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Disclaimer: The information in this document is intended to help Canadian health care decision-makers, health care professionals, health systems leaders,
and policy-makers make well-informed decisions and thereby improve the quality of health care services. While patients and others may access this document,
the document is made available for informational purposes only and no representations or warranties are made with respect to its fitness for any particular
purpose. The information in this document should not be used as a substitute for professional medical advice or as a substitute for the application of clinical
judgment in respect of the care of a particular patient or other professional judgment in any decision-making process. The Canadian Agency for Drugs and
Technologies in Health (CADTH) does not endorse any information, drugs, therapies, treatments, products, processes, or services.

While care has been taken to ensure that the information prepared by CADTH in this document is accurate, complete, and up-to-date as at the applicable date
the material was first published by CADTH, CADTH does not make any guarantees to that effect. CADTH does not guarantee and is not responsible for the
quality, currency, propriety, accuracy, or reasonableness of any statements, information, or conclusions contained in any third-party materials used in preparing
this document. The views and opinions of third parties published in this document do not necessarily state or reflect those of CADTH.

CADTH is not responsible for any errors, omissions, injury, loss, or damage arising from or relating to the use (or misuse) of any information, statements, or
conclusions contained in or implied by the contents of this document or any of the source materials.

This document may contain links to third-party websites. CADTH does not have control over the content of such sites. Use of third-party sites is governed by
the third-party website owners’ own terms and conditions set out for such sites. CADTH does not make any guarantee with respect to any information
contained on such third-party sites and CADTH is not responsible for any injury, loss, or damage suffered as a result of using such third-party sites. CADTH

has no responsibility for the collection, use, and disclosure of personal information by third-party sites.

Subject to the aforementioned limitations, the views expressed herein are those of CADTH and do not necessarily represent the views of Canada’s federal,

provincial, or territorial governments or any third-party supplier of information.

This document is prepared and intended for use in the context of the Canadian health care system. The use of this document outside of Canada is done so at

the user’s own risk.

This disclaimer and any questions or matters of any nature arising from or relating to the content or use (or misuse) of this document will be governed by and
interpreted in accordance with the laws of the Province of Ontario and the laws of Canada applicable therein, and all proceedings shall be subject to the

exclusive jurisdiction of the courts of the Province of Ontario, Canada.

The copyright and other intellectual property rights in this document are owned by CADTH and its licensors. These rights are protected by the Canadian
Copyright Act and other national and international laws and agreements. Users are permitted to make copies of this document for non-commercial purposes
only, provided it is not modified when reproduced and appropriate credit is given to CADTH and its licensors.

About CADTH: CADTH is an independent, not-for-profit organization responsible for providing Canada’s health care decision-makers with objective evidence
to help make informed decisions about the optimal use of drugs, medical devices, diagnostics, and procedures in our health care system.

Funding: CADTH receives funding from Canada’s federal, provincial, and territorial governments, with the exception of Quebec.
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Abbreviations

ADAMTS13

aTTP
CDR
ICER
IcCU
PEX
QALY
RR

SOC

a disintegrin and metalloproteinase with a thrombospondin type 1 motif,
member 13

acquired thrombotic thrombocytopenic purpura
CADTH Common Drug Review

incremental cost-effectiveness ratio

intensive care unit

plasma exchange therapy

quality-adjusted life-year

relative risk

standard of care

thrombotic thrombocytopenic purpura

willingness to pay
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Table 1: Summary of the Sponsor’s Economic Submission

Drug product
Study question

Type of economic evaluation
Target population

Treatment

Outcome

Comparator

Perspective
Time horizon

Results for base case

Key limitations

Caplacizumab (Cablivi)

What is the cost-effectiveness of caplacizumab in addition to standard of care (SOC)
compared with SOC alone for the treatmentof adults with acquired thrombotic
thrombocytopenic purpura (aTTP)?

Cost-utility analysis

Adults experiencing an acute aTTP episode

Caplacizumab 11 mg IV priorto PEX followedby 11 mg SC afterward onday 1,and 11 mg SC
daily forthe remainder of daily PEX therapy, then for 30 days afterward, in addition to SOC.

QALYs

SOC, defined as PEX continuing for at least 2 days after plateletcount reaches = 150 x
109L, corticosteroid treatmentof at least 1 mg/kg per day IV or orally continuing for one week
after PEX is ended, and rituximab as permitted by standard practice at each study centre.

Canadian public health care payer

Lifetime (up to 60 years)

ICER =$72,786 per QALY

e The sponsor considered only a single episode of aTTP inits analysis, which is inconsistent
with many patients’ experiences with aTTP recurrences over the long term.

e The relative risk of mortality during an acute aTTP episode was inappropriately modelled,
inflating the survival benefitof caplacizumab plus SOC relative to SOC alone. In addition,
not all deaths within the HERCULES trial for caplacizumab were accounted forin the
economic model.

e Relapsesof aTTP occurring after 30 days post-PEX in the HERCULES trial were not
included in the submitted model, despite occurring within the follow-up time modelled in the
first cycle (three months). The CADTH Clinical Review noted that a proportion of patients
had an aTTP relapse immediately after cessation of caplacizumab therapy.

e The sponsorassumed the mortality rate for patients in remission was identical to the
general population. Long-term observational studies reportthat patients’ mortality following
an aTTP eventis higherthan that of a general population, indicating thatoverall mortality
was underestimated.

e The health utility score for patients in remission without stroke or Ml was based on utility
weights forthe general population from the UK. This likely overestimated the utility weights
of patients in remission and may not be generalizable to the Canadian setting.

e Uncertainty associated with the relative risk of death, MI, and stroke during the aTTP
episode was underestimated, as an arbitrary coefficient of variation was assumed.

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for Caplacizumab (Cablivi) 6
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CADTH estimate(s) CADTH’s base case included all deaths and aTTP recurrences reported in the caplacizumab
arm of the HERCULES trial; revised mortality rate for patients in remission, to be consistent
with clinical literature; Canadian utility data and reduced health utility scores in the remission
states; and revised uncertainty estimates for relative risk parameters to reflectthe underlying
trial data. CADTH was unable to address structural limitations regarding subsequentaTTP
recurrences.

Based on the CADTH reanalysis, treatmentwith caplacizumab in addition to SOC was
associated with an ICER of $237,053 per QALY compared with SOC alone. In order for
caplacizumab plus SOC to be considered cost-effective ata willingness-to-pay threshold of
$50,000 per QALY, the submitted price would need to be reduced by approximately 75%.

aTTP = acquired thrombotic thrombocytopenic purpura; ICER = incremental cost-effectiveness ratio; Ml = myocardial infarction; PEX = plasma exchange therapy;
QALY = quality-adjusted life-year; SC = subcutaneous; SOC = standard of care.

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for Caplacizumab (Cablivi) 7
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Drug Caplacizumab (Cablivi)

Indication Indicated for the treatment of adults with acquired thrombotic thrombocytopenic purpura (aTTP)
in combination with plasma exchange (PEX) and immunosuppressive therapy

Reimbursement request As per indication

Dosage form(s) Powder for solution (11 mg)

NOC date February 28, 2020

Sponsor Sanofi Genzyme, a division of Sanofi-Aventis Canada Inc.

Executive Summary

Background

Caplacizumab (Cabilivi) is a selective bivalentanti-von Willebrand factor nanobody indicated
forthe treatmentof adults with acquired thrombotic thrombocytopenic purpura (@TTP) in
combination with plasma exchange (PEX) and immunosuppressive therapy.! Caplacizumab
is available in single or multi-pack kits (seven administrations) containing an 11 mg vial of
caplacizumab powder, a pre-filled syringe of sterile water for injection, a vial adaptor, a
needle, and two alcohol swabs. The recommended loading dose for caplacizumabis 11 mg
by IV injection atleast 15 minutes prior to PEX, followed by an 11 mg subcutaneous
injection after completion of PEX on that day. Subsequently, 11 mg of caplacizumab should
be administered as a daily maintenance dose by subcutaneous injection following PEX
administration for the duration of daily PEX therapy, then once daily for 30 days following the
last daily PEX treatment. If, afterthe initial treatmentcourse, signs of persistentunderlying
disease such as suppressed a disintegrin and metalloproteinase with a thrombospondin type
1 motif, member 13 (ADAMTS13) activity levels remain present, treatmentmay be extended
fora maximum of 28 days. No data on re-treatmentwith caplacizumab are available.! At the
submitted price of $6,200 per 11 mg dose?and assuming. days of therapy (i.e., mean
exposure to caplacizumab for patientsin the active treatmentgroup of the HERCULES trial ;
the reported maximum was 65 days),® the cost of caplacizumab foran aTTP episode is
SHI <" patient (maximum: $409,200).

The sponsor submitted a cost-utility analysis* comparing caplacizumab in addition to
standard of care (SOC) with SOC alone in adultpatients withaTTP from the perspective of a
Canadian public health care payer. SOC consisted of: PEX, a corticosteroid regimen of
three days of IV prednisolone followed by oral prednisone for the duration of daily PEX and
fora week afterward, and the option of other immunosuppressanttherapy such asrituximab.
The analysis was conducted over a lifetime time horizon (60 years) with cycle length defined
as three months; future costs and benefits were discounted at1.5% perannum.Patients
entered the modelinanacute aTTP state (Figure 1). During this firstcycle, patients could
experience events with long-term consequences, such as myocardial infarction, stroke, or
death. Patients could also experience other adverse events, such as a PEX complication
(i.e., infection, treatment-related serious bleeding, pulmonary embolism, or deep vein
thrombosis) and be at risk of exacerbation within thisfirst cycle, defined as a plateletcount
drop after initial normalization requiring the re-initiation of daily PEX within 30 days of
stopping it. The relative risks (RRs) of these events in the caplacizumab group were derived
from the HERCULES trial,® while the underlying probability of each eventoccurring in the
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SOC arm was from a variety of sources.>>7 Following the first cycle, patients who remained
alive transitioned to the remission phase in either a chronic myocardial infarction or chronic
stroke health state if they had an Ml or stroke, respectively, or otherwise in a “no neurologic
or cardiac condition” health state. As the analysis modelled only asingle aTTP event,
patients then stayed in their respective remission states until death. These health states
were associated with differentcosts, utilities, and mortality risks, with patientsin the “no
neurologic or cardiac condition” remission health state having mortality rates and utility
scores consistentwith the general population. Patients were assigned utility scores from a
UK EuroQol 5-Dimensions (EQ-5D) study of the general population published in 1999 8with
a disutility foran acute aTTP episode applied additively based on the length of the hospital
stay of the acute or exacerbation aTTP event, as observed in the HERCULES trial,® and an
acute and chronic utility multiplier for Ml or stroke events.® Costs included hospitalization in
the intensive care unit (ICU) and general ward, acquisition and administration of PEX,
acquisition of caplacizumaband other pharmacotherapies (i.e., prednisolone, prednisone, and
rituximab), laboratory testing, and specialist visits.1%13

In the base case, the sponsor reported that caplacizumab in addition to SOC was
associated with an incremental cost-effectivenessratio (ICER) of $72,786 per quality-
adjusted life-year (QALY) compared with SOC alone. At a willingness-to-pay (WTP)
threshold of $50,000 per QALY, the probability of caplacizumab being cost-effective under
the sponsor’s analysis was 12.5%.

Summary of Identified Limitations and Key Results

The CADTH Common Drug Review (CDR) identified a number of key limitations with the
model submitted by the sponsor. The model considered only asingle episode of aTTP,
whereasitis often a recurrentcondition. The RR of mortality in the firstcycle was
inappropriately modelled, inflating the survival benefitof caplacizumab compared with what
was observed in the clinical trial. Mortality was based on a naive comparison informed by a
systematic review commissioned by the sponsor for the SOC arm and by the HERCULES trial
forthe caplacizumabarm. Furthermore, the sponsor excluded an aTTP-related death in the
caplacizumab arm thatwas observed during the follow-up period of the HERCULES trial.
Relapses occurring after 30 days post—daily PEX in the HERCULES trial were notincludedin
the economic model, despite being otherwise identically defined as exacerbations;these
relapses would be expected to occurwithin the time period of the first cycle of the model.

Furthermore, the majority of the QALY gain occurred during the extrapolated remission
phase and assumptions around the quality and quantity of life experienced by aTTP patients
in remission were identified to be key drivers of the model. The mortality rate for patients in
remission withouta history of M| or stroke was assumed to be equivalentto that of the
general population. Thisis not aligned with evidence in the literature, which indicates that
patientswith aTTP have substantially higher mortality and frequency of comorbidities than
those in the general population.'* Additionally, patients in remission were assumed to have
utility scores equivalentto the general population in the UK, despite these patients having
more comorbidities and living with other stresses associated with a history of aTTP, as per
the patientinput collected by CADTH, when compared with the general population.
Furthermore, the selection of a UK source may be less generalizable to the Canadian
setting. Together, these two limitations would underestimate mortality and overestimate the
expected QALYs for those who survive the acute aTTP episode, with a greater bias
favouring caplacizumab plus SOC.

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for Caplacizumab (Cablivi) 9
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Finally, uncertainty in the RR of long-term consequences (death, Ml, stroke) was
underestimated by using an assumption of a 15% standard error around the mean rather
than deriving the statistical distribution from the trial results.

CADTH attempted to address mostof these issues. The CADTH base-case analysis
incorporated all deaths and recurrences in the caplacizumab arm of the HERCULES trial to
re-estimate the RRs for caplacizumab in addition to SOC, increased the mortality rate for
patientsin remission based on the rates reported in an observational study, incorporated
more recent Canadian utility scores and further incorporated a utility modifier to reflectthe
reduced quality of life of patients with chronic conditions, and captured the uncertainty
inherentinthe HERCULES trial for certain RR parameters. CADTH was unable to address
the recurrentnature of aTTP and the potential costs and benefits when using caplacizumab
forfuture aTTP episodes.In CADTH’s revised base-case analysis, the ICER associated with
the use of caplacizumab in addition to SOC compared with SOC alone was $237,053 per
QALY.

Conclusions

In adult patients with aTTP, the use of caplacizumab in addition to SOC reduced the
frequency of aTTP recurrence within the active treatmentand follow-up periods of the
HERCULES trial and was associated with one patient death within the same time period,
compared with three deaths in patients treated with SOC alone. This possible difference in
mortality is a key driverin the economic analysis.

CADTH’s base-case reanalysis concluded that, at the submitted price, the addition of
caplacizumab to SOC was associated with an ICER of $237,053 per QALY compared with
SOC alone. At a WTP of $50,000 per QALY, the price of caplacizumab would need to be
reduced by approximately 75% to be considered cost-effective.

CADTH was unable to consider future aTTP episodes, specifically, the potential impact of
caplacizumab treatmenton reducing or delaying them, or the costs associated with further
treatmentfor acute episodes. Additionally, the vast majority of incremental QALYs gained
within the model occurred during the extrapolated remission period rather than during the
acute phase forwhich data exists. As such, assumptions around the quantity and quality of
life experienced by patients who survive anaTTP episode are key drivers of the cost-
effectivenessresults. With little data available regarding these outcomes, the resulting ICER
is uncertain.

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for Caplacizumab (Cablivi) 10
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Information on the Pharmacoeconomic
Submission

Summary of the Sponsor’s Pharmacoeconomic Submission

The sponsor submitted a cost-utility analysis'® comparing caplacizumab plus SOC to SOC
alone in adult patients with aTTP. As outlined in the HERCULES clinical trial, SOC consisted
of: PEX, a corticosteroid regimen of three days of IV prednisolone followed by oral
prednisone for the duration of daily PEX and for a week afterward, and the option of other
immunosuppressanttherapy such as rituximab if deemed necessary (i.e., 25% of patientsin
the model were assumed to receive four once-weekly rituximab treatments based on
physician opinion). Patients in the caplacizumab group received 11 mg of caplacizumab by
IV injection priorto PEX, followed by an 11 mg subcutaneous injection after completion of
PEX on the first day, then 11 mg subcutaneous per day for the duration of PEX therapy and
forat least30 days following the lastdaily PEX. In cases where underlying disease
remained evident, patients could receive up to four weekly extensionsto caplacizumab
therapy on an open-label basis. Based on the HERCULES trial, the mean duration of
treatmentwith caplacizumab Was. days, with a reported range of 1 to 65 days. A
probabilistic Markov state—transition model was submitted that considered alifetime time
horizon from the perspective of a Canadian public health care payer with a cycle length of
three months. An annual discountrate of 1.5% was applied to both costs and clinical
outcomes, with half-cycle correction applied.

Patients entered the model in an acute aTTP state, which captured the firstthree months after
the onsetof an aTTP episode (Appendix 5, Figure 1). During this first cycle, patients could
experience events with long-term consequences, such asan Ml, a stroke, or death.
Regardless of neurological or cardiac consequences, patients could also experience other
adverse events, such as PEX-related complications (e.g., infection), serious bleeding, ora
majorthromboembolic event(i.e., pulmonary embolism or deep vein thrombosis). Patients
were also at risk of exacerbation within this firstcycle, defined asa drop in plateletcountto
below 150 x 10%L afterinitial recovery, requiring the re-initiation of daily PEX within 30 days
of stopping it. The RRs for these eventsin the caplacizumab group were derived from the
HERCULES trial,® while the underlying probability of each eventoccurring inthe SOC arm
was from avariety of sources, including an unpublished meta-analysis conducted by the
sponsor,®a published database study,”and the HERCULES trial (Appendix 5, Table 12).36

Following the first cycle that captured the acute phase, patients transitioned to the remission
phase for subsequentcycles. Patients who remained alive in the acute phase transitioned to
the “no neurologic or cardiac condition” health state if they had not suffered an Ml or stroke
during the acute aTTP phase, or to “chronic MI,” or “chronic stroke” if they had experienced
an Ml or stroke during the acute aTTP phase, respectively. As the analysis modelled only a
single aTTP event, patients then stayed in their respective remission states until death.
These health states were associated with differing costs, qualities of life, and mortality risks.

Patients were assigned baseline gender- and age-specific utilities froma UK EQ-5D study.®
The disutility foran acute aTTP episode (-0.230), whetherinitial or exacerbation, was
derived using sickle cell anemia as a proxy'® and applied additively for the length of the
hospital stay of the acute aTTP event or exacerbation. Patients could also experience other
adverse events that were incorporated additively as disutilities into the model (Appendix 5,
Table 12). Additionally, patients who experienced an Ml or stroke had an acute utility multiplier

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for Caplacizumab (Cablivi) 11
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modifying their utility weight during the first cycle, and a chronic utility multiplier modifying
their utility weightthereafter (Appendix 5, Table 12).

Costs during the acute phase included hospitalization in the ICU and general ward,
acquisition and administration of PEX, acquisition of caplacizumab and other
pharmacotherapies (i.e., prednisolone, prednisone, and rituximab), laboratory testing, and
hematology specialistvisits. Unit costs were sourced from the Canadian Institute for Health
Information for hospital days,°the sponsor’s submitted price for caplacizumab, the Ontario
Drug Benefit Formulary?17 for other drug costs, the Canadian Blood Services for plasma-
acquisition costs, and the Ontario Schedule of Benefits for Physician Services!! as well as
the Schedule of Benefits for Laboratory Services?® for test, administration, and procedure
costs.

Sponsor’s Base Case

The sponsor presented a probabilistic base case, where the use of caplacizumab in addition
to SOC was associated with an additional 3.07 QALYs per patientover the lifetimetime
horizon, at an additional costof $223,408, leading to an ICER of $72,786 per QALY gained
compared with SOC alone. Ata WTP threshold of $50,000 per QALY, caplacizumab was
cost-effective in 12.5% of simulations. Deterministic results reporting the cost per life-year
gained can be found in Appendix5, Table 15.

A breakdown of the sponsor’s costs by category and QALYs by health state can be found in
Table 13 and Table 14 in Appendix 5, respectively. The key cost difference was drug-
acquisition costs, while QALY gains predominantly occurred in the extrapolated remission
portion of the model as aresultof increased survival modelledduring the initialaTTP episode
for patientsin the caplacizumab plus SOC group.

Table 2: Summary of the Results of the Sponsor’s Base Case

Total Incremental cost of Total Incremental QALYs of Incremental cost
costs ($) caplacizumab ($) QALYs caplacizumab per QALY ($)
SOC 67,546 Reference 18.85 Reference Reference
Caplacizumab+SOC | 290,955 223,408 21.92 3.07 72,786

QALY = quality-adjusted life-year; SOC = standard of care.

Summary of Sponsor’s Sensitivity Analyses

The sponsor also conducted a series of probabilistic scenario analyses considering different
discountrates (i.e., 0% and 3%) or time horizons (i.e., 20 years, 30 years, and 40 years),
adopting a societal perspective (i.e., captured either based on the inclusion of lost
productivity for patients while they remained in hospital or were attending physician visits or
assuming a month of lost productivity per aTTP event), including an additional ward stay for
thromboembolic and adverse events, and applying an added costfor sudden deaths. Of
these analyses, the discountrate and the time horizon assumptions had the largestimp act
on the model’s results, with the ICER increasing with a larger discountrate or shorter time
horizon.

The sponsor conducted a series of one-way deterministic sensitivity analyses to explore
parameter uncertainty within the model. The inputs varied in these deterministic sensitivity
analyses were not clearly reported but the sponsor reported that variables with the greatest
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impactincluded: varying the patient’s starting age, where younger patients led to lower
ICERs, and varying the probability of death from anaTTP eventin the SOC arm,where
higher probabilities of death inthe SOC arm led to lower ICERSs.

Limitations of Sponsor’s Submission

e Subsequent aTTP recurrences were not modelled: The sponsor's model considered a
single acute episode of aTTP and its related short-term recurrences (i.e., those happening
within one to three months). However, aTTP is often a recurrent disease overthe long
term, with 43% of patients entering the HERCULES trial presenting with a subsequent
aTTP recurrence rather than an initial event.? Similarly, a registry study published by
Deford et al. in 2013 reported that 37% of Oklahoma patients with clinically diagnosed
thrombotic thrombocytopenic purpura (TTP) (ADAMTS13 activity < 10% during first
episode) had one to four relapses within the observation period (median of 7.8 years).'4
This was further supported by the patientinputsubmitted to CADTH in which only 21% of
patients reported not having had a subsequentaTTP relapse (see Patient Input section
that follows). CADTH, like the sponsor, was unable to incorporate relapses beyond the
initial cycle, given the model’s structure and the lack of data on the impactof treatmenton
long-term relapse (i.e.,beyond three monthsfrom the indexaTTP event). An aTTP
relapse would be associated with further decrements to quality of life as well as increased
health care costs in terms of managing the relapse and potential additional caplacizumab
therapy. At the time of this review, the sponsor is conducting a follow-up study on patients
from the HERCULES trial, including studying the prevalence of aTTP recurrences and
subsequentaTTP-related events,'® which may provide furtherinsighton the impact of
caplacizumab on recurrence overtime. However, these data were not yet available atthe
time of this review.

e The RR of mortality during an acute aTTP episode was inappropriately calculated:
As the number of SOC-treated patients who died during the 30-day post—daily PEX
treatmentperiod was low inthe HERCULES trial (3 of 73 patients [4.1%]) compared with
the mortality rates expected in clinical practice for this population, the probability of death
during the acute phase of an aTTP episode for SOC patients in the sponsor's model was
based on a meta-analysis of an unpublished systematic review® (probability of death =
l%). The meta-analysis value is || N | EJJIEEE oth<' estimates of mortality that
report a 10% to 20% probability of death (see CADTH CDR Clinical Review Report:
Disease Background) for patients receiving SOC and aligns with the experience of the
clinical experts consulted by CADTH. The sponsor then naively compared the probability
of death between treatmentarms: 0% of patients receiving caplacizumab during the first
30 days post—daily PEX in HERCULES died (0 of 71 patients) compared with the higher
probability reported in the systematic review. This, in effect, more than tripled the survival
benefits of caplacizumab compared with what has been observed in the HERCULES trial
(i.e., 0% versus.%, for caplacizumab plus SOC versus SOC alone, respectively
[economic model], ratherthan 0% versus 4.1% [HERCULES trial]). This furtherignored
the fact that one patientwho had received caplacizumab died during the HERCULES follow-
up period due to aTTP-related causes and thus should have been included inthe model’s
first cycle (i.e., 90 days).

CADTH reanalysesincorporated three deaths in the SOC group and one deathin the
caplacizumab group and preserved the comparison by applying the relevant RR to the
probability of death for patients receiving SOC from the sponsor's commissioned
systematic review to derive an adjusted mean probability of death of 4.5% for modelled
patients receiving caplacizumab in the first cycle (Table 3).

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for Caplacizumab (Cablivi) 13



CADTH

e Relapses within the HERCULES trial were not modelled: The sponsor distinguished
between aTTP exacerbationsand aTTP relapses based onwhetherthe recurrence of
thrombocytopenia (return to low platelet counts) occurred within 30 days of stopping daily
PEX (which the sponsor defined as an exacerbation), or after 30 days (which the sponsor
defined as a relapse). Only exacerbations were included within the model. Although
HERCULES reported an exacerbation rate of 38.4% for patientsreceiving SOC,2 the
sponsor selected an estimate of %, based on the pooled frequency of exacerbations
within the 30 days post—daily PEX reported in the sponsor’'s commissioned systematic
review. To determine the probability of exacerbation on caplacizumab plus SOC, the
sponsorapplied the RR of aTTP exacerbation in the caplacizumab plus SOC group (RR
=0.11) reported in the HERCULES trial to the probability of exacerbation in the SOC
group to derive a probability of.% for patients within the caplacizumab group. ThisRR
was calculated based on 3 of 71 patientsin the HERCULES trial experiencing an
exacerbation. However, by limiting the model to exacerbations only and excluding
relapses, the sponsorignored the directmasking effectcaplacizumab has on platelet
counts. In fact, six patients in the caplacizumab arm of the HERCULES trial were reported
to have relapsed directly after cessation of 30 or more days of caplacizumab treatment
after cessation of daily PEX. Given the model’s cycle length of 90 days, this time frame
should encompassthe impactof any exacerbation or relapse noted within the trial.
Patients who suffered a relapse would trigger similar costs and quality-of-life decrements
as those who suffered an exacerbation, according to the clinical experts consulted on this
review. Thus, CADTH reviewers considered the additional six patientsin the
caplacizumab group who relapsed during the HERCULES trial as equivalentto those who
had an exacerbation for the purposes of its reanalysis.

e Mortality rate in remission was underestimated: The sponsor assumed thatpatients
who survived their presenting aTTP episode had mortality rates equivalentto an age-and
gender-matched general population if they had not had a stroke or MI. Patients who
experienced a neurological or cardiac eventwithin their acute aTTP episode were
assumed to have a mortality equivalentto that of other survivors of a stroke or MI. Clinical
experts consulted by CADTH noted that the assumption that patients who enterremission
withoutexperiencing a neurological or cardiac consequence during their acute aTTP
event are unlikely to have mortality rates similarto those of the general population. Thisis
supported by a 2013 Oklahoma registry study by Deford etal.* that found thatsurviving
an aTTP episode was associated with a higher number of comorbidities compared with
the general population, including hypertension, diabetes, systemic lupus erythematosus,
and depression. Overall, patients with a history of aTTP had a higher all-cause mortality
rate that was 10 times or more that of the general population of Oklahoma orthe US as a
whole over a median follow-up of 7.8 years (range of 0.3 to 17.1 years).!* By
underestimating mortality foraTTP patients in the remission states of the model, the
sponsor’s analysis overestimated the QALY benefitassociated with caplacizumab plus
SOC, as the majority of the QALY gains occurred in the extrapolated remission portion of
the model. The CADTH reanalyses adjusted the probability of death for patients in the
remission states to reflectthe values reportedin the literature.

o Utility weights wereinappropriately modelled: Utility weightswere based ona UK EQ-
5D study of the general population published in 1999.8 This study is outdated and does
not reflect Canadian tariffs thathave since become available ; compared with the UK
values, the Canadian utility weights tend to be lower for patients under the age of 45 but
higher forthose overthe age of 45.8%° The sponsor further assumed that patients who
went into remission without suffering a stroke or Ml had utility weights equivalentto that of
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the general population. As the sponsor's QALY results are driven by QALYs accruedin
the “no neurologic or cardiac condition” remission health state (i.e., during the
extrapolated period of the model) (Appendix 5, Table 14) in which the main difference
between the caplacizumab plus SOC group and the SOC alone group is the proportion of
patients who survived the aTTP event, this utility weightmagnifies the clinical benefit
gained. As stated previously, patientswho have had an aTTP episode are more likely to
have a number of comorbidities compared with the general population, which would have
an impacton quality of life.* Additionally, the patient inputreceived by CADTH indicated
that aTTP has animpacton quality of life, including increased stress, anxiety, and mood
swings, beyond the acute state (i.e., three months).

While utility values for patients with aTTP were not found in the literature, health utilities
based on the Health Utilities Index Mark 3 were available from the 2013 and 2014
Canadian Community Health Survey for both the general population’®and for a number of
major chronic conditions.?® For the base-case reanalysis, CADTH replaced the sponsor's
1999 UK general population utility weights with those elicited in Canadain 2013 and 2014
(reportedin 2018). Furthermore, CADTH assumed a utility modifier consistent with that of
asthma, the condition with the least severeimpacton quality of life as reported in the
Canadian Community Health Survey (93% of the utility score of the general population).?°
Given uncertainties aboutthe true utilityimpactof patients with a history of aTTP, CADTH
also explored a more conservative assumption by setting the utility modifiersto be
consistentwith having a mood disorder (75%) in scenario analyses.

e Uncertainty in the RRs was underestimated: Although some inputs within the
sponsor's model vary individually by treatment group (i.e., probability of experiencing an
exacerbation, probability of deep vein thrombosis) and reflectthe uncertainty associated
withinthe HERCULES trial data, others relied on a 15% variation around the mean
probability forthe SOC group and the RR for the caplacizumab plus SOC group (i.e.,
death, stroke, and MI). As only a small number of events occurred within the HERCULES
trial, which was not powered to detect differencesin these outcomes, the RR of these
events between treatmentgroups is highly uncertain. By setting uncertainty arbitrarily as
15% of the mean, the sponsor's model does not accurately reflectthe extent of the true
uncertainty from the trial. For example, using the sponsor’'s method where standard error
is 15% of the mean, the RR of stroke duringanaTTP episode was associated with a
range of 0.50 to 0.91, whereas the 95% confidence interval (Cl) around the RR calculated
using the trial datais - Of particularimportance isthe uncertainty in the RR of death
from anaTTP event, as mortality is a key driver of the model. The CADTH reanalyses
adjusted the distributions for each parameter to reflectthe underlying datasetfrom the
HERCULES trial.

CADTH CDR Reanalyses

CADTH incorporated the following changes during reanalysis:

1. Deathrelatedto aTTP in the caplacizumab group during the full follow-up period of the
HERCULES trial was included in the calculation of the RR of mortality during the acute
aTTP episode (i.e., initial three months). The resulting RR of death for caplacizumab
compared with SOC (mean RR = 0.34; 95% CI, 0.04 to 3.22) was varied probabilistically
through beta distributions based on the number of deaths reported in each treatment
group in the HERCULES trial. To preventextreme draws leading to impossible
proportions of patients experiencing an event, the RR was restricted within its 95% CI.
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2. Allrecurrencesinthe HERCULES trial, either exacerbations or relapses, were included.
As the sponsor’'s commissioned systematic review did notinclude recurrences that
occurred after 30 days post-PEX but within three months (i.e., cycle length of the model),
whereasthe HERCULES trial reported recurrence for the full length of the trial (i.e., up to
13 weeks), the probability of recurrence from the HERCULES trial was used for each
group to ensure consistency.

3. Recent Canadian datawere used to inform the average health utility score of the general
population by age and gender. A multiplier of 0.93, consistentwith asthma, the chronic
condition with the least severe impacton utility score as reported in a study using the
same dataset, was used to estimate the reduced quality of life associated with patients
with a history of aTTP.

4. Mortality in remission was assumedto be 10 timesthat of the age- and gender-matched
general population, based on the
15-year probability of death reported for TTP patients in Deford et al., compared with the
same probability for the general Oklahoma and US populations. This calculated per-
cycle mortality was limited to a maximum consistentwith the similarly converted 15-year
probability of death in Deford et al.,'* after the removal of a patient in the study who
appeared to have died during their acute aTTP eventor shortly thereafter, as such death
would have already occurred within the acute cycle of the model. The increased mortality
risks associated with a history of Ml and stroke were removed (i.e., multipliers setto 1) to
preventdouble-counting of aTTP-related causes of death. Once the probability of death
per cycle of the general population exceeded that of these assumptions (atage 76), the
general population probability was used.

5. The RRs of patients experiencing an Ml or stroke were varied probabilistically through
beta distributions based on the number of eventsreported in each treatmentgroup in the
HERCULES trial rather than by setting uncertainty to be arbitrarily at 15% of its mean
value.To preventextreme draws, the RR was restricted to its 95% CI.

In addition, CADTH identified the following minor errors that were also adjusted:

1. Correction of minorerrorsin the model: The cost of X-rays and bone marrow biopsies for
patients receiving caplacizumab was overstated and, as the submitted price of
caplacizumab is notassociated with uncertainty, probabilistic variation around the
submitted price was removed.

In CADTH’s base-case reanalysis, the addition of caplacizumab to SOC was associated with
a gain of 1.04 QALYs at an additional costof $246,568, resultingin an ICER of $237,053
per QALY gained when compared with SOC alone (Table 3). Ata WTP of $50,000 per
QALY, the probability thatcaplacizumab plus SOC is cost-effective compared with SOC
alone is 0%, rising to 5% ata WTP of $100,000 per QALY.
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Table 3: CDR Base-Case Reanalyses

Sponsor’s base Reference 223,408 3.07 72,786
case
1 AIlHERCULES e Probability of death for ¢ Probability of death 221,924 1.65 134,511
deathsincluded caplacizumab): 0% for caplacizumab:
(with uncertainty (calculated based on % (calculated
reflecting the trial RR =0.00) basedonmeanRR
data)forthe acute | e Uncertainty assumedto =0.34)
aTTP episode be 15% of mean estimate | e Uncertainty
modelled using beta
distributions based
ontrial data foreach
group; calculatedRR
limited to 95% ClI
2 Allrecurrencesin e Probability of recurence e Probability of 244,604 3.08 79,367
trialincluded for SOC: |% recurrence for SOC:
¢ Probability of recurence 38.4%
for caplacizumab: |2 « Probability of
(calculated, based on recurrence for
RR = .) caplacizumab:
12.7% (calculated
based on RR =0.33)
3 Mortality rate in e Assumed equivalentto e Assumed 10times 221,581 2.49 88,847
remission general population higherthan general
¢ SMR (post-Ml): 2.02 populationbased on
* SMR (post-stroke): 3.90 15-year probability of
death reportedin
Deford (2013); equal
to general population
once it surpasses
Deford
¢ SMR (post-MI): 1.00
¢ SMR (post-stroke):
1.00
4 Utility weights » General population based | e General population 223,262 291 76,816
on UK value set, reported based on Canadian
in 19998 value set, reported
e Multiplier (in remission): 2018%°
1.00 e Multiplier (in
remission): 0.93%°
5 Stroke and Ml Uncertainty modelled by Uncertainty modelled 220,766 2.88 76,570
uncertainty 15% assumption using beta
reflecting the trial distributions based on
data trial data foreach
group, calculated RR
limited to 95% CI
6 Costerrors ¢ Cost of X-ray, ¢ Cost of X-ray, 222,914 3.07 72,565
corrected; price of caplacizumab patients: caplacizumab
caplacizumab $52 patients: $43
certain « Cost of bone
marrow biopsy,
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Description Sponsor’s base-case CADTH value Incremental | Incremental ICER
value cost ($) QALYs ($/QALY)
e Cost of bone marrow caplacizumab
biopsy, caplacizumab patients: $78
patients: $264 e Price of
e Price of caplacizumab: caplacizumab:
probabilistic deterministic
1to6 | CADTH basecase 246,568 1.04 237,053

CDR = CADTH Common Drug Review; Cl = confidence interval; ICER = incremental cost-effectiveness ratio; Ml = myocardial infarction; QALY = quality-adjusted life-year;
RR = relative risk; SMR = standardized mortality ratio; SOC = standard of care.

Of these CADTH step-wise reanalyses, the majority impactwas on the sponsor’s
conclusions onthe number of QALYs patients would gain as a resultof treatmentwith
caplacizumab and SOC. Similar to the sponsor’s results, the majority of the incremental
QALYs gained occurred inthe extrapolated remission phase. As previously noted, most of
the incremental QALY gain associated with the use of caplacizumab was due to the
increased survival modelled for patients who received caplacizumab during the acute period
of their aTTP episode withinthe HERCULES trial; the magnitude of this gain furtherrelies on
assumptions regarding surviving patients’ extrapolated quantity and quality of life after the
trial. Additionally, due to the size of the HERCULES trial, and the low event rate of major
drivers within the economic model (patientdeath during the aTTP episode as well as Ml and
stroke events), there is a high degree of uncertainty in the RR of these events between
caplacizumab plus SOC and SOC alone.

CADTH conducted a series of scenario analysesto explore uncertaintiesin the base-case
assumption, including: assuming a health utility score modifier consistentwith having a
mood disorderrather than asthma for patientsin remission;assuming a probability of death
during the firstcycle for patients in the SOC group consistentwith that observed in the
HERCULES trial rather than the probability from the sponsor’s systematic review (i.e., 1.4%
and 4.1% for the caplacizumab plus SOC and SOC alone treatmentgroups, respectively,
versus -% and -% in the CADTH base-case analysis);and including societal costsin
the form of lost productivity for patients during aTTP episodes and due to long-term
monitoring in response to the patientinput received regarding the impactof aTTP. Of these,
assuming a probability of death during the acute aTTP episode consistentwith that
observedinthe HERCULES trial had the largestimpacton the ICER, fewer patients dying
while receiving SOC would lead to fewer opportunities for caplacizumab to improve survival
and, thus, the ICER is much higher ($1,195,347 per QALY) (Appendix 5, Table 18).

CADTH conducted a price-reduction analysis using the sponsor'sand CADTH’s base-case
analyses (Table 4). Based onthe CADTH base-case reanalyses, the price of caplacizumab
would need to be reduced by approximately 55% or 75% to be considered cost-effective at
WTP thresholds of $100,000 and $50,000 per QALY, respectively.

Of note, CADTH was unable to address the long-term impactof treatmentwith
caplacizumab on laterrecurrences of aTTP and overall patientquality of life, as limited data
were available atthe time of this review.
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Table 4: CDR Reanalysis Price-Reduction Scenarios

ICERSs of caplacizumab plus SOC compared with SOC alone

Price Base-case analysis submitted by sponsor2($) CADTH base-case analysis ($)
Submitted 72,565 237,053
10% reduction 64,989 216,761
20% reduction 57,220 184,620
30% reduction 48,717 161,870
40% reduction 41,379 139,475
50% reduction 33,673 115,088
60% reduction 25,723 89,490
70% reduction 18,035 63,389
80% reduction 10,105 37,536

CDR = CADTH Common Drug Review; ICER = incremental cost-effectiveness ratio; SOC = standard of care.

& CADTH reanalysis 1 (i.e., the sponsor’s base case, but with cost corrections and a deterministic cost for caplacizumab).

Issues for Consideration

Rituximab usage: According to the clinical experts consulted by CADTH, rituximab is used
less often forthe treatmentof aTTP in Canadian practice than reported in the HERCULES
trial (43%)or assumed within the sponsor's model (25%), often due to access limitations.
The impactof this difference on modelled morbidity, mortality, PEX treatment, and length of
hospital stay is unknown. Rituximab has been associated with shorter hospital stays as well
as fewer and later relapses,? and has been used pre-emptively to preventrelapse in
patientsin remission with severe ADAMTS13 deficiency.?? See Appendix 1 forthe costs
associated with standard adjunctive rituximab therapy foraTTP.

PEX therapy: CADTH was unable to independently confirm the unitcost of blood products
forinfusion and thus the cost of PEX therapy. CADTH therefore assumed the same price
used by the sponsorin its model for PEX therapy (Appendix1,.

Table 6). If the daily cost of blood products used is substantially differentthan assumed, the
incremental cost of caplacizumab therapy may change, as caplacizumab was associated in
the model with a decreased length of PEX therapy. See Appendix 5, Table 18 for sensitivity
analyses assuming higherand lower unitcosts for plasma products used for PEX therapy.

Development of anti-drug antibodies: Anti-drug antibodies were detected in three
caplacizumab patients (9%)in the TITAN trial?® and two caplacizumab patients (2.8%) and
one placebo patient (1.4%, presumably during open-label caplacizumab treatment) in the
HERCULES trial. No serious adverse events were reported forthese patients, and no
impacton drug efficacy was observed.3 The potential impactof developing anti-drug
antibodies was not considered in the economic analysis.

Outpatient transition: Caplacizumab isinitiated in hospital and continued in an outpatient
setting. The transition from hospital budgetsto drug plan budgets, as well as the potential
offsetof costs due to the reduced length of stays inthe ICU and in hospital overall, may be
seen by hospital budgetholders; however, drug plan payers would not benefitfrom these
potential offsets, which may complicate the implementation of caplacizumab therapy.

Therapy decisions: According to the clinical experts consulted by CADTH, tapering and
stopping PEX therapy, as well as reinitiating itin the case of recurrence, is often guided in
part by normalization orworsening of plateletcount, a response measure thatmay be
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masked by caplacizumab. Caplacizumab raises platelet countwithoutnecessarily resolving
the underlying condition, and this artificial rise in platelets may complicate treatment
decisions and patientmonitoring, as well as potentially delay some exacerbations rather
than preventthem. The HERCULES trial administered caplacizumab for the length of daily
PEX therapy and for an additional 30 days, with the option of up to four weeks of additional
caplacizumab guided by risk factors for recurrence such as persistent, severe ADAMTS13
deficiency.® The productmonograph states: “Patients, especially those with ADAMTS13
activity < 10% at or near the time of discontinuation of Cablivi, should be closely monitored
for plateletcounts and signs of aTTP for early diagnosis of relapse after stopping or
interrupting use of Cablivi.”* While the clinical trial had a clear maximum duration of
treatment (58 days post—daily PEX cessation) and the product monograph specifies
treatmentmay be extended by a maximum of 28 days and should be discontinued if the
patientexperiences more than two recurrences of aTTP while on caplacizumab, itis not
clear how long treatmentwill continue for patients with persistentrecurrence risk factorsin
real-world clinical practice. As only one recurrence of aTTP was possible within the model,
the economicimpactof either multiple recurrences or discontinuing caplacizumab therapy
following two recurrences could notbe considered.

Patient Input

Input was received from the Answering TTP Foundation with the assistance of the Canadian
Organization for Rare Disorders. The two patient groups developed a survey and conducted
interviews and received feedback from 257 respondents, 83% of whom were patients with
TTP, and 17% of whom were living in Canada. Patients described living with aTTP as unlike
mostchronic diseases in that the difficulty was not in day-to-day experience, but in acute
aTTP episodes. While 21% of respondents had not had a relapse since their diagnosis, 49%
had experienced one ortwo relapses, while the remainder had experienced three to more
than 10.

Patient responses highlighted the severity of an acute episode, including those that resulted
in the patientdying. The responses described a significantimpacton quality of life as a
result of an aTTP episode. Patients reported a financial burden due to animpacton their
ability to work, lostincome due to missed work, and the cost of paying for treatment. This, in
addition to stress and mood swings, which were reported as side effects, had an impacton
friends and family. Respondents also described feelings of anxiety, worry, and fear about
the onset of a future episode.

Most respondentsregarded PEX as effective, and those who did not often referred to PEX
not being administered soon enough orwithouta backup strategy. Alimostall patients had
received corticosteroids, and many had received rituximab, although itis unclear what
proportion of Canadian patients had received rituximab. Although few responding patients
had experience with caplacizumab, those who did expressed positive opinions, especially
those who had previousaTTP episodesforcomparison. (See Stakeholder Engagement:
Patient Input inthe CADTH CDR Clinical Report and the CDR patientgroup input
submission reportfor caplacizumab.)
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Conclusions

In adult patients with aTTP, the use of caplacizumab in addition to SOC reduced the
frequency of aTTP recurrence within the active treatmentand follow-up periods of the
HERCULES trial and was associated with one patient death within the same time period,
compared with three deathsin patients treated with SOC alone. This possible differencein
mortality is a key driverin the economic model.

CADTH’s base-case reanalysis concluded that, at the submitted price, the addition of
caplacizumab to SOC was associated with an ICER of $237,053 per QALY compared with
SOC alone. At a WTP of $50,000 per QALY, the price of caplacizumab would need to be
reduced by approximately 75% to be considered cost-effective.

CADTH was unable to consider future aTTP episodes, specifically, the potential impact of
caplacizumab treatmenton reducing or delaying them, orthe costs associated with further
treatmentfor acute episodes. Additionally, the vast majority of incremental QALYs gained
within the model occurred during the extrapolated remission period rather than during the
acute phase for which data exists. As such, assumptions around the quantity and quality of
life experienced by patients who survive an aTTP episode are key drivers of the cost-
effectivenessresults. With little data available regarding these outcomes, the resulting ICER
is uncertain.
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Appendix 1. Cost Comparison

The comparators presented in Table 5 have been deemed to be appropriate by clinical
experts. Comparators may be recommended (appropriate) practice, versus actual practice.
Comparators are notrestricted to drugs but may be devices or procedures. Costs are
sponsor’slist prices, unless otherwise specified. Existing ProductListing Agreements are
not reflected in the table and as such may not representthe actual costs to publicdrug

plans.
Table5: CDR Cost Comparison of Prescribed Drug Indicated for Adults With aTTP
Drug or Strength Price ($) | Recommended Average daily drug Drug cost for
comparator dose cost (%) duration of
treatment ($)
Caplacizumab | 11mg | 11mg 6,200.002 11 mg e Day 1 of treatment: e Average duration of
(Cablivi) powder for 12,400 therapy:® N
solution e Subsequentdays of e Maximum duration

treatment: 6,200 of therapy:©

aTTP = acquired thrombotic thrombocytopenic purpura; CDR = CADTH Common Drug Review; PEX = plasma exchange.

Note: All prices are from the Ontario Drug Benefit Formulary (accessed October 2019) unless otherwise indicated and do not include dispensing fees. Does not include use
of open-label caplacizumab, which was used in the event of aTTP recurrence requiring re-initiation of daily PEX.

# Sponsor-submitted price.

b Based on an average duration of caplacizumab treatment of- days for an acute aTTP episode, as outlined in the HERCULES trial.®

¢ Maximum therapy duration included an average duration of - days of PEX and the maximum 28 possible days of additional therapy after cessation of PEX.

Table 6: CDR Cost Comparison of Standard-of-Care Therapies for Adults With aTTP

Drug or Strength Dosage Price ($) | Recommended Average daily Drug cost for
comparator form dose drug cost ($) duration of
treatment ($) 2

Plasmaexchange 250 mL unit Blood 122.01° 1.5 plasma e 70 kg patient: | e 70 kg patient:
productfor volume 2,047.77 12,299
infusion (60 mL/kg) e 85 kg patient: | e 85 kg patient:
2,489.00 14,934
Adjunctive therapies
Prednisone 50 mg Tablet 0.1735 1 mg/kg until 0.26 3
(generic, Winpred 5mg 0.0220 taper¢
1 mgtablet) 1mg 0.1066
Methylprednisolone 100 mg/5mL Injectable 13.4259 1,000 mg 134.26 403
(Medrol) solution
Rituximab (off-label) 10 mg/mL Injectable | 48.2305¢ 375 465.08 13,022
solution mg/m2?week®

aTTP = acquired thrombotic thrombocytopenic purpura; CDR = CADTH Common Drug Review.

Note: All prices are from the Ontario Drug Benefit Formulary*? (accessed October 2019) unless otherwise indicated and do not include dispensing fees.

#Based on average duration of therapy during an acute aTTP event without exacerbation as reported in the sponsor’'s submission.

® Price as reported by sponsor of caplacizumab; CADTH was unable to independently confirm.

© Average patient weight of 70 kg and average body surface area of 1.8 m? were used for the calculation of average drug costs per day and for the duration of treatment.?*
4 Saskatchewan Formulary (October 2019).%
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Appendix 2: Summary of Key Outcomes

Table 7: When Considering Only Costs, Outcomes, and Quality of Life, How Attractive Is
Caplacizumab Plus SOC Relative to SOC Alone?

Caplacizumab plus SOC Attractive Slightly Equally Slightly Unattractive
versus SOC attractive | attractive unattractive

Costs (total) X

Drug treatment costs alone X
Clinical outcomes X

Quality of life X

Incremental CE ratio or net Sponsor’s base-case analysis: $72,786 per QALY

benefit calculation CADTH base-case analysis: $237,053 per QALY

CE = cost-effectiveness; N/A = not applicable; QALY = quality-adjusted life-year; SOC = standard of care.
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Appendix 3: Additional Information
Table 8: Submission Quality

Yes/ Somewhat/ No/
Good Average Poor
Are the methods and analysis clear and transparent? X
Comments Scenario and sensitivity analyses methods and
Reviewer to provide comments if checking “no” assumptions were unclearly reported
Was the material included (content) sufficient? X
Comments None
Reviewer to provide comments if checking “poor”
Was the submission well organized and was information easy to locate? X
Comments Inputs within model and associated reportwere
Reviewerto provide comments if checking “poor” unusually organized, making them difficultto
locate and understand

Table 9: Authors Information

Authors of the pharmacoeconomic evaluation submitted to CDR

[ Adaptation of Global model/Canadian model done by the sponsor
X Adaptation of Global model/Canadian model done by a private consultant contracted by the sponsor
[0 Adaptation of Global model/Canadian model done by an academic consultant contracted by the sponsor

O other (please specify)

Yes No Uncertain
Authors signed a letter indicating agreementwith entire document X
Authors had independent control over the methods and rightto publish analysis X

CDR = CADTH Common Drug Review.
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Appendix 4. Summary of Other HTA Reviews of
Drug

No other health technology assessmentagencies had completed an economic review of
caplacizumab (Cablivi) forthe requested CADTH CDR indication at the time of this report.

Caplacizumab (Cablivi) is currently under review by the National Institute for Health and
Care Excellence (NICE, UK)% and the Institut national d’excellence en santé et en services
sociaux (INESSS, Quebec).?” The Haute Autorité de Santé (HAS, France)?® has decided
that due to the lack of significantimpactof caplacizumab on health insurance expenses, it
will not conducta health economic study. Similarly, the Institute for Quality and Efficiencyin
Health Care (IQWiG, Germany)? reviewed caplacizumab for adults suffering from an acute
aTTP episode. No English summary was available; however, itwas determined thatthe
benefitof caplacizumab, as an orphan drug, was considered as proven by its authorization
and is therefore reimbursed.

CADTH COMMON DRUG REVIEW Pharmacoeconomic Review Report for Caplacizumab (Cablivi) 25



CADTH

Appendix 5: Reviewer Worksheets

Sponsor’s Model Structure

As outlined in Figure 1, the model followed a cohortof patients who had suffered an index
acute aTTP episode. In the first cycle, patients entered one of four differentacute disease
health states: acute MI, acute stroke, no neurological or cardiac condition, or death. After the
first cycle, patients who died transitioned into the “death resulting from acute aTTP health
state,” while patients who remained alive transitioned into one of the remission health states.
If the patienthad not suffered an Ml or stroke during the firstcycle, they would transition into
the “no neurologic or cardiac condition” remission health state. Patients who experienced an
acute Ml or an acute stroke would transition into the “chronic MI” or “chronic stroke”
remission health states, respectively. Patients remained in their respective remission health
states until death.

Figure 1. Sponsor’s Model Structure

acute aTTP state Remission state
- - — s - —
No neurological or cardiac condition No neurological or cardiac condition
(NoNC) (NoNc)
| __ Death during
Acute aTTP Remission remission
episode
\ J \ () S
r )
= - r . T " ~\ ]
Acute myocardial infarction Chronic myocardialinfarction |
(aMi) (cMI) !
: J |
_Acu(e am eplsude_ Acute aTTP Remission |
(with potential exacerbation) episode h
\ \ J i
~ - i
( Acute stroke ( Chronic stroke A !
(aStroke) (cStroke) 3
_________________ b
Acute aTTP Remicsion
episode
' t
N \ J A J
1 '
'
'
H Death resulting
------ > from acute aTTP
episode
Horizon = 240 quarters Y

Cyclelength = 3 months

aMI = acute myocardial infarction; aStroke = acute stroke; aTTP = acquired thrombotic thrombocytopenic purpura; cMI = chronic myocardial infarction;
NoNC = no neurological or cardiac condition.

Source: Sponsor's Pharmacoeconomic Report, Figure 7-1.%°
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Table 10: Data Sources

Data input

Baseline
characteristics

Description of data source

Mean age, sex proportion, mean plateletcount
level, previous TTP episodes,and ADAMTS13
activity was obtained from the HERCULES
trial .

CADTH

| Comment
Appropriate.

Efficacy

Probabilities of experiencing an exacerbation
(defined as a reduction in platelet count below
150 x 109L, an increased LDH level,and the
need to restart PEX therapy, all of which must
occur lessthan 30 days after the last PEX with
clinical response), Ml, stroke, or death during
the indexaTTP eventwere derived from the
HERCULES trial for patientsreceiving
caplacizumab and SOC therapy.®

Source was appropriate. However, by selecting estimates
from differentsources for caplacizumab with SOC and SOC
alone without proper adjustmentto accountfor relative
treatmenteffects, the approach takento combine treatment
estimates was inappropriate. See Limitations of the
Sponsor’s Submission within the CADTH CDR Clinical
Review Report.

The model did notinclude aTTP relapses from the
HERCULES trial, all of which occurred in the caplacizumab
treatmentgroup within several days of treatment
discontinuation. An aTTP relapse was defined as a reduction
in plateletcountbelow 150 x 109L, an increased LDH level
and the need to restart PEX therapy all occurring more than
30 days after the last PEX and a clinical response to PEX.
See Limitations of the Sponsor’'s Submission within the
CADTH CDR Clinical Review Report.

Imbalances existed inthe HERCULES trial at baseline, with
patientsin the caplacizumab plus SOC group having had
fewer previous TTP episodes and a higher proportion of
patients with ADAMTS13 activity = 10%, but also a higher
proportion assessed as having severe disease. It is unclear
what impactthese imbalances may have had on relative
treatmenteffect. See CADTH CDR Clinical Reportfor
caplacizumab, Table 4.

Natural history

The sponsor conducted a systematic literature
review. The probabilities of developing
concurrentMI or stroke withinanaTTP
episode were derived from Goel et al. (2016).”
The probability of experiencing an
exacerbation from an aTTP event was sourced
from ameta-analysis conducted by the
sponsor.®

Acceptable. Goel et al. investigated aTTP and associated
events ina US population butdid not break down the Ml or
stroke data by age.” This study included patients < 18 years
of age, which was outside the current clinical indication for
caplacizumab (i.e.,foradult patients suffering from an acute
aTTP episode in combination with PEX and
immunosuppressive therapy). However, patients lessthan 18
years old accounted for approximately 1.3% of the study
population and likely had a small effecton disease
progression.’

Acquired TTP is associated with long-term neurocognitive
impairments®that were not included in the sponsor's model.
Psychological effects, memoryloss, and/or confusion were
listed as chronicissues for many patients, as outlined in the
patientinput submitted for this review. Caplacizumab’s
neurocognitive impacton the treated aTTP population was
not investigated in the HERCULES trial.® Although
neurocognitive impairment may impactthe quality of life of
patients post-aTTP episode, there is insufficientevidence to
suggesta difference between patients treated with
caplacizumab plus SOC compared with SOC alone.
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Data input Description of data source Comment

Utilities Gender-and age-specific utilities were Less generalizable. More recentdata on health utilities in the
approximated from UK values published in general Canadian population are available.®
1999.8
Disutility of an acute aTTP episode was No published data exists on the disutility associated with an
approximated using EQ-5D results from Anie acute aTTP episode. Although clinical experts consulted by
etal.in 2012, which studied sickle cell CADTH noted that sickle cell disease significantly differsin
disease.!® disease managementand hospitalization, they concluded

sickle cell disease was an appropriate proxy foran acute
aTTP episode dueto the lack of a more appropriate proxy.
Utility multiplier for acute Ml and acute stroke Utility multipliers and disutilities associated with acute
were based on NICE clinical guideline 181.° conditions and adverse treatmentevents were validated by
Disutility of thromboembolic events, such as CADTH. The validity of applying constant utility multipliers
deep vein thrombosis and pulmonary over a lifetime is uncertain; however, these inputs were
embolism, were based on NICE TA 327.3 minordriversin the sponsor's model and did not significantly
Other AEs, such as treatment-related serious impactthe resulting incremental cost-utility ratio.
bleeding events, were based on NICE TA 327
and TA 420 guidance 3.3
The sponsor assumed the disutility of PEX Likely not acceptable, but unlikely to impactthe model.
complications would be similar to the disutility Clinical experts consulted by CADTH noted that, in practice,
of a bleeding event, as seen in NICE TA 327 the major adverse effectwith PEX therapy is an allergic
guidance.®! reaction; therefore, equating PEX adverse effectsto serious
bleeding did notappropriately capture the expected utility
impact.

AEs The probabilities of thromboembolic and other | The sponsor’s calculation of PEX complications, using the
AEs, such as PEX complications and proportion of mild versus major adverse events, was not
treatment-related serious bleeding events, transparentin the model. However, this is unlikely to impact
were based on data from the HERCULES the model.
trial.

Mortality The probability of death from an acute aTTP Inappropriate. See Limitations of the Sponsor’s Submission

episode for patients who underwent standard
therapy was derived by a systematic literature
review by the sponsor. Mortality data foran
acute aTTP eventin patients who received
adjunctive therapy with caplacizumab was
derived from the HERCULES trial.®

Mortality ratios for patients who suffered a
stroke was derived from Rutten-Jacobs et al.*
Mortality ratios for patients who suffered from
MI was derived from a study performed by
SOLVD investigators publishedin 1992.3*

within the main body of this report.

Mortality ratios for both MI and stroke did not change,
regardless of length of time from event (acute and chronic
values were equal).®** The mortality ratio for Ml was based
on a comparison between patients with and without
congestive heartfailure, not Ml or coronary artery disease.
However, these inputs did not significantly impactthe cost
utility of caplacizumab.

Resource use and costs

Drug

Sponsor-submitted price for caplacizumab.
The pivotal trial publication®defined the dose
of caplacizumab as 10 mg pervial, whereas
the FDA®* and Health Canadathave defined
identical vialsas 11 mg per dose.

The sponsor estimated the costs of PEX by
doing internal marketresearch and using
internal data on plasma usage from the
Canadian Apheresis Group.

Appropriate. The productis unchanged from thatused in the
trial.

Uncertain. CADTH was unable to validate these values
independently. CADTH conducted a scenario analysis on the
cost of PEX.
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Data input

Description of data source

The cost of corticosteroids (prednisolone and
prednisone) and rituximab were sourced from
the Ontario Drug BenefitFormulary and the
Ontario Drug Benefit Exceptional Access
Program .12

CADTH

Comment
Acceptable source.

Administration

The procedural costof PEX administration and
the additional outpatient cost of rituximab
therapy were sourced from the Ontario Ministry
of Health and Long-Term Care Schedule of
Benefits — Physician Services.?

No costs regarding administration by a health
care worker or self-administration were
included for caplacizumab.

Acceptable.

As cited in the draftproductmonograph, the first dose of
caplacizumab would be administered by a health care
workerin hospital and subsequentdoses would be self-
administered by the patient. No additional administration cost
was assumed forthe first dose of caplacizumab and the
additional costs of subsequentdoses were assumed to be
included within the cost of a hematology specialistoutpatient
visit.

AEs

No costs associated with the management of
AEs with the exception of severe treatment-
related bleeding orthromboembolic events
were included.®

Pulmonary embolism, deepvein thrombosis, PEX
complications, and other bleeding were assumed to incur no
additional cost, as the sponsor concluded thatthe resources
which would be used to manage these events would have
already beenincluded as part of the inpatient stay.

Health state

Components of each health state were

sourced from:

¢ the Ontario Ministry of Health and Long-
Term Care??

¢ the Canadian Institute for Health
Information?®

e physician feedback (for ADAMTS13 assay)

¢ internal marketresearch

e the Ontario Drug Benefit Formulary*?

¢ the Ontario Drug BenefitFormulary
Exceptional Access Program?'’

Acceptable.

The sponsorassumed thatthe additional costs of chronic Ml
and chronic stroke health states were limited to consults and
diagnostic/monitoring tests only.

ADAMTS13 = and metalloproteinase with a thrombospondin type 1 motif, member 13; AE = adverse event; aTTP = acquired thrombotic thrombocytopenic purpura;
EQ-5D = EuroQol 5-Dimensions; LDH = lactate dehydrogenase; M| = myocardial infarction; NICE = National Institute for Health and Care Excellence; PEX = plasma
exchange; SOC = standard of care; TA = technology appraisal.
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Table 11: Sponsor’s Key Assumptions

CADTH

Assumption | Comment

The mortality for patientsin the caplacizumab group who had
an acute aTTP event withoutacute stroke or Ml was
equivalentto the mortality of the general population (relative
risk of 1.0 when compared with standard of care).

Inappropriate. See Limitations of the Sponsor’s Submission
within the main body of this report.

Model inputs pertaining to inpatientstay (i.e., length of
hospital stay, disutility, and treatment) for a recurrence of
aTTP were the same as those for patients who did not have
a subsequentepisode.

Acceptable.

No currentdata exists comparing the length of hospitalization and
disutility of an acute aTTP episode to exacerbation. Clinical
experts consulted by CADTH noted that the major difference in
managementfor recurrentdisease compared with the initial acute
episode was the increased use of adjunctive immunosuppressive
therapies. These clinical experts stated that in recurrent
admission, more than 25% of patients who were admitted to
hospital would receive rituximab, which supports the sponsor’s
model assumption.

Subsequentacute aTTP events were not modelled.

Inappropriate.

See Limitations of the Sponsor’'s Submission within the main
body of this report.

Costs and utilities associated with intracerebral hemorrhage,
TTP, and thrombotic microangiopathy were notincluded, as
they were included elsewhere (i.e., intracerebral hemorrhage
was considered under stroke).

Acceptable.

Although this assumption did notfully encapsulate the disutility
and costs experienced by aTTP patients suffering from these
illnesses, model simulations were run incorporating greater
treatment-related disutility and health state—related costs. These
simulations demonstrated thatlarge variation in disutility and
costs related to adverse events did not significantlyimpactthe
cost utility of caplacizumab.

Patients experiencing the index acute aTTP episode were
treated in the hospital.

Appropriate.

Prior to the index acute aTTP episode, patients were free of
chronic or comorbid conditions and therefore had identical
mortality to the general population.

Inappropriate. See Limitations of the Sponsor’'s Submission
within the main body of this report.

The duration of an acute aTTP episode in hospital was
assumed to be equivalentto the number of days the patient
spentin hospital during an aTTP exacerbation.

Appropriate.

aTTP = acquired thrombotic thrombocytopenic purpura; CDR = CADTH Common Drug Review; MI = myocardial infarction; TTP = thrombotic thrombocytopenic purpura.

Table 12: Sponsor’s Disutilities and Utility Modifiers

Disutility or Caplacizumab + SOC
multiplier Duration Frequency Duration Frequency
or rate or rate

Disutility
Acute aTTP episode, initial -0.230 10.8 days (length All 9.5 days (length All

of hospital stay) of hospital stay)
Acute aTTP episode, -0.230 10.9 days (length 9.5 days (length [ W
recurrence (%) of hospital stay) of hospital stay)
Pulmonary embolism (%) -0.250 6 weeks 0% 6 weeks 1.41%
Deep vein thrombosis (%) -0.250 6 weeks 4.11% 6 weeks 4.2 (3%)
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Disutility or Caplacizumab + SOC
multiplier Duration Frequency Duration Frequency
or rate or rate
PEX complication (rate per -0.050 4.4 days 1.29 4.4 days 0.57
patient)
Treatment-related serious -0.100 10.8 days 0 10.8 days 0.13

bleeding (rate per patient)
Utility multiplier

Non-fatal Ml (acute) 0.400 One 90-day 4.39% One 90-day cycle 4.52%
cycle

Non-fatal stroke (acute) 0.628 Four 90-day 4.44% Four 90-day cycles 3.06%
cycles

Non-fatal MI (subsequent 0.880 Remainder of Risk of mortality Remainder of Risk of mortality

cycles) lifetime multiplier: 2.02 lifetime multiplier: 2.02

Non-fatal stroke 0.628 Remainder of Risk of mortality Remainder of Risk of mortality

(subsequentcycles) lifetime multiplier: 3.90 lifetime multiplier: 3.90

aTTP: acquired thrombotic thrombocytopenic purpura; Ml = myocardial infarction; PEX = plasma exchange; SOC = standard of care.
Source: Adapted from sponsor’s submitted pharmacoeconomic evaluation, tables 8-18, 8-19, 8-23, 8-24, 8-25, 8-26, 8-29, and 8-31.%

Sponsor’s Results

Overall results forthe sponsor’s base case can be found in Table 2. Costs broken down by
category are presented in Table 12 and are mainly driven by the cost of caplacizumab, with
some savings seenin the cost of acute treatment(i.e., mainly PEX) and hospitalization due
to decreasedtimeinthe ICU.

Table 13: Sponsor’s Base Case Cost Results by Category

Costs per patient SOC (%) Caplacizumab + SOC (%) Incremental costs (savings,

$)

Acute aTTP episode cost

Acute treatment (excluding caplacizumab) 23,050 16,062 (6,988)
Caplacizumab 0 239,691 239,691
Adverse event 0 0 0
Hospitalization 25,472 14,639 (10,833)
Monitoring 2,674 2,075 (600)
Remission cost

Chronic disease (post-Ml or post-stroke) 2,641 2,354 (287)
Monitoring 13,881 16,075 2,194
Death 0 0 0
Total cost per patient 67,546 290,955 223,408

aTTP = acquired thrombotic thrombocytopenic purpura; M| = myocardial infarction; SOC = standard of care.

The majority of QALY gain for the caplacizumab plus SOC group is due to the increased
probability of mortality modelled in the SOC group, leading to greater QALYs accumulating
in the extrapolated remission phase of the model (Table 14).
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Table 14: Sponsor’s Base Case Discounted QALY Results by Health State
SOC (QALYs)

Caplacizumab + SOC Incremental QALYs

(QALYSs) (negative)

Acute aTTP episode cycle (90 days)

No neurological or cardiac condition 0.189 0.193 0.005
Acute stroke 0.005 0.003 (0.002)
Acute Ml 0.003 0.003 0.000
Remission cycles (remainder of lifetime)

No neurological or cardiac condition 17.586 20.762 3.176
Chronic stroke (post-stroke) 0.409 0.281 (0.128)
Chronic Ml (post-MI) 0.657 0.676 0.018
TOTAL 18.849 21.919 3.069

aTTP = acquired thrombotic thrombocytopenic purpura; MI = myocardial infarction; QALY = quality -adjusted life-year; SOC = standard of care.

A summary of the sponsor’s deterministic results for the incremental cost per life-year
gained can be foundin Table 15.

Table 15: Summary of the Sponsor’s Deterministic Results for Life-Years

Total costs Incremental cost of Total Incremental Incremental cost
(%) caplacizumab ($) life-years life-years for per life-year
caplacizumab (% per life-year gained)
SOC 67,996 Reference 24.265 Reference Reference
Caplacizumab + 290,737 222,740 28.070 3.80 58,545

SOC

SOC = standard of care.

CADTH CDR Reanalyses

CADTH’s base-case analysisis outlined in Table 3. Cost and QALY breakdowns of the
CADTH base-case results can be foundin Table 16 and Table 17, respectively.

Differencesin the CADTH reanalysis results compared with the sponsor’s analysis are
driven by the inclusion of mortality in the caplacizumab group during the acute phase, as
well as increased mortality and lowered utility weights for both groupsin the remission

phase.

Table 16: CADTH Base Case Cost Results by Category

Costs per patient

soC (3)

Caplacizumab + SOC

($)

Incremental costs
(savings, $)

Acute aTTP episode cost

Acute treatment(excluding caplacizumab) 23,364 17,799 (5,565)
Caplacizumab 0 260,350 260,350
Adverse event 0 0 0
Hospitalization 25,855 15,834 (10,022)
Monitoring 2,714 2,185 (529)
Remission cost

Chronictreatment 2,557 3,970 1,413
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Costs per patient SOC ($) Caplacizumab + SOC | Incremental costs
(©)) (savings, $)

Monitoring 11,225 12,128 903

Death 0 0 0

Total cost per patient 65,697 312,264 246,568

aTTP = acquired thrombotic thrombocytopenic purpura; SOC = standard of care.

Table 17: CADTH Base Case Discounted QALY Results by Health State
SOC (QALYs) Caplacizumab + SOC Incremental QALYs

(QALYs) (negative)

Acute aTTP episode cycle (90 days)

No neurological or cardiac condition 0.175 0.181 0.006
Acute stroke 0.005 0.004 0.000
Acute Ml 0.003 0.004 0.001
Remission cycles (remainder of lifetime)

No neurological or cardiac condition 13.385 14.350 0.965
Chronic stroke (post-stroke) 0.405 0.385 (0.019)
Chronic Ml (post-MI) 0.565 0.652 0.088
TOTAL 14.536 15.576 1.040

aTTP = acquired thrombotic thrombocytopenic purpura; MI = myocardial infarction; QALY = quality -adjusted life-year; SOC = standard of care.

Note: Some totals may appear off due to rounding.

Scenario analyses exploring uncertainty in the CADTH base case can be found in Table 18.
Scenario A, the societal perspective (as programmed by the sponsor), did notimpactthe
ICER, as productivity savings during the acute phase of the model appearto be offsetby
increased productivity loss due to future monitoring and chronic treatment costs due to more
patients surviving. Scenario B, where the probability of death forthe SOC arm was based on
that observed in the HERCULES trial, resultsin a much higherICER, as a reductionin the
absolute risk of death during the acute aTTP phase inthe SOC group (from JJo6 to 4.1%)
leadsto fewer patients benefiting when the RR is applied for the caplacizumab plus SOC
group. Scenario C, where the quality of life associated with living withaTTP is assumed to
be equivalentto having a mood disorder rather than equivalentto asthma, leadsto a
moderate increase in the ICER, as the lower utility weightapplied (multiplier of 0.75 versus
0.93 inthe base case) reduces the overall accumulation of QALYs for all surviving patients.
Finally, as the per-unitcost of PEX therapy could not be confirmed by CADTH, sensitivity
analyses assuming the unitcostwas halved and doubled are presented in scenarioD and E,
respectively. As caplacizumab use leadsto a smallreduction in PEX therapy duration, the
ICER for caplacizumab plus SOC compared with SOC alone is slightly lower when PEX is
more expensive and slightly higherwhen PEX is less expensive than the cost of PEX
assumed in the sponsor'sand CADTH’s base cases.
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Table 18: CADTH Scenario and Sensitivity Analyses Around the Base Case

Description

CADTH base-case
value

Scenario value

Incremental

cost ($)

Incremental
QALYs

ICER
($/QALY)

CDR base case Reference 246,568 1.04 237,053
A | Societal Public health care Includes sponsor’s 246,260 1.03 238,158
perspective payer perspective,no | estimates of
productivity loss productivity loss and
included average wage
B | Probabilityof death | e Caplacizumab + e Caplacizumab + 245,853 0.21 1,195,347
in firstcycle direct SOC = % SOC=1.4%
from HERCULES e SOC = % ¢ SOC=4.1%
trial e MeanRR =0.34 e MeanRR =0.34
C | Mood disorder e Multiplier consistent |  Multiplier consistent 246,421 0.82 300,064
utility as proxy for with asthma utility with mood disorder
aTTP inremission score: 0.93 utility score: 0.75
D | PEX unitcost $122.01 per unit $61.00 per unit 249,022 1.03 242,878
halved
E | PEX unitcost $122.01 per unit $244.02 per unit 241,136 1.05 229,423
doubled

aTTP = acquired thrombotic thrombocytopenic purpura; CDR = CADTH Common Drug Review; ICER =incremental cost-effectiveness ratio; PEX = plasma exchange

therapy; QALY = quality-adjusted life-year; RR = relative risk; SOC = standard of care.
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