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ABSTRACT

Introduction: Pembrolizumab was approved in
the US as adjuvant treatment of patients with
stage IIB or IIC melanoma post-complete
resection, based on prolonged recurrence-free
survival vs. placebo in the Phase 3 KEYNOTE-
716 trial. This study aimed to evaluate the cost-
effectiveness of pembrolizumab vs. observation
as adjuvant treatment of stage IIB or IIC mela-
noma from a US health sector perspective.

Methods: A Markov cohort model was con-
structed to simulate patient transitions among
recurrence-free, locoregional recurrence, distant
metastasis, and death. Transition probabilities
from recurrence-free and locoregional recur-
rence were estimated via multistate parametric
modeling based on patient-level data from an
interim analysis (data cutoff date: 04-Jan-2022).
Transition probabilities from distant metastasis
were based on KEYNOTE-006 data and network
meta-analysis. Costs were estimated in 2022 US
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dollars. Utilities were based on applying US
value set to EQ-5D-5L data collected in trial and
literature.

Results: Compared to observation, pem-
brolizumab increased total costs by $80,423 and
provided gains of 1.17 quality-adjusted life
years (QALYs) and 1.24 life years (LYs) over
lifetime, resulting in incremental cost-effec-
tiveness ratios of $68,736/QALY and $65,059/
LY. The higher upfront costs of adjuvant treat-
ment were largely offset by reductions in costs
of subsequent treatment, downstream disease
management, and terminal care, reflecting the
lower risk of recurrence with pembrolizumab.
Results were robust in one-way sensitivity and
scenario analyses. At a $150,000/QALY thresh-
old, pembrolizumab was cost-effective vs.
observation in 73.9% of probabilistic simula-
tions that considered parameter uncertainty.
Conclusion: As an adjuvant treatment of stage
IIB or IIC melanoma, pembrolizumab was esti-
mated to reduce recurrence, extend patients’
life and QALYs, and be cost-effective versus
observation at a US willingness-to-pay
threshold.

Keywords: Adjuvant treatment; Cost-
effectiveness analysis; Pembrolizumab; Stage
[IB-IIC melanoma; US health sector perspective
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Key Summary Points

Why carry out this study?

Surgical resection is the primary treatment
for stage [IB-IIC melanoma but is often
not curative because of high risk of disease
recurrence post-surgery

This study evaluated the cost-effectiveness
of adjuvant pembrolizumab versus
routine observation alone (no adjuvant
treatment) in patients with resected stage
[IB-IIC melanoma from a US health sector
perspective

What was learned from the study?

Over a lifetime horizon, pembrolizumab
was estimated to extend life years and
quality-adjusted life years relative to
observation and was cost-effective based
on a typical US-specific willingness-to-pay
threshold

Results from this study can inform
decision-making by payers, physicians,
and patients regarding the optimal
treatment strategy for resected stage
IIB-IIC melanoma

INTRODUCTION

Melanoma is a type of cancer that affects mel-
anocytes, the melanin-producing cells in the
skin. Melanoma is the most lethal form of skin
cancer. In the USA, the incidence of melanoma
has risen by 1.2% annually over the last decade,
with an estimated 99,780 newly diagnosed cases
and 7650 deaths attributed to melanoma in
2022 [1].

The primary treatment for stage Il melanoma
is surgery in the form of wide excision with a
safety surgery margin of 2 cm (depending on
anatomical location) [2]. Though surgery can be
curative for some patients, 19-37% of patients
died within Syears of resection because of

disease recurrence [3-5]. The risk of recurrence
depends on several factors, including tumor
thickness or depth, ulceration status, histology,
and completeness of surgical resection [6].
Patients with stage IIB or IIC melanoma are at
an increased risk of recurrence, higher than
stage IIIA and similar to stage IIIB, after com-
plete surgical resection [6]. Pathologic staging to
define stage IIB or IIC includes a negative sen-
tinel lymph node biopsy, per American Joint
Committee on Cancer 8th edition criteria [4].

For patients at a high risk of recurrence post-
surgery, there is a need for effective adjuvant
therapies to prevent recurrence of melanoma
and improve survival. Adjuvant interferon-alfa
in melanoma has been shown to provide mod-
est improvements in recurrence-free survival
(RFS) (i.e., a hazard ratio [HR] of 0.86 vs. pla-
cebo) but is associated with significant toxicities
that can negatively affect quality of life [7, 8].
With high-dose interferon-alfa, approximately
40% of patients have treatment-related adverse
events (AEs) that lead to dose delays or reduc-
tions [8]. National Comprehensive Cancer Net-
work (NCCN) guidelines therefore no longer
recommend interferon-alfa as adjuvant therapy
for cutaneous melanoma [2].

Pembrolizumab is a high-affinity mono-
clonal antibody which binds to the pro-
grammed cell death protein 1 (PD-1) receptor
and blocks its interaction with the programmed
cell-death ligands, PD-L1 and PD-L2. This reac-
tivates the tumor-specific cytotoxic T-lympho-
cytes, which destroy tumor cells, and re-
establishes anti-tumor immunity in affected
patients [9]. Pembrolizumab was approved by
the US Food & Drug Administration (FDA) as
adjuvant treatment of patients with stage IIB or
[IC melanoma post-complete resection, based
on statistically significant longer RES vs. placebo
in the Phase 3 KEYNOTE-716 trial
(NCT03553836) [10]. In the third interim anal-
ysis of KEYNOTE-716 (data cutoff date: 04-Jan-
2022; median follow-up: 27.4 months [in-
terquartile range 23.1-31.7]), pembrolizumab
significantly improved time to distant metas-
tases (HR 0.64; 95% confidence interval [CI]
0.47-0.88) relative to placebo [11].

A comprehensive economic evaluation is
needed to guide insurance coverage and clinical
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treatment decisions regarding the use of pem-
brolizumab in this setting. The objective of this
study was to evaluate the cost-effectiveness of
pembrolizumab as an adjuvant treatment fol-
lowing complete resection of stage 1IB or IIC
melanoma from a US health sector perspective.
Pembrolizumab was compared to the strategy of
routine observation alone, represented by the
placebo arm of the KEYNOTE-716 trial.

METHODS

Model Overview

A Markov cohort model was implemented in
Excel 2016 (Microsoft Corp., Redmond, WA) to
evaluate the cost-effectiveness of pem-
brolizumab versus observation among patients
(ages > 12 years) who have undergone com-
plete surgical resection and have a histologi-
cally/pathologically confirmed new diagnosis of
stage IIB or IIC melanoma. Pembrolizumab was
evaluated based on the trial-based, label-rec-
ommended dosing schedule in this setting
(200 mg for ages 18 + years or 2 mg/kg [up to
200 mg] for ages 12-17 years, administered
intravenously [IV] every 3 weeks for up to 17
cycles [~ 1 year]).

Patients in the Markov cohort transitioned
among four mutually exclusive health states:

C\ Recurrence-
free
C\ Distant

metastases

Locoregional /—>
recurrence

Death

Fig. 1 Model schematic. The model schematic illustrates
the four mutually exclusive health states in the Markov
model. Allowable transitions among the four states are
represented by arrows. Patients enter the model in the
recurrence-free state after having undergone complete
resection of stage IIB-IIC melanoma and are at risk of
transitioning to other health states at the end of each
weekly model cycle

recurrence-free (RF), locoregional recurrence
(LR), distant metastases (DM), and death
(Fig. 1). This model structure allowed for
extrapolation of key survival endpoints in each
treatment arm, including RFS (defined as time
to LR, DM, or death, whichever occurs first),
DMES (defined as time to DM or death, which-
ever occurs first), and overall survival (OS) (de-
fined as time to death). Based on these endpoint
definitions, RFS depended on all transition
probabilities starting from the RF state, DMES
depended on transition probabilities starting
from RF and LR, and OS depended on all tran-
sition probabilities in the model.

Patients entered the model in the RF state
following surgical resection. Starting age
(59.3 years) and percentage female (39.7%) were
consistent with the KEYNOTE-716 population
at baseline. From RF, patients’ risks of transi-
tioning directly to LR, DM, or death differed
between the two model arms (adjuvant pem-
brolizumab or observation), based on results
from KEYNOTE-716. After developing LR,
patients were assumed to be potentially eligible
for an FDA-approved adjuvant systemic treat-
ment of resected stage III melanoma. Transition
probabilities from the LR state directly to DM or
death were estimated for each treatment arm
based on KEYNOTE-716 data. Upon developing
DM, patients were expected to initiate subse-
quent systemic therapies for advanced/meta-
static melanoma. Transition probabilities from
DM to death were linked to the efficacy of first-
line therapies received in the advanced/meta-
static setting.

The analysis adopted a weekly cycle length
with half-cycle correction. Costs from a US
health sector perspective, life years (LYs), and
quality-adjusted LYs (QALYs) were estimated
over a lifetime based on patients’ health state
distribution in each cycle and the costs and
utilities assigned to each state. Costs and health
effects were discounted by 3.0% annually. Cost
parameters were inflation-adjusted to 2022 US
dollars (USD) where applicable. Model parame-
ters related to transition probabilities, safety,
health state utilities, and costs are presented in
Table S1 of the Supplement.
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Transition Probabilities

Transition probabilities between states were
estimated through parametric multi-state mod-
eling [12-15]. All transition probabilities to
death were constrained to be at least as high as
mortality in the general US population, given
the age and gender distribution of the model
cohort at each weekly cycle [16].

Transitions Starting from RF

Transition probabilities from RF to other states
were estimated for each treatment arm (pem-
brolizumab and observation) using patient-level
data from KEYNOTE-716. Using R software (R
Development Core Team, Vienna, Austria),
parametric distributions were fitted to the
cause-specific hazards of RF - LR, RF - DM,
and RF — death, accounting for competing
risks. For RF — death, exponential distributions
were used because of the small number of
events. For RF — LR and RF —» DM, candidate
distributions included: (1) six distributions
separately fitted to each arm (exponential,
Weibull, Gompertz, log-logistic, log-normal,
generalized gamma); (2) three proportional
hazards distributions (exponential, Weibull,
Gompertz) jointly fitted to both arms with a
time-constant HR for pembrolizumab vs. pla-
cebo; (3) three proportional hazards distribu-
tions (exponential, Weibull, Gompertz) jointly
fitted to both arms with a time-varying HR that
allowed the treatment effect to differ before
versus after 1 year from randomization.

All transition probabilities from RF depended
upon all three cause-specific hazard functions.
Base case distributions were therefore selected
from all 54 possible combinations of distribu-
tions for RF — LR and RF — DM, including 36
(i.e., 6 x 6) under approach 1, 9 (i.e., 3 x 3)
under approach 2, and 9 (i.e., 3 x 3) under
approach 3. Consistent with methodologic
guidelines from the National Institute for
Health and Care Excellence (NICE) Decision
Support Unit [14, 17], the same distribution
types were selected for both arms based on sta-
tistical fit with observed RFS and DMFS, visual
fit, and external validity and clinical plausibility
of long-term extrapolations. The process of

selecting base case distributions for RF — LR
and RF — DM is summarized in Table 1. Further
details are included in the Supplemental Meth-
ods and Figures S1-S3.

A retrospective study among 738 patients
with resected stage II melanoma showed that
91.2% of relapses occurred in the first 5 years,
with the cumulative incidence of relapses
increasing more slowly as time progresses [18].
Two further retrospective studies in stage I-1I or
[-1IT melanoma reported that 73% to 90.7% of
recurrences were detected within 5 years
[19, 20]. Based on this evidence, the current
model applied a cure assumption among
patients who achieve long-term REFS. Specifi-
cally, the per-cycle risks of transitions from the
RF state (as estimated under the scenario with
no cure assumption) were reduced by 95% for
patients who achieve RFS > 10 years. This per-
centage reduction in recurrence risk was
assumed to linearly increase from 0% at 7 years
to 95% by 10years onward. Similar cure
assumptions have been applied in past apprai-
sals of early stage cancer treatments by NICE
and the Canadian Agency for Drugs and Tech-
nologies in Health (CADTH) [21-25]. This
assumption was also consistent with NCCN
guideline recommendations to discontinue
routine imaging to screen for recurrences
beyond 3-5 years in patients with resected stage
IIB-1IC melanoma [2].

Base case distributions were log-normal for
RF —» LR and log-normal for RF - DM under
approach 1. This combination of distributions
yielded a more modest incremental RFS benefit
of pembrolizumab vs. observation than most
other distributions with good visual/statistical
fit and external validity. Alternative distribu-
tions were tested in scenario analyses.

Transitions Starting from LR

Patient-level time-to-event data from the KEY-
NOTE-716 trial were used to estimate expo-
nential rates and standard errors for the
LR - DM and LR — death transitions. No
direct transitions from LR — death were
observed in KEYNOTE-716; the cause-specific
hazard for LR — death was therefore approxi-
mated using the exponential rate of RF — death
in the placebo arm of KEYNOTE-716 (i.e., the
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Table 1 Selection process for base case parametric distributions of RF — LR and RF - DM

Step Criteria applied at each step Combinations of distributions
that meet criteria

0 All candidate combinations of parametric functions 54
1 Initial exclusions based on clinical plausibility 36

18 out of 54 combinations of parametric distributions resulted in implausible
crossing of the survival curves for pembrolizumab and observation and were

therefore excluded from base case consideration

6 of these 12 combinations were also excluded based on the use of 4-year RES
and DMFS in KEYNOTE-054 (adjuvant stage III melanoma setting) as lower

bounds
2 Statistical fit 29
Mean squared errors (MSEs) relative to observed RFS and observed DMFS

were ranked for all 54 combinations of distributions in each arm

Because MSEs were generally lower in the pembrolizumab arm than the
observation arm, statistical fit in the observation arm was prioritized.
Therefore, 7 combinations ranked among the ten worst-fitting for both RFS

and DMES in the observation arm were excluded
3 Visual assessment of fit 29

Visual assessment of fit was consistent with statistical fit; thus, no further

exclusions were applied based on visual inspection alone
4a External validity of long-term extrapolations in the observation arm 14

Predicted RFS and DMES in the observation arm up to 7 years was required to
fall within £ 5 percentage points of external RFS and DMFS data

14 combinations met this external validity assessment. All of these
combinations used either log-normal (under approach 1) or exponential
(under approaches 1, 2, or 3) for RF —» DM

4b 3 of the 14 combinations were among the 10 best-fitting combinations with 1
respect to RFS in the observation arm. Of these three, the selected base case
(approach 1/log-normal/log-normal) was closest to the average of external

RFS sources at 6 out of the 7 yearly time points
5 Plausibility of predicted incremental benefit with pembrolizumab vs. observation 1

Relative to other combinations of distributions that met the external validity ~Base case: Approach 1/log-
requirement, the selected base case predicted moderate incremental RFS and ~ normal/log-normal

DMES benefits with pembrolizumab vs. observation

DM distant metastases, DMFS distant metastases-free survival, LR locoregional recurrence, MSE mean squared error, RF
recurrence-free, RFS recurrence-free survival
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arm with the higher rate of RF — death) based
on the expectation that the LR — death rate
would be at least as high.

No adjustments were performed for rechal-
lenge or crossover regimens within the LR state;
thus, the resulting transition probabilities
incorporate any effect of crossover/rechallenge
on risk of DM or death. This approach was
considered appropriate because, in real-world
practice, patients experiencing LR would be
eligible to receive adjuvant treatments of
resected stage III melanoma (including
pembrolizumab).

Transitions Starting from DM

Transition probabilities from DM — death were
modeled based on market shares and efficacy of
first-line treatments for advanced melanoma.
First-line treatment options included pem-
brolizumab, ipilimumab, nivolumab,
nivolumab + ipilimumab, dabrafenib + trame-
tinib, and encorafenib + binimetinib.

For each advanced melanoma treatment
option, exponential models of OS and progres-
sion-free survival (PFS) were estimated. For
pembrolizumab as a first-line treatment of
advanced melanoma, exponential models of OS
and PFS were fitted to patient-level time-to-
event data from the pembrolizumab arm of
KEYNOTE-006, a multicenter, randomized,
open-label phase III trial among ipilimumab-
naive unresectable or advanced melanoma
patients [26]. For other advanced melanoma
treatments, HRs for OS and PFS vs. pem-
brolizumab were obtained from a network
meta-analysis (NMA) of trials conducted in
advanced melanoma.

Market shares of first-line subsequent treat-
ments in each arm were estimated based on
unpublished market research data and results
from a retrospective chart review [27]. In the
adjuvant pembrolizumab arm, market shares
were differentiated between patients who
entered the DM state > 3 months from adju-
vant treatment initiation (who were assumed
eligible for further anti-PD-1/PD-L1 treatment)
vs. those who entered DM after < 3 months
(who were assumed anti-PD-1/PD-L1-ineligible).
Alternative time points (12 or 18 months from

adjuvant treatment initiation) were explored in
scenario analyses.

For each model arm, mean OS within the
DM state was calculated as a market share-
weighted average of mean OS associated with
different first-line treatments of advanced mel-
anoma. Mean OS was then converted into an
exponential rate of DM — death in each arm.
Mean PFS within the DM state was also calcu-
lated using a similar approach.

AEs

AEF risks were considered for grade 3-5 all-cause
AEs that affected > 5.0% at any grade for pem-
brolizumab or placebo in KEYNOTE-716. Risks
of diarrhea (grades 2 +) were also considered in
the model based on the high expected cost of
this AE even at grades 1-2. For each included
AE, the mean duration (in weeks) per AE epi-
sode and mean number of episodes per affected
patient were obtained from KEYNOTE-716,
pooling across both treatment arms.

Quality of Life

Utility was linked to patients’ health state in
each cycle. Health state utilities for RF (without
toxicity), LR, and DM were estimated through
linear mixed-effects regression of EQ-5D-5L data
collected during KEYNOTE-716. The regression
analyses were conducted using patient-visits in
which both health state and EQ-5D-5L were
assessed and included patient-level random
effects. EQ-5D-5L index scores were calculated
using the US algorithm [28].

Utility in the DM state was computed as a
weighted average of the utilities associated with
pre- and post-progression DM, based on the
ratio of mean PFS to mean OS within the DM
state (given the market shares of first-line
treatments received in this state). The base case
utility for pre-progression DM was estimated
based on EQ-5D-5L data from KEYNOTE-716.
The wutility for post-progression DM was
obtained from KEYNOTE-006, as the available
follow-up in KEYNOTE-716 was too limited to
capture average utility over the entire post-
progression disease course until death.
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AE-related disutility was applied as a one-
time QALY decrement at model entry. This
QALY decrement was calculated in each model
arm as a function of treatment-specific AE risks,
mean number of AE episodes per affected
patient, mean duration of each AE episode, and
disutility associated with an active grade
3 + AE, as estimated in the regression analysis
of EQ-5D-5L data from KEYNOTE-716.

Costs

Drug costs for adjuvant pembrolizumab were
calculated based on Wholesale Acquisition Cost
(WAC) (§5237.04 per 100 mg) [29]. The relative
dose intensity of pembrolizumab in KEYNOTE-
716 was applied to account for potential dosage
reductions. Unit costs of IV administration were
obtained from the Centers for Medicare &
Medicaid Services (CMS) Physician Fee Schedule
[30]. The duration of adjuvant pembrolizumab
treatment was based directly on the Kaplan-
Meier curve for time to discontinuation in
KEYNOTE-716.

Subsequent treatment in the LR state was
expected to include one-time salvage surgery for
a proportion of patients who enter this state.
The percentages of patients undergoing differ-
ent surgical procedures were calculated among
patients who developed LR in KEYNOTE-716,
pooling across both treatment arms. Unit costs
of salvage surgeries were obtained from the CMS
Hospital Outpatient Prospective Payment Sys-
tem [31].

Costs of subsequent adjuvant therapy for
resected stage III melanoma were applied as a
lump sum cost for a proportion of patients
entering the LR state in each cycle. Costs of first-
and second-line systemic therapies for advanced
melanoma were similarly included as lump sum
costs for patients entering the DM state. In each
of these subsequent treatment lines, total costs
of different treatment options were estimated
over the duration of treatment using WAC,
recommended dosing schedules, and (for IV-
administered therapies) drug administration
costs. For subsequent treatments in the LR state,
mean ToT was estimated using exponential
rates of discontinuation derived from reported

z
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Fig. 2 Modeled vs. observed (A) RFS and (B) DMFS in
each arm. DMFS distant metastases-free survival, RFS
recurrence-free survival

ToT statistics in trials of adjuvant treatments for
stage III melanoma (Table S2a). First-line treat-
ment durations were approximated using
exponential PES distributions up to the label-
recommended maximum  if  applicable
(Table S2b). Second-line treatments in the DM
state were assumed to be used for a mean
duration of 21 weeks (or the Ilabel-recom-
mended maximum, if < 21 weeks) (Table S2b).
Market shares of subsequent treatments are
shown in Table S1.

Per-episode AE costs were obtained from the
Healthcare Cost and Utilization Project data-
base [32]. AE costs were applied at model entry
as a one-time cost, calculated as the sum-pro-
duct of per-episode AE costs, AE risks in each
arm, and mean number of AE episodes per
affected patient.
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«Fig. 3 Long-term extrapolations of (A) RES, (B) DMFS,
and (C) OS, with validations against external studies.
DMEFS distant metastases-free survival, OS overall survival,
RFES recurrence-free survival, USON US Oncology Net-
work. With the exception of the real-world USON study,
all of the external studies shown in the RFS and OS graphs
separately reported these survival endpoints for stage IIB
and IIC melanoma. Therefore, to allow for inter-
pretable comparisons against modeled RFS and OS in
the modeled target population, the stage IIB and IIC
Kaplan-Meier curves from each study were pooled as a
weighted average based on the percentage of patients with
stage IIB melanoma in KEYNOTE-716 (i.e., 64.8%)

Disease management costs were assigned to
each health state based on literature and public
sources. In the RF state, healthcare resource use
included the recommended schedule of office
visits and radiologic exams (i.e., MRIs, PET/CT
scans, and nodal basin ultrasounds) for patients
with stage IIB-IV no evidence of disease (NED),
according to NCCN guidelines (v3.2022) in
cutaneous melanoma [2]. Unit costs of these
services were obtained from the CMS Physician
Fee Schedule [30]. Disease management costs
per week in LR were based on all-cause health-
care costs during LR as reported by Tarhini et al.
[33], with an adjustment to avoid double-
counting of salvage surgery costs. In each model
arm, disease management costs per week in the
DM state was computed as a weighted average
of the disease management costs associated
with pre- vs. post-progression DM based on the
estimated proportion of time spent progression-
free within the DM state. Weekly disease man-
agement costs for pre- and post-progression DM
were based on the medical costs and non-me-
lanoma-related pharmacy costs derived from
Klink et al. [34] and Tarhini et al. [35].

The unit cost of a BRAF V600E test was
assumed to be incurred at the time of patients’
first disease recurrence (LR or DM, whichever
occurs first) to guide the selection of subsequent
treatments [36].

One-time terminal care costs during the
month preceding death were considered [35]. In
the base case, this cost was assumed to be
incurred only by those who transition to death
from the DM state, as most deaths that occur

directly from the RF or LR states were expected
to be attributable to causes other than mela-
noma. In a scenario analysis, terminal care costs
were instead applied to all deaths.

Sensitivity Analyses

One-way deterministic sensitivity analyses
(DSAs) were performed by individually varying
parameters above and below their base case
values. Scenario analyses were conducted to
examine the impact of alternative assumptions
on the model results. A probabilistic sensitivity
analysis (PSA) was also conducted in which
parameters were simultaneously varied accord-
ing to specified distributions (Table S1). Where
available, the variance or variance-covariance
matrix of a distribution was obtained from the
same source as the base case value.

Model Validation

Internal validations were performed by plotting
modeled RFS and DMFS in each arm against
observed Kaplan-Meier curves from KEYNOTE-
716. Modeled versus observed cumulative inci-
dence curves for RF — LR, RF - DM, and
RF — death were similarly compared.

External validations were performed by
comparing modeled survival in the observation
arm against digitized Kaplan-Meier curves from
several real-world studies, including: long-term
RFS, DMFS, and OS observed in a real-world
study of patients with resected stage IIB or IIC
melanoma within US Oncology Network elec-
tronic health records; long-term RFS and/or OS
from three published studies conducted in real-
world cohorts of patients diagnosed with AJCC
8th edition stage IIB or IIC melanoma [37-39].

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.
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Table 2 Base case cost-effectiveness results

Outcomes Pembrolizumab  Observation A

Costs (2022 USD)

Total costs 492,237 411,813 80,423
Adjuvant treatment costs (RF state) 142,264 0 142,264
Salvage surgery and subsequent adjuvant treatment costs (LR state) 10,476 22,371 — 11,895
Subsequent treatment costs (DM state) 244,835 276,355 — 31,521
AE costs 1513 841 672
BRAF testing costs 222 277 - 55
Disease management costs 90,486 108,960 — 18,474
RF state 8898 7887 1011
LR state 4662 8158 — 3495
DM state 76,925 92,915 — 15,990
Terminal care costs 2441 3008 — 567

Effectiveness

Total QALY 9.26 8.09 1.17
RF state 7.87 6.24 1.64
LR state 0.32 0.56 — 0.24
DM state 1.07 1.29 — 0.22
AE-related disutility — 0.0036 — 0.0021 — 0.0014

Total LYs 10.35 9.12 1.24
RF state 8.62 6.83 1.79
LR state 0.36 0.63 — 0.27
DM state 1.37 1.65 — 0.28

Number of LR events per patient 0.20 0.23 — 0.03

Number of DM events per patient 0.54 0.66 - 0.12

ICERs (2022 USD) of pembrolizumab vs. observation
Incremental cost per QALY gained - - 68,736
Incremental cost per LY gained - - 65,059

DM distant metastases, JCER incremental cost-effectiveness ratio, LR locoregional recurrence, LY life year, QALY quality-

adjusted life year, RF recurrence-free, USD US dollars
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Scenario or decrease in input value M Increase in input value

30,000

RF—LR, RF—>DM: Generalized gamma, Log-normal (separately fitted) |
Annual discount rate: 0%
Do not apply cure assumption to patients achieving long-term RFS

Apply treatment waning (starting at 5 years, completing at 7 years)
RF—LR, RF—>DM: Log-logistic, Exponential (separately fitted) :
RF—LR, RF—>DM: Weibull, Exponential (separately fitted) :
Time horizon: 20 years
RF—LR, RE—>DM: Weibull, Exponential (jointly fitted, time-constant HR)
Annual discount rate: 1.5%
RF—LR, RF—DM: Exponential, Exponential (jointly fitted, time-constant HR) !
RF—LR, RF—DM: Exponential, Exponential (separately fitted)

Assume same mix of treatments for DM in both arms

Apply 20% coinsurance to drug costs

RF—LR, RF—DM: Exponential, Log-normal (separately fitted)
Exponential models of OS and PFS with treatments for DM +/- 20%
RF—LR, RF—DM: Log-logistic, Log-normal (separately fitted)

Assume same mix of treatments for LR in both arms

Mean patient weight +/- 20%

RF—LR, RF—>DM: Gompertz, Log-normal (separately fitted)

OS and PFS for pembrolizumab in DM state: KEYNOTE-006 (1L subgroup)

Fig. 4 Tornado diagram based on one-way DSAs and
scenario analyses of adjuvant pembrolizumab versus
observation. DM distant metastases, DSA deterministic
sensitivity analysis, HR hazard ratio, JCER incremental

RESULTS

Base Case Results

Under base case distributional assumptions,
modeled RFS and DMFS for the pembrolizumab
and observation arms aligned with RFS and
DMES Kaplan—-Meier curves during the available
follow-up period of KEYNOTE-716 (Fig. 2A, B).
Modeled and observed cumulative incidences of
RF — LR, RF - DM, and RF — death were sim-
ilarly well aligned in each arm (Figure S3).

Longer term projections of RES, DMFS, and
OS in the observation arm were in line with
external data from real-world cohort studies in
stage IIB-IIC melanoma (Fig. 3A-C). Pem-
brolizumab was projected to extend RES, DMES,
and OS relative to observation.

In the base case analysis (Table 2), total
QALYs over a lifetime horizon were estimated to
be 9.26 for pembrolizumab and 8.09 for obser-
vation. Total LYs were estimated as 10.35 years
for pembrolizumab and 9.12 years for observa-
tion. The proportion of LYs spent in the RF state

ICER (2022 USD per QALY)

50,000 70,000 90,000 110,000
: :

cost-effectiveness ratio, LR locoregional recurrence, OS
overall survival, PFS progression-free survival, QALY
quality-adjusted life year, RF recurrence-free, USD US
dollars

was 83.3% with pembrolizumab and 74.9%
with observation. Fewer recurrences per patient
were expected with pembrolizumab than
observation in terms of both LR events (0.20 vs.
0.23; A = — 0.03) and DM events (0.54 vs. 0.66;
A= —0.12).

Total lifetime costs were $492,237 for pem-
brolizumab and $411,813 for observation.
Compared with observation, the upfront costs
of adjuvant pembrolizumab treatment in year 1
were partly offset by reduced costs of subse-
quent treatment, LR- and DM-related disease
management, and terminal care. The resulting
incremental cost-effectiveness ratios (ICERs) of
pembrolizumab  versus observation were
$68,736/QALY and $65,059/LY.

DSA and Scenario Analysis Results

Across all one-way DSAs and scenario analyses,
the ICER of pembrolizumab vs. observation
ranged from $34,931/QALY to $112,422/QALY.
The tornado diagram in Fig. 4 illustrates the 20
one-way sensitivity analyses with the largest

A\ Adis



Adv Ther (2023) 40:3038-3055

3049

impact on the ICER. Results from all DSAs and
scenario analyses are included in Table S3.

The ICER was most sensitive to the distribu-
tional assumptions affecting transition proba-
bilities from the RF state as well as the annual
discount rate, time horizon, efficacy, and mazr-
ket shares of subsequent treatments in the DM
state and scenario that reduced drug costs by
20% to account for patient coinsurance. Other
moderately influential parameters and assump-
tions included market shares of subsequent
adjuvant treatments in LR, approach for esti-
mating transition probabilities from LR, mean
patient weight, and data source for pem-
brolizumab PFS and OS in DM state.

The results were not sensitive to high/low
variation in drug administration costs, disease
management costs, terminal care costs, health
state utilities, or AE-related costs and
disutilities.

PSA Results

Based on 1000 PSA iterations, cost-effectiveness
acceptability curves in Fig. 5a show the proba-
bility of each treatment being the more cost-
effective strategy at different willingness-to-pay
thresholds. At a $150,000/QALY threshold,
pembrolizumab had a 73.9% probability of
being cost-effective vs. observation. Probabilis-
tic ICERs of pembrolizumab vs. observation
(calculated as incremental costs averaged over
1000 iterations divided by incremental QALYs
or LYs averaged over 1000 iterations) were
$71,684/QALY and $67,851/LY (Fig. 5b), similar
to the base case ICERs.

DISCUSSION

In this economic evaluation, adjuvant pem-
brolizumab therapy was expected to prolong
QALYs and LYs relative to the strategy of
observation alone in patients with resected
stage IIB-IIC melanoma. Under base case
assumptions, the incremental cost per QALY
was $68,736, implying that pembrolizumab is
cost-effective at the commonly cited willing-
ness-to-pay threshold of $150,000/QALY. The
ICER ranged from $34,931/QALY to $112,422/

QALY in one-way DSAs and scenario analyses,
with most variation observed when changing
parameters that affect RES predictions in each
arm. In probabilistic simulations that consid-
ered uncertainty in the model parameters,
pembrolizumab had a 73.9% probability of cost-
effectiveness at the $150,000/QALY threshold.

The key transition probabilities driving the
cost-effectiveness results are the three transi-
tions starting from the RF state (i.e., RF — LR,
RF - DM, and RF — death), which collectively
determine RES in each treatment arm. These
transition probabilities were directly estimated
using head-to-head comparative data from the
randomized controlled KEYNOTE-716 trial, in
which pembrolizumab has demonstrated a sig-
nificant RFS benefit vs. placebo (HR = 0.64 as of
the 04-Jan-2022 data cutoff date) [11]. There is
strong published evidence supporting that an
improvement in RES, such as that observed in
KEYNOTE-716, will translate into an OS benefit
[40-43]. In particular, the EORTC 18071 trial in
stage III melanoma found that the RFS and OS
benefit of adjuvant treatment with an immune
checkpoint inhibitor (ipilimumab) was sus-
tained over the long term (median follow-up:
7 years) [40]. In a meta-analysis of 13 clinical
studies (n > 5000 patients) involving adjuvant
interferon for resected stage II-III melanoma,
RFS was shown to be a good predictor and valid
surrogate endpoint for OS [41]. Findings from
this meta-analysis have since been supple-
mented by inclusion of data from EORTC 18071
which demonstrated that the association
between RES and OS is maintained when data
specific to checkpoint inhibitors (in this case
ipilimumab) in the resected stage III population
are considered [42]. Most recently, a retrospec-
tive analysis of the National Cancer Database
found that adjuvant immunotherapy was asso-
ciated with significantly longer OS (HR = 0.66;
p <0.01) in patients with stage IIB-IIC mela-
noma [44].

At the time of model development, no cost-
effectiveness analysis had been conducted to
evaluate pembrolizumab as adjuvant treatment
of resected stage IIB-1IC in the US. Several older
cost-effectiveness studies, published between
1997 and 2000, evaluated interferon-based reg-
imens versus placebo in a combined stage II-111
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Willingness-to-pay threshold (2022 USD per QALY)

——Pembrolizumab Observation
(B) 200,000
ACosts Koy A WIP = $150,000/QALY
*
150,000
100,000
50,000
0
-5.0 -4.0 -3.0 -2.0 -1.0 10 : 4.0 5.0
5 L4
-50,000 ¢ AQALYs
Probabilistic results
=1 099000 (averaged over 1,000 simulations)
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_ 150 000 Average AQALYs 1.14
Average ALYs 1.21
Average ICER ($/QALY) 71,684
-200,000 Average ICER ($/LY) 67,851

Fig. 5 Results from 1000 probabilistic simulations: (A) cost-effectiveness acceptability curves; (B) scatterplot of incremental
costs and effectiveness. LY life year, QALY quality-adjusted life year, USD United States dollars, WTP willingness-to-pay

melanoma population [45-47] but did not
examine the stage II population separately.
Prior economic evaluations have examined
pembrolizumab as a treatment for advanced

melanoma [48, 49] and as an adjuvant treat-
ment of resected stage III melanoma [50, 51].
Consistent with methodologic guidance
[14, 17], the selection of parametric functions to
model transitions starting from the RF state was
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based on goodness of fit with observed trial data
and validations of long-term survival predic-
tions against external data. External validation
results provide empirical support for the mod-
el’s long-term survival projections in the
observation arm. Long-term RFS and DMFS
predictions in the observation arm closely
aligned with Kaplan-Meier curves from real-
world cohorts with stage IIB or IIC melanoma;
for example, at 7 years, modeled RFS was 35.0%
compared with 33.6% in a US-based cohort
study by Bajaj et al. (2020) or 35.0% in the US
Oncology Network study. Long-term OS pre-
dictions in the observation arm were similar to
observed OS data from the same two studies
while being slightly high relative to two other
external studies [38, 39]. This finding may
reflect the advent of novel treatment options for
advanced melanoma in recent years as the
economic model accounts for the efficacy of
first-line treatments in the DM state based on
current market shares.

Other strengths of this study include the
Markov cohort structure, a well-established
modeling approach that has been commonly
used in prior health technology appraisals of
neoadjuvant/adjuvant cancer treatments. Given
the 1-year maximum duration of adjuvant
pembrolizumab, time on treatment with adju-
vant pembrolizumab was precisely estimated
based on observed Kaplan-Meier data from
KEYNOTE-716 that did not require extrapola-
tion. AE-related disutility and most health state
utility inputs were directly obtained from the
KEYNOTE-716 trial and were measured using a
validated instrument (EQ-5D-5L).

Nevertheless, this study is subject to several
limitations. Because OS was not included as part
of the pre-specified third interim analyses of
KEYNOTE-716, KEYNOTE-716 data were not
used to model transition probabilities starting
from the DM state. In the absence of such data,
the model used evidence from clinical trials in
the advanced melanoma setting to inform
transition probabilities from DM to death. OS
predictions from the model should be validated
against OS results from KEYNOTE-716 as these
data become available.

There is inherent uncertainty in extrapolat-
ing lifetime RFS based on data from the

available follow-up period of a clinical trial.
Therefore, multiple scenario analyses were
undertaken wusing alternative distributional
assumptions, including conservative scenarios
that assumed a smaller incremental RFS benefit
of pembrolizumab vs. observation than that
implied by the base case parametric functions.
Results of these scenario analyses supported the
robustness of the base case ICER.

Due to limited follow-up of patients after
recurrence in KEYNOTE-716 as of the current
data cutoff date, trial-based estimates of utility
in the DM state may not accurately reflect
health-related quality of life during the entire
period from DM until death. Consequently, the
base case analysis used results from a separate
trial in advanced melanoma (KEYNOTE-006) to
inform utility in the post-progression DM state.
Scenario analyses were also undertaken using
several alternative sources for health state util-
ities and yielded similar results.

CONCLUSION

In conclusion, adjuvant pembrolizumab was
projected to extend QALYs by 1.17 and LYs by
1.24 relative to its within-trial comparator
observation (i.e., placebo) among patients with
completely resected stage IIB-IIC melanoma.
From a US health sector perspective, pem-
brolizumab was estimated to be cost-effective
over a lifetime horizon compared with obser-
vation based on a common willingness-to-pay
threshold. One-way and probabilistic sensitivity
analyses supported the robustness of the cost-
effectiveness conclusions.
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