the model does not track CMV status beyond 12 months, and in the
second stage (post 12-months) a 2-state Markov model with alive and dead states

are used.
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Clinicians (Takeda and advisory board experts) advised that continuing treatment
beyond 12 months occurred in only rare cases and that it was a reasonable
simplifying assumption to shift to the 2 states alive/dead Markov model post-12
months. Incorporating these rare cases in the model would be challenging for two
key reasons: 1) the uncertainty around treatment effectiveness (clearance and
recurrence) in the long term; 2) the absence of clinical guidelines for long-term
treatment of CMV in an R/R population. Clinicians indicated that there would be
considerable variation in practice in the treatment pathway beyond 12-months where
physicians would determine treatment on a case-by-case basis. Given the expected
variation in practice in these rare cases, predicting outcomes for patients would
require more complex modelling methods (i.e., a discrete-event simulation) which is

not feasible in the absence of robust clinical data.

It should also be noted that the approach (shifting to an alive dead model after 12
months) is consistent with the methods used in a recent health technology appraisal
of a prophylactic anti-CMV agent by the National Institute for Health and Care
Excellence (NICE TA591, 2019). In this appraisal, a decision tree was used for the
first 12 months, and then a 2-state Markov model (Alive and Dead health states) for

the remainder of the model horizon.

B8.Priority question. Please conduct a scenario analysis to reflect the different
populations in SOLSTICE with regards to time since surgery. Based on clinical
expert opinion, and the Hakimi et al. 2017 paper used by the company, the
ERG suggests running the model for patients in SOLSTICE who had surgery:
less than 3 months before starting treatment with maribavir; between 3 and 6
months; between 6 months and 1 year (if any); and after 1 year (if any),
separately, given the expected change in risk of CMV events, graft loss,
hospitalisation, and death associated with these periods. Please estimate the
resulting total ICER by weighting each separate ICER by the appropriate
proportion of patients in SOLSTICE who had surgery within the different
periods of time (i.e. <3 months; 3-6 months; 6-12 months; >12 months; as
requested in question A4.) Please ensure that patients entering the model do
so according to their time since surgery (for example, patients in their <3

months since surgery would experience the same outcomes as patients
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currently experience in the model from cycle 0, whereas patients in their 6-12
months post-surgery period would experience the outcomes associated with
the current model at, for example, month 9 (which would become cycle 0 for

these patients). Consequently, please ensure that the following outcomes are

adjusted accordingly:

A. post-surgery hospitalisation costs (the ERG has learned from
clinical experts that SOT patients stay, on average, 4 to 6 weeks in
hospital post surgery while HSCT patients stay in hospital for 3 to
5 weeks after transplantation);

Time since transplant was not captured in the SOLSTICE trial, therefore this analysis
is not possible. However, it should be noted that patients in SOLSTICE and the
model are those who are R/R to existing treatments, and thus, it would be
reasonable to assume that patients would be at least six weeks post-transplant
before a patient is classified as R/R.

B. survival rates;

Time since transplant was not captured in the SOLSTICE trial, therefore this analysis
is not possible.

C. probability of graft loss (please see question B23) are adjusted
accordingly;

See response to B23.

D. depending on the answer to question A4 (regarding the relative
treatment effect of maribavir), please also adjust the rates of CMV
clearance and/or recurrence according to time since surgery, if

appropriate.

Time since transplant was not captured in the SOLSTICE trial, therefore this analysis
is not possible. It should also be noted that Takeda have been advised by clinicians
that time since surgery would not be expected to be a factor of treatment efficacy.
Rather, the fact that patients are classified as R/R means they have limited treatment
options, and therefore, treatment response (clearance) is expected to be lower in this
cohort compared with patients who have had their first CMV episode. The same is
true for relapse following response (recurrence) which is expected to be higher in an
R/R cohort. This is confirmed by the low rates of clearance (18.8% of patients

achieved clearance at week 8), and high rates of recurrence (35.7% of patients had
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recurrence requiring treatment after achieving clearance at week 8) observed in the
IAT arm of the trial which best reflects current practice (Table 14.2.3.2.1 and Table
14.2.3.17 of the CSR respectively).

B9. Priority question. Please run a scenario analysis combining the analyses
requested in question B6 and B8, making all the necessary adjustments in

outcomes.

No additional scenarios were completed for B8, therefore, combining the scenarios

requested for B6 with B8 is not possible.

B10. Priority question. Please conduct a scenario analysis using the KM data
on confirmed CMV viremia clearance available from SOLSTICE to fit and
extrapolate survival curves (according to NICE TSD 14) in order to estimate the
proportion of patients with clearance in the model between week 0 and week

52 for each treatment arm.

The economic model incorporates an assumption that all patients who remain in the
csCMV state will require treatment. In the first 8 weeks, the probability of clearance
has been extracted directly from the SOLSTICE trial using 4 week cycles. After the
first 8 weeks, patients remaining in the csCMV state are assumed to require
retreatment where patients are treated with one of the four anti-CMV drugs that
make up IAT. The efficacy of the IAT drug is assumed to have the same efficacy
(treatment response) as was observed in the first 8 weeks. This is a reasonable
assumption in an R/R cohort given that these patients have already been treated
with one of the IAT drugs at the start of the SOLSTICE trial, therefore, already reflect

a population receiving retreatment.

Using KM data to fit survival curves on clearance would not be an appropriate
analysis for several reasons. First, patients can have bidirectional movement
between response status i.e., a patient who achieves response can relapse and then
achieve response again. Furthermore, given that the event of interest in the survival
analysis would be time to clearance which is most prominent in patients during the
on-treatment phase of the trial, the first 8 weeks of the data is the most robust
estimator for clearance in the economic model (rather than an extrapolation of the
first 8 weeks). It should also be noted that patients in the IAT arm have switched to
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rescue arm and some patients have started alternative anti-CMV treatment. This
means that extrapolating the time to response beyond week 20 will have many
confounding effects such as patients switching to other lines of therapy, patients
change of health states (response to recurrence). Unless all unmeasured
confounders are adjusted in the model, the outcome of the analysis may lead to
confounding bias and hence factors which are prognostic to the outcome of interest

might not be predicted/estimated accurately.

B11. Priority question. Please conduct a scenario analysis using the KM data
on CMV viremia recurrence requiring alternative treatment after first CMV
viremia clearance at week 8 available from SOLSTICE to fit and extrapolate
survival curves (according to NICE TSD 14) in order to estimate the proportion
of patients with recurrence CMV in the model between week 0 and week 52 for

each treatment arm.

CMV recurrence requiring alternative treatment data is available in the trial from
week 8 onwards and up to week 20. For recurrence, only those patients that
achieved clearance are at risk of having a recurrence over this time period. This
reduces the patients at risk of recurrence, and extrapolation of this period is an

inappropriate methodology.

B12. Priority question. Please explain why patients in the maribavir arm who
are on treatment (before 8 weeks) and off maribavir treatment (everyone from
week 9 to week 52) are assumed to have the same probability (that associated
with maribavir treatment) of remaining in the n-csCMV state and the same
probability of recurrence. Please provide the equivalent explanation for

patients on IATs.

From week 4 to week 8, the probabilities for recurrence requiring treatment are 0.19
and 0.31 for the maribavir arm and the IAT arm, respectively. These probabilities
determine the proportion of patients no longer in the n-csCMV state, and therefore,

the proportion who remain.

After week 8, these probabilities are not the same as they are based on the data
from week 8 to 20 in SOLSTICE, which are extrapolated up to week 52 to inform the

remainder of the first phase of the model. The probabilities applied in the model after
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week 8 up to week 52 are 0.10 and 0.14 for the maribavir and IAT arms,

respectively.

Treatment-specific probabilities of recurrence requiring treatment were used as this
was a key outcome demonstrated in the SOLSTICE trial, showing that maribavir
treatment was associated with a lower requirement for subsequent anti-CMV

treatment for a recurrent CMV episode.

Patients in the model who have a recurrence requiring treatment transition to the
csCMV state and receive a subsequent IAT therapy at which point IAT-specific

transition probabilities continue to be applied regardless of the initial treatment.

B13. Priority question. Please conduct a scenario analysis where patients in
the maribavir and the IAT arms of the model in the n-csCMV state (off
treatment) have the same background probability of experiencing events in the
model. Given that the KM data on CMV viremia recurrence requiring alternative
treatment after first CMV viremia clearance at week 8 available from SOLSTICE
suggests that there is no difference in time to recurrence across treatment
arms, the ERG suggests that the company pools the data in the two treatment
arms to estimate the probability of recurrence (through fitting and
extrapolating the pooled KM data according to NICE TSD 14). Alternatively, the
ERG suggests that the company sources these data externally, according to
other factors such as, for example, type of transplant; organ transplanted; type

of immunosuppression treatment being received, etc.

CMV recurrence requiring treatment was an important outcome of the SOLSTICE
trial, which demonstrated that maribavir was associated with a reduction in the
proportion of patients requiring subsequent anti-CMV therapy to treat a recurrence
following clearance of the initial CMV episode.

The KM plot referred to (see ERG Additional Request at the end of the CQ
responses) demonstrates this difference in recurrence requiring treatment between
the maribavir and IAT groups. There is some uncertainty in these estimates;

however, the uncertainty of the probabilities applied in the economic model has been
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captured within the probabilistic sensitivity analysis and, therefore, the data and its
uncertainty has been appropriately captured within our analyses.

Furthermore, the use of survival analysis to extrapolate these data is not
methodologically appropriate given the bidirectional transitions that apply within the

Markov model. See response to B10 for more details.

B14. Priority question. A proportion of patients in the model seems to spend a
clinically implausible time in the CMV state for the first 52 weeks of the model.
For example, in the maribavir arm, about 5% of HSCT patients spend 52 weeks

continuously in the CMV state. Therefore, please:

A) Discuss the clinical plausibility of this assumption;
Takeda received clinical advice that it is difficult to predict the duration of time that
patients have CMV. Clinicians confirmed that there is a small proportion of patients
who will have CMV for a prolonged period of time, but we note that due to
fluctuations between health states these are not the same patients at each time
point. Furthermore, it would be difficult to quantify this number. Due to limited
evidence, Takeda are of the view that in current practice approximately 10%-12% of
patients having CMV for prolonged periods of time is a reasonable reflection of
current practice. Table R provides details of the proportion of patients in the cvCMV

health state for 12 months.

Table R: Proportion of patients occupying the csCMV health state for 12 months
SOT HSCT

Maribavir - -
IAT ] ]

B) Conduct a scenario analysis where patients are not allowed to
stay in the CMV state for longer than a clinically plausible period.

A limitation of a standard Markov modelling approach is the lack of memory and
ability to track the past experiences of patients in the model. One method of
implementing memory into the model is relaxing the Markov assumption and
incorporating tunnel states. However, due to there not being a definitive clinical view
(or published data) of the length of time a patient with R/R CMV will have CMV,
incorporating tunnel states becomes increasingly problematic with no firm evidence

for the appropriate number of 4-week tunnel states. In addition, the model would
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become more complex, require more computational power with languages such as R

becoming more appropriate rather than Excel.

Takeda are of the view enhancing model complexity would not be reasonable in this
instance, and the 3-state Markov model developed as part of our submission is a
pragmatic reflection of patient experience, and the overall structure was well
understood and received by both health economists and clinicians when presented
during advisory boards. Furthermore, it should be noted that the model retains the
functionality to enter alternative recurrence probabilities to patients who have
achieved clearance after their first treatment versus subsequent treatments. Takeda
explored this functionality with clinicians but received advice that it would be most
appropriate to use the SOSTICE data as the preferred input. For the reasons
described above, Takeda have decided not to complete the scenario requested in
B14.

B15. Priority question. The clinical experts advising the ERG explained that the
number and probability of recurrence of CMV events after surgery (especially 1
year after surgery) are highly dependent on the type of organ transplanted (for
SOT patients); the underlying cause of disease leading to surgery; and
ultimately, the need for immunosuppressive treatment throughout patients’

lives. Therefore, can the company please:

- for the first 20 weeks after patients initiate treatment in the model:
ensure that the number of CMV clearances and recurrences
modelled in the first 20 weeks of the model approximately
matches the number of CMV recurrences and clearances
observed in SOLSTICE;

Please see response to B5, it is not possible to calculate the model trace for
recurrence as some patients in the csCMV health state will not clear; as these
patients are not tracked, the number of patients who recur cannot be calculated.

- between week 20 and week 52 of the model: use the extrapolated
survival curves requested in B10 and B11 to estimate the
probability of recurrence (and associated retreatment) and

clearance;

Clarification questions Page 24 of 64



Please see response to B10 and B11
- after year 1 in the model: consider modelling the probability of

CMV recurrence separately for patients requiring lifetime
intensive immunosuppression (for example, lung transplant
patients) and therefore likely to have CMV recurrences, and those
not requiring immunosuppression (such as HSCT patients without
GVHST) and therefore unlikely to have CMV recurrence after year
1 (as is currently assumed in the model).

Information on patients requiring immunosuppression and those that did not require

immunosuppression are not available, however Takeda agree that it would be

reasonable to assume that heart and lung transplant patients would require lifetime

immunosuppression. Organ type could be a reasonable surrogate for

immunosuppression status, however subgroup analysis of the SOLSTICE data by

organ type are not available to allow this scenario to be modelled.

B16. Priority question. Clinical expert opinion provided to the ERG indicated
that HSCT patients with chronic GVHST (i.e. unresolved GvHST at 100 days
post surgery) have higher probability of CMV recurrence due to intense
immunosuppressant treatment and are expected to not survive beyond 2 years
after surgery. Therefore, please incorporate this subgroup of HSCT patients in
the model assuming an equal proportion of GVHST in both treatment arms at

baseline and based on pooled data on GVvHST prevalence in SOLSTICE.
The presence of GVHST was not an exclusion criteria in the SOLSTICE trial, and

Table 2 (response to A5 above) details the number of GVHST patients in the IAT and

maribavir arms. Therefore the subgroup are already incorporated in the mortality

data. The numbers are || N it~ I @l%-) acute and | (%)

chronic GvHD patients reported in the IAT arm and |l (%) acute and |
(%) chronic GvHD patients reported in the maribavir arm.

Clinical feedback has indicated that whilst there is an association between GvHD
and CMV the causal nature of the relationship is unclear, particularly regarding the
effect of CMV on the incidence of GvHD.
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Furthermore, the causal relationship that CMV causes GvHD is not well evidenced in
the literature, and Takeda were only able to identify a single study that supported the
relationship (Cantoni 2010 doi: 10.1016/j.bbmt.2010.03.020).

Mortality

B17. Priority question. The company’s approach to estimating survival in the
model indirectly assumes a survival benefit associated with maribavir from
week 8 - week 52 through separating survival rates by csCMV status. Given
that survival in SOLSTICE was not statistically significantly different between
treatment arms (and showed a numerical advantage in the IAT arm), please
conduct a scenario analysis where mortality in the model from week 8 to week
52 is estimated in the same way as for week 4 to week 8 (i.e. differing only by

type of surgery and not by CMV status and using data from SOLSTICE).

Takeda have received advice from clinicians that there is an important relationship
between CMV outcomes and mortality. The model has been designed to capture this
relationship. In fact, the ERG for TA591 noted that one of the key limitations of the
model developed by the manufacturers for another CMV indication was the inability
of the model to capture health state differences in mortality (TA591 Appraisal
Consultation Committee Papers p 345). The model we have developed, which has
been actively informed on by clinicians and health economic experts in the UK,
includes the relationship between CMV and other important clinical outcomes such

as mortality, utility and healthcare resource utilisation.

B18. Priority question. The ERG has consistently received clinical expert
advice (which is consistent with the Hakimi et al. 2017 paper) that post-surgery
mortality is expected to be higher for the first 6 months post-surgery, to then
drop, followed by another considerable drop at the end of year 1 after surgery.
However, in the economic model patients have the same risk of death from

week 8 to week 52. Therefore, can the company please:

C) Explore the use the overall survival KM data available from
SOLSTICE to fit and extrapolate survival curves (according to
DSU TSD 14) in order to estimate survival in the model between

week 0 and week 52 for each treatment arm;

Clarification questions Page 26 of 64



D) If the extrapolations do not result in a decrease in risk of death
between month 6 and month 12, discuss the potential explanation
and explore if there is any connection between the mortality rates
observed in SOLSTICE and time since surgery for trial
participants requested in question A4.

Time since transplant was not captured in the SOLSTICE trial, therefore the analysis

request in part C and D is not possible.

B19. Please conduct a scenario analysis where the sex- and age-specific general
population mortality rates which have been summed to the transplant specific
mortality probabilities from the trial are removed from the model (given that these are
competing risks).

In the first 12 months, general population mortality has been removed, the results

are presented below in Table S:
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Table S: Scenario B19 - general population mortality in the first 12-months removed

ICER
ITT Total costs Total LYs Total QALYs incremental
(E/QALY)
Base case
Maribavir - - -
AT _— — ma | .
Scenario
Maribavir - - -
AT _— — ma | ==

e Under this scenario, the ICER reduces only fractionally compared to the base

case (I vs Sl in the base case)

Mortality - HSCT population

B20. Priority question. The company’s approach to estimating survival in the
model currently generates a clinically implausible scenario where patients in
the HSCT population in the n-csCMV state have a probability of dying of 1.3%
every 4 weeks from week 8 to week 52, but have an increase in mortality after
week 52 to 1.5%. Clinical expert opinion provided to the ERG informed that
HSCT-related mortality is at its highest during the first year post-surgery,
therefore, having a mortality increase in the model after year 1 (particularly for
n-csCMV patients) does not seem plausible. Please make the necessary

amendments to the model inputs to portray a clinically plausible scenario.

In the scenario, the background HSCT mortality are applied from week 0 rather than

week 52. The results are presented in Table T below.
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Table T: Scenario B20 — background HSCT and SOT mortality applied from week 52 onwards and
used for the background mortality for week 0 to 52

ICER incremental
ITT Total costs Total LYs Total QALYs
(E/QALY)
Base case
Maribavir o ] C
IAT
o ] C
Scenario
Maribavir o ] C
C
AT o ] C

B21. Priority question. Please provide the HMRN study used to inform the
estimation of mortality in HSCT patients after week 52 in the model, and the
data used by the company to infer that “after year 5, the HMRN data showed
high attrition”. Please ensure that the data provided reports patients’
characteristics so that the comparability between the HMRN and the
SOLSTICE populations can be studied.

Takeda does not have access of these materials. Rather the materials were derived
from the materials available on the NICE website for TA591, within the Appraisal
Committee Papers. Below are screenshots of the relevant pages.

Figure 2: HMRN data from TA591

Years post SCT Mortality rates in ERG preferred mortality

company base-case | rates based on HMRN data
2 2.7% 19%
3 2.9% 1%
4 3.1% 5%
5 5.4% 6%
6 5.4% 8%

Source: TA591, Appraisal Consultation Committee Papers, page 36
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Figure 3: ERG comment on high attrition of HMRN data
6.3.6 Mortality data in the Markov phase

The ERG are concerned that data used by the company to model mortality in the Markov phase of the
model. This is of particular concern because the life expectancy of patients in the Markov phase of the
model 1s a key driver of incremental QALYs and hence cost-effectiveness. To explore the uncertainty
regarding the long-term mortality of patients the ERG obtained data from the HMRN on all patients
recerving HSCT (See appendix 10.3). Overall survival data was available for 197 patients with a
maximum follow up of 12 years. Due to the significant attrition in the data, the ERG opted to use the
first 5 years of data. Post 5 years, the ERG took two approaches to modelling mortality. In the first
scenario, mortality was estimated using relative risks applied to general population mortality from

IIS

Wingard et al™ as per the company’s base-case analysis. In the second scenario, mortality was

11/05/2018 120

CRNCHE Diniversity af Yark FREG Repart: Tetermevie for the proplylavis af evtemegalavicus reactivation ar disease in peaple with

seropositive-cytomegalovirus wha have had an allogeneic haematopoietic stem cell transplant: A Single Technology Appraisal

estimated using relative risks applied to general population mortality from Martin er a”® (RR 4.5).
Martin et al present a similar analysis to the Wingard et al'*, but includes fewer paediatric patients and
has longer median follow up. The results of these two scenarios are present in Table 48. In the
scenario using the Wingard er al'* data to model post 5 year mortality incremental QALYs decrease
by ~20% resulting in modest increase in the ICER to £13,563 per QALY This contrasts with the
second scenario using the Martin data where incremental QALY's decrease only slightly with minimal
impact on the ICER (£11,242 per QALY). The reason for this difference is that the Wingard et al'®
data 1s much more pessimistic regarding the mortality of patients post HSCT. This is likely, because
the Wingard includes a greater proportion of paediatric patients for which higher mortality ratios have
been observed due to the low expected mortality rates in these age groups. Given this the ERG

preferred analysis 1s to use a combination of the HMRN and Martin data as per scenario 2.

Source: TA591 Appraisal Consultation Committee Papers p 445
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Figure 4: HMRN data redacted in the Appendix

CRIMCHE University of York EBG Report: L

SN e =L enviras wiha kave had ar

“able 53: Relapse/Response data

II|'|I -"|| I|

11/05/2018 140

Source: TA591 Appraisal Consultation Committee Papers pp 465-466

Mortality - SOT population

B22. Please clarify why liver DCD transplants were not considered to estimate

mortality in the long-term for liver transplanted patients given the information was
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available in the NHS Blood and Transplant report used to inform the other long-term

mortality estimates.

Liver DCD has now been included in the SOT mortality calculations with a minimal
change in the ICER (Table U).

Table U: Comparison between previous base case and base case with liver DCD included in the
mortality calculations

ICER
ITT Total costs Total LYs Total QALYs incremental
(E/QALY)

Existing base case
Maribavir I I I

AT ] . . —
Base case with liver DCD
Maribavir I I I

AT . . _— —

Transplants

B23. Priority question. The ERG disagrees with the company’s interpretation
and use of the SOT data from Hakimi et al. 2017. The CS reports a, “2-year
probabilities of graft loss of 9.41% in patients who do not have CMV within 3
months of SOT, and 10.81% in those who have CMV in this period”.
Nonetheless the ERG notes that:

A. the 9.41% and 10.81% estimates seem to be based on 1 year (and thus
are not 2-year estimates) - therefore, please adjust these accordingly in
the model.

In the study by Hakimi et al., (2017) the authors state that the ‘Transplant recipient
were followed up to 24 months after the index date’. Table 3 reports rates of graft
loss among patients with CMV who were followed up for at least 12 months. From
this table we have estimated the risk of graft loss in a cohort with CMV, it is reported
that 61 out of 2146 patients had a graft loss event. Takeda have made an

assumption that these patients were followed up for the maximum 24 months,
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however, we recognise there is a level uncertainty around this data so we have
provided scenario results to reflect the outcome of the model assuming the events
occur at 12 months. Using this alternative assumption results in an ICER of £ i}
per QALY, compared to £- per QALY in the base case of the Company

Submission (Table V).

Table V: Scenario B23A — 4-week probability of graft loss (n-csCMV) is adjusted for one year instead
of two years.

ICER
ITT Total costs Total LYs Total QALYs incremental

(E/QALY)
Base case
Maribavir ] ] ] -
IAT ] [ ] |
Scenario
Maribavir ] ] ] -
IAT ] ] . 1N

B. the paper provides the change in risk of graft loss by time of CMV event
within 3 months of surgery; 3 months post-surgery; and 6 months post-
surgery; however, the company is using the initial 3 months post
surgery estimates (which have shown to be non-statistically significant
across CMV and non-CMV patients) for the entire model time horizon.
Therefore, please:

-take into account the mean time since surgery upon enrolment of
patients in SOLSTICE (requested in question x) to estimate the
risk of graft loss in the first 3 months of the model according to
Hakimi et al. 2017;

- make a distinction between the risk of graft loss in the first
3 months; post 3 months and post 6 months of the model
where appropriate (and depending on time since surgery at
baseline in SOLSTICE).
Time since transplant was not captured in the SOLSTICE trial, therefore this analysis
is not possible. In addition, Takeda have taken the most conservative estimate when
incorporating the data from Table 4 of the study by Hakimi et al., (2017) into the

economic model. If Takeda were to choose an alternative timepoint from Table 4 of
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this study, it would result in the model incorporating an assumption in favour of

maribavir.

C. the paper provides the change in risk of graft loss by type of organ
transplant. Given the layout of the model traces already allows for this
distinction, please use the probabilities for organ failure for each type of

organ in the model.

The assumptions around graft loss reflects a conservative approach by Takeda.
Hakimi et al., (2017) reported that overall, 202 out of 2146 patients had a graft loss
event, which was then used to determine the risk of graft loss for patients in the n-
csCMV health state.

If Takeda were to incorporate risk of graft loss by transplant type into the model, the
results would further favour maribavir. With this assumption, the risk of graft loss
would be lower in the n-csCMV state which is the state patients in the maribavir arm
of the model spend the longest duration. The lower risk can be quickly assessed by
using the data from Hakimi et al., (2017) and generating an updated weighted
average ‘overall’ category which aligns with the transplant distribution in the trial. The

weighted average method is illustrated in Table W below:
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Table W: Weighted risk of graft loss using transplant specific values and assuming the Hakimi paper

reported 12-month data

Hakimi et al., (2017
Transplant transpslaonlzsd-lil(t':rlizbution Gr_aft Ioss_ eve(nts irz Weighted risk
patients without CMV
Heart* 4.17% -
Kidney 11.77% ]
Lung 8.65% -
Liver 3.72% -
Other 4.17% -
Total :;l:li(ghted 9.29%
Company base 9.41%
case

*No data available for patients who have had a heart transplant, therefore ‘Other’ category has been

used to assume the risk for heart transplant patients.

To provide further clarification on this point, Takeda have run 5 different scenarios,

with an assumption made in each scenario that 100% of patients have either a heart,

kidney, lung, liver or other transplant. Each transplant had its own respective risk of
graft loss (without CMV) taken from Table 3 of Hakimi et al., (2017) with the

assumption that the authors were reporting 12-month data rather than 24-month

data. Then, using the SOLSTICE transplant distribution, a weighted average ICER

has been calculated which results in an ICER lower than one submitted as part of

the company submission (Table X).
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Table X: Scenario B23C — applying transplant specific risk of graft loss from Hakimi (assumed to be
12-month data) with each transplant set to 100%

ICER
ITT Total costs Total LYs Total QALYs incremental (£
/IQALY)

Base case
Maribavir
IAT

100% heart transplant?
Maribavir
IAT

100% kidney transplant

Maribavir
IAT

100% lung transplant

Maribavir
IAT
100% liver transplant
Maribavir
IAT
100% other transplant
Maribavir
IAT
Weighted average ICER
Maribavir
IAT
Note: The risk of graft failure for heart transplant was not reported in Hakimi, so the risk of graft loss

r

r

nlueke

’

Ml
Ml
i
-
-
-
-

from “Other” transplants has been used

B24. Priority question. Given that there were no graft loss events over the 20

weeks of SOLSTICE, can the company please:

A. discuss the potential relationship between the lack of graft loss events
in SOLSTICE and time since SOT for patients enrolling in the trial;
Time since transplant was not captured in the SOLSTICE trial, therefore exploring

this relationship is not possible.

B. explain why in the model graft loss could occur as early as week 4;
Though graft loss events were not observed in the SOLSTICE trial, the increased
occurrence of these events in a post-transplant population who have CMV is well
accepted by clinicians. Both clinicians and health economists participating on the
advisory board for maribavir indicated that it was important for these events to be
included given the important cost and quality of life implications. There are three

options to consider:
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1) exclusion of graft loss events in the model
2) inclusion of graft loss events in first cycle
3) inclusion of graft loss events from an arbitrary cycle

On the first option, omission of these events could result in the model having a major
limitation given there is strong clinical view that CMV can create complications with a
patient’s graft, and in fact, it is one of the primary reasons for treating CMV with
urgency. The second approach, and the approach taken by Takeda, allows the
model to accommodate the importance placed on graft loss by clinicians and health
economists during the maribavir advisory board. Furthermore, as illustrated by our
response to B23 (part c), Takeda have taken a conservative position by not
implementing transplant specific risk of graft loss, therefore, taking this information in
totality, it would be reasonable to argue we have taken a reasonable and pragmatic
approach in the modelling of graft loss events in the model. Finally, the third option
would require a robust clinical explanation of why allowing graft loss events in a
cycle other than the first would be more appropriate, Takeda has not heard or come

across any such evidence.

C. conduct a scenario analysis where graft loss can only start occurring 3

months after patients surgery.

Time since transplant was not captured in the SOLSTICE trial and therefore this
analysis is not possible. However, it should be noted that as the population reflects

an R/R cohort, many patients would be expected to be = 3-months post surgery.

B25. Priority question. Please conduct a scenario analysis where 0% of
patients with graft failure do not receive a second transplant and make
adjustments where needed for these patients outcomes (i.e. potential changes

in mortality risk; need for dialysis, etc.).

Given that there are more graft loss events in the comparator arm, it could be
reasonably argued that Takeda have taken a conservative approach when
incorporating graft loss into the economic model. In a more complex model, we could
have included a unique decision model pathway for each graft loss event type. In this

model other important costs could have also been included such as carer related
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costs, carer related disutility and other ongoing management costs borne by the
healthcare system in both hospital and community settings. However, we decided to
simplify our approach in the model by applying the cost of retransplant and the utility
decrement associated with a graft loss immediately in a single cycle. This approach
allows the model to retain its focus on CMV, reduce computational burden and
allows NICE to assess the model’s reliability more efficiently rather than conducting
an assessment of decision models for heart, kidney, lung, liver and other transplant

types.

Below in Table Y we present the scenario requested by the ERG where mortality risk
following graft loss, retransplant costs and utility decrements are all set to zero. In
this scenario it has been assumed all patients receiving a renal transplant require
kidney dialysis. However, we emphasise this scenario to be interpreted with caution
given the fact that graft preservation is a primary reason to treat CMV with urgency.
Complete omission of the costs, utility and mortality risk associated with these

events would be seen as a maijor limitation in an economic model for CMV.

Scenario settings: Retransplant mortality =0%, Retransplant costs = 0%,

Retransplant disutility = 0, Patients on dialysis (with a graft loss) = 100%

Table Y: Scenario B25 — retransplant mortality, costs and disutility set to 0, and 100% of patients who
experience a kidney graft loss event receive dialysis

ICER
ITT Total costs Total LYs Total QALYs incremental
(E/QALY)
Base case
Maribavir
B B . -
Scenario
Maribavir -
IAT
Costs

B26. Priority question. The ERG uncovered an error in the retreatment cost
calculation traces which has led to an overestimation of the IAT retreatment

cost. A factor of 5.14/8 is included in the retreatment acquisition costs in order
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to account for the mean time on IAT treatment from the SOLSTICE trial;
however, this factor is not active in the model as the control variable
“dblControlScenarioDiscontinuationMethod” is set to “All” rather than
“Individual”. As such the cost of a full IAT treatment course is applied for each
IAT retreatment assuming no early discontinuation. Please ensure that the
acquisition costs of each retreatment with IAT reflect the mean time on
treatment from the SOLSTICE trial. [see 'Markov engine (Maribavir)'\JA:JA,
'Markov engine (IAT)''JA:JA, 'Markov engine (Maribavir)''WG:WG, 'Markov
engine (IAT)''WG:WG]

We have checked the model and we can confirm that it does not have an error. The
model makes an adjustment for time on treatment (ToT) between week 0 to 8 and for

discontinuation between week 8 and 52.

1. For week 0-8 the ToT estimates are taken directly from SOLSTICE.
This adjustment is seen in both the Markov Engines (Maribavir and
IAT) and impacts the total costs considered for initial treatment. For
SOT the adjustment is made in columns IW, IX and IY. For HSCT, the
adjustment is made in columns WD, WE and WF. This adjustment is
made as a one-off adjustment at the start of the model i.e., week 0 for

the first 8 weeks of the model.

2. For week 8-52, there is an adjustment for discontinuation. This
discontinuation rate is derived from the ToT values (i.e. 5.14/8
calculation highlighted above) from the SOLSTICE trial and impacts the
total costs include for those receiving retreatment after week 8. A
certain percentage of patients (calculated as 1- [5.14/8]) are
considered to have discontinued and therefore this percentage of costs

are removed from the calculations

B27. Priority question. Please discuss the clinical plausibility of a large
proportion of patients remaining in the csCMV retreatment state of the model
from week 8 up to week 52 given that the mean duration of IAT treatment in
SOLSTICE was 5.14 weeks:

- For SOT patients: 37.82% of patients, on average, are in the
csCMYV retreatment state in the maribavir arm between weeks 8
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and 52, while 47.84% of patients, on average, are in the
retreatment state of the IAT arm between weeks 8 and 52. This
corresponds to an average retreatment duration of 16.64 weeks
for the maribavir arm and 21.05 weeks for the IAT arm. [column CF
in the “Markov engine (Maribavir)” and “Markov engine (IAT)”
sheets]

- For HSCT patients: 35.83% of patients, on average, are in the
csCMV retreatment state in the maribavir arm between weeks 8
and 52 while 45.33% of patients, on average, are in the retreatment
state of the IAT arm between weeks 8 and 52. This corresponds to
an average retreatment duration of 15.77 weeks for the maribavir
arm and 19.95 weeks for the IAT arm. [column RM in the “Markov
engine (Maribavir)” and “Markov engine (IAT)” sheets]

A. Please ensure discontinuation from retreatment is captured by the
model correctly (and consistently with time on IAT treatment reported in
SOLSTICE).

The treatment of R/R CMV is cyclical and can result in multiple courses of treatment
if CMV continues to reactivate. This means there will continue to be patients entering
into the csCMV state when further anti-CMV treatment is required. It is therefore
clinically plausible for there to be a substantial proportion of patients in the csCMV
state for the first 52 weeks of the model. Note this does not mean that the same
group of patients are continuously treated for this period. Transitions continue to
occur between the health states as patients have recurrences followed by potential

subsequent clearances.

The mean duration of 5.14 weeks in the IAT group of the SOLSTICE trial represents
the mean duration of treatment within just one 8-week treatment cycle. Although the
model does not explicitly model 8-weekly treatment cycles, the adjustment to
treatment costs means that two 4-week model cycles represent the equivalent of

5.14 weeks of IAT retreatment.

For the SOT population, the estimated mean periods of retreatment of 16.64 weeks

and 21.05 weeks for the maribavir an IAT groups, respectively, represent an average
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of 2.08 and 2.63 treatment cycles, respectively. The actual time on treatment
assuming 5.14 weeks of treatment within each 8-week cycle gives estimates of
10.69 weeks and 13.52 weeks of retreatment for maribavir and IAT groups,

respectively.

For the HSCT population, the estimated mean periods of retreatment of 15.77 weeks
and 19.95 weeks for the maribavir an |AT, respectively, represent an average of 1.97
and 2.49 treatment cycles, respectively. The actual time on treatment assuming 5.14
weeks of treatment within each 8-week cycle gives estimates of 10.13 weeks and

12.82 weeks of retreatment for maribavir and IAT groups, respectively.

B28. Priority question. The ERG has concerns that the daily administration
costs applied for IV drugs in the IAT arm of the model are overestimated given
that the NHS reference cost used pertains to complex chemotherapy at first
attendance. This first attendance cost likely includes the costs associated with
installation of a catheter among other initial costs associated with
hospitalisation. Feedback from the ERG’s clinical experts suggested that
administration of the IV treatments for CMV (ganciclovir, foscarnet, cidofovir)
would utilise an existing central line. The ERG’s clinical experts estimated that
4 hours of ICU nurse time would be required per administration during which
time a nurse would treat multiple patients. Guidelines for Provision of
Intensive Care Services (FICM/ICS) outline a 2:1 patient to nurse ratio for level

2 patients (those which most align with the modelled population).

Therefore, please provide a scenario analysis wherein the administration cost
for each IV treatment is calculated based on the PSSRU hourly staff cost of a
critical care staff nurse (band 5) assuming that administration for two patients

concurrently occupies 4 hours of nurse time.

In our approach for modelling administration costs, Takeda have followed the NICE

methods guide used HRG costs from the National Cost Collection for the NHS.

Modelling administration costs based on PSSRU critical care staff nurse hourly cost
would not capture the full cost of the administration of current IV anti-CMV therapies;
these are complex drugs that are used off-label, therefore in addition to the hourly

cost of a nurse, we would also need to consider administration time, supply chain
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and pharmacy time (these therapies are weight dependant). Therefore we believe

the approach taken is a more accurate reflection of the cost of NHS resource.

In the letermovir submission TA581, IV administration was assumed to incur a unit
cost sourced from NHS Reference costs: Deliver Complex Chemotherapy, including
Prolonged Infusional Treatment, at First Attendance (SB14Z). We have used the

same approach in our model.

B29. Priority question. The ERG’s clinical experts explained that patients
would not be re-hospitalised due to CMV disease recurrence alone (but only
when an IV treatment is needed or when CMV disease is very severe).
Therefore, the application of separate hospitalisation costs to patients in the
¢csCMV and in the n-csCMV health states of the model is likely to overestimate

the costs associated with IATs. Please conduct a scenario analysis where:

- Only patients receiving IV treatment for CMV are hospitalised and incur
a cost that relates to hospitalisation to receive an IV treatment only.
Please ensure these costs are not double counted through the
estimation of administration costs associated with the IV treatments in
the model - please see question B28;

- If a proportion of patients with severe CMV disease requiring
hospitalisation is included in this scenario, please ensure that the
proportion of patients matches that of patients in SOLSTICE who
required hospitalisation for severe CMV disease (see question A11) and
that there is no double counting of costs associated with CMV

hospitalisation and CMV treatment.

Evidence from the SOLSTICE trial indicates that a proportion of patients both in the
n-csCMV state and csCMV state are likely to be hospitalised (JJj of SOT patients
and ] of HSCT patients every 4-week cycle in the csCMV state and [JJj of SOT
patients and ] of HSCT patients in the n-csCMV state). The risk of hospitalisation
is greater in the csCMV state. Takeda have taken a conservative assumption around

hospitalisation events in the model by assuming a high cost for the n-csCMV state.
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We present an alternative scenario in Table Z where we use the average unit cost of
a day case (£815.46) from the NHS Cost Schedule.

Scenario setting: cost of hospitalisation for n-csCMV patients set to the unit cost of a
Day Case (£815.46)

Table Z: Scenario B29 — cost of hospitalisation for n-csCMV patients set to the average unit cost of a
Day Case (£815.46)

ICER
ITT Total costs Total LYs Total QALYs incremental
(E£/QALY)
Base case
Maribavir ] - - s
AT | o |
Scenario
Maribavir ‘ ] ‘ - ‘ - ‘ I

B30. The British National Formulary records for ganciclovir and foscarnet specify the

following dosing regimens:

e Ganciclovir treatment of cytomegalovirus disease in adult
immunocompromised patients by intravenous infusion:

“Initially 5 mg/kg every 12 hours for 14—21 days, then maintenance 6 mg/kg
once daily, on 5 days of the week, alternatively maintenance 5 mg/kg once

daily, maintenance only for patients at risk of relapse; if disease progresses
initial induction treatment may be repeated.”

e Valganciclovir for prevention of cytomegalovirus disease in adult patients
following solid organ transplantation from a cytomegalovirus positive donor:
“900 mg daily for 100 days (for 100—200 days following kidney
transplantation), to be started within 10 days of transplantation.”

e Foscarnet treatment of cytomegalovirus disease in adult patients by
intravenous infusion:

“Initially 60 mg/kg every 8 hours for 2—3 weeks, alternatively initially 90 mg/kg
every 12 hours for 2—-3 weeks, then maintenance 60 mg/kg daily, then
increased if tolerated to 90—120 mg/kg daily, if disease progresses on

maintenance dose, repeat induction regimen.”
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The 4-week cost of ganciclovir is estimated in the model assuming 5 mg/kg twice
daily for 28 days, 900 mg twice daily is assumed for valganciclovir, while 60 mg/kg is
assumed three times a day for 28 days.

Therefore, please explain why the loading dose of the ganciclovir and foscarnet
regimens has been carried forward for the duration of each treatment and why
valganciclovir 900mg is assumed to be taken twice rather than once daily. Please
provide a scenario analysis wherein costs (acquisition and administration) of the

specified maintenance doses are applied from day 14 of treatment.

The dosing regmens in the BNF indicate there is an induction dose and maintenance
dose, however the indications of ganciclovir, valgancicovir in the BNF are not for
post-transplant CMV treatment, they are for prophylaxis use. Foscarnet is used off-

label and has no indication in CMV prophylaxis or treatment.

In UK clinical practice, (and confirmed at a 2021 Takeda advisory board) patients
undergoing treatment for post-transplant CMV do not have a maintenance dose;
instead in the UK the induction dose is used to treat CMV until clearance is

observed.

The 900mg once a day valganciclovir dose is for the prevention of CMV disease post
SOT transplant (e.g. prophylaxis use). In the treatment of CMV infection (which is
off-label for post-transplant CMV), the dose is 900mg twice a day (the treatment
dose for CMV retinitis as listed on the letermovir SmPC). This treatment dose was
confirmed by clinical input at the Takeda 2021 advisory board and local treatment

protocols (see http://www.nssg.oxford-haematology.org.uk/bmt/clin-man/B-4-0-cmv-

reactivation.pdf for an example).

Quality of life

B31: Priority question. Please provide the details and the results of the mixed
effects modelling analysis of SOLSTICE EQ-5D-3L IPD data which
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demonstrated that, “transplant type and response status had a significant

effect on utilities and that treatment arm did not have a significant impact”.

Please see Section 3.4 of the IPD analysis report provided in response to question
B2. The following summary of the observations from the mixed modelling is given in
Section 3.4.2.1:

Observation from mixed modelling of EQ-5D-5L UK crosswalk HSUV's (utilities):

1. The goodness of fit statistics, likelihood ratio test and type 3 tests for both
types of modelling i.e., with and without covariates showed that response
effect is significant but not the treatment effect (see Table 27 -Table 31).

2. Transplant type as covariate added to response effect came out to be
significant (Table 32).

3. Hence the mixed modelling analysis did not establish a significant effect of
treatment on utilities (Table 33). Response effect and transplant type were

significant on utilities from this analysis.

B32: Priority question. Please provide descriptive statistics for the EQ-5D-3L
data collected at each assessment, split by treatment arm and response

status:
a) Mean;
b) Standard deviation;
c) Mean change from baseline at all points;
d) p-value and 95% confidence interval for mean change from baseline;

e) Number of responders (to the EQ-5D-3L questionnaire).

Table AA provides the mean and SE for the EQ-5D-3L at each assessment point.

Table AA: EQ-5D-3L by health state and time point

Maribavir IAT Overall
m/n Mean SE m/n Mean SE m/n Mean
Clearance at Week 4

o O EH B B B Il
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Yes Il B B Il B BB Il
Clearance at Week 8

No Il B B Il B BB Il
Yes Il B B Il B B Il
Clearance at Week 12

No | Il B Il B BB Il
Yes | Il B Il B B Il
Clearance at Week 16

No Il B B Il B BB Il
Yes Il B B Il B B Il
Clearance at Week 20

No Il B B Il B BB Il
Yes Il B B Il B B Il B

B33: Priority question. The ERG noted that, in Tables 17 and 18 of the IPD
appendix, the utility estimates were generally higher when response was
assessed at week 8 than when assessed between weeks 0 and 20. Please
explain:

A. why utility estimates used in the base case model were based on

8-week response rather than response between weeks 0 and 20.

The basecase utility estimates are based on the week 8 response as this aligns with
the primary endpoint of the study. A sensitivity analysis was presented in the CS

where the utility value from week 20 was provided.

Upon review of the data, it was apparent that the response was unstable in the first 8
weeks as patients were moving between response (clearance) and no response. At
week 8 (time point for the primary endpoint), patient response status was deemed
adequately stable and therefore the most appropriate time to establish the quality of

life associated with response versus no response.
Beyond 8 weeks, there were also concerns regarding the impact of the rescue arm
of the trial, which may potentially bias the outcomes if the more severe patients in

the IAT group resort to rescue treatment. This could underestimate the difference
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between the n-csCMV and csCMV utility estimates, as those who enter the rescue
arm of the trial potentially had a more severe quality of life that would not have been
captured within the csCMV esitmates when they reverted to maribavir rescue

therapy.

B. if analysis was conducted in order to assess if time from baseline
does not have a significant effect on the response and no-

response utility estimates.

Please see Table AB for this analysis.

Table AB: Time from baseline utility values

Maribavir IAT
N=235 N=117
Timepoint
Baseline
n ___ |
Baseline Mean (SD) [ [ ]
Week 4
n ___ |
Week 4 Mean (SD) [ [ ]
Week 4 responders
n (responder) [ [
Week 4 Mean (SD)-(responder) [ N
Change from baseline (week 4-baseline)
n | |
Mean change from baseline (SE) SD [ [
95% Cl of mean change from baseline [ [
p-value difference in change (maribavir- [
IAT)
Change from baseline (week 4-baseline) -responders
n (responders) [
Mean change from baseline (SE) SD [ [
95% CI of mean change from baseline [
p-value difference in change (maribavir- [
IAT)
Week 8

n | |
Week 8 Mean (SD) [ [
Week 8 responders
n (responder) [ [
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Week 8 Mean (SD)-(responder)

Change from baseline (week 8-
baseline)

n

Mean change from baseline (SE) SD

95% CI of mean change from baseline

p-value difference in change (maribavir-
IAT)

Change from baseline (week 8-baseline) -responders

n

Mean change from baseline (SE) SD

95% CI of mean change from baseline

p-value difference in change (maribavir-
IAT)

Week 12

n

Week 12 Mean (SD)

Week 12 responders

n (responder)

Week 12 Mean (SD)-(responder)

Change from baseline (week 12-
baseline)

n

Mean change from baseline (SE) SD

95% CI of mean change from baseline

p-value difference in change (maribavir-
IAT)

Change from baseline (week 12-baseline) -responders

n

Mean change from baseline (SE) SD

95% CI of mean change from baseline

p-value difference in change (maribavir-
IAT)

Week 16

n

Week 16 Mean (SD)

Week 16 responders

n (responder)

Week 16 Mean (SD)-(responder)

Change from baseline (week 16-
baseline)

n

Mean change from baseline (SE) SD

95% CI of mean change from baseline
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p-value difference in change (maribavir- [ ]
IAT)

Change from baseline (week 16-baseline)-responders
n | |
Mean change from baseline (SE) SD [ [
95% Cl of mean change from baseline [ [
p-value difference in change (maribavir- [
IAT)
Week 20
n | |
Week 20 Mean (SD) [ ] [
Week 20 responders
n (responder) - -
Week 20 Mean (SD)-(responder) - -
Change from baseline (week 20-
baseline)
n | ___
Mean change from baseline (SE) SD - -
95% CI of mean change from baseline - -
p-value difference in change (maribavir- -
IAT)

Change from baseline (week 20-baseline) -responders
n | ___
Mean change from baseline (SE) SD [ [
95% CI of mean change from baseline - -
p-value difference in change (maribavir- -
IAT)

B34. Priority question. Please conduct a scenario analysis where the utility
values used are based on the EQ-5D-3L data available for the entire follow-up
period of SOLSTICE. The ERG preferred approach to undertake such request
would be to conduct conduct a linear mixed effects regression to estimate the
difference in EQ-5D-3L scores by response status and by treatment arm, using
multiple imputation to account for any missing observations (and providing an

assessment of the underlying missing at random assumption).

The method used to generate health state utility values using data from the mixed
modelling analysis involved taking the number of patients records from table C1 of
the IPD report (Table ) and deriving a weighted average utility score using the EQ-
5D values from table C2 of the IPD report (Table ). Scenarios are provided in Tables
AC - AE.
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Table AC: Scenario B34 — utility weights

Number of records

Response

>
e

% weight

Maribavir

% weight

SOT

HSCT

Total

No Response

% weight

% weight

SOT

HSCT

Total

CLLHEL L
o}

Table AD: Scenario B34 — utilities

Original utilities

Response

No response

e

Weighted utilities (applied to both SOT and HSCT)

Response

Maribavir

No response

Table AE: Scenario B34 — mixed modelling utility results

ITT

Total costs

Total LYs

Total QALYs

ICER
incremental
(E£/QALY)

Base case

Maribavir

IAT

Scenario

Maribavir

IAT

B35. Priority question. The ERG’s clinical experts have advised that the impact

of surgery on patients’ quality of life is expected to last for the 2 or 3 initial

years after surgery. Please conduct a scenario analysis where the disutility

value associated with SOT and HSCT applied to the mean UK population utility
values in every model cycle after week 52 is only applied to year 2 and year 3

in the model.

Below are the results of the requested scenario with a decrement only applied for 2
years after model week 52. As the starting age of the model is 53 years, this
scenario has been implemented by changing the background utility to general
population utility from age 56 onwards. This means the transplant-related utility
decrement is applied from age 54 (model week 52) to age 56 only. The outputs are

presented in Table AF.
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Table AF: Scenario B35 — background utility set to general population utility from age 56 onwards

ICER
ITT Total costs Total LYs Total QALYs incremental
(E/QALY)

Base case
Maribavir - - - -
IAT [ || |
Scenario
Maribavir - - - -
IAT [ || |

As there is a mortality benefit in the maribavir arm, removing the longer-term utility
decrement would be an assumption which favours the final ICER in the direction of
maribavir. Takeda have heard from clinical experts that longer-term quality of life
decrement would be expected in a patient cohort with CMV. Therefore, in agreement
with these clinicians and the ERG for TA591, Takeda have implemented an
approach which captures this longer-term utility decrement, with the

acknowledgement that this is a conservative assumption.

Advice from clinical experts and patients suggest that the impact on quality of life can
last beyond three years post-transplant, particularly in those that suffer chronic
GvHD. These can result in patients needing to remain close to a toilet due to gut
manifestations, remain away from direct sunlight (due to skin rashes and blisters)
and lung problems requiring supplementary oxygen. All of these have a severe
impact on daily living, self care and ability to work. Furthermore there are longer-term
issues such as an increased risk of secondary malignancies post-HSCT, which can
occur in up to 15% of patients 15 years after SCT with myeloablative conditioning
(Danlylesko 2018 DOI: 10.1007/s11864-018-0528-y). There can be long-term
infertility issues associated with significant psychological distress in HSCT survivors
and their respective partner if they wish to conceive a child. (Tichelli 2013 doi:
10.1586/17474086.2013.816507.)
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Studies have shown that in SOT patients, long-term (12 year) sustainability of the
initial improvement in QoL post-tranplant decreases in time in most areas (physical
distress, social/role function and personal function (Ruppert 2010 DOI:
10.1053/j.gastro.2010.06.043).

Additional request for clarifification questions

Figure 5: Kaplan-Meier data on the cumulative probability of first CMV viremia clearance at
Week 4 to CMV viremia recurrence requiring alternative treatment by treatment group up to
Week 8

The ERG have realised that the Company Submission does not give any detail

about half-cycle corrections undertaken in the model, and it seems to us that
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no such corrections were applied in the model and would like to ask an

additional clarification question, if possible.
Please could you

A. -confirm if a half cycle correction was used in the model, and if that
wasn't the case, to provide a justification of why the adjustment wasn't
made

Takeda have used 4-week cycles in the first 12 months to capture the evidence of
early clearance (see B6). The first 12 months captures the important transitions in
the model where patients are moving between the csCMV and n-csCMV state.
Takeda are of the view that the use of 4-week cycles in the first 12 months is

sufficiently granular such that the model does not require a half-cycle correction.
B. apply a half-cycle correction in the model.

See part A response.
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Patient organisation submission

Maribavir for treating refractory or resistant cytomegalovirus infection after transplant [ID3900]

Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on conditions and their treatment that is not typically available from other sources.
To help you give your views, please use this questionnaire with our guide for patient submissions.

You do not have to answer every question — they are prompts to guide you. The text boxes will expand as you type. [Please note that
declarations of interests relevant to this topic are compulsory].

Information on completing this submission

e Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable

e \We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.

e Your response should not be longer than 10 pages.

About you

1.Your narme I

2. Name of organisation Anthony Nolan and Leukaemia Care

Patient organisation submission
Maribavir for treating refractory or resistant cytomegalovirus infection after transplant [ID3900] 1 of 11
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3. Job title or position

4a. Brief description of the
organisation (including who funds it).

How many members does it have?

Anthony Nolan saves the lives of people with blood cancer. Founded in 1974 as the world’s first stem cell
register, we’re motivated by a mother’s determination to save her son, Anthony. Now saving three lives
every day, our charity is a lifesaving legacy.

By growing our register of potential stem cell donors, conducting ground-breaking research into improving
transplant outcomes, and providing outstanding support and clinical care for patients and their families,
Anthony Nolan cures people’s blood cancer and blood disorders.

The responses in our submission relate specifically to the impact of life-threatening drug-resistant infections
on people who require, or who have received, a stem cell transplant. A stem cell transplant is a potentially
curative treatment for patients with blood cancers and blood disorders, and usually their last chance of
survival.

Anthony Nolan’s main source of income is the provision of stem cells for transplant to NHS providers,
collected from volunteer donors. Voluntary income (and fundraising events through Anthony Nolan Trading
Ltd (ANTL) comes from a wide variety of generous supporters, including individual giving, legacies,
community and events fundraising, corporate support, and charitable trusts. This helps to fund our ground-
breaking scientific research, and growth and diversity of the stem cell donor register.

Leukaemia Care is a national blood cancer charity, founded in 1969. We are dedicated to ensuring that
anyone affected by blood cancer receives the right information, advice and support.

Approximately 85-90% of our income comes from fundraising activities — such as legacies, community
events, marathons etc. Leukaemia Care also receives funding from a wide range of pharmaceutical
companies, but in total those funds are less than 15% of our annual income. Leukaemia Care has
undertaken a voluntary commitment to adhere to specific policies that regulate our involvement with the
pharmaceutical industry set out in our code of practice here: https://media.leukaemiacare.org.uk/wp-
content/uploads/Leukaemia-CARE-Code-of-Practice-pdf.

Patient organisation submission
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4b. Has the organisation received Anthony Nolan: None
any funding from the manufacturer(s) | | eukaemia Care: None
of the technology and/or comparator
products in the last 12 months?

[Relevant manufacturers are listed in

the appraisal stakeholder list.

4c. Do you have any direct or indirect Anthony Nolan: None

links W|th, or fund|ng from, the Leukaemia Care: None

tobacco industry?

5. How did you gather information The evidence included in this submission has been collected in a collaborative effort between Anthony

about the experiences of patients and | Nolan and Leukaemia Care. Our submission is based on feedback received from people personally

_ _ o affected by a refractory or resistant post-transplant CMV infection, and expert clinical advice:
carers to include in your submission? . , .
e We produced a joint survey for patients and carers who have personal experience of a refractory or

resistant post-transplant cytomegalovirus (CMV) infection. Some telephone interviews were also
conducted to gather evidence for this submission.

e At the time of submission, there were 12 completed consultation responses by patients who believe
themselves to have experienced refractory or resistant post-transplant CMV infections and 4
telephone interviews. Additionally, some of the quotes used in this submission have come from
interviews with patients who have experience of a CMV infection that may not have been resistant
or refractory. However, these have still been included where appropriate as they represent an
important aspect of the patient experience.

Patient organisation submission
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e This was shared with Anthony Nolan’s Patients and Families Panel; via the Anthony Nolan Patients
and Families Facebook page and social media channels; and to Leukaemia Care’s network via
direct email and the Leukaemia Care social media channels.

Living with the condition

6. What is it like to live with the
condition? What do carers
experience when caring for someone

with the condition?

Living with CMV
e The impact that a refractory or resistant post-transplant cytomegalovirus (CMV) infection has on
patients, carers and their loved ones can vary greatly.

e Of the 13 patients who responded to our joint Survey, 70% described living with a refractory or
resistant post-transplant CMV infection as difficult or very difficult. 70% of those surveyed also had
to stay in hospital for longer or return to hospital as a result of their infection.

In some, the CMV infection itself can have few symptoms and it was reported by some to be found during
routine blood tests. For others a range of symptoms can be experienced, both as a result of the infection
and the side-effects of the treatments of currently available drugs. Common symptoms and side-effects can
include fatigue, a fever, issues with airways, Graft Vs Host Disease, and issues with the patient’s eyes and
bowel. Low blood counts are also common which can result in increased risk of infection and prolonged
bleeding, as well as fatigue and breathlessness.

Mental health and wellbeing impact

Often, refractory or resistant post-transplant CMV infections can persist over a prolonged period and
references to this were a common theme among survey respondents. Many discussed a ‘never ending
cycle’ of being unwell, particularly in the context of the infection happening post-transplant. Others
described feeling they ‘might never leave the hospital'.

Returning to hospital or extending their stay in hospital due to CMV reactivation had a significant effect on
the mental health and well-being of patients and their carers. Some discussed being worn down by
consistent bad news, focusing so hard on recovering from the transplant that they were ‘really knocked
back’ by their infection. One commented that they “had very little quality of life, no social life, unable to work
and lost the bit of independence | had built up after leaving hospital after the transplant. | was very
depressed and anxious.”

A common theme was that many patients described taking a “massive step backwards” in their recoveries.
They saw the stem cell transplant as a potentially lifesaving treatment, which was hindered by the CMV. Many

Patient organisation submission
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also expressed extreme concern about their immune system, talking about their worries around about their
ability to fight off the virus. One family member of someone with a CMV infection described, at times,
feeling ‘depressed and helpless’, particularly at the prospect of their loved one running out of options for the
treatment and care.

The time frames of hospitalisation for those surveyed ranged from none, to over 4 months. Some
commented that they felt very unwell as a result of the CMV infection and resultant treatment, with one
even commenting that their CMV infection caused them to give up work, leaving them so weak following
treatment. They remained very unwell for around 5 months.

70% of survey respondents felt that their CMV infection hindered their post-transplant recovery, this ranged
from long-term late effects of their infection and treatment, with some saying it has taken ‘5 years to get
back to be something like my old self and return to working’ with the CMV contributing to their slow
recovery. Other survey respondents noted not showing any symptoms, with the infection picked up during a
routine blood test.

Effect on daily life
Patients told us that living with CMV infection had a significant effect on their day-to-day life, including their
ability to look after themselves, have a social life, travel, and live independently.

e Some spoke about their inability to work or drive, or the need to repeatedly return to hospital because
of their CMV infection. One said, ‘having this occur for the last 2 years has been very depressing and
due to weekly CMV check-ups has stopped me having holidays and any quality of life as well as
disrupting my working life’.

e Another spoke about their desire to have a ‘want a normal life, not tied to a hospital.’

Some also explored having more time off work than anticipated, due to their CMV infection, leading them
feeling without a purpose. Some even lost or left their jobs.

e One patient told us that they had to quit their ‘dream job’ due to their resistant CMV infection. ‘Every
time I thought | was almost out the other side I got told | still had high CMV levels...in the end | realised
| had no choice but to give up work until | got better, | wasn't prepared for that'.

e Another patient said that their original sick note from their consultant was six months. However, they
needed a donor lymphocyte infusion, a procedure which could not happen until the CMV reactivation
was under control, which took longer than this period: “In the end it was so long that | hadn't been at
work that they couldn't give any end date for my treatment so they [work] just asked me to leave.
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They told me | had to come to a disciplinary or agree to resign... The CMV meant the difference
between having a job and not having a job.”

Carers

The experiences of carers mirrored that of the patients consulted for this survey. Carers described feeling
helpless and frustrated by their loved one’s constant health complications with one carer saying that they
‘feared they would never have their lives back’.

Current treatment of the condition in

the NHS

7. What do patients or carers think of
current treatments and care available
on the NHS?

There has been little accessible clinical data on the use of Maribavir in for treating refractory or resistant
cytomegalovirus infection in people who have received a stem cell transplant, it is hoped that maribavir
provides an alternative treatment for aggressive infections, where existing comparators have either
reduced efficacy or unbearable side effects.

The patients that we spoke to had experience with a range of treatments currently available treatments on
the NHS. Patients reflected on the need to take multiple drugs for their treatment over a prolonged period
as well as the need to go into and remain in hospital for extended stays. Many indicated their preference
for drugs that could be taken at home, allowing them to spend less time in hospital.

Many of the patients that we have heard from also discussed the side-effects that they experienced from
drugs to treat a CMV infection. The hope for many is that if any new drugs are more effective or better
tolerated than existing, aggressive treatments, this could have a positive impact on patients.

Foscarnet

Patients who had experienced foscarnet told us that it is ‘the real problem’ with their CMV infection and one
said that it was ‘the most difficult part of their entire treatment, including chemotherapy and the
transplant’. They went on to say that ‘I asked the doctor if there was any other option for medication as |
didn’t want to take it again’. Patients highlighted the difficulty surrounding the length of the intravenous
treatment which takes five hours a day for nine days. Following this, there is a one-to-two hour flush' during
which fluid is given to the patient. In the words of a patient: ‘It’s a really long procedure; you say goodbye to
a day every time you go in.’

On the more extreme level, a patient described the feel as "Burning all the way up my arms and infto my
heart... | thought my veins were going to disintegrate.”

Another said that they ‘would initially be sick for a couple of hours, and it would last a couple of hours after
that, but you’d feel ill and you’d know you had the next dose coming the next day.’
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One patient described that treatment with foscarnet meant they ‘“felt as though | was buzzing like an electric
shock. My body felt as though it was vibrating at 50Hz. They realised afterwards that that was a sign of my
kidneys failing. They had to stop treatment on that particular occasion. It made me feel really poorly for some
time afterwards’.

Valganciclovir

Patients reported that it was mentally beneficial to have a treatment which can be taken orally at home, rather
than via a drip at the hospital. However, one said that valganciclovir had a negative impact on blood counts,
with a significant drop in neutrophils. The patient then had a small cut that got infected which ‘tracked up the
vein in my arm... that had me admitted for another week, as it was turning to sepsis.’

Another patient, whose son was just 18 months old when they had their transplant, told us that
valganciclovir ‘used to just make me really ill. When we were potty training [the patient's son] thought the
toilet was just for being sick into, because all he had seen was me being sick into it.’

Ganciclovir
A carer told us that they perceived ganciclovir as being a key factor in the first stem cell transplant not grafting
properly, having a huge effect on their mental health.

Cidofovir

Cidofovir has also been shown to cause significant side-effects in patients, with patients claiming that
experiencing cidofovir was worse than foscarnet, despite only being a one-day treatment compared to the
nine days required for foscarnet. The cidofovir caused such eye inflammation in one patient that when
healthcare professionals tried to give them a second dose, the patient told the HCPs ‘you’re not taking my
vision away as well, it’s not happening’.

Letermovir

One patient described letermovir as ‘making a significant difference’ to them. Having already contracted a
resistant CMV infection during their first transplant they were worried about getting another ‘persistent and
unpleasant’ CMV infection when they needed a second transplant. However, this patient described letermovir
as essential in warding off the CMV during their post-transplant recovery.

Quality of life
Intravenous treatments (ganciclovir, foscarnet, and cidofovir) mean that patients are required to spend time
in hospital, either on a day basis or as an in-patient. This had a significant effect on patients' ability to have
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a normal life, including working and having a social life. Patients expressed a preference for oral ‘at home’
treatments that allowed them to leave the hospital. Many patients described how problems with their well-
being were exacerbated by the treatments for CMV infections and their side effects.

8. Is there an unmet need for patients

with this condition?

Many patients commented that they would have benefited from being able to be treated at home, outside of
a hospital setting. Many respondents referred to the period of time that they were hospitalised, in total
amounting to several months for some and showed a strong preference for any treatment options that
enable them to get better outside of a hospital setting. More treatments are required therefore that satisfy
this criteria, e.g. oral therapies.

Patients also highlighted the extremely unpleasant side-effects of many of the currently available
medications and noted the importance of any new treatment that is better tolerated or has fewer serious
and unpleasant side-effects.

Advantages of the technology

9. What do patients or carers think
are the advantages of the

technology?

In Leukaemia Care’s ‘Living with Leukaemia’ survey 50.5% of AML and ALL patients said that oral tablets
were their most preferred method of treatment from a list of options. Maribavir, as an oral therapy, is
therefore likely to improve patient’s experience of treatment and quality of life, due to it's convenience and
the option to take it at home.

In the Shire clinical trial 55.7% of patients achieved confirmed clearance of CMV DNA at the end of week 8
after taking maribavir. This is compared with 23.9% of patients who achieved the same while on the other
comparator anti-CMV treatments.

Given the challenges with comparator treatments, patients favour another option for the treatment of drug-
resistant CMV infection. Another treatment option is a particularly acute need for those who may have tried
all the comparator treatments already or may be unwilling to try them based on their previous experiences

with existing treatments.
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Disadvantages of the technology

10. What do patients or carers think
are the disadvantages of the

technology?

Maribavir is only being recommended for those over 12, meaning some will not be able to benefit from the
availability of this treatment.

The main disadvantage of maribavir is that the total number of serious adverse events in the clinical trial is
not markedly lower than the comparators. However, as mentioned in the previous section, maribavir does
perform better than comparators in terms of its effectiveness at virus clearance and patients often tell us in
surveys that they prioritise prolonged life over tolerable side-effects of a treatment. They are typically willing
to endure side-effects if it means they have a chance of improved/lengthened survival.

Patient population

11. Are there any groups of patients
who might benefit more or less from

the technology than others?

Those who are being treated after multiple lines of other therapies have a significant unmet need, since
cytomegalovirus can be extremely debilitating and even life threatening. However, this does not remove the
unmet needs of other populations who are resistant to one or two lines of other therapies, since these
treatments are known to have significant side effects and quality of life impacts, as previously described.

Equality

12. Are there any potential equality
issues that should be taken into
account when considering this

condition and the technology?

We have not identified any equality issues.
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Other issues

13. Are there any other issues that
you would like the committee to

consider?

The costs of treating someone affected by a refractory or resistant post-transplant CMV infection is
significant. Often, this requires extended in-patient stays in hospital (some patients told us that they had
more than 30 days in hospital over several reactivations of CMV), several rounds of expensive medicines
as well as follow up care and support. Use of more efficacious treatments for severe CMV infections
could therefore reduce the overall cost of treating a stem cell transplant patient, both as in-patients and
within the community.

Key messages

14. In up to 5 bullet points, please summarise the key messages of your submission:

e All current treatments have toxicity, which are significant in terms of the quality of life impact upon patients.

e Refractory or resistant post-transplant CMV infections have serious effects on a patient’s quality of life, can delay their post-transplant recovery and

result in extended in-patient stays.

e The experience of refractory or resistant post-transplant CMV infections, and its associated effects, can have a significant psychological impact for
both patients’ recovery and their families.

e The costs of treating someone affected by a refractory or resistant post-transplant CMV infection can be significant.

e Patients favour a treatment that can be administered orally; there is the potential for this to have both quality of life and cost saving benefits for

maribavir over other treatments.

Thank you for your time.

Please log in to your NICE Docs account to upload your completed submission.

Your privacy

The information that you provide on this form will be used to contact you about the topic above.
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O Please tick this box if you would like to receive information about other NICE topics.

For more information about how we process your personal data please see our privacy notice.
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Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.

You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from the
published literature.

To help you give your views, please use this questionnaire. You do not have to answer every question — they are prompts to guide you. The
text boxes will expand as you type.

Information on completing this submission

e Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable

e We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.

e Your response should not be longer than 13 pages.

About you

1. Your name I

2. Name of organisation British Association for the Study of the Liver (BASL) / British Society of Gastroenterology
(BSG) / British Liver Transplant Group (BLTG)

Professional organisation submission
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3. Job title or position

4. Are you (please tick all that
apply):

[] an employee or representative of a healthcare professional organisation that represents clinicians?
x| a specialist in the treatment of people with this condition?
] a specialist in the clinical evidence base for this condition or technology?

[]1 other (please specify):

5a. Brief description of the
organisation (including who
funds it).

BASL is the National Association for hepatology. BASL is dedicated to advancing knowledge and
understanding of the biology and pathology of the liver for the optimal care of patients. BASL is composed
of interested individuals from clinical medicine, clinical and basic research and allied professions. The
British Liver Transplant Group (BLTG) sits under the BASL umbrella. BASL is funded through membership
and through running its annual scientific meeting and other educational events.

5b. Has the organisation
received any funding from the
manufacturer(s) of the
technology and/or comparator
products in the last 12
months? [Relevant
manufacturers are listed in the

appraisal stakeholder list.]

No

Professional organisation submission
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If so, please state the name of
manufacturer, amount, and

purpose of funding.

5c. Do you have any direct or
indirect links with, or funding

from, the tobacco industry?

No

The aim of treatment for this condition

6. What is the main aim of
treatment? (For example, to
stop progression, to improve
mobility, to cure the condition,
or prevent progression or
disability.)

Cytomegalovirus (CMV) is a herpesvirus which can cause infection and tissue-invasive disease in
immunocompromised patients after solid-organ transplantation. The aim of treatment would be to prevent
CMV disease and improve end organ damage should it have progressed to that extent.

7. What do you consider a
clinically significant treatment
response? (For example, a

reduction in tumour size by

Serial CMV PCR is an objective measure of the degree of viraemia and response. In patients with CMV
disease, | would consider titres having fallen below 10% of the initial titre at diagnosis (one Log10 drop) and
if end-organ damage is clinically and biochemically improving to be indicators of treatment response.

Professional organisation submission
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X cm, or a reduction in disease

activity by a certain amount.)

There is an unmet need if there is resistance to ganciclovir, foscarnet and cidofovir but in my view, in liver
transplant patients, such a need for Maribavir would be rare.
8. In your view, is there an

unmet need for patients and
healthcare professionals in this

condition?

What is the expected place of the technology in current practice?

9. How is the condition The treatment will vary slightly on the solid organ transplant (SOT). For liver transplant recipients,

currently treated in the NHS? management involves reducing immunosuppression where possible and giving oral (eg valganciclovir) or
intravenous antiviral drugs (eg ganciclovir) depending on the severity of iliness.

o Are any clinical
guidelines used in the
treatment of the
condition, and if so,
which?

Many liver transplant units in the UK will have local guidance.

Other guidance;
Razonable R, Humar A. Cytomegalovirus in solid organ transplant recipients-Guidelines of the American Society of
Transplantation Infectious Diseases Community of Practice. Clin Transplant. 2019

Kotton CN, Kumar D, Caliendo AM et al. The Third International Consensus Guidelines on the Management of
Cytomegalovirus in Solid-organ Transplantation. Transplantation. 2018 Jun;102(6):900-931

British Transplantation Society. The Prevention and Management of CMV Disease after Solid Organ Transplantation.
July 2015. Available from https://bts.org.uk/wp-content/uploads/2016/09/14 BTS CMV_3RDE-1.pdf
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o Is the pathway of care
well defined? Does it
vary or are there
differences of opinion
between professionals
across the NHS? (Please
state if your experience is
from outside England.)

Pathways of care are not well defined and will vary between centres in the UK and also with the organ
transplanted.

o What impact would the
technology have on the
current pathway of care?

It is proposed that Maribavir would be used to treat refractory or resistant CMV infection after transplant so
could be an additional option in this scenario.

10. Will the technology be
used (or is it already used) in
the same way as current care

in NHS clinical practice?

It is a proposed new anti-CMV agent but could be incorporated in current treatment strategies.

. How does healthcare
resource use differ
between the technology
and current care?

| can’t comment fully on this but | would not expect healthcare resource use to differ greatly from current
care. | also note that Maribavir is an oral preparation so if patients were well, it could be administered as an
outpatient.

o In what clinical setting
should the technology be
used? (For example,

This would be used in specialist care eg transplant teams.
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primary or secondary
care, specialist clinics.)

° What investment is
needed to introduce the
technology? (For
example, for facilities,
equipment, or training.)

| can’t comment fully on this but | would think very little and would revolve more about dissemination of
product characteristics and when it should be used.

11. Do you expect the
technology to provide clinically
meaningful benefits compared

with current care?

Possibly.

I note the recently completed phase III trial on ClinicalTrials.Gov (NCT02931539) and the FDA Briefing Document
October 2021. The phase III trial demonstrated that maribavir was statistically superior to Investigator Assigned
Treatment (IAT) for the primary endpoint which was clearance of CMV DNA from plasma in a population which had
refractory CMV and some who had CMV resistance. In a subgroup analysis in patients who had ‘refractory’ disease’
there was no statistical significance however over IAT.

o Do you expect the
technology to increase
length of life more than
current care?

Unlikely

o Do you expect the
technology to increase
health-related quality of
life more than current
care?

Only potentially in the small number of patients who would require its use

Professional organisation submission
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12. Are there any groups of
people for whom the
technology would be more or
less effective (or appropriate)

than the general population?

| can’t comment fully on this. It would be expected it could be used in patients with resistance/refractory
disease to current treatments but | am aware of the subgroup analysis referred to in the FDA briefing report
above.

The use of the technology

13. Will the technology be
easier or more difficult to use
for patients or healthcare
professionals than current
care? Are there any practical
implications for its use (for
example, any concomitant
treatments needed, additional
clinical requirements, factors
affecting patient acceptability
or ease of use or additional

tests or monitoring needed.)

It is an oral preparation which would negate the need for inpatient care if the patient was well yet had

resistant/refractory disease.

Maribavir targets the UL97 kinase which phosphorylates ganciclovir and aciclovir so these drugs should not

be used in combination.

Professional organisation submission
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14. Will any rules (informal or | CMV viral loads (often PCR) are used to guide when to start and stop treatment. This would continue and
formal) be used to start or stop | not be different to current practice.

treatment with the technology?
Do these include any

additional testing?

15. Do you consider that the Unable to comment on this.
use of the technology will
result in any substantial health-
related benefits that are
unlikely to be included in the
quality-adjusted life year
(QALY) calculation?

16. Do you consider the Provided Maribavir is proven to be effective in the treatment of patients who have resistant or refractory
technology to be innovative in | disease in the context of SOT this could have a significant impact as options are currently limited for this
its potential to make a group.

significant and substantial
impact on health-related

benefits and how might it

Professional organisation submission
Maribavir for treating refractory or resistant cytomegalovirus infection after transplant [ID3900] 8 of 13




N I c National Institute for
Health and Care Excellence

improve the way that current

need is met?

o Is the technology a ‘step-
change’ in the
management of the
condition?

See previous comment.

o Does the use of the
technology address any
particular unmet need of
the patient population?

Again, please see comment above.

17. How do any side effects or
adverse effects of the
technology affect the
management of the condition

and the patient’s quality of life?

| can’t comment fully on this but from the FDA briefing report there would not appear to be any over and

above what could be expected by currently offered treatments.

Sources of evidence

18. Do the clinical trials on the
technology reflect current UK

clinical practice?

| haven’t seen the full trial protocol for NCT02931539 but reviewing the information available on
clinicaltrials.gov it would seem similar to current UK practice with the choice of antivirals given. Treatment

duration was for 8 weeks which is often longer than needed but is the same for both arms.
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o If not, how could the
results be extrapolated to
the UK setting?

o What, in your view, are
the most important
outcomes, and were they
measured in the trials?

The most important outcomes should be reduction in viral load and/or improvement in clinical symptoms

and biochemistry as relevant.

The primary outcome in the trial seems reasonable; ‘Confirmed CMV viremia clearance was defined as
plasma CMV DNA concentration less than (<) lower limit of quantification (LLOQ) that is, <137 International
Units per milliliter (IU/mL) when assessed by COBAS® AmpliPrep/COBAS® TagMan® CMV Test in 2

consecutive postbaseline samples, separated by at least 5 days. °

o If surrogate outcome
measures were used, do
they adequately predict
long-term clinical
outcomes?

N/A

o Are there any adverse
effects that were not
apparent in clinical trials
but have come to light
subsequently?

| can’t comment fully on this.

19. Are you aware of any

relevant evidence that might

No
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not be found by a systematic

review of the trial evidence?

20. How do data on real-world | | haven’t seen the full trial analysis so can’t comment on this.
experience compare with the

trial data?

Equality

21a. Are there any potential No issues any different to current care.

equality issues that should be

taken into account when

considering this treatment?

21b. Consider whether these N/A
issues are different from issues

with current care and why.

Topic-specific questions

22 Are ganciclovir with Ganciclovir and foscarnet are part of established practice. Hyperimmune globulin has been reported in

foscarnet and ganciclovir with | conjunction with ganciclovir eg to treat pneumonitis (George MJ, Use of ganciclovir plus cytomegalovirus

hyperimmune globulins immune globulin to treat CMV pneumonia in orthotopic liver transplant recipients. Transplant Proc.
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considered part of established | 1993;25:22). This would not be considered to be standard practice however. It is referred to in the

clinical practice in the NHS in American guidelines referenced earlier by Razonable et al that they may be used as an adjunct to antiviral

England? drugs in transplant recipients with resistant CMV disease but the evidence is weak/low.
Key messages
23. In up to 5 bullet points, please summarise the key messages of your submission.

Maribavir is an oral preparation and therefore has ease of administration

There is a need in the small numbers of patients with resistant or refractory disease who have had a solid organ transplant provided
Maribavir is demonstrated to be effective

Thank you for your time.

Please log in to your NICE Docs account to upload your completed submission.

Your privacy
The information that you provide on this form will be used to contact you about the topic above.
[] Please tick this box if you would like to receive information about other NICE topics.

For more information about how we process your personal data please see our privacy notice.
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Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.

You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from the
published literature.

To help you give your views, please use this questionnaire. You do not have to answer every question — they are prompts to guide you. The
text boxes will expand as you type.

Information on completing this submission

e Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable

e We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.

e Your response should not be longer than 13 pages.

About you
1. Your name I
2. Name of organisation UK Renal Pharmacy Group (UK RPG)

Professional organisation submission
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3. Job title or position

4. Are you (please tick all that
apply):

[]1 X an employee or representative of a healthcare professional organisation that represents clinicians?
[ 1 X a specialist in the treatment of people with this condition?
] a specialist in the clinical evidence base for this condition or technology?

[]1 other (please specify):

5a. Brief description of the
organisation (including who
funds it).

UK RPG is integrated sub-group within UK Kidney Association (UKKA) and UKKA
provide secretariat support to RPG. RPG has a membership elected Executive
Committee and is a voluntary, membership organisation for specialist clinical
pharmacists working within renal medicine and solid organ transplantation (renal and
pancreas). The group receives financial support from corporate pharmaceutical
companies which is used to fund educational learning for its members through F2F
meetings, virtual meetings, learning tools (online training). UK RPG also writes and
maintains UK Renal Drug Database and Renal Drug Handbook.

5b. Has the organisation
received any funding from the
manufacturer(s) of the
technology and/or comparator
products in the last 12

months? [Relevant

No

Professional organisation submission
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manufacturers are listed in the

appraisal stakeholder list.]

If so, please state the name of
manufacturer, amount, and

purpose of funding.

5c. Do you have any direct or
indirect links with, or funding

from, the tobacco industry?

No

The aim of treatment for this condition

6. What is the main aim of
treatment? (For example, to
stop progression, to improve
mobility, to cure the condition,
or prevent progression or
disability.)

Main treatment aim is to treat ganciclovir resistant/refractory CMV disease in SOT. (Val)Ganciclovir will
remain first line prophylaxis and treatment of post-transplant CMV disease. However, in the rare cases of
ganciclovir refractory/resistant CMV disease, maribavir offers an excellent second line treatment over
current usual second line agent foscarnet. Drug resistance is suspected if cumulative (Val)Ganciclovir
exposure >6 weeks and treatment failure after >2 weeks of ongoing full dose (Val)Ganciclovir

7. What do you consider a
clinically significant treatment

response? (For example, a

Clinically significant treatment response is control of CMV disease — with continuous reduction in CMV viral
load and CMV disease symptom control. In order to stop CMV disease treatment, CMV viral load should
be at low level, defined locally in my centre as 2.3 Log(10) copies/ml (less than 200 copies/ml).
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reduction in tumour size by
X cm, or a reduction in disease

activity by a certain amount.)

8. In your view, is there an Maribavir offers a significant improvement and advance in currently available treatment options. Also

unmet need for patients and maribavir is an oral agent so would remove need for patient central line access which has additional
infection risk in immunocompromised individuals. Most patients require an extended treatment
duration >8 weeks to manage CMV resistant disease, and there are associated morbidities with IV

condition? access.

healthcare professionals in this

What is the expected place of the technology in current practice?

9. How is the condition In SOT — usual second line treatment is intravenous foscarnet, which is nephrotoxic and myelotoxic.

currently treated in the NHS? Cidofovir is also used but has had intermittent supply issues. Maintaining drug availability and supply for a
life threatening infection is paramount. High dose IV Ganciclovir can also be used but often myelotoxic.
CMV Vig is rarely used due to significant cost burden and poor evidence in treatment of refractory/resistant
disease. Foscarnet is an |V treatment dosed according to renal function. It has an initial induction treatment
phase and then reduces to a maintenance phase to control disease. Dose usually requires weekly dose
adjustment due to impact on renal function. Average treatment duration is approx. 8-10 weeks adjusted
according to CMV viral load response. Furthermore, long term intravenous treatment can result in
prolonged in-patient hospital stay. Some patients are able to be trained to self-administer foscarnet
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intravenously and once well enough can be discharged home with IV self-administration devices (e.g.
Baxter Intermates®).

Oral maribavir treatment will offer significant patient benefit and organisational benefit — staff time saved
training/observing patients to self-administer, aseptic services costs to make up and fill IV devices. There is
also an environmental benefit from saving on plastic administration lines, plastic infusion bags/devices.

British Transplantation Society (BTS) has a national guideline for CMV treatment in solid organ transplantation, this
guideline is currently being updated. https://bts.org.uk/wp-content/uploads/2016/09/14 BTS CMV_3RDE-1.pdf

Are any clinical
guidelines used in the
treatment of the
condition, and if so,
which?

Is the pathway of care
well defined? Does it
vary or are there
differences of opinion
between professionals
across the NHS? (Please
state if your experience is
from outside England.)

What impact would the
technology have on the
current pathway of care?
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10. Will the technology be
used (or is it already used) in
the same way as current care

in NHS clinical practice?

Yes — maribavir will be low usage (1% kidney transplant patients) and only for patients with
suspected/confirmed ganciclovir resistant CMV disease. It will not be first line treatment for CMV disease in
SOT. It will only be prescribed in secondary care under transplant specialist advice and with involvement of
infectious disease clinicians.

How does healthcare
resource use differ
between the technology
and current care?

In what clinical setting
should the technology be
used? (For example,
primary or secondary
care, specialist clinics.)

What investment is
needed to introduce the
technology? (For
example, for facilities,
equipment, or training.)

11. Do you expect the
technology to provide clinically
meaningful benefits compared

with current care?

Main benefit as an oral agent it will reduce administration burden to NHS staff and patient. It will also
reduce patient morbidity from drug induced renal toxicity. As an oral agent it is likely to expedite patient
discharge (once patient well enough for discharge) as there is no need for self-administration training/or
home IV care package. It is non-nephrotoxic which is a significant benefit. Both foscarnet and cidofovir are
contraindicated in poor renal function. Some patients experience disabling side effects with foscarnet (e.g.
extremity paraesthesia). Rehabilitation from drug induced paraesthesia can be significant and can result in

Professional organisation submission
Maribavir for treating refractory or resistant cytomegalovirus infection after transplant [ID3900] 6 of 13




N I c National Institute for
Health and Care Excellence

extended inpatient stay and intense physiotherapy/rehabilitation. Use of maribavir would avoid risk of this
significant side effect.

o Do you expect the
technology to increase
length of life more than
current care?

o Do you expect the
technology to increase
health-related quality of
life more than current
care?

12. Are there any groups of
people for whom the
technology would be more or
less effective (or appropriate)

than the general population?

The use of the technology

13. Will the technology be
easier or more difficult to use

for patients or healthcare

Maribavir will be easier to use as it is an oral agent.

Professional organisation submission
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professionals than current
care? Are there any practical
implications for its use (for
example, any concomitant
treatments needed, additional
clinical requirements, factors
affecting patient acceptability
or ease of use or additional

tests or monitoring needed.)

14. Will any rules (informal or
formal) be used to start or stop
treatment with the technology?
Do these include any

additional testing?

No further additional testing over testing used during conventional treatment.

15. Do you consider that the
use of the technology will
result in any substantial health-
related benefits that are

unlikely to be included in the

Professional organisation submission
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quality-adjusted life year
(QALY) calculation?

16. Do you consider the
technology to be innovative in
its potential to make a
significant and substantial
impact on health-related
benefits and how might it
improve the way that current

need is met?

Yes innovative as it is an oral agent and its use will reduce inpatient stay.

o Is the technology a ‘step-
change’ in the
management of the
condition?

o Does the use of the
technology address any
particular unmet need of
the patient population?

17. How do any side effects or
adverse effects of the

technology affect the

Maribavir has a good safety profile with no evidence of myelosuppression or nephrotoxicity. Main reported
side effects include dose related taste disturbance and Gl related symptoms e,g. diarrhoea and nausea.

This side effect profile is different to other available agents which all affect renal function, and hence this is
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management of the condition a treatment advance especially for renal transplant cohort. In patients with renal dysfunction avoiding use

and the patient’s quality of life? | of a known nephrotoxin is always clinically preferable.

Sources of evidence

18. Do the clinical trials on the
technology reflect current UK

clinical practice?

. If not, how could the
results be extrapolated to
the UK setting?

. What, in your view, are
the most important
outcomes, and were they
measured in the trials?

o If surrogate outcome
measures were used, do
they adequately predict
long-term clinical
outcomes?

) Are there any adverse
effects that were not
apparent in clinical trials
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but have come to light
subsequently?

19. Are you aware of any
relevant evidence that might
not be found by a systematic

review of the trial evidence?

20. How do data on real-world
experience compare with the

trial data?

Equality

21a. Are there any potential

equality issues that should be

taken into account when

considering this treatment?

21b. Consider whether these
issues are different from issues

with current care and why.
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Topic-specific questions

22 Are ganciclovir with Ganciclovir with foscarnet can be used, but often in UK foscarnet is used alone as second line treatment.
foscarnet and ganciclovir with | Dual agent therapy may be used if foscarnet alone has adversely impacted on renal function. CMV [Vig
hyperimmune globulins (hyperimmune globulin) is rarely used, if at all, in UK practice for treatment of refractory/resistant disease
considered part of established | due to high cost and paucity in efficacy data.

clinical practice in the NHS in

England?

Key messages

23. In up to 5 bullet points, please summarise the key messages of your submission.

o Oral agent so will significantly reduce treatment burden for NHS staff and patient

o Improved tolerability and reduced patient morbidity over existing treatment agents as non myelotoxic and non-nephrotoxic.

o Low usage in renal transplant recipients (approx. 1%) for treatment of ganciclovir resistant/refractory CMV disease

o No requirement for indwelling IV catheter for drug administration, which removes risk of associated line-related morbidities and

will reduce hospital in-patient stay.

Thank you for your time.

Please log in to your NICE Docs account to upload your completed submission.
Your privacy
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The information that you provide on this form will be used to contact you about the topic above.

[] Please tick this box if you would like to receive information about other NICE topics.

For more information about how we process your personal data please see our privacy notice.
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1 Executive summary

This summary provides a brief overview of the key issues identified by the evidence review group
(ERG) as being potentially important for decision making. It also includes the ERG’s preferred

assumptions and the resulting incremental cost-effectiveness ratios (ICERs).

Section 1.1 provides an overview of the key issues. Section 1.2 provides an overview of key model
outcomes and the modelling assumptions that have the greatest effect on the ICER. Sections 1.3 to
1.5 explain the key issues in more detail. Background information on the condition, technology and

evidence and information on non-key issues are in the main ERG report.

All issues identified represent the ERG’s view, not the opinion of NICE.

1.1 Overview of the ERG's key issues

Table 1. Summary of key issues

1 Impact of time since transplant on the clinical data and economic  3.2.1.2, 3.3
model

2 Trial conduct and design leading to uncertainty and potential 3.21,3.229,3.3
overestimates of maribavir efficacy

3 Assumption of time elapsed since transplant at baseline in the 422,424,426
model

4 Structural assumptions in the company’s model 424

5 Overestimation of recurrences in the model 426.1,4.2.6,4.26.2.1,

426211

6 Modelling of mortality in stage 1 Markov 426.3

7 Modelling of mortality in stage 2 Markov 4.2.6.34

8 Modelling of graft failure 4264

9 Modelling of disease complications 426.5

10 Estimation of utilities 428

11 Estimation of costs 4.2.9

The ERG-recommended changes to the economic model, together with additional requests for
clarification, are described in detail in Section 6 of the report. Given the ERG’s conclusion that the

company’s model is currently unfit for purpose, the ERG does not have a preferred ICER.
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1.2 Overview of key model outcomes

NICE technology appraisals compare how much a new technology improves length (overall survival)
and quality of life in a quality-adjusted life year (QALY). An ICER is the ratio of the extra cost for every
QALY gained.

Overall, the technology is modelled to affect QALYs by:

e Increasing the probability of clearance in the first 2 cycles of the model (i.e., 8 weeks), which
in turn leads to a lower probability of graft loss and better survival.
e Decreasing the probability of recurrence after week 8 for maribavir patients who achieved

clearance at week 8. This also leads to a lower probability of graft loss and better survival.

Overall, the technology is modelled to affect costs by:

Its higher unit cost compared to IATs.

Decreasing the probability of recurrence and associated costs of treatment and disease
management.
e Decreasing the probability of patients being hospitalised due to CMV.

e Decreasing the probability of graft loss and associated complications.
The modelling assumptions that have the greatest effect on the ICER are:

e The probability of recurrence.
o The duration of the stage 1 Markov model.

e The assumption around time since transplant at baseline in the model.
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1.3 The clinical effectiveness evidence: summary of the ERG’s key issues

Table 2. Issue 1. Impact of time since transplant on the clinical data and economic model

Report section

Description of issue and
why the ERG has identified
it as important

What alternative approach
has the ERG suggested?

What is the expected effect
on the cost-effectiveness
estimates?

What additional evidence or
analyses might help to
resolve this key issue?

3.2.1.2and 3.3

Time since transplant is an important prognostic factor with a decreasing risk
of CMV infection (recurrence), graft loss and mortality with an increasing
time since transplant. Mean time since transplant was imbalanced between
the treatment arms in SOLSTICE, with a longer time since transplant
favouring maribavir, in the overall trial population as well as in the HSCT and
SOT subgroups. Importantly, any difference in time since transplant between
the trial population, the modelled population and patients in UK clinical
practice may affect the generalisability of the clinical and cost effectiveness
results.

The ERG suggests the company re-analyses its clinical data adjusting for
the imbalance in time since transplant between the treatment arms and
implement these results in an updated economic model. The ERG also
suggests that the company clarify its proposed position for maribavir and
include that analysis in the economic model as well as providing the cost-
effectiveness results from the SOLSTICE trial (with appropriate analyses of
the clinical data).

Correcting the imbalance in mean time since surgery is likely to increase the
ICER.

Clinical expert opinion may confirm the generalisability of the trial data to
clinical practice.

Abbreviations: Abbreviations: CMV, cytomegalovirus; ICER, incremental cost-effectiveness ratio.
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Table 3. Issue 2. Trial conduct and design leading to uncertainty and potential overestimates of

maribavir efficacy
Report section

Description of issue and
why the ERG has identified
it as important

What alternative approach
has the ERG suggested?

What is the expected effect
on the cost-effectiveness
estimates?

What additional evidence or
analyses might help to
resolve this key issue?

3.2.1,3.2.2.9,and 3.3

¢ A large proportion of patients in the IAT arm were assigned to an anti-
CMV treatment for which they had confirmed resistance. This is likely to
lead to an underestimate of clearance in the IAT arm and therefore an
overestimate of the relative efficacy of maribavir compared to what would
be expected in clinical practice.

e The outcome data for clearance and clinically relevant recurrence
informing the economic model are based on retrospective post hoc
analyses at a higher risk of bias.

e The assessment of clinically relevant recurrence is highly subjective and
at a high risk of bias due to the open label trial design and the need for
alternative anti-CMV treatment at the discretion of the investigator.

¢ During the trial period there was an increasing amount of missing data for
the outcomes of clearance and clinically relevant recurrence. With
outcome data captured as response rates, the large amount of missing
data is likely to lead to conservative estimates of events in both treatment
arms without providing a robust estimate of the uncertainty around the
estimates.

Using KM data (rather than response rates) for the primary outcome in the
trial for clearance and the pre-specified analyses for recurrence (rather than
post hoc analyses of other time points) in the economic model will provide
more robust estimates of the clinical efficacy of maribavir.

The assumptions the company makes in its estimates of clearance and
recurrence are like to favour maribavir. As such, using the approach
suggested by the ERG is likely to increase the ICER.

Using KM data for the primary outcome in the trial for clearance and the pre-
specified analyses for recurrence in the economic model will provide more
robust estimates of the clinical efficacy of maribavir. However, the issues
created by the IAT assignment at randomisation and the assessment of
clinically relevant recurrence are unlikely to be resolved with additional
evidence or analyses.

Abbreviations: CMV, Cytomegalovirus; HSCT, Hematopoietic stem cell transplant; SOT, Solid organ transplant; IAT,
investigator-assigned antiviral therapy; GvHD, graft-versus-host-disease; ICER, incremental cost-effectiveness ratio.

1.4 The cost-effectiveness evidence: summary of the ERG’s key issues

Report section

Description of issue and
why the ERG has identified
it as important

BM) TAG

Table 4. Issue 3. Assumption of time elapsed since transplant at baseline in the model

422,424,426

The ERG remains unclear on the company’s assumption of mean time

elapsed since transplant at baseline in the model. Currently, the model

seems to estimate the cost effectiveness for maribavir in r/r patients when

given immediately after surgery, which fails to:

- Reflect the mean time since transplant for the overall trial

population (mean time since surgery at baseline in SOLSTICE for
SOT patients was [J] days for maribavir and ] days for IAT
patients, respectively. For HSCT patients time since transplant was
shorter and the difference between the treatment arms was less
pronounced: mean of ] days for maribavir and [} days for IAT).

- Reflect the r/r setting, where patients could receive prophylaxis
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What alternative approach
has the ERG suggested?

What is the expected effect
on the cost-effectiveness
estimates?

What additional evidence or
analyses might help to
resolve this key issue?

after transplant, and would only initiate treatment with maribavir
after failing on first line IAT.

Furthermore, SOLSTICE data on mean time since transplant for SOT
patients are in direct contradiction with the company’s main modelling
assumption that no CMV events occur 12 months after transplant.

The evidence available in literature and clinical expert opinion provided to
the ERG consistently reported that patients’ clinical outcomes (such as
mortality and risk of graft loss) vary as time from transplant elapses.
Crucially, the ERG heard from its clinical experts that the probability of
recurrence is unlikely to depend on the type of treatment on which patient
achieved clearance (i.e., maribavir vs IAT), but instead to be dependent on
time since transplant and on the level of lifelong immunosuppression needed
by patients. Therefore, the ERG considers that time since surgery is a
fundamental aspect of the cost effectiveness of maribavir.

1. The company should capture the cost-effectiveness of maribavir in the trial
population, where the mean time from transplant at baseline in the trial is
appropriately modelled.

2.The company should clarify the intended use for maribavir in the treatment
pathway. If the company’s value proposition is that maribavir should be
given as early as possible for r/r patients in the UK, then:

- For SOT patients — clinical expert opinion should be used to inform
the minimum time when patients, on average, would be eligible to
start maribavir. The ERG has heard from its experts that this is
likely to vary according to patients receiving prophylaxis (in which
case the minimum period could be 4 months) or not (in which case
the minimum period could be 1 month).

- For HSCT patients — since the approval of letermovir by NICE
(TA591), the majority of patients receive at least 100 days of
prophylaxis with letermovir before moving on to a first line
treatment with IAT. Therefore, si