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KABSTRACT

Background. Treatment options for patients with platinum-
refractory, recurrent, metastatic head and neck squamous cell
carcinoma (r/m HNSCC) are limited and prognosis is poor. The
recent CheckMate 141 clinical trial demonstrated that nivolu-
mab, an anti-programmed cell death protein 1 monoclonal anti-
body, was efficacious in extending the median overall survival
(OS) in this patient population compared with standard thera-
pies. We conducted a cost-effectiveness analysis to determine
whether nivolumab is a cost-effective treatment in this patient
population and examined various subgroups to determine for
which, if any, the treatment is more cost-effective.

Materials and Methods. \We implemented a state transition
model for HNSCC with a patient cohort who had tumor progres-
sion 6 months after the last dose of platinum-containing chem-
otherapy and compared the cost-effectiveness of nivolumab
with docetaxel. Treatment effect estimates and adverse event
rates were obtained from CheckMate 141. Costs, utilities, and
other model inputs were gathered from published sources. We
used a Canadian perspective, a 5-year time horizon, and a 1.5%
discount rate for the analysis.

Results. Nivolumab extended mean OS by 4 months
compared with docetaxel and resulted in fewer treatment-
related adverse events, producing an incremental effective-
ness of 0.13 quality-adjusted life years (QALY). The incre-
mental cost of treatment with nivolumab was $18,823. At a
willingness-to-pay threshold of $100,000/QALY, nivolumab
was not a cost-effective treatment option for r/m HNSCC,
with an incremental cost-effectiveness ratio of $144,744/
QALY. Nivolumab would be cost-effective if its price was
reduced by 20%. Our subgroup analysis seemed to indicate
that nivolumab might be cost-effective for tumors with
expression of programmed death-ligand 1 >5%.

Conclusion. We conclude that although nivolumab offers clinical
benefit for the treatment of r/m HNSCC over current regimens,
it is not cost-effective based on its list price. We have also estab-
lished a value-based price estimate for nivolumab to be cost-
effective in this patient population. Further study is required to
draw a definitive conclusion on biomarkers for cost-effective-
ness. The Oncologist 2018;23:225-233

Implications for Practice: In health care settings in which cost considerations are a constraint on choice of therapy, patient selection
should be carefully considered to maintain efficiency in the system. Until a biomarker for response to therapy is identified for
nivolumab, this medication is unlikely to be cost-effective for most patients with recurrent, metastatic head and neck squamous cell

carcinoma.

INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is a cancer
originating in the epithelial cells of the oral cavity, oropharynx,
nasopharynx, hypopharynx, and larynx. Approximately 95% of
all head and neck cancers originate in the squamous cells, while
only 5% originate the soft tissue such as the salivary gland. In
2016 there were an estimated 4,600 cases of head and neck
cancer in Canada, of which over 4,300 cases were HNSCC [1].

An estimated 560,000 cases of head and neck cancer affected
patients globally in 2016, and in the U.S., an estimated 49,670
Americans will develop head and neck cancer in 2017 and
9,700 will die from the disease [2]. Many of the cases of HNSCC
are discovered at an advanced stage and 20%—30% result in
death [1]. The incidence of HNSCC in men compared with
women is approximately 3:1 [1]. Squamous cell carcinoma of
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the head and neck is strongly associated with environmental
and lifestyle risk factors such as the consumption of tobacco,
alcohol, and betel quid (also known as paan) [3]. More recently,
oropharyngeal infection with human papilloma virus-16 (HPV-
16) and HPV-18 has also been identified as an increasingly
important risk factor for developing HNSCC [4]. The prognosis
of patients with HNSCC secondary to HPV infection is signifi-
cantly better [5].

Approximately 50%—60% of patients treated for HNSCC will
have recurrent disease [6]. The prognosis for recurrent HNSCC
is generally poor, and treatment goals are often to reduce pain
and discomfort and increase progression-free survival (PFS) [6].
Treatment options in these patients may sometimes include
salvage surgery or reirradiation. Often, patients are not eligible
for these interventions and are treated with chemotherapy
with palliative intent. Palliative chemotherapy typically involves
the use of single agent or a combination of agents, including
cetuximab, cisplatin, 5-fluorouracil, methotrexate, docetaxel, or
paclitaxel [6].

Recent studies have shown that 50%—60% of HNSCC
tumors express programmed death ligands (PD-L1 and PD-
L2) that allow them to evade antitumor activity by T cells
that express PD-1 [7]. Furthermore, even though many of
these tumors are infiltrated by PD-1-positive T cells, they are
still able to evade an immune response [8]. In fact, it has
been shown that interferon gamma released by T cells locally
induces the expression of PD-L1 by the tumor cells, inhibiting
T-cell antitumor activity [7]. The presence of T cells in HPV-
associated HNSCC is associated with favorable clinical out-
comes [9]. The novel agent nivolumab (NIVO) is a human
immunoglobulin G4 monoclonal antibody that binds to PD-1
receptors and blocks their interaction with PD-L1 and PD-L2
[10]. This releases the T-lymphocyte from inhibition and
allows it to express its antitumor activity. Nivolumab was
approved in Canada in September 2015 for the treatment of
non-small cell lung cancer (NSCLC). Since then, it has also
been approved for the treatment of metastatic melanoma
and metastatic renal cell carcinoma with various restrictions
in both Canada and the U.S. [10]. It has recently garnered
approval for the treatment of patients with recurrent or met-
astatic squamous cell carcinoma of the head and neck (r/m
HNSCC) based on the results of CheckMate 141, a random-
ized controlled trial of 361 patients with r/m HNSCC, in which
240 patients were treated with nivolumab and 121 patients
received investigator’s choice standard therapy. In this trial,
nivolumab increased median overall survival at 1 year by 2.4
months (7.5 months NIVO vs. 5.1 month standard therapy;
hazard ratio [HR] for death 0.69, 97.73% confidence interval
[CI] 0.51-0.96, p = .01). Progression-free survival with nivo-
lumab compared with standard therapy did not achieve sig-
nificance (median time to progression 2.3 months NIVO vs.
2.0 months standard therapy; HR for progression or death
0.89, 95% Cl 0.70-1.13, p = .32) [11].

Although nivolumab has shown clinical efficacy in r/m
HNSCQC, its value for money is less clear given the high price of
the drug. The goal of this study is to determine its cost-
effectiveness compared with docetaxel at the current listed
price in Canada. The secondary goal is to determine if there
are any patient subgroups for whom nivolumab is cost-
effective.
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Figure 1. Health states and progression of recurrent metastatic
head and neck squamous cell carcinoma. This figure represents
the natural health states of platinum-refractory, recurrent meta-
static head and neck squamous cell carcinoma. The patient is
assumed to be in progression-free disease at the start of the treat-
ment. Treatment is initiated in this stage. At some point the
patient transitions to progressive disease and finally death.
Patients may also transition to death while in progression-free dis-
ease because of other complications. The PFS curve and OS curve
determine the transition probabilities over time.

Abbreviations: 0OS, overall survival; PFS, progression-free
survival.

MATERIALS AND METHODS

Study Design

We developed a state-transition model of end-stage HNSCC to
assess the cost-effectiveness of treatment with nivolumab ver-
sus docetaxel. A cost utility analysis was performed using a
state-transition model comparing patients treated with nivolu-
mab with those on docetaxel. Analyses were performed per
the guidelines for economic evaluation by the Canadian Agency
for Drugs and Technologies in Health (CADTH) [12]. The input
data were primarily derived from the original clinical trial of
nivolumab, Checkmate 141. This report is structured according
to guidelines set out by the consolidated health economic eval-
uation reporting standards [33].

Cohort

The cohort of patients included in our model was based on the
reported characteristics of patients enrolled in CheckMate 141.
Patients had confirmed recurrent or metastatic head and neck
squamous-cell carcinoma of the oral cavity, pharynx, or larynx
that was considered incurable. These patients had tumor
progression or recurrence 6 months after the last dose of
platinum-containing chemotherapy, a median age of 60 years,
and a relatively high performance status (Eastern Cooperative
Oncology Group score <1) at the start of the analysis. Our
cohort was assumed to have adequate bone marrow, hepatic
and renal function, and measurable disease and excluded
patients with active brain metastases; autoimmune disease;
systemic immune suppression; known human immunodefi-
ciency virus, hepatitis B virus, or hepatitis C virus infection; and
any previous therapy targeting T-cell costimulation or immune
checkpoint pathways [11].

Strategies
The two treatment strategies evaluated in our model included
single-agent treatment with nivolumab and single-agent
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Figure 2. Projected versus actual OS and PFS curves using the Weibull distribution. (A): Actual and projected OS curves for nivolumab and
docetaxel. Actual data are digitized from the original clinical trial. The projection is based on the method described by Guyot et al. [16] of
retrieving IPD data from the Kaplan-Meier curve and the associated at risk data. Weibull distribution was used to project the data. (B):
Actual and projected PFS curves for nivolumab and docetaxel. Actual data are digitized from the original clinical trial and projected in a
similar manner to OS curves. The projected data do not capture the extended PFS benefit of nivolumab in a small subgroup of patients;
however, our analysis shows that even if PFS remained flat beyond 16 months, it would have no impact on the ICER of treatment.
Abbreviations: Act, actual; Doct, docetaxel; ICER, incremental cost-effectiveness ratio; IPD, individual patient data; Nivo, nivolumab; OS,

overall survival; PFS, progression-free survival; Proj, projected.

treatment with docetaxel. Cetuximab is not publicly funded in
most jurisdictions for recurrent HNSCC and therefore is not a
relevant comparator in Canada. In addition, the evidence for
the use of cetuximab in the recurrent/metastatic setting is
most relevant in combination with platinum and 5-fluorouracil
(5-FU) in patients who still have platinum-sensitive disease
(EXTREME trial) [13], which is different from the use of mono-
therapy cetuximab in the setting of our cohort with platinum-
refractory disease. Methotrexate is also not commonly used in
recurrent HNSCC because it is not considered to be as effective
as other treatment options [14]. A literature review showed
that there is no agent that has definitively proven to be supe-
rior in recurrent metastatic disease when patients become
platinum-refractory and that choice of therapy depends on pre-
vious therapy, patient status, and tumor progression [15]. Our
choice of docetaxel as the comparator represents the most rel-
evant agent in Canada.

Decision Model

A cohort-based, state-transition model was implemented using
TreeAge Pro 2017 (TreeAge Software, Inc., Williamston, MA,
www.treeage.com) in the form of a cost utility analysis over a
5-year time horizon. We selected a 5-year time horizon because
survival in this patient population is unlikely to be any longer
than 5 years. In each arm of the treatment, patients started in
a progression-free disease state and moved to either progres-
sive disease or death in monthly cycles (Fig. 1). Simulated
patients received treatment while they had progression-free
disease and received best supportive care when they transi-
tioned to a progressive disease state. Grade 3 and 4 adverse
events for each treatment arm were built into our model in the
progression-free state while patients were on active treatment
and, depending on the type of adverse event, patients either
continued to receive treatment or therapy was stopped and
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they transitioned to a progressive disease health state. Transi-
tion from a progression-free disease to a progressive disease
followed the PFS curve extracted from the clinical trial data,
and similarly, transition to death was based on the OS curve
from CheckMate 141 [11] (Fig. 2).

Model Inputs

Efficacy

The efficacy data of each treatment were derived directly from
CheckMate 141 trial data by digitizing the PFS and OS Kaplan-
Meier curves for both treatment arms using the open source
software WebPlot Digitizer (Ankit Rohatgi, Austin, TX, arohat-
gi.info) [34]. We retrieved a close approximation of the individ-
ual patient time-to-event data using the survival curves and
published at-risk data as per the method described by Guyot
et al. [16]. Because trial data only extended out to 16 months,
we used a Weibull survival distribution to project the OS and
PFS to 5 years (Figs. 2 and 3). For our base case analysis, the
actual OS and PFS data from the trial were used for time peri-
ods in which they were available and the projected data were
only used for time periods beyond the trial follow-up period.
This was done to prevent curve fitting errors for available data.
For the OS curve, we considered alternate fitted models for the
survival and calculated the impact to the incremental cost-
effectiveness ratio (ICER) using different extrapolation distribu-
tions. The results of this analysis are available in supplemental
online Appendix 1. For the PFS curve, a separate analysis was
performed in which nivolumab PFS remained flat out to 60
months.

Adverse Events

Clinically important grade 3 and 4 adverse events were identi-
fied from the CheckMate 141 trial in both treatment arms.
These were combined with data from the product monograph
for each treatment option to provide a complete picture of all
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Table 1. Incidence of clinically important grade 3 and 4 treatment related adverse events for nivolumab and docetaxel

Adverse event Incidence Upper limit Notes
Nivolumab
Acute kidney injury 0.0% 1.0% NIVO product monograph (upper limit)
Anemia 1.3% 3.0% NIVO product monograph (upper limit)
IR diarrhea/colitis 0.0% 5.0% NIVO product monograph (upper limit)
Fatigue/asthenia 2.5% 7.0% NIVO product monograph (upper limit)
IR hypophysitis/thyroiditis 0.4% 1.0% NIVO product monograph (upper limit)
Hepatic toxicity 0.8% 1.0% NIVO product monograph (upper limit)
Nausea/vomiting 0.0% 1.0% NIVO product monograph (upper limit)
IR pnuemonitis 0.8% 1.0% NIVO product monograph (upper limit)
Skin toxicity 0.0% 7.0% NIVO product monograph (upper limit)
Stomatitis 0.4% 0.5% NIVO product monograph (upper limit)
Docetaxel
Acute kidney injury 0.9% 1.1% +25% (upper limit)
Anemia 4.5% 5.6% +25% (upper limit)
Diarrhea/colitis 1.8% 2.3% +25% (upper limit)
Edema 0.0% 4.2% DOC product monograph (upper limit)
Fatigue/asthenia 4.5% 5.6% +25% (upper limit)
Fever 0.0% 1.5% DOC product monograph (upper limit)
Hepatic toxicity 1.8% 2.3% +25% (upper limit)
Infusion hypersensitivity 0.9% 3.1% DOC product monograph (upper limit)
Neuropathy 0.0% 4.1% DOC product monograph (upper limit)
Febrile neutropenia 7.2% 9.0% +25% (upper limit)
Nausea/vomiting 0.9% 1.1% +25% (upper limit)
Skin toxicity 1.8% 3.1% DOC product monograph (upper limit)
Stomatitis 4.5% 6.3% DOC product monograph (upper limit)

Lower limit for all treatment related adverse events was assumed to be 0%. The upper limit was based on the product monograph if the specific
adverse even was in the monograph, and it was increased by 25% for adverse events reported in this trial but not in the product monograph.

Abbreviations: DOC, docetaxel; IR, immune-related; NIVO, nivolumab.

actual and potential treatment-related adverse events (Table 1).
For the base case analysis, the incidence of each treatment-
related adverse event was based on CheckMate 141 trial data.
For the sensitivity analysis, data from the product monographs
for nivolumab and docetaxel were used to determine the upper
limits of incidence of adverse events. If an adverse event
reported in the trial did not appear in the product monograph,
we increased the trial incidence by 25% to determine the upper
limit. If a clinically important adverse event did not occur in the
trial but was present in the product monograph, we added it
into our model. We used an incidence of zero for the lower limit
of each adverse event in the sensitivity analysis.

Costs

Unit costs and their sources are listed in Table 2. All costs are
reported in 2016 Canadian dollars. If an international data
source was used to determine the treatment cost of an adverse
event, cost was converted to Canadian dollars using the pur-
chasing power parity index for the given year [35], then
increased to 2016 dollars using the consumer price index from
Statistics Canada [21]. The cost of therapy was calculated in the
following manner. For nivolumab, a biweekly regimen at the
recommended dose of 3 mg/kg for an average weight of 75 kg
at a cost of $19.56/mg was used and adjusted for 6.5%
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wastage. For docetaxel, a triweekly regimen at the recom-
mended dose of 75 mg/m? for an average body surface area
(BSA) of 1.8 m? at a cost of $11.42/mg was used. BSA and
patient weight were linked in the analysis by using an average
body mass index (BMI) of 26.6, resulting in an average height
for our patient population of approximately 1.7 m. This was
compared with published data [22] and adjusted for the male-
to-female ratio of 3:1 in HNSCC. We used the Mosteller formula
for BSA estimation. To avoid penalizing nivolumab for increased
survival, we applied a one-time cost of $37,346 for best sup-
portive care prior to death [20]. For the sensitivity analysis, we
adjusted all costs by =25% to derive the upper and lower lim-
its. Similarly, patient weight and BMI were also varied by
*+25% to determine upper and lower limits for sensitivity
analyses.

Utilities

Utility values and sources are outlined in Table 3. Utilities asso-
ciated with the baseline health state are based on clinical trial
data from CheckMate 141. For each adverse event, a utility
deduction was assessed. The utility deductions were based on
published Canadian and U.S. studies of chemotherapy-
associated adverse events [18, 23, 24]. The values were calcu-
lated as the difference in EQ-5D scores before the adverse
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Table 2. Unit costs of treatment related adverse events, monthly treatment costs, and best supportive care post progres-

sion (palliative care)

Adverse event (cso(?:\D) Lower limit (SCAD) Upper limit (SCAD) Source
Acute kidney injury 7,762.00 5,821.50 9,702.50 CIHI Patient Cost Estimator [17]
Anemia 4,852.00 3,639.00 6,065.00 CIHI Patient Cost Estimator [17]
Diarrhea/colitis 3,657.00 2,742.75 4,571.25 CIHI Patient Cost Estimator [17]
IR diarrhea/colitis 5,830.00 4,372.50 7,287.50 CIHI Patient Cost Estimator [17]
Edema 4,295.00 3,221.25 5,368.75 CIHI Patient Cost Estimator [17]
Fatigue/asthenia 3,121.68 2,341.26 3,902.10 Riesco-Martinez et al. [18]
Fever 4,282.00 3,211.50 5,352.50 CIHI Patient Cost Estimator [17]
Hepatic toxicity 8,015.00 6,011.25 10,018.75 CIHI Patient Cost Estimator [17]
IR hypophysitis/thyroiditis 4,265.00 3,198.75 5,331.25 CIHI Patient Cost Estimator [17]
Infusion hypersensitivity 346.95 260.21 433.69 Vouk-Benter et al. (U.K. data) [19]
Neuropathy 760.82 570.62 951.03 Vouk-Benter et al. (U.K. data) [19]
Febrile neutropenia 6,802.55 5,101.91 8,503.19 Riesco-Martinez et al. [18]
Nausea/vomiting 1,102.75 827.06 1,378.44 Riesco-Martinez et al. [18]
IR pnuemonitis 6,831.00 5,123.25 8,538.75 CIHI Patient Cost Estimator [17]
Skin toxicity 295.00 221.25 368.75 Vouk-Benter et al. (U.K. data) [19]
Stomatitis 1,170.41 877.81 1,463.01 Riesco-Martinez et al. [18]
Other costs

Best supportive care 37,346.00 28,009.50 46,682.50 de Oliveira-Pataky et al. [20]

Nivolumab $19.56/mg

Docetaxel $11.42/mg

All costs are based on the sources reported. Upper and lower limits are based on *£25% variation from the baseline cost.
Abbreviations: CAD, Canadian dollars; CIHI, Canadian Institute of Health Information; IR, immune-related.

event and after the adverse event as reported in the literature.
Lower and upper limits were derived by adjusting utility values
by =25%.

Economic Assumptions

The economic analysis was conducted from the perspective of
the Canadian health care system and structured as a cost utility
analysis. The Canadian health care system is a universal access
health care system that covers the cost of care delivered in a
hospital setting. In cancer therapy, the cost of a prescribed
chemotherapy regimen delivered in a hospital setting is also
covered. The primary outcome of interest was the ICER, defined
as the incremental cost to gain one quality-adjusted life year
(S/QALY). All costs and benefits were discounted at 1.5% annu-
ally, per CADTH guidelines [12]. We used a willingness-to-pay
(WTP) threshold of $100,000 per QALY for cost-effectiveness.
This value is 1.76 times the Canadian gross domestic product
(GDP) per capita of $56,736.58 in the fourth quarter of 2016
[21]. We also reported results for a WTP of $150,000, which is
2.64 times the per-capita GDP. In 2016, $1 Canadian dollar
(CAD) = $.7880 U.S. dollars (USD) using the purchasing power
parity index [25].

Analytic Strategy

We conducted a base-case analysis to determine the ICER of
treatment with nivolumab compared with docetaxel. We then
completed a deterministic one-way sensitivity analysis on all
variables in our model, using the upper and lower limits previ-
ously described, to identify which of these would have the

www.TheOncologist.com

greatest impact on the ICER of treatment. Finally, a probabilistic
sensitivity analysis (PSA) was completed using a Monte Carlo
simulation for 10,000 iterations to determine the probability
that treatment with nivolumab would be cost-effective at vari-
ous WTP thresholds. Drug price was not included as a variable
in either the deterministic or probabilistic sensitivity analyses;
however, we ran our model using a 10%, 20%, and 25% price
discount on the cost of nivolumab (vs. the marketed price) to
see how that would affect the ICER of treatment.

We also conducted an analysis using the HR for death
reported by subgroup in the CheckMate 141 trial, as well as in
the exploratory analysis that was conducted according to
tumor PD-L1 expression and p16 status. We calculated the tran-
sition probabilities for each patient subgroup using the hazard
ratios reported in the clinical trial. We used this new OS curve
and the original PFS curve in our state transition model to cal-
culate the ICER for treatment with nivolumab. We compared
the ICER of nivolumab with docetaxel for various patient sub-
groups of interest. A PSA was conducted for each patient sub-
group to determine in which subgroups treatment with NIVO
would most likely be cost-effective.

Validation

We validated our model using a Monte Carlo simulation with
10,000 patients. We tracked the time of death and time to pro-
gression in our model and plotted Kaplan-Meier survival curves
for both. These were visually compared with the OS and PFS
curves from the trial results.
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Table 3. Utility values associated with grade 3and 4 treatment related adverse events and health states

Adverse event Utility (QALY) Lower limit (QALY)  Upper limit (QALY)  Source
Acute kidney injury —0.150 —0.1125 —0.1875 Nisula-Vaara et al. [23]
Anemia —0.250 —0.1875 —0.3125 Shabarrudin-Chen et al. [24]
Diarrhea/colitis —0.207 —0.15525 —0.25875 Riesco-Martinez et al. [18]
IR diarrhea/colitis® —0.207 —0.15525 —0.25875 Riesco-Martinez et al. [18]
Edema —0.060 —0.045 —0.075 Shabarrudin-Chen et al. [24]
Fatigue/asthenia —0.210 —0.1575 —0.2625 Riesco-Martinez et al. [18]
Fever —0.110 —0.0825 —0.1375 Shabarrudin-Chen et al. [24]
Hepatic toxicity 0 0 0
IR hypophysitis/thyroiditis® ~ —0.210 =0.1575 —0.2625 Riesco-Martinez et al. [18] (presents
as fatigue)
Infusion hypersensitivity —0.130 —0.0975 —0.1625 Shabarrudin-Chen et al. [24]
Neuropathy —0.175 —0.13125 —0.21875 Riesco-Martinez et al. [18]
Febrile neutropenia —0.008 —0.006 —-0.01 Riesco-Martinez et al. [18]
Nausea/vomiting —0.212 —0.159 —0.265 Riesco-Martinez et al. [18]
IR pnuemonitis® —0.200 —0.15 —0.25 Shabarrudin-Chen et al. [24] (presents
as pneumonia)

Skin toxicity —0.110 —0.0825 —0.1375 Riesco-Martinez et al. [18]
Stomatitis —0.219 —0.16425 —0.27375 Riesco-Martinez et al. [18]
Health states

Baseline health state 0.512 0.384 0.64 CheckMate 141 [11]

Best supportive care 0.267 0.20025 0.33375 Riesco-Martinez et al. [18]

Utilities for adverse events are derived from the literature sources cited. For adverse events that are directly described in the literature sources,

the utilities are based on the symptomatic presentation the adverse event.

“IR diarrhea/colitis usually presents as severe diarrhea and therefore the same utilities are assumed.

PHypophysitis/thyroiditis has symptoms similar to severe fatigue/asthenia.

‘IR pneumonitis has similar symptoms to severe pneumonia, and therefore the same utilities are used.

Abbreviations: IR, immune-related; QALY, quality-adjusted life years.

RESULTS

Base Case Analysis

In our base model, nivolumab (mean cost $60,035, mean effec-
tiveness 0.248 QALY, mean OS 10.3 months) was compared
with docetaxel (mean cost $41,212, mean effectiveness 0.118
QALY, mean OS 6.2 months), resulting in an incremental aver-
age cost of $18,823 and an incremental effectiveness of 0.130
QALY. The calculated ICER for the base case analysis was
$144,744 per QALY (Table 4). At a WTP threshold of $100,000
per QALY, nivolumab is not a cost-effective treatment option
for r/m HNSCC; however, at a WTP threshold of $150,000, it is
cost-effective. If PFS for nivolumab was kept flat out to 60
months, the impact on ICER was negligible.

Subgroup Analysis Based on Hazard Ratio

In the absence of survival curves for each treatment subgroup,
we performed an analysis based on the hazard ratio for death
to compare the ICER of nivolumab with docetaxel for different
patient subgroups. Using this approach, higher levels of tumor
PD-L1 expression correlated with an increased cost-
effectiveness of treatment with nivolumab compared with
docetaxel. In fact, for patients with tumor PD-L1 expression
greater than 5%, nivolumab was cost-effective at a WTP thresh-
old of $100,000. These results do not include the cost of a PD-
L1 immunohistochemical (IHC) 22C3 pharmDx assay. The ICER
of nivolumab versus docetaxel was also lower for patients with
p16 positive tumors (due to HPV infection) and patients who
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were cetuximab naive (Table 5), making nivolumab more cost-
effective for these patient populations. In both patient sub-
groups, a WTP threshold of $100,000 was not achieved. Nivolu-
mab had the highest ICER and was least cost-effective for
patients over the age of 65.

One-Way Sensitivity Analysis

Detailed results of our one-way sensitivity analysis, including
the tornado diagram, are discussed in supplemental online
Appendix 1. Not surprisingly, patient weight is the most sensi-
tive variable affecting the ICER of treatment with nivolumab
compared with docetaxel, because it directly affects the
amount of drug needed and therefore the cost of treatment.
As we varied the weight of the patient by 25% in either direc-
tion, the ICER ranged from a low of $98,797 to a high of
$191,206. A one-way sensitivity analysis on the cost of nivolu-
mab shows that this drug would be cost-effective for the treat-
ment of r/m HNSCC patients at a WTP of $100,000 if it was
priced at $15.53/mg instead of $19.56/mg. This represents a
20.6% price reduction from the current list price of nivolumab
in Canada.

Probability Sensitivity Analysis

Using a probabilistic model improves the ICER of treatment
with nivolumab to $133,348. Even so, a PSA shows that at a
WTP of $100,000 nivolumab is only cost-effective in 28% of
cases. Nivolumab starts to become cost-effective at a price dis-
count of 20%—25% when the probability of cost-effectiveness is
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Table 4. Results of the base-case cost-effectiveness analysis

Treatment Average cost A Cost QALY A QALY ICER F$SfOOK) FSS:{-\SOK)
Docetaxel $41,212 N/A 0.118 N/A N/A N/A N/A
NIVO (full price) $60,035 $18,823 0.248 0.130 $144,744 28% 62%
NIVO (10% discount) $57,208 $15,996 0.248 0.130 $123,007 42% 77%
NIVO (20% discount) $54,381 $13,170 0.248 0.130 $101,270 58% 88%
NIVO (25% discount) $52,968 $11,756 0.248 0.130 $90,401 66% 92%

Price discounts are based on the list price of $19.56 CAD per mg of nivolumab.
Abbreviations: A, change in; CAD, Canadian dollars; ICER, incremental cost-effectiveness ratio; N/A, not applicable; NIVO, nivolumab; PSA, probabilistic

sensitivity analysis; QALY, quality-adjusted life years.

Table 5. Hazard ratio subgroup analysis

Cost-Effectiveness

Acceptability

HR (95% CI) Avg cost A Cost QALY A QALY ICER WTP: $100K  WTP: $150K

All patients 0.69 (0.53-0.91)  $60,035 $18,823  0.248 0.130 $144,744  30% 61%
PD-L1 status

PD-L1>1% 0.55 (0.36-0.91)  $60,240 $19,028  0.295 0.177 $107,721 54% 77%

PD-L1>5% 0.50 (0.30-0.83) $60,218 $19,006 0.317 0.199 $95,690 62% 83%

PD-L1 > 10% 0.56 (0.31-1.01)  $60,236 $19,025 0.291 0.173 $110,192  54% 75%

PD-L1<1% 0.89 (0.54-1.45)  $59,464 $18,252  0.205 0.087 $210,217  25% 42%

PD-L1<5% 0.81 (0.55-1.21)  $59,711 $18,499 0.220 0.102 $181,779  26% 46%

PD-L1 <10% 0.73 (0.50-1.06)  $59,936 $18,724 0.238 0.120 $156,450 32% 55%

Not quantifiable 0.79 (0.44-1.44) $59,770  $18,558 0.224 0.106 $175,183  34% 50%
HPV infection (p16 status)

p16 positive 0.56 (0.32-0.99) $60,236  $19,025 0.291 0.173 $110,192 54% 76%

p16 negative 0.73 (0.42-1.25)  $59,936  $18,724 0.238 0.120 $156,450 36% 56%
Previous cetuximab use

Yes 0.81(0.57-1.15)  $59,711 $18,499 0.22 0.102 $181,779  25% 47%

No 0.55 (0.35-0.86)  $60,240 $19,028  0.295 0.177 $107,721  53% 77%
Age

< 65 yrs 0.64 (0.45-0.89) $60,139 $18,928 0.263 0.145 $130,876  41% 67%

>65yrsand <75yrs  0.93 (0.56-1.54) $59,336  $18,124  0.198 0.080 $225,855 24% 39%

These results are based on an exploratory post hoc analysis from the trial results. We assume that the proportional hazards assumption is not
violated. The study was not designed with these patient subgroups in mind; therefore it is not possible to draw any definitive conclusions on the
cost-effectiveness of treatment.
Abbreviations: A, change in; Avg, average; Cl, confidence interval; HPV, human papilloma virus; HR, hazard ratio; ICER, incremental

cost-effectiveness ratio; PD-L1, programmed death-ligand 1; QALY, quality-adjusted life year; WTP, willingness to pay; yrs, years.

in the range of 58%—66%. At a WTP of $150,000, nivolumab is
likely to be cost-effective in 62% of use cases at the full listed
price and 88% of cases at a 20% price discount.

DISCUSSION

The results of our analysis show that if we consider the conven-
tional WTP threshold of $100,000 as our cut-off [26, 27], nivolu-
mab at an ICER of $144,744 is not a cost-effective treatment
option for routine use in r/m HNSCC compared with docetaxel.
Similar economic evaluations of nivolumab for the treatment
of various tumors types have consistently come to the same
conclusion. An economic evaluation of nivolumab for the treat-
ment of NSCLC in Canada resulted in an ICER of $151,560 CAD
per QALY compared with docetaxel [28]. Similarly, in Switzer-
land, an evaluation of nivolumab compared with docetaxel for
the treatment of advanced NSCLC resulted in an ICER of
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177,478 Swiss francs ($245,962 CAD) per QALY [29]. An eco-
nomic evaluation of nivolumab compared with everolimus for
the treatment of metastatic renal cell carcinoma in the U.S.
concluded that at an ICER of $151,676 USD per QALY it was
unlikely to be a high-value treatment [30].

Given that patient-reported quality of life outcomes are
higher and treatment-related adverse events are lower with
nivolumab, our analysis shows that it could become a cost-
effective treatment option for r/m HNSCC at a price discount of
20% versus the current list price of $19.59/mg in Canada.

A preliminary subgroup analysis based on hazard ratios
seems to indicate that nivolumab is more cost-effective for
patients with high PD-L1 expression. There is currently conflict-
ing evidence with regard to whether PD-L1 expression is a pre-
dictive biomarker for response to nivolumab therapy [31]. In
our analysis, it seems to have a positive correlation with cost-
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effectiveness; however, the clinical impact of this is not known.
Based on our hazard ratio analysis, using nivolumab to treat
patients with tumor PD-L1 expression greater than 5% results
in an ICER of $95,695, making it a cost-effective treatment com-
pared with docetaxel for these patients. For patients with PD-
L1 expression less than 5%, the ICER of treatment with nivolu-
mab versus docetaxel is $181,779. However, when comparing
the ICER of treatment with nivolumab between the two patient
subgroups directly, there is only a difference of $5,200/QALY in
favor of the high PD-L1 group. This conflicting evidence seems
to support the idea that PD-L1 levels should not be used as a
biomarker to direct patient choice even from a cost-
effectiveness perspective.

Although this evaluation did not find nivolumab to be cost-
effective as a routine treatment option in r/m HNSCC, many
other factors must be considered when making the decision to
fund a treatment. For example, recent evidence has shown
that HNSCC tumors that express high levels of PD-L1 are resist-
ant to radiation therapy [32]. In these patients, nivolumab may
have an important role in treatment and may even be cost-
effective when combined with radiation therapy. Similarly,
nivolumab may have a place in therapy for those patients with
lower performance status or severe myelosuppression in which
docetaxel is not indicated.

Limitations

In the clinical trial of nivolumab in HNSCC (CheckMate 141),
the comparator arm consisted of docetaxel, cetuximab, or
methotrexate. The latter two drugs are rarely used in Canada
for this stage of HNSCC, and they may have had an impact on
the effectiveness of treatment in the standard arm of the clini-
cal trial. Furthermore, nivolumab may be used earlier in r/m
HNSCC prior to docetaxel, but we had no way to evaluate the
economic outcome of this treatment modality compared with
single agent nivolumab or single agent docetaxel, because the
data were lacking. Finally, the study results seem to indicate
that nivolumab provides a longer mortality benefit in a subset
of patients with HNSCC. PD-L1 status may be a determinant of
response to treatment; however, without a head-to-head com-
parison of nivolumab in patients expressing high levels of PD-
L1 with those with low PD-L1 expression, we can draw no
definitive conclusions about cost-effectiveness of therapy in
the two patient groups.

Nivolumab has been publicly funded in Canada for its cur-
rently approved indications in melanoma, NSCLC, and renal cell
carcinoma since March 2017, and it is not yet publicly funded
for HNSCC. At this point it is too early to tell if there is a benefit
to patients and to the health care system beyond an improved
side effect profile. It may well be that patients on nivolumab
use fewer health care resources compared with patients on tra-
ditional cytotoxic chemotherapy. Once more data are available,
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Editor’s Note:

See the related commentary, “Immunotherapy for Head Neck Cancer in the Era of Exponentially Increasing Health Care
Expenditure,” by Rafael Santana-Davila and Cristina P. Rodriguez on page 147 of this issue.
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