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Abstract

Background: The CheckMate 141 trial found that nivolumab improved survival for patients with recurrent or metastatic head
and neck cancer (HNC). Despite the improved survival, nivolumab is much more expensive than standard therapies. This
study assesses the cost-effectiveness of nivolumab for the treatment of HNC.
Methods: We constructed a Markov model to simulate treatment with nivolumab or standard single-agent therapy for
patients with recurrent or metastatic platinum-refractory HNC. Transition probabilities, including disease progression, sur-
vival, and probability of toxicity, were derived from clinical trial data, while costs (in 2017 US dollars) and health utilities were
estimated from the literature. Incremental cost-effectiveness ratios (ICERs), expressed as dollar per quality-adjusted life-year
(QALY), were calculated, with values of less than $100 000/QALY considered cost-effective from a health care payer perspec-
tive. We conducted one-way and probabilistic sensitivity analyses to assess model uncertainty.
Results: Our base case model found that treatment with nivolumab increased overall cost by $117 800 and improved
effectiveness by 0.400 QALYs compared with standard therapy, leading to an ICER of $294 400/QALY. The model was most
sensitive to the cost of nivolumab, though nivolumab only became cost-effective if the cost per cycle decreased from $13 432
to $3931. The model was not particularly sensitive to assumptions about survival. If one assumed that all patients alive at the
end of the CheckMate 141 trial were cured of their disease, nivolumab was still not cost-effective (ICER $244 600/QALY).
Conclusion: While nivolumab improves overall survival, at its current cost it would not be considered a cost-effective treat-
ment option for patients with HNC.

With a worldwide incidence of 550 000 cases and 380 000 deaths
per year, squamous cell carcinoma of the head and neck
(SCCHN) represents a major global cause of cancer-associated
morbidity and death (1,2). While most patients present with lo-
cally contained or loco-regional disease, more than half of
patients will suffer loco-regional disease progression or develop

metastatic disease (3). Up until recently, the standard of care for
patients with recurrent or metastatic platinum-resistant dis-
ease included single- or multi-agent systemic therapy; however,
guidelines could not clearly endorse any one treatment strategy
(4), and overall these regimens offer little chance for prolonged
survival.
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Cancer immunotherapy represents an exciting branch of
cancer treatment, with numerous agents showing activity in a
number of cancers. For head and neck cancer (HNC), the re-
cently reported CheckMate 141 study found a survival advan-
tage for patients with platinum-resistant recurrent or
metastatic disease who received the antiprogrammed death 1
(PD-1) monoclonal antibody nivolumab (5). In this clinical trial,
patients were randomized to receive nivolumab or conventional
single-agent therapy (methotrexate, docetaxel, or cetuximab—
given at the discretion of the treating physician). The trial found
that nivolumab extended the median overall survival by
2.4 months and improved patient quality of life compared with
patients treated with standard therapy.

Nivolumab is one therapy among the wave of new immuno-
therapies for cancer patients, and while these treatments hold
great promise, they may place unprecedented financial burdens
on patients and society (6,7). The literature defining the cost-
effectiveness of this novel class of cancer treatments is limited
(7,8), with no known reports in HNC. In a time when pharmaceuti-
cal prices are increasing exponentially (9–11), defining value of
these promising therapies for patients and society is more impor-
tant than ever. The question of value is particularly relevant from
a global perspective given the high incidence of HNC among socio-
economically disadvantaged regions of the world (2). The purpose
of this study was to perform a cost-effectiveness analysis of nivo-
lumab compared with standard therapy for patients with recur-
rent or metastatic squamous cell carcinoma of the head and neck.
Using this methodology, we aim to compare therapies while con-
sidering differences in survival, cost, and patient quality of life.

Methods

Decision Model

We compared the cost-effectiveness of nivolumab with single-
agent therapy for patients with platinum-resistant recurrent or
metastatic squamous cell carcinoma of the head and neck. We
created a Markov model to simulate treatments, adverse events,
quality of life, costs, and survival among simulated patients.
The state transition diagram (Figure 1) shows how patients
move through the Markov model. The three main health states
were stable disease, cancer progression, and death. Our cost-
effectiveness model used a one-month cycle length extending
over a 30-year time horizon. The Markov models were con-
structed and analyzed with TreeAge Pro 2016 (TreeAge
Software, Williamstown, MA). The design and reporting of this
cost-effectiveness analysis follow standard guidelines pub-
lished elsewhere (12).

Treatment Details

We used the CheckMate 141 trial as a construct to model the dif-
ferent treatment groups. Patients in the standard therapy group re-
ceived one of three drugs studied in the CheckMate trial, including
methotrexate (40–60 mg/m2 weekly), docetaxel (30–40 mg/m2

weekly), or cetuximab (400 mg/m2 loading dose followed by
250 mg/m2 weekly). Patients received only one drug, and we as-
sumed that the distribution of drugs matched that of the trial (41%
on methotrexate, 47% on docetaxel, and 12% on cetuximab).
Patients in the nivolumab group received treatment every two
weeks at a dose of 3 mg/kg. The optimal length of nivolumab treat-
ment among long-term responders is unknown; therefore, we
evaluated different scenarios and assessed how these

assumptions impacted the cost-effectiveness of this treatment.
Our base case analysis followed the CheckMate 141 protocol,
whereby patients received nivolumab until disease progression.
We also tested scenarios where patients received nivolumab
through disease progression, though we limited the duration to a
maximum of one to two years. Patients in either treatment group
who progressed were assumed to have exhausted treatment
options and incurred the costs of supportive care. Patients who died
incurred the cost of palliative care during the month before death.

Model Probabilities

We assumed that all patients entered the model and received
either nivolumab or an alternative single-agent therapy. After
initiating therapy, patients could experience a treatment-
related adverse event, disease progression, or death.
Probabilities of these events were derived directly from the
CheckMate 141 trial. Regarding survival, the Checkmate trial
reported survival through 15 months after initiation of treat-
ment, and we estimated monthly probabilities of disease pro-
gression and death to generate model-predicted survival that
mimicked the Kaplan-Meier curves provided in the study
(Figure 2). Survival for responders to immunotherapy beyond
the range reported in clinical trials remains unknown due to the
limited clinical trial follow-up with newer immunotherapy
agents. We hypothesized that our cost-effectiveness analyses
could be sensitive to assumptions about long-term survival;
therefore, we estimated long-term survival across a range of
scenarios. In our base case survival scenario, we assumed that
survival after 15 months would follow survival estimates of a
generalized population with metastatic HNC. Monthly condi-
tional survival probabilities after 15 months in this scenario
were obtained from the Surveillance, Epidemiology, and End
Results (SEER) database (13). An alternative and more optimistic
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Nivolumab
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Figure 1. State transition diagram. The three main health states are represented

by ovals and include “stable disease,” “cancer progression,” and “death.” Arrows

represent possible transitions from one health state to the next. Patients may

experience toxicity and remain in their same state after a decrement in utility

and additional cost.
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survival scenario assumed that patients alive after 15 months
were “cured” of HNC, and their risk of death went back to their
normal age-adjusted mortality risk obtained from the US Social
Security Death Index (14).

Costs

Our primary analysis measured cost-effectiveness from a third
party payer perspective, though we assessed cost-effectiveness

from a societal perspective in a sensitivity analysis (15). The
cost of systemic agents was determined through the standard
approach of using the average wholesale price (AWP) with a 7%
reduction, while also incorporating the costs of drug adminis-
tration (16–23). Drugs were administered weekly or biweekly in
the Checkmate 141 trial. Our model cycle length was one
month; therefore, we present the monthly cost of administering
each drug as opposed to the cost per chemotherapy cycle. Costs
for treatment-related toxicities were derived from the literature
and taken as a weighted average of the most common
treatment-related toxicities reported in the CheckMate 141 trial
(24–27). Aside from treatment-related mortality, we only in-
cluded the grade 3–4 treatment-related toxicities, and not grade
1–2 toxicities. A summary of parameters used to calculate
toxicity costs and utilities are included in Supplementary

Tables 1 and 2 (available online). All costs were adjusted to
2017 US dollars via the Consumer Price Index.

Outcome Measures

Effectiveness was measured in quality-adjusted life-years
(QALYs), which reflects the product of a patient’s health utility
over time. Health utility measures quality of life and ranges
from 0 (death) to 1 (perfect health). Health utility scores were
obtained from the literature (26,28–33), using prospectively ac-
quired utility measurements whenever possible. All patients
started with the same health utility score for stable recurrent
HNC. Each patient’s utility decreased for progressive disease,
and every time a patient experienced an adverse event, they in-
curred a health utility deduction. The different disease progres-
sion and toxicity rates between the nivolumab and standard
therapy groups led to different health utility scores. Specific val-
ues of the health utilities and utility decrements, and the re-
spective literature sources used in this study, are included in
Table 1.

Statistical Analysis

We used a 3% annual discount rate for all costs and QALYs. The
cost-effectiveness of nivolumab vs standard therapy was mea-
sured with an incremental cost-effectiveness ratio (ICER), which
represents the incremental cost between the two treatment
approaches divided by the incremental effectiveness (measured
with QALY). Treatments were considered “cost-effective” if the
ICER was under a willingness-to-pay threshold of $100 000/
QALY. While this threshold varies by individual, region, health
care system, and country, this particular value of $100 000/QALY
was chosen because it is commonly used in cost-effectiveness
research (34).

Our base case analysis used the best unbiased estimates of
costs, health utilities, and transition probabilities to estimate
the cost-effectiveness of nivolumab compared with alternative
single-agent therapies. One-way deterministic sensitivity anal-
yses were performed on each variable to identify factors that di-
rectly influenced cost-effectiveness. A probabilistic sensitivity
analysis was also conducted to assess the impact of uncertainty
in all transition probabilities, costs, and health utilities using a
Monte Carlo simulation with 100 000 iterations. Cost estimates
were modeled with gamma distributions, which are bound by
the interval from 0 to infinity. All transition probabilities and
health utilities were modeled with beta distributions, which are
bound by the interval 0 to 1. Standard deviations for the proba-
bility of toxicity, progression, and death were obtained from the
literature. The standard deviations of cost and health utilities
were not ascertainable from the literature and were assumed to
be 20% of the mean (35). We tested different values of our un-
known standard deviations (range ¼ 10%–40% of the mean),
though this did not impact our results (data not shown).

Results

Base Case Analysis

Our base case cost-effectiveness analysis found that nivolumab
increased the overall cost of treatment by $117 800, from $57 000
with standard therapy to $174 800 with nivolumab. Nivolumab
increased effectiveness by 0.400 QALYs, from 0.396 on standard
therapy to 0.796 on nivolumab. The ICER for nivolumab
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Progression-free survival (6 mo)
Nivolumab 22 20
Standard therapy 11 10

Overall survival (1 y)
Nivolumab 38 36
Standard therapy 16 17

Grade 3-4 toxicity
Nivolumab 13 13
Standard therapy 35 35

Grade 5 toxicity
Nivolumab 0.8 0.8
Standard therapy 0.8 0.8

Figure 2. Model validation. This figure shows the cost-effectiveness model vali-

dation results. The top panel (plot) shows how our model (smooth curves) pre-

dicts survival compared with the CheckMate 141 trial (superimposed). The

bottom panel (table) shows how our model predicts overall survival, progres-

sion-free survival, grade 3–4 toxicity, and grade 5 toxicity compared with the

CheckMate 141 trial.
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compared with standard therapy was $294 400/QALY, which
would not be considered cost-effective at a threshold of
$100 000/QALY. From a societal perspective, the cost-
effectiveness analysis resulted in an even higher ICER for nivo-
lumab at $373 000/QALY.

One-Way Sensitivity Analysis

In the one-way sensitivity analyses, our cost-effectiveness anal-
ysis was most sensitive to the cost of nivolumab. However, the
monthly cost of nivolumab would need to decrease by 71%, or
from $13 432 to $3931, before nivolumab would become cost-
effective at a willingness to pay of $100 000/QALY (Figure 3).
Among the standard therapy group, only 12% received cetuxi-
mab (the most expensive drug of the three drugs in the standard
therapy group). If we assumed that 100% of the patients re-
ceived cetuximab, the ICER decreased to $182 200/QALY. Our
base case analysis assumed that patients took nivolumab until
disease progression, though if nivolumab use was capped at
24 months, the ICER dropped to $182 100/QALY. When we
capped nivolumab use at 12 months, the ICER decreased slightly
to $161 300/QALY.

Our model was also particularly sensitive to assumptions
about survival. The Checkmate 141 trial found that patients on
nivolumab had a 30% decreased risk of death compared with

those receiving standard therapy (hazard ratio [HR] ¼ 0.70) (5). If
we assume that nivolumab decreased the risk of death by 50%
(HR ¼ 0.50), the ICER decreased to $191 600/QALY (Figure 3). Our
base case analysis assumed that survival beyond the range
reported in the CheckMate study would follow SEER data. If we
assumed a more optimistic outcome in which patients alive at
the end of the study were cured of their disease, the ICER of
nivolumab decreased modestly to $244 600/QALY. Even when
the cost-effectiveness model assumed that nivolumab cured
patients and we capped nivolumab use at 12 months, nivolu-
mab still was not considered cost-effective, with an ICER of
$147 800/QALY. Supplementary Table 3 (available online) sum-
marizes the results of these sensitivity analyses.

Probabilistic Sensitivity Analysis

We conducted a probabilistic sensitivity analysis over 100 000
iterations to vary distributions of cost, survival, and utility si-
multaneously. This analysis demonstrated the relative stability
of our cost-effectiveness analysis results. At a willingness-to-
pay threshold of $100 000/QALY, we found that standard ther-
apy would be cost-effective 99.999% of the time (Figure 4). If we
increased the willingness-to-pay threshold to $200 000/QALY,
the likelihood of nivolumab becoming cost-effective increased

Table 1. Parameters for cost-effectiveness model*

Parameter Value (95% CI) Distribution Citation

Costs in 2017 USD
Chemo/immunotherapy Infusion 136 (87 to 199) Gamma Medicare
Drug costs (per cycle)†‡

Nivolumab 13 432 (9213 to 19 408) Gamma AWP (13–20)
Cetuximab§

Month 1 14 653 (10 069 to 22 987) Gamma AWP (13–20)
Month 2 12 734 (8278 to 18 062) Gamma AWP (13–20)

Docetaxel 4844 (3215 to 6859) Gamma AWP (13–20)
Methotrexate 36.68 (23.57 to 52.54) Gamma AWP (13–20)

Drug toxicity costsk
Nivolumab 1677 (1109 to 2460) Gamma
Standard therapy 4947 (3251 to 7056) Gamma

Cancer progression per month
Year 1 4619 (3022 to 6642) Gamma Blumen et al., 2016 (55)
Year 2þ 2555 (1677 to 3620) Gamma Blumen et al., 2016 (55)

Palliative care per month 9836 (6643 to 14 299) Gamma Enomoto et al., 2015 (56)
Societal costs¶

Caregiver 522 (328 to 728) Gamma Li et al., 2013 (57)
Patient time 1224 (829 to 1795) Gamma Hopkins et al., 2010 (58)
Parking/meals/travel 315 (202 to 446) Gamma de Almeida et al., 2016 (59)

Health utilities
Stable disease per year 0.517 (0.497 to 0.537) Beta van der Linden et al., 2015 (28)
Disease progression per year 0.280 (0.260 to 0.300) Beta Retèl et al., 2011 (29)
Drug toxicity utility toll

Nivolumab 0.0070 (0.00895 to 0.00514) Beta
Standard therapy 0.0069 (0.009 to 0.00506) Beta

Death 0

*All values are shown as per-month quantities. AWP ¼ average wholesale price; CI ¼ confidence interval; CPT ¼ current procedural terminology; PFS ¼ progression-free

survival.

†Infusion costs are applicable to nivolumab and docetaxel.

‡Drug costs are presented as 7% below the AWP.

§The costs of cetuximab in the first month are higher due to a one-time loading dose.

kThe costs of toxicity for each arm are weighted based on the frequency of events derived from the CheckMate 141 trial using the costs derived from the literature for

the individual toxicities included above (5). These costs include all care needed to treat each toxicity (including hospitalizations when necessary).

¶These costs are included in the societal perspective model only, which was run separately from the base case model run from the health care system perspective.
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slightly, though standard therapy remained the most cost-
effective treatment option 86% of the time (Figure 4).

Discussion

The United States spent 3.2 trillion USD on health care in 2015,
representing 17.8% of the United States’ GDP according to the
National Health Expenditures Account (36). This proportion is
expected to rise to 20% over the next decade, growing 1.2% per
year faster than the GDP (9). Cancer treatment costs, totaling
$87.8 billion in 2014 (37), represent a sizeable portion of overall
spending and are projected to increase. The cost of treating
HNC, for instance, has increased substantially over the past dec-
ades. In 1998, the estimated cost of care was $2547 per month
(38), which increased to $10 902 by 2008 (39). The cost of sys-
temic therapy represents a key driver of this cost increase (40),
and the introduction of immunotherapy stands to increase
these costs further.

Countries with defined health care budgets take active
efforts to curb rising health costs. England, for example, re-
cently published guidelines indicating that it would not support
use of nivolumab in HNC due to the high cost (41). The United
States lacks a governing body with the impetus to constrain
costs, and as such has the highest per capita health care spend-
ing costs in the world (42). Cancer represents one of the fastest
growing components of health care cost, largely attributable to
expensive drugs, which raises the question of whether policy
changes to control these prices may be necessary. Industry
argues that the substantial cost of bringing a drug to market
leads to high drug prices; however, in health economics the fi-
nancial incentives of industry often fail to align with the goal of
maximizing social benefit (43). While drug pricing policies in the
United States have yet to be embraced, increasing drug costs
may soon force the issue, rendering cost-effectiveness analyses
such as this study necessary.

While increasing health care cost impacts society as a whole,
one must consider the impact on the individual patient.
Increasing deductibles, copayments, and coinsurance payments
represent a substantial burden for cancer patients. The concept
of financial toxicity has recently gained attention given that
health care costs lead to patient distress (44) and decreased pa-
tient compliance and may act as a risk factor for early mortality
(45,46). With HNC specifically, the magnitude of this issue is
likely to grow. As of 2015, there were 14 monoclonal antibodies
in clinical trials for the treatment of patients with HNC (47).
Plus, the current trend to combine immunotherapy agents cre-
ates the potential for drug costs alone to top $200 000 per year
(5,48).

To the best of our knowledge, this study represents the first
cost-effectiveness study evaluating immunotherapy in HNC.
The cost-effectiveness of nivolumab has been studied in meta-
static melanoma (48,49), non–small cell lung cancer (NSCLC)
(50,51), and renal cell carcinoma (52). In three of these studies,
the authors found nivolumab to be not cost-effective compared
with standard therapies with ICERs ranging from $140 601/
QALY(50) to $278 706/QALY (48). Two studies found nivolumab
to be cost-effective; the first compared nivolumab with ipilimu-
mab in NSCLC (49), and the second used nivolumab þ ipilimu-
mab as second line in comparison with a series of mostly
immunotherapy treatment options in metastatic melanoma
(48). Of note, the two studies that found nivolumab to be a cost-
effective treatment option both compared nivolumab with other
costly, targeted therapies, whereas our study compared nivolu-
mab with less costly standard therapies. This difference in com-
parator arms likely explains the difference in findings related to
the cost-effectiveness of nivolumab.

A key observation in our study regards the lack of model
sensitivity to assumptions about survival. We tested a range of
assumptions about the survival benefits of nivolumab, and
even in the optimistic scenarios where nivolumab cured
patients, the treatment failed to cross the threshold for cost-
effectiveness. While prolonged survival leads to gains in QALY,
the parallel increases in cost due to prolonged costly treatment
among responders precluded this from translating into cost-
effectiveness. Newer systemic agents at high price points could
create a paradigm where cost-effectiveness is not achievable.

While not particularly sensitive to assumptions about sur-
vival, this cost-effectiveness analysis did demonstrate a modest
degree of sensitivity to assumptions about nivolumab cost and
duration of use. As one would expect, shortening the duration
of treatment pushes nivolumab much closer to cost-
effectiveness. We lack a clear understanding of the required
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duration of treatment among responders (53); therefore, if im-
munotherapy treatments can produce prolonged survival after
discontinuation, these agents might translate into cost-
effective treatment options at their current price. On the other
hand, a subset of patients will respond to immunotherapy after
initial disease progression (54), and current protocols allow for
continued nivolumab after progression. If patients stay on nivo-
lumab after disease progression, this would further increase
costs, and nivolumab could become even less cost-effective.
Future research into the unanswered question of treatment du-
ration will help indirectly address the issue of immunotherapy
value.

This analysis has limitations worth mentioning. The
CheckMate 141 trial found that nivolumab was more effective in
patients with a baseline PD-L1 of 1% or higher, and found a
larger absolute survival benefit among patients with p16-
positive tumors. Despite these findings, current guidelines in
patients with advanced or recurrent HNC do not require PD-L1
biomarker analysis or consideration of p16 status when making
treatment decisions regarding nivolumab (4). Improved patient
selection may improve survival and potentially make nivolu-
mab a cost-effective treatment. On the other hand, biomarker
testing increases overall health care costs. The cost-
effectiveness of biomarker-driven therapy deserves additional
research. With this project specifically, our sensitivity analysis
demonstrates that improvements in survival only modestly im-
prove cost-effectiveness, which suggests that improved patient
selection for nivolumab would unlikely produce a cost-effective
treatment under $100 000/QALY.

Another limitation relates to the sources of data used to in-
form the cost-effectiveness model. We used data from the
Checkmate 141 trial whenever possible, though we obtained
health utility data and cost estimates from a variety of sources.
While mis-estimation could influence our results, in general our
model was not particularly sensitive to health utility values or
costs other than the cost of nivolumab. Finally, as noted above,
we lack information on long-term survival and optimal duration
of nivolumab. Despite the extensive sensitivity analyses pre-
sented in this manuscript, if real-life survival or nivolumab use
was to vary substantially from the values in these analyses, the
true cost-effectiveness could differ from our findings.

While nivolumab substantially improves overall survival in
patients with recurrent and metastatic HNC, this therapy is not

a cost-effective treatment option at its current cost under a
wide array of assumptions. While innovations in immunother-
apy are promising, we must critically examine the financial and
social impact of these therapies on patients and the health care
system.
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