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Abstract

Objective To evaluate the economic value of nivolumab versus docetaxel for advanced non-small cell lung cancer (aNSCLC)
treatment after platinum-based chemotherapy in adults without epidermal growth factor receptor/anaplastic lymphoma kinase
aberrations in China.

Methods Partitioned survival models evaluated lifetime costs and benefits of nivolumab versus docetaxel by squamous and
non-squamous histologies from a Chinese healthcare payer perspective. Progression-free disease, progressed disease, and
death health states were considered over a 20-year time horizon. Clinical data were derived from the CheckMate pivotal
Phase III trials (ClinicalTrials.gov identifiers: NCT01642004, NCT01673867, NCT02613507); patient-level survival data
were extrapolated using parametric functions. China-specific health state utilities, healthcare resource utilisation, and unit
costs were applied. Sensitivity analyses explored uncertainty.

Results Nivolumab resulted in extended survival (1.489 and 1.228 life-years [1.226 and 0.995 discounted]) and quality-
adjusted survival benefits (1.034 and 0.833 quality-adjusted life-years) at additional costs of ¥214,353 (US$31,829) and
¥158,993 (US$23,608) versus docetaxel in squamous and non-squamous aNSCLC, respectively. Nivolumab was associated
with higher acquisition costs, lower subsequent treatment costs, and lower adverse event management costs than docetaxel
in both histologies. Drug acquisition costs, discount rate for outcomes, and average body weight were key model drivers.
Stochastic results aligned with the deterministic results.

Conclusions Nivolumab yielded survival and quality-adjusted survival benefits at incremental cost versus docetaxel in
aNSCLC. As a traditional healthcare payer perspective was applied, the true economic benefit of nivolumab may be under-

estimated as not all treatment benefits and costs of relevance to society were considered.
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1 Introduction

Lung cancer is the most common type of cancer and the
leading cause of cancer deaths in China, with an estimated
774,323 new cases and 690,567 deaths in 2018 [1]. The age-
standardised incidence of lung cancer in China was 35.1 per
100,000 in 2018, and the age-standardised mortality rate was
30.9 per 100,000 [1]. About 80-85% of lung cancer cases
are categorised as non-small cell lung cancer (NSCLC),
which includes the histology subtypes squamous and non-
squamous [2]. Approximately 25-30% of all lung cancers
are squamous-cell carcinomas [2].

The majority of NSCLC cases are diagnosed at an
advanced stage (IIIB or IV), when the cancer has already
spread to distant sites [3]. The prognosis for advanced
NSCLC (aNSCLC) is poor [3]. Data from the US National
Cancer Institute Surveillance, Epidemiology, and End
Results (SEER) Program report that 57% of lung and bron-
chus cancers had already spread distally at time of diagnosis,
and the estimated 5-year survival rate (all races, both sexes,
based on the SEER 18 database, 2009-2015) for cancer
diagnosed at this stage was 5.2% [3]. In addition to the mor-
tality burden, aNSCLC substantially impairs quality of life
(QOL) for patients [4, 5] and their caregivers [6, 7].

Some patients with NSCLC have genetic factors that
contribute to tumour progression, such as epidermal growth
factor receptor (EGFR) mutations or anaplastic lymphoma
kinase (ALK) alterations [8]. In Western countries, EGFR
mutations were found in approximately 16-20% of cases of
NSCLC (or aNSCLC) [9, 10]; the frequency of EGFR muta-
tions is much higher in China (around 40-50%) [11-13].
ALK alterations have been found to occur in about < 10%
of patients with NSCLC (or aNSCLC) in China (8-10%)
[12, 13] and Western countries (4%) [10]. Although targeted
therapies are available for patients with NSCLC who have
genomic alterations [10], treatment options that can prolong
survival for those who test negative for EGFR/ALK aberra-
tions have been limited.

In June 2018, nivolumab, a programmed death-1 immune
checkpoint-inhibitor, was approved in China for the treat-
ment of locally advanced or metastatic NSCLC after prior
platinum-based chemotherapy in adult patients without
EGFR or ALK aberrations by the National Medical Prod-
ucts Administration (NMPA; formerly China National Drug
Administration) [14], based on positive Phase III clinical
trial results [15-17]. In global trials (CheckMate 017 [15]
and CheckMate 057 [16]), nivolumab significantly improved
the primary endpoint of overall survival (OS) in a broad
population of previously treated patients, and was associated
with reduced frequency of grade 3/4 adverse events (AEs)
and improved QOL versus docetaxel in patients with squa-
mous or non-squamous aNSCLC, respectively [15, 17-19].
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Outcomes of nivolumab in CheckMate 078, which was con-
ducted in Asian patients (90.7% Chinese) with squamous or
non-squamous aNSCLC without ALK or EGFR aberrations
[17], were consistent with those in the global trials [20],
implying that outcomes in this context were not impacted
by Asian ethnicity.

The Chinese clinical guidelines (2020) second-line
therapy class I recommendation for patients with stage
IV non-squamous NSCLC with performance status 0-2 is
nivolumab, docetaxel or pemetrexed and the class II rec-
ommendation is pembrolizumab (for patients with PD-L1
> 1) or atezolizumab [21]. The class I recommendation for
patients with stage IV squamous with performance status
of 0-2 is nivolumab or docetaxel; the class I recommenda-
tion for second-line treatment is pembrolizumab (for patients
with PD-L1 >1), atezolizumab, gemcitabine or vinorelbine
monotherapy, or afatinib (if not eligible for chemotherapy
or immuno-oncology treatment) [21]. Patients with NSCLC
and a performance status of 3—4 are to receive best support-
ive care [21].

Our objective was to evaluate the economic value of
nivolumab versus docetaxel in the treatment of squamous
and non-squamous aNSCLC after prior chemotherapy in
adults without EGFR/ALK aberrations in China, applying
the most relevant available data to the specific context of
China. At the time of analysis nivolumab was not reimbursed
in China.

2 Methods
2.1 Model Design

This analysis evaluated lifetime costs and health outcomes
of nivolumab versus docetaxel by squamous and non-
squamous histologies. For the cost-effectiveness analysis,
we developed a cohort-based partitioned survival model
with three mutually exclusive health states: progression-
free (PF), progressed disease (PD), and death (ESM Online
Resource Fig. 1). Use of a partitioned survival model has
been extensively validated and applied in numerous previ-
ous technology appraisals [22, 23]. Health state occupancy
was calculated using progression-free survival (PFS) and OS
extrapolations, as described below. The model used a 1-week
cycle length and a 20-year lifetime horizon, the latter based
on the interval between the average age of the patient group
and average life expectancy at birth in China. The median
age of patients was 63 years in CheckMate 017 [15], 62
years in CheckMate 057 [16], and 60 years in CheckMate
078 [17]. The perspective was that of a healthcare payer in
China; however, patient co-payments were included.
Model outcomes included absolute and incremental
life-years (LYs), quality-adjusted life-years (QALYSs),
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aggregated and disaggregated (total and incremental) costs
associated with treatments, and incremental costs per LY
and per QALY gained, expressed as the incremental cost-
effectiveness ratio (ICER), for nivolumab versus docetaxel
treatment. These outcomes were selected as they are typical
of cost-effectiveness analyses of therapy interventions.
Costs and quality-adjusted life-years were discounted at
3% per year, and LY are reported as both not discounted and
discounted at 3% per year based on expert recommendation.

2.2 Input Data

Clinical data (individual patient-level data) were derived
from the pivotal CheckMate Phase III trials (CheckMate
017 [NCT01642004], CheckMate 057 [NCT01673867],
and CheckMate 078 [NCT02613507]). As oncology mod-
els for advanced disease can be sensitive to long-term sur-
vival estimates, survival data (PFS and OS) were derived
from CheckMate 017 (squamous aNSCLC) and CheckMate
057 (non-squamous aNSCLC), because these global Phase
III trials provided substantially longer survival follow-up
(minimum follow-up, CheckMate 017 [squamous aNSCLC]:
64.2 months, CheckMate 057 [non-squamous aNSCLC]:
64.5 months) than CheckMate 078 (minimum follow-
up, 37.3 months) [24, 25]. More mature data from both
CheckMate 017 and CheckMate 057 reduce the uncertainty
around long-term OS and PFS extrapolations in cost-effec-
tiveness models, and therefore yield more robust ICERs [26].
In addition, median duration of treatment was similar across
all three studies for each treatment arm. Given the consist-
ency of outcomes across CheckMate 017, CheckMate 057,
and CheckMate 078, irrespective of ethnicity, this approach
was considered appropriate for a Chinese population.

As the patients in CheckMate 078 were predominantly
Chinese, inputs related to patient characteristics, frequency
of grade 3/4 AEs, subsequent treatment patterns, and QOL
were taken from CheckMate 078, where possible, to fur-
ther increase the specificity of the analysis to the target
population.

2.3 Survival Data

The proportion of patients in each health state was esti-
mated using parametric curves fitted to OS and PFS data
from CheckMate 017 and CheckMate 057 (5-year, across
both histologies). In terms of data comparability with
CheckMate 078, the 3-year pooled hazard ratio (HR) for
OS with nivolumab versus docetaxel in squamous/non-
squamous aNSCLC was comparable for CheckMate 017
and 057 (3-year pooled, HR 0.70; 95% confidence interval
[CI] 0.61-0.81) [20] and CheckMate 078 (3-year aNSCLC,
HR 0.75; 95% CI 0.61-0.93) [25]. The HR for PFS was
comparable for CheckMate 017 and 057 (3-year pooled, HR

0.80; 95% CI 0.69-0.92) [20] and CheckMate 078 (3-year
aNSCLC, HR 0.78; 95% CI 0.64-0.96) [25].

For robust and accurate cost-effectiveness estimates of
nivolumab in aNSCLC, the extrapolations from fitted para-
metric distributions to the survival data were evaluated using
established methodology [18]. The choice of distribution for
each survival dataset was informed by statistical goodness-
of-fit assessed using Akaike information criterion/Bayesian
information criterion statistics, visual inspection, and com-
prehensive testing of the proportional hazard assumption for
nivolumab and docetaxel. In addition, extrapolations were
assessed by both clinical plausibility and coherence with
external data sources, by comparing extrapolated survival
outcomes against long-term CheckMate 003 data [27] (for
nivolumab) and conditional survival data from real-world
US SEER data [3], as recommended by the National Insti-
tute for Health and Care Excellence (NICE) for England
and Wales [28], and were tested with health economic and
clinical experts. The ability of the functional forms to match
predictions from validation datasets based on study popula-
tions with longer follow-up is of particular importance in
evaluating immuno-oncology (I-O) treatments versus prior
standards of care. Notably, in CheckMate 017 and 057, a
substantial number of patients treated with the I-O agent
nivolumab were still alive in the early database locks and
responses and survival for these patients have shown to be
durable [15, 16, 20, 29, 30].

In squamous aNSCLC, a dependent survival model was
fitted for the docetaxel arm of CheckMate 017 based on a
minimum follow-up of 60 months using the spline 2-knot
hazards curve, with the HR for OS reported in CheckMate
017 (HR 0.61) applied to the fitted curve to estimate the
nivolumab arm (ESM Online Resource Fig. 2). Nivolumab
PFS was estimated from CheckMate 017 data using a 1-knot
spline odds model, and docetaxel PFS was estimated from
CheckMate 017 data using a 1-knot spline hazard model
(ESM Online Resource Fig. 3).

In non-squamous aNSCLC, nivolumab OS was estimated
using the log-normal model based on a minimum follow-up
of 60 months from CheckMate 057 (ESM Online Resource
Fig. 4). Docetaxel OS was estimated using a log-normal
model based on minimum follow-up of 18 months from
CheckMate 057 (ESM Online Resource Fig. 5) to minimise
any effects of crossover, as patients who discontinued doc-
etaxel treatment could cross over to receive nivolumab. A
curve fit to data with a minimum follow-up of 18 months
was chosen because only 0.7% of the docetaxel patients had
crossed over to nivolumab at this time point; thus, the OS
was less likely to be confounded by crossover than docetaxel
survival with 60 months of follow-up. Following the OS
landmark of docetaxel patients at 18 months, the paramet-
ric curve selection validation was based on conditional sur-
vival estimates from real-world databases including SEER.
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Nivolumab PFS was estimated using a 2-knot spline odds
model (ESM Online Resource Fig. 6) and docetaxel PFS was
estimated using a 2-knot spline odds model (ESM Online
Resource Fig. 7), both using a minimum follow-up of 60
months from CheckMate 057. Progression-free survival was
not affected by crossover. The different methods used for
the survival data are based on the goodness-of-fit for the
survival curves in the relevant CheckMate trials.

2.4 Adverse Event Data

Treatment-related grade 3/4 AEs with >1% incidence in
either treatment arm were included in the model, derived
from CheckMate 078 (ESM Online Resource Table 1)
because this trial was specific to a predominantly Chinese
population and thus reflects the safety profile in Chinese
patients.

2.5 Utility Data

Health state utilities for patients in the PF or PD health states
were derived using EuroQoL five dimensions three-level
questionnaire (EQ-5D-3L) data collected in CheckMate
078, converted to utility values using Chinese tariffs (ESM
Online Resource Table 2). The ‘death’ state utility was
assumed to be zero. Treatment-specific utility values across
histologies were used in the base case, while overall utility
values (independent of treatment received) and aggregated
values by health state for squamous and non-squamous sepa-
rately were used in a series of scenario analyses.

2.6 CostInputs

The model included costs of disease management in the PF
and PD states, drug acquisition, drug administration, man-
agement of grade 3/4 AEs, treatments received in subse-
quent lines of therapy, and end-of-life care. Costs in Chinese
Yuan Renminbi are 2019 values or were inflated to 2019
values from older sources and were converted to US$ using
the May 3, 2019, currency conversion rate at www.xe.com.
Healthcare resource use and unit costs for administration,
disease management, and terminal (end-of-life) care were
derived using real-world evidence (RWE; Bristol Myers
Squibb data on file). RWE inputs were obtained from a ret-
rospective study undertaken to quantify healthcare resource
utilisation and direct medical costs associated with aNSCLC
across 24 consecutive months (1 January 2015 to 31 Decem-
ber 2016) in 10 Chinese hospitals. Costs and resource use
for 3425 patients were estimated by histology and line of
treatment; disease management costs per 4 weeks were ¥564
(US$84) in the PF health state and ¥500 (US$74) in the PD
health state (ESM Online Resource Table 3).
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At a licensed dose of 3 mg/kg every 2 weeks, the cost per
dose of nivolumab was ¥18,520 (US$2750) [31], assum-
ing that patients received two 10 mL vials, based on the
average patient body weight in CheckMate 078. At a dose
of 75 mg/m? every 3 weeks, the cost per dose of docetaxel
was ¥9100 (US$1351) (ESM Online Resource Table 4).
CheckMate 017/057/078 dosing protocols indicated treat-
ment until progression or unacceptable toxicity; patients
who received nivolumab could continue beyond initial
disease progression if the investigator determined that the
patient was receiving clinical benefit [15-17]. However, in
the model, patients in the PF health state were assumed to
have received treatment with nivolumab biweekly for up to
2 years (2-year stopping rule). The maximum duration of
treatment of immune-therapy is uncertain at present given
the lack of long-term data; however, this base-case assump-
tion of 2 years’ maximum treatment duration was based on
the CheckMate 003 trial, which included a 96-week stop-
ping rule (approximately 2 years) accompanied by a subse-
quent survival plateau out to 6 years, and patterns of data
from a randomised study of pembrolizumab in second-line
treatment of advanced NSCLC that included a 2-year stop-
ping rule [32, 33]. The clinical acceptability of terminat-
ing nivolumab treatment at 2 years for patients who are still
on therapy at this point has been further supported by the
Swedish Dental and Pharmaceutical Benefits Agency (TLV
committee) and NICE [19, 34-36]. Full reimbursement for
the entire extrapolated treatment duration was used for doc-
etaxel. Drug administration costs were estimated at ¥180
(US$27) per intravenous administration, derived from the
RWE study (Bristol Myers Squibb data on file).

China-specific grade 3/4 AE disease management costs
were identified by a systematic literature review. Where pos-
sible, the cost per episode for each grade 3/4 AE was esti-
mated using average costs reported in the published litera-
ture. This included anaemia, bone marrow failure, fatigue,
febrile neutropenia, neutropenia, and decreased white blood
cell count. For other grade 3/4 AEs, where no costs were
found in published sources, costs were estimated through
key opinion leader interviews (ESM Online Resource
Table 5). The total per-episode treatment cost of each AE
was multiplied by the AE incidence from CheckMate 078
(ESM Online Resource Table 1) and included in the first
week of treatment in the model, per standard accepted prac-
tice for health technology assessment agencies.

Subsequent treatment costs were estimated based on
CheckMate 078 data. Upon progression on or after treatment
with either nivolumab or docetaxel, it was assumed that
43-48% of patients would go on to receive best supportive
care and palliative care, in line with the CheckMate 078
study. It was further assumed that the remaining proportion
of patients would receive subsequent systemic anti-cancer
therapy with a duration of 2.6 months after nivolumab or
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4.4 months after docetaxel. Subsequent treatment distribu-
tion was based on the distribution of the top four treatments
reported in CheckMate 078 in each arm, used to represent
Chinese clinical practice (ESM Online Resource Table 6).
Based on these assumptions and input data, the cost per per-
son receiving subsequent therapy after disease progression
was estimated at ¥47,197 (US$7008) for nivolumab and
¥97,782 (US$14,519) for docetaxel.

Terminal-care costs account for costs in the last month
(30 days) of a patient’s life and were applied as a one-off cost
to all patients newly entering the death state over the time
horizon. The cost of terminal care was estimated from the
RWE study (Bristol Myers Squibb data on file) at ¥149,019
(US$22,127) per patient.

2.7 Sensitivity Analyses

One-way (deterministic) sensitivity analyses were conducted
by varying key parameters (body weight/surface area, costs,
duration of subsequent treatment, utilities) by their 95% Cls
or £20% of the base-case values based on data availability.
The discount rate for costs and QALYs varied from 0-6%.

Probabilistic sensitivity analyses were conducted by sam-
pling the value of key parameters in the model from proba-
bilistic distributions, using 1000 iterations (ESM Online
Resource Table 7).

2.8 Scenario Analyses

Scenario analyses included applying histology-specific or
treatment-specific utilities or both:

e Base case: CheckMate 078 derived utilities using a treat-
ment-specific approach across both histologies

e Scenario 1: CheckMate 078 derived utilities using a
histology-specific but not treatment-specific approach

e Scenario 2: Use of CheckMate 017 or CheckMate 057
overall histology-specific utilities

Additional scenarios include alternative PFS and OS par-
ametric curves; reimbursement of nivolumab for the entire
extrapolated treatment duration; 2-year maximum treatment
duration for docetaxel; disease management costs + 50%;
and AE management costs + 50%.

3 Results
3.1 Base Case

Compared with docetaxel, in both squamous and non-
squamous aNSCLC, nivolumab was associated with sur-
vival and quality-adjusted survival benefits, at additional
cost (Table 1). With nivolumab treatment, patients with
squamous aNSCLC were projected to gain an additional
1.489 LY (undiscounted; 1.226 discounted LY's) and 1.034
QALYs versus those receiving docetaxel; in non-squamous
aNSCLC, the additional gain was projected to be 1.228 LY's
(undiscounted; 0.995 discounted LYs) and 0.833 QALYs.
The incremental cost anticipated for nivolumab versus doc-
etaxel was ¥214,353 (US$31,829) in squamous aNSCLC
and ¥158,993 (US$23,608) in non-squamous aNSCLC.
The incremental cost per LY gained for nivolumab versus
docetaxel in squamous and non-squamous aNSCLC was
¥143,961 (US$21,376; ¥174,821 discounted [US$25,959])
and ¥129,477 (US$19,227; ¥159,834 discounted
[US$23,733]), respectively. The ICER for nivolumab versus
docetaxel was ¥207,388 (US$31,537) per QALY gained in
squamous aNSCLC and ¥190,919 (US$29,033) per QALY
gained in non-squamous aNSCLC.

In squamous aNSCLC, patients receiving nivolumab
incurred higher treatment acquisition costs (¥303,143

Table 1 Base case incremental results for nivolumab compared with docetaxel

aNSCLC histol-  Incremental costs Incremental Incremental Incre- Incremental Incremental Incremental cost
ogy (¥ [US$*) LYs, undis- LYs, dis- mental cost per LYG, cost per LYG, per QALY (¥
counted counted QALYs undiscounted (¥  discounted (¥ [US$%)
[US$°D) [US$*D
Deterministic
Squamous 214,353 (31,829) 1.489 1.226 1.034 143,961 (21,376) 174,821 (25,959) 207,388 (30,794)
Non-squamous 158,993 (23,608) 1.228 0.995 0.833 129,477 (19,226) 159,834 (23,733) 190,919 (28,349)
Stochastic
Squamous 245,149 (36,401) - - 1.143 - - 214,536 (31,856)
Non-squamous 187,809 (27,887) - - 0.854 - - 219,971 (32,663)

LYs were not included within the probabilistic sensitivity analyses

aNSCLC advanced non-small cell lung cancer, LY life-year, LYG life-year gained, QALY quality-adjusted life-year

4Conversion using exchange rate ¥1 = US$0.148487; May 3, 2019; www.xe.com
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[US$45,013]) than docetaxel (¥58,827 [US$8735])
(Table 2). Patients receiving nivolumab incurred lower sub-
sequent treatment costs (¥19,152 [US$2567] versus ¥46,448
[US$6897], respectively) and grade 3/4 AE management
costs (¥91 [US$16] versus ¥4229 [US$628], respectively)
versus docetaxel. A similar pattern was observed in non-
squamous aNSCLC, with higher treatment acquisition
costs incurred for patients receiving nivolumab (¥268,098
[US$39,809]) versus docetaxel (¥78,872 [US$11,712]) and
lower subsequent treatment costs (¥19,355 [US$2874] ver-
sus ¥46,383 [US$6887]) and AE management costs (¥91
[US$16] versus ¥4229 [US$628]) reported for patients
receiving nivolumab versus docetaxel, respectively.

3.2 Scenario Analysis

Alternative utilities or extrapolation curve choices had mini-
mal impact on the ICERs in squamous and non-squamous
aNSCLC (Table 3). Reimbursement of nivolumab treatment
beyond 2 years increased the ICER of nivolumab versus
docetaxel in both squamous and non-squamous aNSCLC
whereas limiting the duration of treatment of docetaxel for
2 years increased the ICER in non-squamous aNSCLC.
Increasing or decreasing disease management costs by
50% had a modest impact on the ICERs, while increasing
or decreasing grade 3/4 AE costs by 50% had a negligible
impact on the ICERs (Table 3).

3.3 Sensitivity Analysis

One-way sensitivity analyses demonstrated that drug acqui-
sition costs, intervention utility weight, average body weight,
and body surface area were key model drivers for both
squamous and non-squamous aNSCLC (Fig. 1). Probabil-
istic sensitivity analysis indicated that the stochastic results

aligned with the deterministic results (Table 1, ESM Online
Resource Fig. 8). The probability of nivolumab of being
a cost-effective treatment option compared with docetaxel
at willingness-to-pay thresholds of ¥180,000 (US$26,727),
¥200,000 (US$29,697) and ¥250,000 (US$37,122) per
QALY gained, was 30.6%, 43.2%, and 66.5%, respectively
for squamous aNSCLC and 27.0%, 38.5%, and 66.5%,
respectively, for non-squamous aNSCLC (ESM Online
Resource Fig. 9).

4 Discussion

Clinical trial results demonstrated that nivolumab is asso-
ciated with substantial increased survival benefits versus
docetaxel in both squamous and non-squamous aNSCLC
[15-17]. To our knowledge, this analysis is the first eco-
nomic evaluation of nivolumab in patients with aNSCLC
in China that utilises the totality of the available clinical
evidence for nivolumab in pre-treated NSCLC. The results
indicate that nivolumab would be associated with extended
survival and quality-adjusted survival benefits in squamous
aNSCLC (an additional 1.489 LYs [undiscounted; 1.226
discounted LYs]) and 1.034 QALYSs) and in non-squamous
aNSCLC (an additional 1.228 LYs [undiscounted; 0.995
discounted LYs] and 0.833 QALYSs), and incremental costs
of ¥214,353 (US$31,829 [37]) in squamous aNSCLC and
¥158,993 (US$23,608) in non-squamous aNSCLC versus
docetaxel. The ICER for nivolumab versus docetaxel was
¥207,388 (US$30,794) per QALY gained in squamous
aNSCLC and ¥190,919 (US$28,349) per QALY gained in
non-squamous aNSCLC.

The ICER value is considered as one of the decision-
making criteria for payers; however, no officially recognised
willingness-to-pay threshold has been set in China to date.

Table 2 Base case disaggregated per-patient cost breakdown for nivolumab and docetaxel

Total cost (¥ [US$?]) Cost breakdown (¥ [US$?])
Disease management®  Treatment acquisition  Treatment Subsequent treatment ~ Grade 3/4 AEs
administra-
tion
Squamous aNSCLC
Nivolumab 478,830 (71,100) 153,499 (22,793) 303,143 (45,013) 2945 (437) 19,152 (2844) 91 (14)
Docetaxel 264,477 (39,271) 152,790 (22,687) 59,827 (8735) 1183 (176) 46,448 (6897) 4229 (628)
Non-squamous aNSCLC
Nivolumab 443,980 (65,925) 153,831 (22,842) 268,098 (39,809) 2605 (387) 19,355 (2874) 91 (15)
Docetaxel 284,986 (42,317) 153,944 (22,859) 78,872 (11,712) 1560 (232) 46,383 (6887) 4229 (628)

AE adverse event, aNSCLC, advanced non-small cell lung cancer

#Conversion using exchange rate ¥1 = US$0.148487; May 3, 2019; www.xe.com

"Disease management costs include computed tomography, positron emission tomography, magnetic resonance, x-rays, ultrasound, radiology,
radiation therapy, laboratory tests, and other organ systems (gastrointestinal, genitourinary, cardiac, nervous, reproductive)
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Table 3 Results of scenario analyses

Scenario ICER cost/QALY (¥ [US$%))
NSQ aNSCLC SQ aNSCLC
Base-case ICER 190,919 (28,349) 207,388 (30,794)
1 CheckMate 078 derived utilities using an overall (not treatment-specific) approach 199,193 (29,578) 215,589 (32,012)
that is histology-specific
2 Use of CheckMate 017 or CheckMate 057 overall histology-specific utilities 208,822 (31,007) 228,029 (33,859)
3 Alternative PFS and OS parametric curves:
OS nivolumab: generalised gamma (for NSQ), loglogistic for SQ 181,806 (26,996) 224,006 (33,262)
OS docetaxel: 1-knot spline normal (for NSQ), loglogistic for SQ 182,775 (27,140) 198,957 (29,543)
PFS nivolumab: 1-knot spline hazard (for NSQ), 2-knot hazard spline (for SQ) 185,714 (27,576) 211,432 (31,395)
PFS docetaxel: Log normal (for NSQ), 2-knot hazard spline (for SQ) 189,451 (28,131) 207,480 (30,808)
4 Reimbursement of nivolumab for the entire extrapolated treatment duration 666,699 (98,996) 682,151 (101,291)
5 2-year maximum treatment duration for docetaxel 193,006 (28,659) 248,950 (36,966)
Disease management costs:
+50% 195,240 (28,991) 211,754 (31,443)
-50% 186,599 (27,708) 203,022 (30,146)
7 AE management costs:
+50% 188,435 (27,980) 205,386 (30,497)
- 50% 193,404 (28,718) 209,390 (31,092)

AE adverse event, aNSCLC advanced non-small cell lung cancer, NSQ non-squamous cell carcinoma, OS overall survival, PFS progression-free

survival, QALY quality-adjusted life-year, SO squamous cell carcinoma

#Conversion using exchange rate ¥1 = US$0.148487; May 3, 2019; www.xe.com

Fig. 1 Deterministic sensitiv- a

ity analysis in (a) squamous
aNSCLC and (b) non-squamous
aNSCLC. The results for body
weight reflect the effect of vial
sharing. Only an increase or
decrease in weight sufficient to
need a new vial of nivolumab or
docetaxel (calculated via body
surface area) would have an
impact on the results. For aver-
age patient body weight, there
is no bar for lower parameter
value because the reduction

in patient weight used in the
sensitivity analysis did not lead
to a change in vial calculations
for nivolumab and therefore

the ICER was unaffected.
admin. administration, aNSCLC
advanced non-small cell lung
cancer, avg. average, ICER
incremental cost-effectiveness
ratio, PD progressed disease,
PF progression-free, sub.
subsequent
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In early 2018, the International Society for Pharmacoeco-
nomics and Outcomes Research issued a report to define
elements of value in healthcare, which indicated that several
potential elements could be incorporated to produce fur-
ther scenarios for different value-assessment settings [38].
Although there is no current consensus on the dimensions
of value in China, a consideration of these can strategically
support payers in their decision making to: (1) improve the
efficiency and performance of health insurance funding; (2)
lead the value orientation of the drug quality system; and
(3) build a high-quality, value-based service delivery system
[39].

Although there is no officially recognised willingness-to-
pay threshold in China, a threshold of 3X per-capita gross
domestic product (GDP) per QALY has been used frequently
in Chinese cost-effectiveness analyses [40—42]. In China, the
per-capita national GDP in 2019 (based on end-of-year pop-
ulation) was ¥70,078 (US$10,406) [43], with considerable
regional disparity reflecting China’s unbalanced economic
development. These regional variations present a key chal-
lenge in determining a national willingness-to-pay threshold.
For squamous aNSCLC, the ICER for nivolumab versus doc-
etaxel in our analysis was ¥207,388 (US$30,794) per QALY,
approximately 3.0x the 2019 national per-capita GDP and
about 0.8% the 2019 per-capita GDP in Beijing or Shanghai.
For non-squamous aNSCLC, the ICER for nivolumab versus
docetaxel in our analysis was below the threshold of 2.7x
the 2019 national per-capita GDP (¥190,919 [US$28,349]
per QALY).

The base-case cost-effectiveness results for nivolumab
versus docetaxel in aNSCLC in China are comparable
with published estimates for other lung cancer therapies in
aNSCLC in China (Table 4) [40, 44, 45]. Icotinib or gefitinib
as first-line treatments for aANSCLC had ICERs of ¥135,890

Table 4 Cost-effectiveness of other cancer therapies in NSCLC in China

(US$19,809) to ¥195,407 (US$28,485) per QALY versus
pemetrexed plus cisplatin, and osimertinib had an ICER of
¥329,836 (US$48,081) per QALY versus chemotherapy in
aNSCLC after progression following first-line EGFR tyros-
ine kinase inhibitor therapy.

The results of the cost-effectiveness analyses of
nivolumab versus docetaxel for patients with squamous/
non-squamous histology in the present study were also sim-
ilar to previously published studies of nivolumab in other
countries that used comparable time horizons and approach.
The reported gains were 1.28/1.03 LY and 0.85/0.67 LY for
Sweden and Canada, respectively [46] and 1.49/1.23 LY for
the UK [26]. Nivolumab is approved for reimbursement in
most countries, and such approvals and widespread use sug-
gest acceptable value for money [14, 47, 48]. But, because
of differences in healthcare systems, costs, and economic
development, caution should be applied when comparing
results across countries.

Two recent cost-effectiveness studies in China for
nivolumab versus docetaxel in NSCLC have been reported.
In Liu et al, nivolumab resulted in a LY gain of 0.30 (~3.6
months) versus docetaxel over a lifetime horizon, compared
with incremental LYs of 1.235 and 1.330 for patients with
squamous and non-squamous histology, respectively, in the
present analysis [49]. Thus, the Liu et al study reports a sub-
stantially higher ICER value for nivolumab versus docetaxel
(US$93,307 per QALY) [49] compared to the present his-
tology-specific results. These differences may be explained
by differing methods used to select survival extrapolation
and for the validation process for long-term estimates. Liu
et al. fitted Weibull parametric models to digitised docetaxel
survival curves from CheckMate 078 [49]. However, the
extrapolations appear to underpredict the Kaplan—-Meier data
from the trial and no validation was undertaken to increase

Drug Control arm Study perspective ICER, US$ Indication
per QALY
Osimertinib [44]  Chemotherapy Payer and the healthcare system 48,081 NSCLC after progression following first-
line EGFR TKI therapy
Gefitinib [40] Pemetrexed plus Chinese healthcare system 28,485 First-line treatments for aNSCLC
cisplatin alone

Gefitinib strategy ~ Pemetrexed plus cisplatin alone Chinese healthcare system 22,577 First-line treatments for aNSCLC

with PAP [40]
Icotinib [40] Pemetrexed plus cisplatin alone Chinese healthcare system 19,809 First-line treatments for aNSCLC
Bevacizumab [45] Pemetrexed plus cisplatin Social perspective 299,155 Maintenance therapy for metastatic NSCLC
Nivolumab versus docetaxel in the present analysis for comparison

Nivolumab Docetaxel Healthcare payer in China 33,802*  Squamous

Nivolumab Docetaxel Healthcare payer in China 25,204*  Non-squamous

2Conversion using exchange rate ¥1 = US$0.148487; May 3, 2019; www.xe.com

aNSCLC advanced non-small cell lung cancer, EGFR epidermal growth factor receptor, /CER incremental cost-effectiveness ratio, NSCLC non-
small cell lung cancer, PAP patient assistance programme, QALY quality-adjusted life-year, TKI tyrosine kinase inhibitor
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confidence in their clinical plausibility and coherence with
other data sources [17, 49]. Liu et al have further assumed
proportional hazards, which may not be appropriate given
that unlike chemotherapies, I-O therapies can be associated
with delayed but durable responses, which can translate into
improved long-term survival [50]. Thus, I-O treatments are
often associated with complex hazard functions, which limit
the reliability of standard parametric models, especially with
short duration of follow-up [50, 51]. To address this, the
analyses in the present study utilised independent paramet-
ric curves for nivolumab and docetaxel that not only pro-
vided a better fit to the respective underlying trial but also
underwent extensive validation (including clinical valida-
tion) to increase the reliability of the outcomes. However,
it is important to note that survival extrapolation was vali-
dated with external data from the USA, as long-term data—
such as those from SEER—are not available in a Chinese
population.

A second study by Zhang et al in 2020 reported the cost
effectiveness of second-line nivolumab versus docetaxel for
platinum-treated aNSCLC from a Chinese health service
system perspective [52]. This study considerably underes-
timated the survival benefit for nivolumab and docetaxel,
as well as the incremental benefit of nivolumab in terms
of QALYs, resulting in a comparably high ICER value
(US$ 72,128 per QALY) [52]. The authors estimated that
OS at the end of 2 years was close to zero; however, in the
CheckMate 078 study in predominately Chinese patients,
28% and 18% of patients were alive at 2 years and 19%
and 12% were alive at 3 years in nivolumab and docetaxel
groups, respectively [25, 52].

Although the first published economic assessment of
nivolumab in second-line+ NSCLC was based on treat-
to-progression dosing [53], subsequent health technol-
ogy assessment opinions indicate that a 2-year treatment-
stopping rule may be appropriate and reflective of clinical
practice [27, 32, 33, 35, 36, 54]. Moreover, the long-term
survival benefits of I-O therapies in second-line+ NSCLC
trials with stopping rules (CheckMate 003) have shown to be
similar to those without stopping rules (CheckMate 017 and
057) [55] and in CheckMate 078, very few (< 9%) patients
were treated for longer than 2 years [56]. Additional data of
the effects of stopping treatment at 2 years will emerge with
the 2-year stopping rule now widely adopted in NSCLC tri-
als [57-61] and future trials.

In our model, several factors may potentially overesti-
mate costs with nivolumab and therefore our reported ICERs
should be considered conservative. First, disease manage-
ment costs were assumed to be equal for nivolumab and doc-
etaxel. However, it is likely that treatment-specific monitor-
ing costs (a disease management component cost that could
not be estimated specifically due to lack of data) would be
lower for nivolumab owing to its improved safety profile

versus docetaxel. Second, improved survival and QOL with
nivolumab may reduce the use of traditional Chinese medi-
cine and other pseudo-adjuvants, which are widely procured
by hospitals for cancer patients receiving chemotherapy
in China. Pseudo-adjuvants were reported to account for
28.1% of total procurement costs for all anti-tumour drugs in
Shanghai in 2015 [62]. Our model did not consider the con-
current use of these non-cancer-directive treatment agents in
the chemotherapy arm and did not account for any increase
in the use of traditional Chinese medicine with docetaxel.
Only docetaxel was considered as a relevant comparator,
reflecting the standard of care in China at the time of our
study, which is a limitation of this analysis. Third, the model
did not consider the possibility of administering nivolumab
in the outpatient setting due to its favourable safety profile
and convenience, while patients receiving chemotherapy
in China will usually be hospitalized [63]. In a study of
1002 patients, only one was treated in the outpatient set-
ting (Bristol Myers Squibb data on file). Administration of
nivolumab in an outpatient setting could have the potential
to save resources associated with inpatient treatment and
reduce the pressure on hospitals.

In addition to the cost elements described, nivolumab may
provide a good illustration of the broader societal value that
can be achieved through improved health outcomes. A study
in Canada explored these issues via an analysis of nivolumab
in squamous aNSCLC from a broad societal perspective,
including costs and benefits related to caregiver burden,
value to current non-patients based on the probability that
they may become sick in the future (value of insurance), the
option value of treatment and the value placed by patients
with cancer on durable survival gains (value of hope) [53].
The study found that about half of the incremental benefit
of nivolumab was omitted when using a conventional payer
perspective [53]. Our analysis included only direct costs to
the healthcare payer in China without considering wider
societal benefits; thus, it would likely produce a higher esti-
mate of the ICER of nivolumab. Including other dimensions
of value, such as those explored in the Canadian study, could
better describe the value offered by nivolumab in this set-
ting to patients in China, their families and to society, and
therefore better inform decision making. Even if the scien-
tific spill-over of these broader value dimensions cannot be
incorporated into the current economic model, this informa-
tion is useful to enrich the perspectives of value assessment
in China in the future.

Since its launch in China, nivolumab has presented an
additional treatment option with important clinical value
and long-term survival prospects for previously treated
patients. Our model has demonstrated the economic value
of nivolumab, which would be further improved when con-
sidering the patient assistance programme or its potential
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inclusion in the national reimbursement drug list, as a price
reduction/discount would likely be required.

5 Conclusion

This is the first economic evaluation undertaken for
nivolumab in a Chinese context using patient-level data.
Nivolumab was associated with survival and quality-
adjusted survival benefits at incremental cost versus doc-
etaxel in aNSCLC. Nivolumab is therefore expected to
deliver direct healthcare benefits to Chinese patients and
value to the Chinese healthcare system. The true clinical
and economic value of nivolumab is expected to be greater
than estimated herein, as this analysis adopted a traditional
healthcare payer perspective, where not all treatment ben-
efits and costs of relevance to society have been captured.
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