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ABSTRACT

Introduction: The phase III KEYNOTE-048 trial
showed that the programmed death receptor 1
(PD-1) inhibitor pembrolizumab, in the com-
bined positive score (CPS) C 1 population and
combined with platinum ? 5-fluorouracil in
the total population, improves survival over
cetuximab ? platinum ? 5-fluorouracil in
recurrent or metastatic (R/M) head and neck
squamous cell carcinoma (HNSCC). We evalu-
ated the cost-effectiveness of pembrolizumab as
monotherapy in the CPS C 1 population or
combined with platinum ? 5-fluorouracil in
the total population versus cetuximab ? plat-
inum ? 5-fluorouracil from the social security
perspective in Argentina.
Methods: A partitioned survival model pro-
jected costs and outcomes over 20 years with
3% annual discounting. Health state occupancy
was modeled using KEYNOTE-048 Kaplan–Me-
ier curves until the final analysis data cutoff,
followed by parametric extrapolations guided
by statistical criteria. Costs for initial and

subsequent treatments, disease and adverse
events management, and terminal care were
included (AR $74.00 = 1 USD). Time-on-treat-
ment and EuroQol five-dimension scores were
taken from KEYNOTE-048. Utilities were
derived using an Argentina-specific algorithm.
Results: With pembrolizumab monotherapy,
patients accrued 1.1040 additional life-years
and 0.8768 additional quality-adjusted life-
years (QALYs), for incremental cost-effective-
ness ratios (ICERs) of AR $135,801/life-year and
AR $170,985/QALY gained over cetux-
imab ? platinum ? 5-fluorouracil. Additional
life-years and QALYs gained with pem-
brolizumab combination therapy versus cetux-
imab ? platinum ? 5-fluorouracil were 1.3296
and 1.0536, respectively (ICERs of AR $680,143/
life-year and AR $858,306/QALY). Considering
a threshold of AR $1,676,122/QALY gained,
pembrolizumab monotherapy and combination
therapy had an 88.0% and a 77.1% probability
of being cost-effective, respectively.
Conclusion: Pembrolizumab either as
monotherapy or in combination with
chemotherapy offers substantial survival gains
for patients with R/M HNSCC at small addi-
tional costs, making it a cost-effective treatment
versus cetuximab ? platinum ? 5-FU in
Argentina.
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Key Summary Points

Why carry out this study?

KEYNOTE-048 showed that the
programmed death receptor 1 inhibitor
pembrolizumab improves survival in
recurrent or metastatic head and neck
squamous cell carcinoma (R/M HNSCC).

We assessed whether pembrolizumab is
cost-effective over
cetuximab ? platinum ? 5-fluorouracil
in Argentina, as monotherapy in patients
with combined positive score (CPS) C1,
and in combination with platinum ? 5-
fluorouracil in the total population.

What was learned from the study?

Pembrolizumab monotherapy and
combination therapy cost AR $170,985
(2311 USD) and AR $858,306 (11599 USD)
per QALY gained, respectively, making
pembrolizumab a cost-effective option in
Argentina.

The results support access to
pembrolizumab for patients with R/M
HNSCC in Argentina.

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.13705768.

INTRODUCTION

Head and neck squamous cell carcinoma
(HNSCC) refers to tumors arising from the
mucosa of the upper aerodigestive tract and
accounts for roughly 90% of tumors occurring
in the region of the head and neck [1, 2].
HNSCCs are relatively common and more often

found in men in whom the incidence is two to
four times higher than among women [3, 4]. In
2018, 3357 Argentinians were diagnosed with
HNSCC, 9.88 cases per 100,000 men and 2.43
cases per 100,000 women [4].

A minority of patients with HNSCC (\20%)
are initially diagnosed with metastatic HNSCC
disease [5]. Many patients are diagnosed with
locally advanced disease but recurrence occurs
within 1 year for 30–45% of patients [6–12].
Patients with localized HNSCC (stage I–II) are
more likely to be cured, but the disease
nonetheless recurs in 5–10% of patients [3, 13].

The long-term prognosis of patients with
recurrent or metastatic (R/M) HNSCC is poor.
Historically, first-line treatment of R/M HNSCC
consisted of platinum-based chemotherapy
(cisplatin or carboplatin) in combination with
5-fluorouracil (5-FU) or a taxane (docetaxel or
paclitaxel). These platinum-based combination
regimens resulted in median overall survival
(OS) ranging from 5.0 to 8.7 months across tri-
als [14, 15]. Most recent evidence from
prospective clinical trial data reported an
improvement in the median OS to 10.1 months
for the targeted systemic therapy cetuximab
combined with platinum and 5-FU chemother-
apy and thereby defined a new standard of care
in first-line treatment of R/M HNSCC according
to clinical guidelines [16–18].

The immune system plays a major role in reg-
ulating the growth of cancer [19]. Evidence sug-
gests that some types of inflammatory signaling
induced in a tumor may create an immunosup-
pressive environment that allows tumors to evade
the immune response [19]. The programmed cell
death-ligand 1 (PD-1) pathway is an immune
control checkpoint that may be engaged by tumor
cells to inhibit active T cell immune surveillance
[20–22]. Pembrolizumab is a selective humanized
monoclonal antibody designed to block the
interaction between PD-1 and its ligands, PD-L1
and PD-L2. By inhibiting the PD-1 receptor from
binding to its ligands, pembrolizumab reactivates
tumor-specific cytotoxic T lymphocytes in the
tumor microenvironment [22].

PD-1 inhibitors have demonstrated effective
antitumor activity with manageable safety in
patientswithR/MHNSCC[23–27]. In thephase 3
KEYNOTE-048 study, the efficacy and safety of
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pembrolizumab as monotherapy and in combi-
nation with chemotherapy (5-FU plus carbo-
platin or cisplatin) compared with cetuximab in
combinationwith chemotherapywere evaluated
in participants with previously untreated R/M
HNSCC with PD-L1 combined positive score
(CPS; defined as the number of PD-L1-positive
tumor and immune cells divided by the total
number of tumor cells 9 100) C 20 and CPS C 1
and in the total population [28]. The primary
endpoints were OS and progression-free survival
(PFS). At the second interim analysis, pem-
brolizumab monotherapy improved OS com-
pared with cetuximab plus chemotherapy in
participants with CPS C 20 [hazard ratio (HR)
0.61; 95% confidence interval (CI) 0.45, 0.83]
and CPS C 1 (HR 0.78; 95% CI 0.64, 0.96). Pem-
brolizumab plus chemotherapy improved OS
comparedwith cetuximab plus chemotherapy in
the total population (HR 0.77; 95%CI 0.63, 0.93)
at the second interim analysis and in the CPS
C 20 (HR 0.60; 95% CI 0.45, 0.82) and CPS C 1
(HR 0.65; 95% CI 0.53, 0.80) populations at the
final analysis. Pembrolizumab demonstrated
favorable safety compared with cetuximab plus
chemotherapy, and pembrolizumab plus
chemotherapy showed comparable safety with
cetuximab plus chemotherapy; the incidence of
grade C 3 adverse events was lower with pem-
brolizumab and similar with pembrolizumab
plus chemotherapy as compared to cetuximab
plus chemotherapy.

These results of the KEYNOTE-048 trial were
the basis for evaluating the cost-effectiveness of
pembrolizumab for the first-line treatment of
R/M HNSCC in Argentina, either as monother-
apy for patients with CPS C 1 or in combination
with chemotherapy in the total population.
This evaluation can help Argentinian health
authorities and payers make informed decisions
about funding and reimbursement of pem-
brolizumab for these patients.

METHODS

Population

The target population for the economic evalu-
ation is aligned with the patient population

targeted by the KEYNOTE-048 trial: adult
patients with histologically or cytologically
confirmed RM/HNSCC and Eastern Cooperative
Oncology Group (ECOG) performance status of
0 or 1 who have not received prior systemic
therapy administered in the recurrent or meta-
static setting. Patients enrolled in the trial had a
median age of 61 years, 80% were male, 85%
had CPS C 1, and 43% had CPS C 20 [28, 29].

Model Structure and Analysis

In accordance with the modelling paradigm in
oncology, the effects of treatments are assessed
in terms of delaying time to disease progression
(PFS) and improving life-expectancy (OS). As
such, a partitioned survival model with pro-
gression-free, progressive disease, and death as
mutually exclusive health states was developed
(Fig. 1). Health states are associated with varia-
tions in direct medical resource utilization,
reflecting the different requirements of patients
with and without disease progression, and
health utility, assuming disease progression
results in deterioration in health-related quality
of life.

In line with the World Health Organization
(WHO) [30] recommendations on economic
evaluation of health technologies, both costs
and outcomes are discounted at 3% annually
over the analytical horizon of 20 years which
approximates a lifetime perspective for the vast
majority of patients. Two pembrolizumab regi-
mens are compared to cetuximab in combina-
tion with platinum-based therapies:
pembrolizumab as a monotherapy among
patients with CPS C 1 and pembrolizumab in
combination with platinum-based therapies
and 5-FU in the total population, regardless of
CPS. The simulated cohorts enter the model in
the progression-free health state and initiate
treatment with the assigned first-line treatment
option. At the end of each weekly cycle,
patients may remain within the same health
state, transition to the progressive disease state,
or die. The model assumes disease progression is
irreversible, meaning that once disease pro-
gression is noticed, a patient cannot return to
the progression-free state.
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The long-term costs and health outcomes of
patients with R/M HNSCC are projected
according to first-line treatment option
received, and incremental cost-effectiveness
ratios (ICERs) are assessed in terms of cost per
quality-adjusted life-year (QALY) or life-year
gained. A series of scenarios varying model
parameters and settings across a range of plau-
sible values were assessed in one-way sensitivity
analyses. These assessed the impact on incre-
mental costs per QALY gained when varying
time horizon, discount rates for costs or for
outcomes, patient age, weight and body surface
area (BSA), assumptions with respect to vial
sharing, medical care costs, rates of treatment-
related adverse events, health state utility values
and treatment-specific OS, PFS, and time-on-
treatment. The robustness of the cost-effective-
ness results was further assessed through a
1000-iteration probabilistic sensitivity analysis
(PSA). Standard errors or variance–covariance
matrices of the selected distributions were based
on original data sources, where available, and
otherwise were set at 20% of mean values
(Table 1).

Health State Occupation

Disease progression was modeled according to
progressions determined by an independent

review committee (IRC) during the trial. This
data was preferred over investigator-assessed
(INV) progressions in accordance with regula-
tory authorities indicating that IRC assessment
minimizes bias in radiographic interpretation
[31]. The trial data for the analysis was from
randomization until disease progression or
death, or until the date of censoring. Upon
discontinuation, patients were censored at the
time of visit or, in the case of missing follow-up
data, at the date of the last recorded follow-up
visit. Progression-free and OS projections were
guided by statistical goodness-of-fit criteria (AIC
and the BIC), visual inspection, and plausibility
of long-term extrapolation.

Health state occupancy was determined on
the basis of KEYNOTE-048 trial data using a
piecewise modeling approach comprising of the
Kaplan–Meier curves used until the final analy-
sis data cutoff followed by parametric extrapo-
lation of individual patient-level data until the
end of the analytical horizon, 20 years in the
present case (Table 1). The inspection of hazards
suggested week 25 or week 52 and week 45 or
week 80 as potential cutoff points for modelling
PFS and OS, respectively. For PFS, the 52-week
cutoff point was selected to utilize the most trial
data which also provides the most meaningful
fit. The exponential curve was used to extrapo-
late beyond this cutoff point as this resulted in
the best fit based on the AIC and the BIC and

Fig. 1 Model schematic
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also as it is the standard model to use in a
piecewise approach [32]. For OS, the 80-week
cutoff was taken as it allowed greater utilization
of the available Kaplan–Meier data and gave a
much better fit allowing for a more meaningful
extrapolation when using the log-logistic func-
tion for patients with CPS C 1 and a log-normal
for the total population. The resulting projec-
tions of PFS and OS are shown in Fig. 2.

Treatment-related adverse events occurring
in at least 5% of patients in at least one treat-
ment arm were included. Medical costs and
disutilities were ascribed for those having a
meaningful impact on patient well-being as
denoted by a Common Terminology Criteria for
Adverse Events (CTCAE version 4.0) grade 3 or
above [33].

Health Utility

Life-years were adjusted for quality of life using
patient-level EuroQol five-dimension three-
level (EQ-5D-3L) responses collected from KEY-
NOTE-048, with utilities obtained from an
Argentina algorithm [34]. Health utility values
were modelled according to health state, pres-
ence of treatment-related adverse events of
grade C 3, and proximity to death using a fixed
effect linear mixed regression model accounting

for ECOG score, with the same weights applied
to each treatment arm (Table 1).

Costs

Direct medical costs for drug acquisition and
administration of first-line and subsequent
treatments, disease management, terminal care,
and management of adverse events were inclu-
ded from the perspective of the Argentinian
social security system (Table 1). All medical
resource mean unit costs were obtained from
different private and public Argentinian insti-
tutions [35, 36]. All costs were expressed in 2020
Argentinian pesos (August 28, 2020,
AR $74.00 = 1 USD = 0.84 euro [37]). Costs for
drug acquisition and their administration were
ascribed at the beginning of each cycle of drug
administration. Conversely, for weekly resour-
ces such as routine disease management, the
Simpson’s within-cycle correction 1/3 rule was
applied to reflect the timing of cost occurrence
more accurately. The costs of each first-line
treatment regimen were assessed on the basis of
the number of patients on treatment estimated
from the KEYNOTE-048 data. Treatment dosa-
ges were in accordance with schedule recom-
mendations and KEYNOTE-048 trial protocol.
Drugs were subject to their respective capped

Table 2 Drug costs

Drug Vials Dosing

Size, mg Unit costa, AR$ Schedule Cost per doseb, AR$

Pembrolizumab 100 202,655.24 200 mg, Q3W (up to 35 cycles) 405,310.48

Cetuximab 100 27,447.35 Loading dose: 400 mg/m2 219,573.50

500 137,231.46 Subsequent: 250 mg/m2 weekly 137,231.46

Cisplatin 10 453.14 100 mg/m2, Q3W (up to 6 cycles) 7,635.09

50 1,940.84

Carboplatin 600 8,894.07 AUC 5 mg/m2, Q3W (up to 6 cycles) 8,894.07

5-FU 500 368.74 1000 mg/m2 for four days, Q3W 5,531.14

Q3W once every 3 weeks, 5-FU 5-fluorouracil, AUC area under curve
AR $74 = 1 USD = 0.84 euro. Ex-factory public prices from AlfaBeta, August 28, 2020
a Ex-factory price (57% of public prices to exclude taxes and logistic costs not applicable to oncology medications)
b Based on an average patient with a body surface area of 1.81 m2
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durations, and therapies were discontinued
upon disease progression. Pembrolizumab was
given at 200 mg fixed dose intravenously every
3 weeks (Q3W) for a maximum of 2 years. As a
combination therapy, pembrolizumab-treated
patients also received either cisplatin (100 mg/
m2) or carboplatin [area under the curve (AUC)
5 mg/m2] and 5-FU (1000 mg/m2 per day for
four consecutive days) Q3W for a maximum of

six cycles. Patients in the comparator arm
received cetuximab (400 mg/m2 as initial load-
ing dose and 250 mg/m2 thereafter) intra-
venously administered weekly plus either
cisplatin (100 mg/m2) or carboplatin (AUC
5 mg/m2) and 5-FU (1000 mg/m2 per day for
four consecutive days) Q3W for a maximum of
six cycles. On the basis of the KEYNOTE-048
data, regardless of treatment regimen, 42% of

Fig. 2 Predicted long-term outcomes under base-case
parametric distribution assumptions. CPS combined pos-
itive score, OS overall survival, PFS progression-free

survival, 5-FU 5-fluorouracil. AR $74 = 1 USD =
0.84 euro
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platinum-based chemotherapies included cis-
platin and the remaining included carboplatin.
Calculations assumed no vial sharing and were
based on the mix of vials that minimized
acquisition costs, considering a patient with an
average BSA of 1.81 m2 as assessed by an expert
input panel in Argentina. The costs of therapy
infusions required at each treatment adminis-
tration were included. The average costs from
different public and private Argentinian insti-
tutions were used [35, 38–40]. A cost of
AR $7877.87 (106.46 USD; 89.42 euro) was
applied for the infusion of pembrolizumab
monotherapy or for the infusion of cetuximab
for days the chemotherapy regimens were not
also administered. For infusions of pem-
brolizumab or cetuximab with platinum ? 5-
FU, a longer infusion cost of AR $18,980.95
(256.50 USD; 215.46 euro) was applied
(Table 1).

Subsequent treatments included any sys-
temic therapy administered after first-line
treatment with pembrolizumab or the com-
parators. A one-off cost was applied at disease
progression (the front-loading approach rea-
sonably approximates the gradual accrual of
costs over time as patients progress through the
clinical pathway). The cost of subsequent
treatments was determined according to the
expected treatment mix in Argentina, as asses-
sed by local expert input panel, the mean time
on treatments, derived from KEYNOTE-048, and
the drug prices obtained from AlfaBeta [41]
(Table 1).

Medical management costs were linked to
health state membership and transitions. The
costs were mainly sourced from different public
and private Argentinian institutions
[35, 38–40]. Routine disease management con-
sisted of procedures for follow-up care and
monitoring of patients with HNSCC. This
includes scans, blood tests, and consultations
with healthcare practitioners to evaluate disease
activity which was sourced from the American
Cancer Society Head and Neck Cancer Sur-
vivorship Care Guideline [42]. Nutritional sup-
port was factored in during the first year free of
disease progression whereas the other resource
types were accrued each year. Resource unit cost
and expected frequency use led to weekly cost

in the first and subsequent years of AR $6343.32
(85.72 USD; 72.01 euro) and AR $5779.19
(78.10 USD; 65.60 euro) in the progression-free
state, respectively, and of AR $4327.36 (58.48
USD; 49.12 euro) in the progressive disease
state. The cost for oncologist visits and CT scan
monitoring at disease progression
(AR $37,804.12; 510.87 USD; 429.13 euro) and
for terminal care (AR $185,909.98; 2512.30
USD; 2110.33 euro) in the weeks or months
prior to death were included. The one-off costs
were applied across the model time horizon
based on the health state occupancy dynamic
between model cycles to reflect the timing of
transitions. Finally, the model included the
weekly cost of managing treatment-related AE
based on the incidence observed in each KEY-
NOTE-048 trial arm (Table 1). Probabilities for
pembrolizumab interventions to be cost-effec-
tive were calculated on the basis of a willing-
ness-to-pay threshold of three times the gross
domestic product (GDP) per capita for each
QALY gained (AR$1,676,122; 27,290 USD;
24,726 euro), in accordance with the World
Health Organization’s Choosing Interventions
that are Cost-Effective (WHO-CHOICE) project
[43, 44].

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; this study consequently did
not require ethical approval. The authors had
permission to access the databases needed to
perform this study.

RESULTS

Base-Case Analyses

Treatment with pembrolizumab, as a
monotherapy among patients with CPS C 1, or
in combination with chemotherapy in the total
population regardless of PD-L1 expression,
resulted in life-year and QALY gains at small
additional cost in comparison with cetuximab
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plus chemotherapy. In both populations,
patients treated with pembrolizumab were pro-
jected to live longer as compared to cetuximab
plus chemotherapy (Fig. 2). For example, 7.83%
of patients with CPS C 1 who received first-line
pembrolizumab monotherapy survived at least
10 year versus 1.20% among those who received

cetuximab plus chemotherapy. Among all
patients, 9.58% of those treated with pem-
brolizumab combination therapy were alive
after 10 years as compared to 1.03% of those
who received cetuximab plus chemotherapy.
Treating patients with CPS C 1 with pem-
brolizumab monotherapy resulted in 0.8768

Table 3 Base-case cost-effectiveness results: pembrolizumab interventions versus KEYNOTE-048 trial comparator cetux-
imab ? platinum ? 5-FU

Costs and outcomes Patient with CPS ‡ 1
Pembrolizumab monotherapy versus
cetuximab 1 platinum 1 5-FU

Total population
Pembrolizumab combination versus
cetuximab 1 platinum 1 5-FU

Comparator Intervention Incremental Comparator Intervention Incremental

Costs, AR$

Treatments 5,149,867 5,045,882 - 103,985 5,189,755 5,791,572 601,817

Drug acquisition 3,808,172 4,224,319 416,147 3,933,060 4,669,354 736,295

Drug administration 94,052 82,107 - 11,945 94,836 215,432 120,595

Subsequent treatment 1,231,081 739,112 - 491,969 1,144,727 882,017 - 262,709

Adverse event 16,562 344 - 16,218 17,132 24,768 7636

Disease management 568,188 822,095 253,907 570,508 872,988 302,481

Pre-progression 206,851 259,415 52,564 200,068 258,383 58,316

Disease progression 24,268 24,149 - 119 24,207 24,183 - 25

Post-progression 158,109 365,631 207,522 165,580 421,278 255,697

Terminal care 178,960 172,901 - 6059 180,652 169,145 - 11,508

Total 5,718,055 5,867,977 149,922 5,760,262 6,664,560 904,298

Outcomes

Life-years 1.3439 2.4479 1.1040 1.3538 2.6834 1.3296

Quality-adjusted life years 1.0736 1.9504 0.8768 1.0803 2.1339 1.0536

Progression-free 0.5317 0.6823 0.1507 0.5123 0.6725 0.1602

Progressive disease 0.5519 1.2762 0.7243 0.5780 1.4705 0.8925

Adverse events - 0.0010 0.0000 0.0010 - 0.0010 - 0.0010 0.0000

Time-to-death disutilities - 0.0090 -0.0081 0.0009 - 0.0089 - 0.0081 0.0008

Cost-effectiveness ratio, AR$

Per life year 135,801 680,143

Per QALY 170,985 858,306

Ex-factory public prices from AlfaBeta, August 28, 2020
CPS combined positive score, 5-FU 5-fluorouracil, QALY quality-adjusted life-year AR $74 = 1 USD = 0.84 euro
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QALY gained and in incremental costs of
AR $149,921 (2026 USD; 1702 euro) over
cetuximab plus chemotherapy (QALY 1.9504 vs.
1.0736; total costs AR $5,867,976 vs.
AR $5,718,055; Table 3). In the total popula-
tion, pembrolizumab combination therapy
resulted in 1.0536 QALY gained and in incre-
mental costs of AR $904,298 (12,220 USD;
10,265 euro) over cetuximab plus chemother-
apy (QALY 2.1339 vs. 1.0803; total costs
AR $6,664,560 vs. AR $5,760,262; Table 3). The
resulting ICERs for pembrolizumab monother-
apy and pembrolizumab combination therapy
versus cetuximab plus chemotherapy were
AR $170,985 (2311 USD; 1,941 euro) and
AR $858,306 (11,599 USD; 9743 euro) per QALY
gained, and AR $135,801 (1835 USD; 1542 euro)
and AR $680,143 (9191 USD; 7721 euro) per
life-year gained, respectively (Table 3).

Sensitivity Analyses

The tornado diagrams in Fig. 3 show the incre-
mental costs per QALY gained for pem-
brolizumab monotherapy in patients with
CPS C 1 (Fig. 3a) and in the total population
(Fig. 3b) obtained over comparator cetuximab
plus chemotherapy when varying key model
parameters and setting in one-way determinis-
tic sensitivity analyses and scenarios. Across the
one-way deterministic sensitivity analysis and
scenarios, pembrolizumab monotherapy com-
pared to cetuximab plus chemotherapy for
patients with CPS C 1 ranged from being dom-
inant (more effective, less costly) to having a
ICER of AR $1,049,280 (14,179 USD; 11,911
euro) per QALY gained when variation of the
BSA was implemented. In all patients, the
incremental cost per QALY for pembrolizumab
combination therapy compared to cetuximab
plus chemotherapy ranged from AR $114,393
(1546 USD; 1299 euro) to AR $1,602,095
(21,650 USD; 18,186 euro) also when modifying
the BSA. The ICERs were robust to variations in
other parameters and settings such as vial
sharing, treatment durations, time horizon, and
extrapolation of PFS and OS.

The results of the probabilistic analysis are
presented graphically on the cost-effectiveness

planes in Fig. 4. Across the 1000 iterations, both
pembrolizumab monotherapy in patients with
CPS C 1 and pembrolizumab combination
therapy in the total population were consis-
tently more effective than the cetuximab plus
chemotherapy, and also often resulted in lower
costs (Fig. 4a and Fig. 4b, respectively). Consid-
ering a willingness-to-pay threshold of
AR $1,676,122 (27,290 USD; 24,726 euro) [43]
per QALY in Argentina, pembrolizumab
monotherapy and pembrolizumab combination
therapy were cost-effective vs. comparator in
88.0% and 77.1% of scenarios, respectively.

DISCUSSION

Historically, the long-term prognosis of patients
with R/M HNSCC has been poor, highlighting
the high unmet need to improve survival while
maintaining health-related quality-of-life. Plat-
inum-based chemotherapies have been the
standard treatments [14, 15] for these patients
until their combination with cetuximab was
shown beneficial [18], making cetuximab plus
chemotherapy the new standard first-line sys-
temic treatment in R/M HNSCC [16]. This
treatment combination offers a median OS of
approximately 10 months but is associated with
substantial toxicity [18]. In KEYNOTE-048,
pembrolizumab monotherapy demonstrated a
statistically significant and clinically meaning-
ful improvement in OS in the CPS C 1 and
CPS C 20 populations, and pembrolizumab plus
chemotherapy demonstrated a statistically sig-
nificant and clinically meaningful improve-
ment in the overall, CPS C 1, and CPS C 20
populations in comparison with cetuximab plus
chemotherapy [28]. The safety profile was

Fig. 3 Tornado diagram showing the variation in ICER value
based upon one-way deterministic parameters changes and
scenarios. aPembrolizumabmonotherapy versusCetuximab?
Platinum ? 5-FU in patient with CPS C 1 and b
Pembrolizumab combination therapy versus Cetuximab ?

Platinum ? 5-FU in the total population. CPS combined
positive score, GG generalized gamma, mgmilligram, mmeter,
OS overall survival, Pembro pembrolizumab, PFS progression-
free survival, QALY quality-adjusted life-year, 1L first line,
5-FU 5-fluorouracil. AR $74 = 1 USD = 0.84 euro

c
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Fig. 4 Cost-effectiveness plane for pembrolizumab regi-
mens compared to cetuximab ? platinum ? 5-fluo-
rouacil: a pembrolizumab monotherapy in patients with
CPS C 1 and b pembrolizumab combination therapy in

the total population. CPS combined positive score, ICER
incremental cost-effectiveness ratio, QALY quality-ad-
justed life-year. AR $74 = 1 USD = 0.84 euro
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favorable with pembrolizumab monotherapy
compared with cetuximab plus chemotherapy
and similar in the pembrolizumab plus
chemotherapy and cetuximab plus chemother-
apy groups. To support Argentinian health
authorities and payers making informed deci-
sions about funding and reimbursement of
pembrolizumab for these patients, we assessed
the cost-effectiveness of pembrolizumab versus
cetuximab plus chemotherapy, as a monother-
apy among PD-L1 expressers (CPS C 1) and in
combination with platinum ? 5-FU in all
patients, irrespective of CPS, from the perspec-
tive of the social security system in Argentina.
In accordance with findings in other settings
such as the People’s Republic of China or the
USA [45, 46], we found that pembrolizumab
regimens were cost-effective interventions in
Argentina over the trial comparator. Modest
incremental expenditures from social security
would enable, indeed, considerable survival
gains compared to the current standard of care
in Argentina. Importantly, the increased time
on treatment observed in the intervention arms
of the KEYNOTE-048 trial supports pem-
brolizumab as a more tolerated and effective
intervention as opposed to current therapies.
The small additional costs for pembrolizumab
regimens over the standard of care trial com-
parator are economically justified by the health
benefits they confer.

According to the WHO-CHOICE project [44],
interventions with an ICER below three times
the GDP per capita for each QALY gained
(AR $1,676,122; 27,290 USD; 24,726 euro) [43]
should be considered cost-effective and those
costing less than the GDP per capita
AR $558,707 (9097 USD; 8242 euro) [43] should
be viewed as highly cost-effective. Accordingly,
under base-case assumptions, pembrolizumab
monotherapy was found to be highly cost-ef-
fective versus cetuximab plus chemotherapy in
patients expressing PD-L1 CPS C 1 with an ICER
of AR $170,985 (2311 USD; 1941 euro). In the
total population, pembrolizumab combination
therapy was also cost-effective with a base-case
ICER under twice the GDP per capita at
AR $858,306 (11,599 USD; 9743 euro). These
conclusions were highly robust to deterministic
changes in key model parameters as well as in

scenarios changing the vial sharing assumption,
the time horizon, or the modelling approach for
projecting long-term PFS and OS. While
patients’ BSA (affecting drug acquisition costs)
impacted the ICERs, more importantly, pem-
brolizumab regimens remained cost-effective
with an incremental cost per QALY gained of
AR $1,049,280 (14,179 USD; $11,911 euro),
below twice the GDP per capita. In the PSAs,
considering this willingness-to-pay threshold,
pembrolizumab monotherapy and pem-
brolizumab combination therapy were cost-ef-
fective versus comparator in the majority
(88.0% and 77.1%, respectively) of probabilistic
variations of key model parameters, highlight-
ing the economic attractiveness of the treat-
ment options. Moreover, in both comparisons,
probabilistic variations of key model parameters
found that pembrolizumab regimens are likely
to be economically dominant (more effective,
and cost-saving) versus cetuximab plus
chemotherapy, representing 42.3% and 20.0%
of iterations for pembrolizumab monotherapy
and pembrolizumab combination therapy,
respectively.

As with any cost-effectiveness assessment,
our analyses might have certain limitations.
First, we conservatively modelled time-on-
treatment on the basis of the clinical trial
results. In the pembrolizumab intervention
arms as well as in the comparator arms of the
KEYNOTE-048 study, some patients received
treatment beyond disease progression; however,
in clinical practice, therapies are commonly
administered on a treat-to-progression basis.
Second, only treatment-related AEs with higher
than 5% incidence at grade 3 or above were
included as events that are most common and
associated with hospitalizations. Nonetheless,
limiting the AEs in the model could underesti-
mate the impact of AEs. While pembrolizumab
has a more favorable tolerability profile than
the cetuximab plus chemotherapy, this has no
impact for the pembrolizumab combination
regimen which had a similar safety profile to
cetuximab plus chemotherapy. It should be
noted, however, that the impact of AEs on the
results is marginal, as treatment-related AEs
contributed to less than 1% of the total costs for
both pembrolizumab treatment regimens and
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comparator, and that related disutilities were
small. Third, extrapolation of OS curves from
short-term clinical trials is always subject to
uncertainty and therefore should be validated
against long-term data as they become avail-
able. Modifying the assumptions about OS
extrapolation, however, did not alter the con-
clusion about cost-effectiveness of
pembrolizumab.

Our study provides a valid and informative
economic assessment of pembrolizumab treat-
ment regimens that can support healthcare
payers in making decisions with respect to
funding and reimbursing of the therapy for
patients with R/M HNSCC in need of effective
treatments. We used a three-health-state parti-
tioned survival model structure that has been
validated and extensively applied in technology
appraisals in oncology, including HNSCC
[47, 48]. Progression-free and progressive dis-
ease state occupancy was modelled using
patient-level survival data from the KEYNOTE-
048 clinical trial, therefore ensuring a high
degree of internal validity and proper repre-
sentation of the clinical trial results. Quality-of-
life decrements associated with disease pro-
gression, treatment-related adverse events, and
proximity to death were derived from data col-
lected in the KEYNOTE-048 trial and mapped to
the Argentinian settings through local health
utility values. Therefore, the utility and disutil-
ity values used in the model are considered
representative of the target population for
pembrolizumab. The time on treatment was
also fully informed by the trial as the maturity
of the Kaplan–Meier data covered the total
duration of treatment. Finally, the wide range of
scenario analyses explored in the parametric
and structural assumptions of the economic
analysis provided a clear and comprehensive
assessment of assumptions potentially influ-
encing the model results, allowing an accurate
depiction of the robustness of the study
conclusions.

CONCLUSIONS

Pembrolizumab for the first-line treatment of
R/M HNSCC, both as a monotherapy for

patients with CPS C 1 or in combination with
chemotherapy in all patients, demonstrates
substantial clinical benefits in terms of OS and
QALYs gained compared with cetuximab plus
chemotherapy, at a small additional cost. Across
a range of sensitivity analyses and scenarios,
pembrolizumab regimen remained cost-effec-
tive with ICERs well below the commonly
accepted willingness-to-pay threshold in
Argentina.
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