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ABSTRACT

Introduction: The KEYNOTE-054 trial demon-

strated that adjuvant pembrolizumab improves

recurrence-free survival in completely resected

stage III melanoma versus watchful waiting

(hazard ratio [HR] = 0.57; 98.4% confidence

interval [CI], 0.43–0.74). We evaluated the cost-

effectiveness of pembrolizumab in Argentina,

where watchful waiting is still widely used

among these patients despite the high risk of

recurrence with surgery alone.

Methods: A four-health state model was used

(recurrence-free, locoregional recurrence [LR],

distant metastases [DM], death). Lifetime med-

ical costs to payers (72.08 Argentine pesos

[AR$] = 1.00 U.S. dollar [USD]) and outcomes

(3% annual discount) were assessed, together

with incremental cost-effectiveness ratios

(ICERs). First and LR?DM recurrences were

modeled using KEYNOTE-054 and real-world

data, respectively. No benefits of adjuvant

treatment were assumed post-progression. Pre-

DM and post-DM mortality was based on KEY-

NOTE-054 and on a network meta-analysis of

advanced treatments expected in each arm,

respectively. Utilities were derived from KEY-

NOTE-054 Euro-QoL data using an Argentinian

algorithm, and from the literature. Public ex-

factory drug prices were used.

Results: Patients in the pembrolizumab and the

watchful waiting arms accrued 8.78 and 5.83

quality-adjusted life-years (QALYs), 9.91 and

6.98 life-years, and costs of AR$12,698,595

(176,174 USD) and AR$11,967,717 (166,034

USD), respectively. The proportion of life-years

accrued that were recurrence-free was 80.8%

and 56.9% in the pembrolizumab and the

watchful waiting arms, respectively. Pem-

brolizumab patients gained 2.94 life-years and

2.96 QALYs versus watchful waiting; the ICER

per QALY was AR$247,094 (3428 USD). Recur-

rence rates and advanced melanoma treatments

were the key drivers of the ICER. At a threshold

of AR$1,445,325 (29,935 USD) per QALY, pem-

brolizumab had an 83.5% probability of being

cost-effective versus watchful waiting.

Conclusions: Adjuvant pembrolizumab after

complete resection of melanoma with node

involvement is highly cost-effective relative to

watchful waiting in Argentina, across disease

stage subgroups and BRAF mutational status.

This strongly supports its coverage and reim-

bursement across the entire health system.
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Key Summary Points

Why carry out this study?

Adjuvant treatment with pembrolizumab

is effective in patients with stage III

melanoma who have undergone complete

resection.

In Argentina, watchful waiting is still

widely used for these patients despite the

high risk of recurrence with surgery alone.

We assessed whether pembrolizumab for

adjuvant treatment of melanoma is cost-

effective in Argentina in comparison to

watchful waiting.

What was learned from the study?

Adjuvant pembrolizumab after complete

resection of melanoma with lymph node

involvement is highly cost-effective

compared with watchful waiting in

Argentina.

The results support the inclusion of

pembrolizumab in the compulsory

medical plan for all eligible patients across

the entire Argentinian health care system.

DIGITAL FEATURES

This article is published with digital features,

including a summary slide, to facilitate under-

standing of the article. To view digital features

for this article go to https://doi.org/10.6084/

m9.figshare.13615415.

INTRODUCTION

Melanoma accounts for the highest share of

deaths due to skin neoplasms [1]. The American

Cancer Society reports that the 5-year relative

survival rate for melanoma patients in the

United States is 98% for localized melanomas,

64% for locoregional melanoma with lymph

node involvement, and 23% for distant meta-

static disease [2]. The frequency of the disease

has been steadily increasing in recent decades

and is currently growing by 1.2% annually [2].

Worldwide, 287,723 cases were diagnosed in

2018, with higher rates among males than

females [3]. In South America, the incidence of

about 3 cases per 100,000 [4] is low compared to

rates of between 19.4 and 41.8 cases per 100,000

seen in Oceania, North America, and Europe [5].

In spite of this fact, melanoma is responsible for

32.5 disability-adjusted life-years (DALYs) per

100,000 population in southern Latin America

[6]. In Argentina, 1703 men and women were

diagnosed in 2018, reflecting an incidence of

3.8 cases per 100,000 [7].

Most melanoma patients are diagnosed with

early-stage disease, but recurrence is seen in

many cases (15–40%) despite the original

favorable prognosis [8–10]. There are also a

considerable number of patients first diagnosed

in advanced stage III or IV disease. [2] For

resectable stage III disease in Argentina, the

standard of care is excision with safety margins

based on the presence and depth of invasion

plus lymphadenectomy if regional lymph nodes

are involved, followed by observation alone or

with systemic adjuvant therapies targeting

residual micrometastatic disease. Despite the

high risk of disease recurrence in patients with

stage III melanoma managed with surgery

alone, a watchful waiting strategy in completely

resected patients continues to be the most

common treatment approach in Argentina.

The first adjuvant treatments for melanoma

were high-dose interferon-a2b and peginter-

feron-a2b, which showed modest efficacy but

considerable toxicity [11–13] These regimens

have since been displaced by the introduction

of immune checkpoint inhibitors, anti-pro-

grammed death-1 (PD-1) monoclonal antibod-

ies, and targeted drugs active in BRAF-positive

mutated melanoma [14]. Pembrolizumab is a

novel high-affinity monoclonal antibody that

blocks the activity of the PD-1 receptor reacti-

vating the tumor-specific cytotoxic T-lympho-

cyte response [15]. A randomized, controlled,
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double-blind, two-arm trial (KEYNOTE-054)

showed that adjuvant treatment with pem-

brolizumab significantly improves recurrence-

free survival in this patient population as com-

pared to placebo (hazard ratio [HR] = 0.57;

98.4% confidence interval [CI], 0.43–0.74;

p\0.0001) [16]. Subsequently, the National

Administration of Drugs, Foods, and Medical

Devices [Administración Nacional de Medica-

mentos, Alimentos y Tecnologı́a Médica

(ANMAT)] approved pembrolizumab for adju-

vant therapy in this indication in Argentina.

To support la Comisión Nacional de Evaluación

de Tecnologı́as de Salud (CONETEC)—the Argen-

tinian national health technology assessment

(HTA) body—in making decisions about

financing cancer treatments, we evaluated the

cost-effectiveness of adjuvant pembrolizumab

relative to watchful waiting following complete

resection of melanoma with lymph node

involvement, taking a health care system

perspective.

METHODS

Population

The overall target population for the economic

evaluation is aligned with the patient popula-

tion enrolled in the KEYNOTE-054 trial and the

Argentinian label: melanoma patients with

lymph node involvement who have undergone

complete resection [16, 17]. Subgroup analyses

were conducted according to BRAF mutation

status and melanoma staging and classification

of disease defined according to the American

Joint Committee on Cancer (AJCC) Staging

Manual (7th edition): stage IIIA, stage IIIB, stage

IIIC with 1–3 positive lymph nodes, and stage

IIIC with C 4 positive lymph nodes [18].

Model Structure and Analysis

The Markov cohort model, developed in Excel,

consists of four mutually exclusive health

states: recurrence-free, locoregional recurrence,

distant metastases, and death (Fig. 1).

Completely resected stage III melanoma

patients enter the model in the recurrence-free

state and then may experience locoregional

recurrence, distant metastases, or death. Death

can occur pre- or post-recurrence (Fig. 1). The

analysis was undertaken on a 46-year time

horizon to reflect the lifetime of an average

patient entering the model at age 54 as in

KEYNOTE-054. The cost-effectiveness analysis

took the health care system perspective reflect-

ing CONETEC composition. The direct medical

care costs, expressed in 2020 Argentine pesos

(AR$; 72.08 AR$ = 1 US dollar [USD] [19]), and

health outcomes in terms of life-years and

quality-adjusted life-years (QALYs) were dis-

counted by 3% annually, in alignment with

World Health Organization Choosing Inter-

ventions that are Cost-Effective (WHO-

CHOICE) recommendations on economic eval-

uation of health technologies [20].

The distribution of individuals across health

states was used in conjunction with state-

specific costs and health utilities to estimate

total expected lifetime costs and QALYs with

pembrolizumab adjuvant treatment as com-

pared to a watchful waiting strategy. Incre-

mental cost-effectiveness ratios (ICERs) were

calculated in terms of cost per QALY gained and

per life-year gained. To evaluate the robustness

of the incremental cost-utility ratio, a series of

one-way sensitivity analyses were conducted by

modifying key model settings and varying

model parameters deterministically across a

range of plausible values, together with a

1000-iteration probabilistic sensitivity analysis

Fig. 1 Model schematic
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Table 1 Model inputs

Parameters Base-case values Estimation approach/Data
sources

Sensitivity analyses
performedPembrolizumab Watchful waiting

Transition probabilities

RF?LR Gompertz

Shape = -0.0252

Rate = 0.0040

Gompertz

Shape = -0.0184

Rate = 0.0052

Separate parametric

extrapolation for each

transition from RF state

accounting for competing

risks based on patient-level

data from KEYNOTE-054

- Alternative

parametric

distributions

- Proportional

hazard models

with time-

constant or time-

varying treatment

effect

PSAb (multi-

normal)

RF?DM Generalized gamma

Location = 6.5940

Scale = 2.1163

Shape = 0.3231

Generalized

gamma

Location = 4.9572

Scale = 1.6738

Shape = -0.0704

RF?deatha 0.000074 0.000041 Exponential rate from life

tables in Argentina

PSAb (normal)

L?DM 0.00870 Exponential rate based on

real-world patient-level data

from Flatiron

Varied by ± 10%

PSAb (normal)

LR?deatha 0.000074 0.000041 Assumed equal to mortality in

RF state

PSAb (normal)

DM?post-

progression

DM

0.01408 if

RF?DM C 18 months,

otherwise 0.01223

0.0124 Exponential rate based on

first-line subsequent

treatment mix for advanced

melanoma and associated

PFS and OS based on

NMA of clinical trials

Alternative

assumptions

about subsequent

treatments in

each model arm

OS and PFS varied

by ± 10%

PSAb

(pembrolizumab:

normal; HR: log-

normal)

DM?deatha 0.0054 if

RF?DM C 18 months,

otherwise 0.0075

0.0054

Costs
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Table 1 continued

Parameters Base-case values Estimation approach/Data
sources

Sensitivity analyses
performedPembrolizumab Watchful waiting

Adverse events

(AEs)

3584.54 716.91 Expert input and

KEYNOTE-054 trial

Varied by ± 10%

PSAb (gamma)

Disease

management,

per cycle

RF, years 1–2;

3–5; 6–10

1069.49; 963.25; 26.56

LR 813.46

Pre-progression

DM

874.01

Post-

progression

DM

3006.15

Disease management, one-time cost

Salvage surgery

cost at LR

entry

73,551.58

DM entry 44,899.74

Terminal care 171,068.99

Drug

administration

Short-term IV 7877.87

Long-term IV 10,785.15

Drug acquisition See Table 2 According the product

labels/clinical trials

Patient weight

varied by ± 10%

Allow for vial-

sharing

Apply relative dose

intensity to

adjuvant

pembrolizumab

Utilities

Health state

utility values
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(PSA) varying parameter values simultaneously.

Standard errors or variance–covariance matrices

for the selected probability distributions were

based on original data sources, where available,

and otherwise were set at 20% of mean values

(Table 1).

INPUTS

Transition Probabilities

A parametric approach was used to estimate

transition probabilities between multiple states

in which competing failures are treated as cen-

soring events to account for concurrent risks

[21–24]. All transitions probabilities were esti-

mated using R software.

Locoregional and distant metastatic recur-

rence from the recurrence-free state was mod-

eled separately for each arm using patient-level

data from KEYNOTE-054 (Fig. 2). In line with

the approach recommended by the National

Institute for Health and Care Excellence (NICE)

Decision Support Unit (DSU) for partitioned

survival models [25], the same distribution

types were selected for both treatment arms,

and the least-squares mean goodness of fit

between predicted and observed values was

optimized in conjunction with visual inspec-

tion as described by Williams et al. [22] Six

candidate distributions were considered to

model recurrence: exponential, Weibull, Gom-

pertz, log-logistic, log-normal, and generalized

gamma. Distributions were therefore selected

from the 36 possible combinations for locore-

gional recurrence and distant metastatic recur-

rence; in the base case, the distributions were

Gompertz and generalized gamma, respectively.

The selected combination ranked first for

watchful waiting and fifth for pembrolizumab

according to statistical goodness of fit. Alterna-

tive distributions were tested in scenario anal-

yses (Table 1).

After a recurrence occurred, no ongoing

benefit from active adjuvant treatment was

assumed for subsequent transitions (Fig. 2). In

the absence of mature post-recurrence data

Table 1 continued

Parameters Base-case values Estimation approach/Data
sources

Sensitivity analyses
performedPembrolizumab Watchful waiting

RF without

toxicity

0.923 KEYNOTE-054 trial Varied by ± 10%

Alternative source

for post-

progression DM

state

PSAb (health state:

beta; AE-related

distutilities:

normal)

LR 0.860

Pre-progression

DM

0.837

Post-

progression

DM

0.590 Beusterien et al.

Disutility from

adverse events

– 0.082 KEYNOTE-054 trial

DM distant metastases, HR hazard ratio, LR locoregional recurrence, NMA network meta-analysis, OS overall survival, PFS
progression-free survival, PSA probabilistic sensitivity analysis, RF recurrence-free
a Transition probabilities to death constrained to be at least as high as all-cause mortality from the national life tables
b The variability in the selected distributions was based on standard errors or variance–covariance from original data
sources. For costs, the standard errors were assumed to be equal to 20% of the base-case values
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from KEYNOTE-054 interim analysis, an expo-

nential model for the transition from

locoregional recurrence to distant metastatic

state was fitted using real-world US data from

Fig. 2 Predicted long-term outcomes under base-case parametric distribution assumptions in the overall patient population.
a Recurrence-free survival (RFS). b Distant metastasis-free survival (DMFS). c Overall survival (OS)
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the Flatiron Health electronic medical record

database; [26] 147 stage III melanoma patients

who had undergone complete resection and

experienced locoregional recurrence were

included. As no death was observed from the

locoregional recurrence state during follow-up,

the risk of death from the locoregional recur-

rence and the recurrence-free states was

assumed to be equal and was estimated from

KEYNOTE-054 and constrained to being no

lower than in the general population of similar

age and gender [27]. Considering the small

number of deaths from these health states, an

exponential distribution was used.

From the distant metastatic state, the prob-

ability of death was estimated for each arm

based on the expected mix of first-line treat-

ments for advanced melanoma approved in

Argentina (pembrolizumab, ipilimumab, nivo-

lumab, nivolumab ? ipilimumab, and

dabrafenib ? trametinib), for which the efficacy

in terms of progression-free survival and overall

survival was assessed based on trials in the

advanced melanoma setting (Fig. 2). For pem-

brolizumab, these distributions were fitted

using patient-level data from those receiving

pembrolizumab 10 mg/kg every 3 weeks (Q3W

arm; first-line subgroup) in the KEYNOTE-006

trial among ipilimumab-naı̈ve patients with

unresectable/advanced melanoma [28]. For

other first-line treatments, HRs for progression-

free and overall survival versus pembrolizumab

were estimated through an NMA of trials

[28–35]. Overall survival in the distant meta-

static state was calculated separately for each

arm as a weighted average of expected survival

with the different first-line treatments for

advanced melanoma. At any time, the risk of

death could not be lower than in the general

population of similar age and gender (Table 1).

The rate of disease progression in the distant

metastatic state was used for the calculation of

QALYs, disease management costs, and subse-

quent treatment costs in the advanced mela-

noma setting and was estimated in a similar

manner. To reflect real-world practice, market

shares in the watchful waiting arm were

obtained from Argentina-specific market

research and expert panel inputs. In the pem-

brolizumab arm, patients’ eligibility for subse-

quent PD-1 inhibitors was expected to depend

on whether metastases occurred early or late.

Specifically, when recurrence-free patients were

diagnosed with distant metastatic disease and

completed a course of treatment at least

18 months following the initiation of an adju-

vant treatment, patients were re-challenged

with pembrolizumab; otherwise, it was assumed

Table 2 Drug regimens and unit costs

Drugs Dosing schedulea Unit cost, AR$ (strength,
mg)b

Pembrolizumab 200 mg IV Q3W (as adjuvant, up to 18 cycles) 194,860.81 (100)

Ipilimumab 3 mg/kg IV (with nivolumab, 1 mg/kg) Q3W, up to 4 doses 200,289.03 (50)

Nivolumab 240 mg IV Q2W as monotherapy 40,697.08 (40)

3 mg/kg IV Q3W followed by ipilimumab (up to 4 doses), 240 mg Q2W

thereafter

101,745.77 (100)

Dabrafenib Dabrafenib 150 mg b.i.d orally in combination with trametinib 3078.11 (75)

Trametinib Trametinib 2 mg q.d. orally in combination with dabrafenib 6474.94 (2)

Dacarbazine 1800 mg/m2 IV, Q3W 2053.40 (200)

a Dosing for weight-based therapies was approximated without vial-sharing using an estimated distribution for Argentina
b Ex-factory public prices from Grupo Alfa Beta [42]. 72.08 AR$ = 1 USD [19]. Q2W, every 2 weeks; Q3W, every
3 weeks; q.d., once a day; b.i.d., twice a day
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that patients could not be treated with a PD-1

inhibitor, and they were distributed to other

subsequent treatments (details given in the

costs section).

Adverse Events

The model considered grade 3 or higher adverse

events (AEs) with a frequency of at least 5% (all

grades) in either of the KEYNOTE-054 trial arms.

Medical costs and health disutilities were

applied to AEs of grade 3 or higher. Diarrhea of

grade 2 was also factored in given the consid-

erable economic consequences associated with

its management.

Health Utilities

Health utilities were assessed through an

Argentinian algorithm [36] applied to EuroQol

five-dimension three-level (EQ-5D-3L) KEY-

NOTE-054 data after pooling both arms. Health

state utility values and disutilities associated

with AEs were derived from a mixed-regression

model with patient-level random effects. Given

the limited distant metastatic follow-up in

KEYNOTE-054 interim analysis, for the base-

case scenario the post-progression distant

metastatic state utility was informed by pub-

lished literature in advanced melanoma

(Table 1) [37]. The utility value in that state was

estimated as the weighted average of the pre-

and post-progression values based on the

expected distant metastatic progression-free

and overall survival considering the market

shares of first-line treatments for advanced

melanoma. Mean durations of AEs were col-

lected from KEYNOTE-054 to calculate AE-re-

lated QALY decrements, which were applied as a

one-time decrement in the first model cycle.

Costs

Direct medical care costs from the perspective of

the health care system in Argentina included

the costs for adjuvant treatment drug acquisi-

tion and administration, AEs, disease manage-

ment, first- and second-line subsequent

treatments in the advanced melanoma setting,

and terminal care.

All medical resource mean unit costs were

obtained from different Argentinian institu-

tions selected to ensure a representative sample

from public, private, and social insurance

health care settings [38]. The private costs were

sourced from three health maintenance orga-

nizations in Argentina. Their frequency of use

was assessed based on the input gathered from

local guidelines and validated during an expert

input forum. Data from the KEYNOTE-054 trial

informed health care resource utilization rela-

ted to managing AE episodes (Table 1). Medical

cost in the recurrence-free state included out-

patient services such as physician office visits

and radiologic assessments and were assumed to

decrease over time based on guideline recom-

mendations [39]. Following locoregional recur-

rence, a one-time cost for salvage surgery was

applied based on the proportion of patients who

received lymphadenectomy, skin lesion resec-

tion, in-transit metastases resection, or other

surgery after locoregional recurrence in KEY-

NOTE-054, and the respective health care costs

for these procedures [17]. Following distant

metastatic recurrence, a one-time cost was

applied based on medical resources associated

with first-line treatment initiation [40]. Subse-

quently, weekly medical costs were applied, as

well as a one-time terminal care cost for patients

who died after experiencing a distant metastatic

recurrence [41].

Table 2 describes drug ex-factory prices based

on Argentina’s public list price database [42]

together with the treatment regimen dosing

schedules determined according to Argentina’s

product labeling and randomized clinical trial

protocols. The dosing schedule of pem-

brolizumab in the adjuvant setting is 200 mg

Q3W for up to 18 cycles (1 year). The actual

time on adjuvant treatment was applied

according to the KEYNOTE-054 Kaplan–Meier

treatment duration curve, without the need for

extrapolation. For melanoma treatment

administered once patients develop distant

metastasis, the market shares were informed by

market research and expert inputs [43]. It was

assumed that recurrence-free patients who

developed distant metastasis at least 18 months
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after initiation of adjuvant treatment would be

re-challenged with pembrolizumab. For the

others, 60% received ipilimumab as first-line

advanced treatment and 40% received

dabrafenib ? trametinib. In the watchful wait-

ing arm, pembrolizumab, ipilimumab, nivolu-

mab, nivolumab ? ipilimumab, and

dabrafenib ? trametinib were the first-line

treatment options in the following respective

proportions: 27.5%, 8.0%, 29.5%, 30.0%, and

5.0%. For each treatment regimen, the expo-

nential rate of progression-free survival failure

assessed from the NMA was used to approxi-

mate the treatment discontinuation rate, up to

the label-recommended maximum duration

where applicable. The cost of second-line ther-

apies for advanced melanoma were also

accounted for, although no impact of these

regimens on progression-free or overall survival

was factored in. Based on expert input panel

information, it was assumed that all patients

from the watchful waiting arm and 90% of

those from the adjuvant pembrolizumab arm

would receive an active second-line treatment

in the advanced setting. The assumptions about

the distribution of the second-line therapies

depended on the adjuvant arm and on whether

pembrolizumab patients were re-challenged

after progression to the distant metastatic state.

Patients who received adjuvant treatment with

pembrolizumab and who were re-challenged in

the metastatic setting received ipilimumab

(30.0%), dabrafenib ? trametinib (10.0%) or

dacarbazine (50%) as a second-line advanced

treatment. Among patients in the pem-

brolizumab arm who were not re-challenged in

the advanced melanoma setting, 30.0%, 45.0%,

and 15% received ipilimumab,

dabrafenib ? trametinib, and dacarbazine,

respectively. In the watchful waiting arm,

patients received either pembrolizumab

(24.5%), ipilimumab (7.5%), nivolumab

(17.5%), nivolumab ? ipilimumab (21.5%),

dabrafenib ? trametinib (16.9%), or dacar-

bazine (12.0%) as a second-line advanced

treatment. The duration of each second-line

therapy was based on a mean of 21 weeks on

treatment but capped to any maximum as

described in Table 2. Cost calculation of weight-

based dosages assumed no vial-sharing and were

based on the weight of an average Argentine

patient provided by experts (75 kg for males and

65 kg for females) [43]. The administration cost

of short-time complex parenteral chemotherapy

was applicable to monotherapy regimes, while

the cost of long-term complex parenteral

chemotherapy was applied to combination

therapy [38]. Orally administered drugs were

assumed to require no administration costs.

COMPLIANCE WITH ETHICS

GUIDELINES

This article is based on previously conducted

studies and does not contain any studies with

human participants or animals performed by

any of the authors.

RESULTS

BASE CASE

The discounted base-case results for the overall

population over a 46-year lifetime horizon are

shown in Table 3. Total costs were

AR$12,698,595 (176,174 USD) for patients

receiving pembrolizumab adjuvant treatment as

compared to AR$11,967,717 (166,034 USD) for

patients in the watchful waiting arm. The dif-

ference was largely driven by the costs of adju-

vant treatment in the pembrolizumab arm and

of subsequent treatments which were higher in

the watchful waiting arm. Disease management

costs were also lower in the pembrolizumab arm

(AR$383,448; 5320 USD) than in the watchful

waiting arm (AR$468,905; 6505 USD). This was

also true for terminal care costs, which were

lower for pembrolizumab (AR$91,663; 1272

USD) compared to watchful waiting

(AR$126,381; 1753 USD). With adjuvant pem-

brolizumab, patients lived a total of 9.91 dis-

counted life-years and accrued 8.78 QALYs as

compared to 6.98 life-years and 5.83 QALYs in

the watchful waiting arm. The proportion of

total life-years that were accrued within the

recurrence-free state was 80.8% in the
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pembrolizumab arm versus 56.9% in the

watchful waiting arm. Patients treated with

adjuvant pembrolizumab gained 2.94 life-years

and 2.96 QALYs over watchful waiting, result-

ing in ICERs of AR$247,094 (3428 USD) per

QALY gained and AR$248,879 (3453 USD) per

life-year gained.

Subgroup Analyses

In subgroup analyses, the results ranged from

pembrolizumab being dominant in stage IIIB

(more effective, less costly) to pembrolizumab

having an ICER per QALY gained of

AR$1,196,840 (16,604 USD) over watchful

waiting in the stage IIIC (4? lymph nodes)

subgroup. The ICER per QALY gained according

to the BRAF mutation status was AR$303,870

(4216 USD) and AR$560,253 (7773 USD) among

Table 3 Base-case results

Costs and outcomes Watchful waiting Pembrolizumab Incremental

Costs, AR$ 11,967,717 12,698,595 730,878

Adjuvant treatment 0 5,569,375 5,569,375

Drug acquisition 0 5,459,026 5,459,026

Drug administration 0 110,349 110,349

Subsequent treatment 11,371,121 6,650,525 -4,720,596

Drug acquisition 11,129,387 6,582,875 -4,546,512

Drug administration 241,734 67,650 -174,084

Adverse event 1310 3585 2275

Disease management 468,905 383,448 -85,457

Terminal care 126,381 91,663 -34,718

QALYs 5.83 8.78 2.96

Recurrence-free 3.66 7.40 3.74

Locoregional recurrence 0.33 0.23 -0.10

Distant metastases 1.83 1.16 -0.67

AE-related disutility -0.0004 -0.0006 0.00

Life-years 6.98 9.91 2.94

Recurrence-free 3.97 8.01 4.04

Locoregional recurrence 0.39 0.26 -0.13

Distant metastases 2.62 1.64 -0.98

Cost-effectiveness ratio, AR$

Per life-year 247,094

Per QALY 248,879

QALY quality-adjusted life-year. 72.08 AR$ = 1 USD [19]
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positive and negative patients,

respectively (Table 4).

Sensitivity Analyses

Figure 3 shows the sensitivity analyses with the

greatest effect on the incremental cost per QALY

gained associated with pembrolizumab versus

watchful waiting. Across the scenarios tested in

sensitivity analyses, adjuvant pembrolizumab

ranged from being a dominant strategy when

transitions from the recurrence-free state to the

distant metastatic state were modeled based on

a Gompertz distribution as opposed to a gener-

alized gamma, to having an ICER per QALY

gained of AR$983,505 (13,645 USD) over

watchful waiting when parametric models with

a time-constant treatment effect were used for

the cause-specific hazards of transitions from

the recurrence-free state. The incremental cost

Table 4 Subgroup analysis for cost-effectiveness of adjuvant pembrolizumab vs. watchful waiting in Argentina

Subgroups and comparators Costs (AR$) QALYs LYs Incremental ICER

Costs (AR$) QALYs LYs AR$/
QALY

AR$/LY

All patients

Watchful waiting 11,967,717 5.83 6.98 – – – – –

Pembrolizumab 12,698,595 8.78 9.91 730,878 2.95 2.93 247,094 248,879

BRAF(-)

Watchful waiting 12,459,719 5.00 6.15 – – – – –

Pembrolizumab 13,816,570 7.42 8.46 1,356,851 2.42 2.31 560,253 587,012

BRAF(?)

Watchful waiting 12,321,979 5.95 7.17 – – – – –

Pembrolizumab 13,149,238 8.67 9.83 827,259 2.72 2.65 303,870 311,666

Stage IIIA

Watchful waiting 11,299,058 7.06 8.33 – – – – –

Pembrolizumab 11,850,120 11.65 12.91 551,062 4.59 4.58 119,927 120,209

Stage IIIB

Watchful waiting 12,306,278 5.62 6.78 – – – – –

Pembrolizumab 11,855,955 9.88 11.04 -450,322 4.26 4.26 Dominant Dominant

Stage IIIC (1–3 lymph nodes)

Watchful waiting 12,735,742 4.84 5.95 – – – – –

Pembrolizumab 12,982,753 7.93 9.01 247,012 3.08 3.05 80,152 80,906

Stage IIIC (4? lymph nodes)

Watchful waiting 13,257,040 4.39 5.50 – – – – –

Pembrolizumab 14,756,942 5.64 6.62 1,499,902 1.25 1.13 1,196,840 1,332,402

ICER incremental cost-effectiveness ratio, LY life-year, QALY quality-adjusted life-year
72.08 AR$ = 1 USD [19]
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Fig. 3 Tornado diagram for the incremental cost-effec-
tiveness ratio of adjuvant pembrolizumab vs. watchful
waiting. DM distant metastases, HR hazard ratio, LR
locoregional recurrence, OS overall survival, PFS progres-
sion-free survival, RF recurrence-free. *Indicates sensitivity

analyses in which pembrolizumab is dominant over the
comparator

Fig. 4 Scatterplot of incremental costs and effectiveness
for pembrolizumab vs. watchful waiting across 1000
iterations of the probabilistic sensitivity analysis. PSA

probabilistic sensitivity analysis, WTP willingness to pay,
QALY quality-adjusted life-year
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per QALY gained was AR$345,177 (4789 USD)

when patients treated with pembrolizumab in

the adjuvant setting could not be re-challenged,

AR$710,940 (9863 USD) when the second-line

treatments in the advanced melanoma setting

were excluded, and AR$729,866 (10,126 USD)

when the market shares of subsequent treat-

ments were set equal in both arms. The result

was not substantially higher when using a short

10-year time horizon, with an ICER of

AR$580,067 (8048 USD) per QALY gained, nor

were the results sensitive to other model fea-

tures, such as discount rate for costs and out-

comes, patient weight and vial-sharing

assumptions, drug administration and other

non-drug medical care costs, locoregional

recurrence and distant metastatic state health

utilities and AE-related disutilities, or mortality

from the locoregional recurrence state.

Figure 4 presents a scatterplot of the simu-

lated incremental cost and QALY pair for the

comparison of adjuvant pembrolizumab treat-

ment with watchful waiting. Across the 1000

iterations of the PSA, the average incremental

cost was AR$778,340 (10,798 USD) and the

average incremental QALY gain was 2.85 for

pembrolizumab versus watchful waiting, for a

probabilistic ICER per QALY gained of

AR$272,726 (3784 USD). Based on a willing-

ness-to-pay threshold of AR$1,445,325 (29,935

USD) per QALY, equivalent to three times the

per capita gross domestic product (GDP) in

Argentina in 2019 [44], adjuvant pem-

brolizumab had an 83.5% probability of being

cost-effective versus watchful waiting.

DISCUSSION

Despite a large proportion of resected high-risk

stage III melanoma patients developing disease

recurrence when managed with surgery alone

[8–10], and novel adjuvant therapies such as

pembrolizumab becoming available in Argen-

tina, equal access is not ensured across the

health care system. Timely access becomes dif-

ficult especially for melanoma patients covered

by public health insurance. To highlight that

adjuvant pembrolizumab treatment in mela-

noma is a valuable and sustainable option for

Argentina’s health care system, we assessed the

cost-effectiveness of pembrolizumab compared

with watchful waiting. We found pem-

brolizumab to be highly cost-effective as an

adjuvant treatment following complete resec-

tion of stage III melanoma with lymph node

involvement in comparison to watchful wait-

ing, and as such, a good value proposition for

Argentina’s health care system, deserving cov-

erage and reimbursement. Over a lifetime hori-

zon, adjuvant pembrolizumab was projected to

yield substantial survival gains and QALY

improvements. By delaying recurrence, adju-

vant pembrolizumab is expected to result in

approximately 3 additional life-years and also to

provide about 3 additional QALYs per treated

patient. These gains came at reasonable addi-

tional costs, because investing in pem-

brolizumab adjuvant treatment resulted in

savings in total costs of subsequent treatments,

disease managements and terminal care in the

adjuvant pembrolizumab group. This reflects

the lower incidence of recurrence and lower

expected share of more expensive subsequent

combination treatments and health care

resource utilization in the adjuvant pem-

brolizumab group compared with watchful

waiting. According to the WHO-CHOICE pro-

ject [45], interventions with an ICER below

three times the per capita GDP for each QALY

gained should be considered cost-effective, and

those costing less than the per capita GDP

should be viewed as highly cost-effective. Under

base-case assumptions, pembrolizumab was

associated with an ICER of AR$247,094 (3428

USD) per QALY gained, well below the per

capita GDP in Argentina of AR$481,775 (9978

USD) as compared to watchful waiting. At a

willingness-to-pay threshold of three times the

per capita GDP in Argentina (AR$1,445,325;

29,935 USD) for each QALY gained, pem-

brolizumab was cost-effective versus watchful

waiting in the vast majority of scenarios (83.5%)

as well as across a range of plausible input val-

ues and alternative modeling assumptions with

robust ICERs. Recurrence rates and subsequent

advanced melanoma treatments were the key

drivers of the ICER, with pembrolizumab rang-

ing from being economically dominant (more

effective, less costly) to remaining cost-effective
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with an ICER of AR$983,505 (13,645 USD) per

QALY gained, when parametric models for dis-

ease recurrence assumed a time-constant treat-

ment effect which resulted in a worse fit of the

KEYNOTE-054 trial data as compared to the

base-case method. Pembrolizumab also

remained cost-effective regardless of BRAF-mu-

tation status and in all disease stage subgroups,

especially in stage IIIB patients, where adjuvant

pembrolizumab was dominant over watchful

waiting.

These results are in accordance with those

seen in the US setting, where adjuvant pem-

brolizumab was found to be highly cost-effec-

tive versus watchful waiting (15,009 USD/QALY

gained) for patients with high-risk stage III

melanoma [46]. The slightly lower number of

life-years gained with adjuvant pembrolizumab

in Argentina (2.94) versus the US (3.39) reflects

higher mortality rates in the Argentinian pop-

ulation as compared with those seen in North

America, and different distribution of subse-

quent advanced melanoma treatments in each

country.

This economic evaluation is based on a well-

established Markov modeling approach that has

been commonly used for submission of oncol-

ogy drugs to internationally recognized HTA

organizations. We focused on the within-trial

direct comparison of costs and effectiveness

between pembrolizumab and watchful waiting.

Risks of recurrence were modeled parametrically

in each arm using patient-level data from KEY-

NOTE-054, the phase 3 trial that directly com-

pared pembrolizumab and watchful waiting. In

the absence of mature post-recurrence data

from the trial, post-recurrence transition prob-

abilities were estimated using real-world data

and network-meta analysis of clinical trials in

the advanced melanoma setting. The selection

of parametric functions to model transitions

was based on goodness of fit with the observed

data, and clinical plausibility of long-term

extrapolations assessed using external data and

expert opinion, in concordance with recom-

mended practice [25]. The use of recurrence-free

survival as a surrogate end-point to extrapolate

long-term overall survival within the model is

supported by the natural history of resected

high-risk melanoma and by a recent meta-

analysis of randomized controlled trials of

adjuvant interferon treatment of resected high-

risk melanoma [47] showing a high degree of

correspondence between the HR for recurrence-

free and overall survival. The 5-year data from

the EORTC 18071 trial similarly showed a rela-

tive reduction in recurrence or death with ipil-

imumab versus placebo (HR: 0.76 and 0.72,

respectively). In addition, the 5-year overall

survival in the placebo arm of the EORTC 18071

trial (54.4%) was similar to the predicted overall

survival in the watchful waiting arm of the

model (56.8%), which further supports the

plausibility of our extrapolations [48, 49].

Additionally, given the 1-year maximum dura-

tion of adjuvant pembrolizumab, the time on

treatment in the adjuvant pembrolizumab arm

was precisely estimated based on the observed

Kaplan–Meier data from KEYNOTE-054, with-

out the need for extrapolation. Moreover, the

model was inclusive of the mix of subsequent

treatments reflecting the clinical practice in

Argentina for advanced melanoma in each arm,

with their efficacy in terms of progression-free

and overall survival assessed from a network

meta-analysis. This analysis also included qual-

ity-of-life estimates adjusted to reflect utilities

from Argentinian patients, which contributes to

the external validity and applicability of the

results.

As with any cost-effectiveness analysis, there

are limitations to the economic model that

need to be acknowledged. First, we focused on

direct medical care costs; the inclusion of soci-

etal dimensions such as productivity loss could

further improve the cost-effectiveness profile of

the adjuvant treatment. Second, after the model

was completed, new KEYNOTE-054 data were

published confirming and showing an even

slightly higher recurrence risk reduction in the

3-year assessment for pembrolizumab in the

overall population (HR 0.56; 95% CI 0.47–0.68).

This further supports the benefit of pem-

brolizumab in the adjuvant setting in relation

to recurrence-free survival. Additionally,

because the KEYNOTE-054 trial interim data

cutoff used for this analysis were too immature

to inform the post-recurrence transition proba-

bilities, the model assumed that adjuvant

pembrolizumab would have no ongoing
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therapeutic benefit once disease recurred.

Advanced melanoma and overall survival pre-

dictions are therefore subject to greater uncer-

tainty and should be validated against long-

term efficacy data from the KEYNOTE-054 trial

as they become available. Nevertheless, we have

tried to limit this uncertainty by a thorough

sensitivity analysis. There is also some uncer-

tainty with respect to treatments used in the

advanced melanoma settings, for instance, in

terms of eligibility of pembrolizumab for sub-

sequent immunotherapies. Modifying the

assumptions about the mix of subsequent

advanced melanoma treatments to be received

in each arm, however, did not alter the con-

clusion about the cost-effectiveness of adjuvant

pembrolizumab.

CONCLUSIONS

Adjuvant pembrolizumab after complete resec-

tion of melanoma with lymph node involve-

ment is highly cost-effective in Argentina. The

results are sustained across all analyzed patient

subgroups including BRAF mutational status,

and strongly support the coverage and reim-

bursement of pembrolizumab for all eligible

patients across the entire Argentinian health

care system.
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