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Background: The cffectiveness of adding pembrolizumab to chemotherapy improve outcomes in newly
diagnosed metastatic non-small-cell lung cancer (NSCLC). We aimed to evaluate the economic outcomes of
first-line treatment by adding pembrolizumab to chemotherapy with and without the use of PD-L1 testing
for patient selection.

Methods: A decision-analytic model was adopted to project the disease course of newly diagnosed
metastatic nonsquamous and squamous NSCLC without EGFR or ALK mutations. The efficacy and
toxicity data were gathered from the KEYNOTE-189 and KEYNOTE-407 trials. Transition probabilities
were estimated from the reported survival probabilities in each group. Cost and health preference data
were derived from published economic evaluations. The incremental cost-effectiveness ratio (ICER) was
measured, and subgroup, one-way and probabilistic sensitivity analyses (PSA) were performed for exploring
the model uncertainties.

Results: In the US context, pembrolizumab plus chemotherapy is projected to increase quality-adjusted-
life year (QALY) by 1.168 and 0.988 in comparison with chemotherapy and the ICERs were $122,248
and $121,375/QALY in the whole nonsquamous and squamous patients with unconfirmed PD-L1 tumor
proportion scores (TPS), respectively. After the selection of patients by PD-L1 TPS by PD-L1 testing, the
ICERs of adding pembrolizumab treatment for patients with confirmed PD-L1 TPS >1% and >50% were
$143,282 and $127,661/QALY in nonsquamous disease, and $131,495 and $121,554/QALY in squamous
disease, respectively. The ICERs of adding pembrolizumab treatment for Chinese patients were higher than
$40,000/QALY regardless of the histology and TPS subgroups, which highly exceed the willingness-to-pay
threshold of $29,196/QALY (three times of per capita gross domestic product of China in 2018) in China.
Conclusions: Pembrolizumab plus chemotherapy as first-line treatment for untreated metastatic NSCLC
without EGFR or ALK mutations is a cost-effective option regardless of PD-L1 expression status in the US
context, and not cost-effective in the Chinese context. However, PD-L1 categories-directed pembrolizumab

could not increase the cost-effectiveness of immunotherapy.
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Introduction

The Global Burden of Disease Study revealed that lung
cancer is one of the leading causes of non-communicable
disease burden worldwide (1). Approximately 85% to 90%
of lung cancers are non-small-cell lung cancer (NSCLC),
including 65% to 75% locally metastatic or metastatic
disease. Platinum-based chemotherapy has been the
standard of care for the first-line treatment of metastatic
NSCLC that lacks sensitizing EGFR or ALK mutations (2).
However, the overall survival (OS) and progression-
free survival (PFS) of chemotherapy are unsatisfied with
metastatic NSCLC.

Recently, immune checkpoint inhibitors (ICIs) treatment
that block the programmed cell death 1 ligand 1 (PD-L1)
and programmed cell death 1 (PD-1) pathway has become
to replace chemotherapy as the first-line regimen (3-5).
The recent phase 3 KEYNOTE-189 and KEYNOTE-407
trials showed pembrolizumab plus chemotherapy provided
longer OS and PFS in comparison with chemotherapy in
patients metastatic NSCLC (6-8). Although the survival
benefit associated with the pembrolizumab combination
was observed in all subgroups of PD-L1 tumor proportion
scores (TPS), the higher relative benefit was observed in the
subgroup with a PD-L1 TPS of 1% to 49% and >50% than
TPS of 1%. This finding was coherent with the recent trials
that showed the PDL-1-expression category could predict
the benefit of ICIs treatment, although patients with PD-L1
negative tumors also benefited from its treatment as
compared to chemotherapy (9). However, due to the high
cost of implementing pembrolizumab in the first-line setting
that limited the widely prescription in clinical practice,
the cost-effectiveness of first-line pembrolizumab plus
chemotherapy need to be evaluated. Furthermore, despite
the promising activity of pembrolizumab plus chemotherapy
for metastatic NSCLC irrespective of PD-L1 expression,
the following unclear question also needs to be elucidated:
will the patient selection based on PD-L1 expression lead to
improving the cost-effectiveness of adding pembrolizumab
to chemotherapy? Is there a potential cut-point value of
PD-L1 expression for pembrolizumab plus chemotherapy
that is cost-effective?

For increasing adoption of expensive agents by
rationalizing therapy from a clinical standpoint thus making
treatment more cost-effective, health policymakers and
payers would assess the clinical value of the drug in different
subgroups with varying responses to immunotherapy (10).
The present evaluation investigates the economic outcomes
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of first-line pembrolizumab plus chemotherapy treatment
with and without patient selection using varied PD-
L1 expression status in the US and Chinese context.
We present the following article in accordance with the
CHEERS Reporting Checklist (available at http://dx.doi.
org/10.21037/tlcr-19-605).

Methods
Analytic overview

A mathematical model combining decision tree and
Markov approach was established to measure the clinical
and economic outcomes of adding pembrolizumab
to chemotherapy for previously untreated metastatic
nonsquamous and squamous NSCLC without EGFR
or ALK mutations, which was similar with the
KEYNOTE-189 and KEYNOTE-407 trials, respectively
(7,8). For the whole patients with unconfirmed PD-L1
TPS, the decision trees included four competing
strategies (Figure 1A4): chemotherapy for all patients
(reference strategy); pembrolizumab plus chemotherapy
for all patients without determination of PD-L1 status
(universal pembrolizumab strategy); pembrolizumab plus
chemotherapy for patients with PD-L1 TPS of >50%
and chemotherapy for other patients after PD-L1 TPS
was determined (TPS50 pembrolizumab strategy), and
pembrolizumab plus chemotherapy for patients with PD-
L1 TPS of 21% and chemotherapy for other patients (TPS1
pembrolizumab strategy). For the three sub-populations
with confirmed PD-L1 TPS >1%, 1% to 49% and >50%,
chemotherapy and pembrolizumab plus chemotherapy
would be the competing strategies (Figure 1B). A three-
health-state Markov model was established to reflect the
disease course, which included the following health states:
progression-free disease (PFD), progressed disease (PD),
and death. The Markov cycle length was 21-day in keeping
with the treatment schedule reported by KEYNOTE-189
and KEYNOTE-407 trials (7,8), and the time horizon
was 20 years as previous studies done (11,12). During each
Markov cycle, the model redistributes the hypothetical
patients among the three health states according to
transition probabilities. The initial state is assumed to be
PFD, and death is the absorbing state.

Clinical data inputs

PFES and OS for pembrolizumab plus chemotherapy and

Transl Lung Cancer Res 2020;9(5):1770-1784 | http://dx.doi.org/10.21037/tler-19-605


http://dx.doi.org/10.21037/tlcr-19-605
http://dx.doi.org/10.21037/tlcr-19-605

1772 Wu and Lu. Value of the first-line pembrolizumab

A All patients with chemotherapy @
Reference strategy
All patients with pembrolizumab plus chemotherapy @
Universal pembrolizumab strategy
Advanced NSCLC with
unconfirmed PD-L1 TPS |—
|
|_ Progression-free
TPS of <49% @ disease
PD-L1 testing Chemoatherapy
(Cut-point 50%) /‘)
TPS50 pembrolizumab strateg%
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Chemotherapy
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B Pembrolizumab plus chemotherapy —
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with confirmed PD-LI TPS
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’l_]

Pembrolizumab plus chemotherapy

()
Figure 1 Model structure for previously untreated metastatic nonsquamous and squamous NSCLC without EGFR or ALK mutations. (A)

The whole patients with unconfirmed PD-L1 TPS; (B) sub-populations with confirmed PD-L1 TPS >1%, 1% to 49% and >50%. NSCLC,

non-small-cell lung cancer; PD-L1, programmed cell death 1 ligand 1; TPS, tumor proportion score.

Pembrolizumab strategy

chemotherapy in metastatic nonsquamous and squamous
NSCLC were informed by the results of KEYNOTE-189
and KEYNOTE-407 trials, respectively (7), which were
extrapolated over the model time horizon using standard
statistical analyses described by Guyot er al. (13). Graph
Digitizer (version 2.26; http://getdata-graph-digitizer.com)
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was used to gather the data points from the PFS and OS
curves, and these data points were then used to fit following
parametric survival functions: Weibull, log-normal, log-
logistic, exponential, generalized gamma, Gompertz and
Royston/Parmar spline models (14). Goodness of fit was
based on visual inspection and Akaike information criterion
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(AIC). The adopted model and AIC value for the whole
intention-to-treat population and three subgroups of
PD-L1 TPS (TPS of <1%, TPS of 1% to 49% and TPS
of >50%) were shown in Table S1. The modeled virtual
patient-level data comprised event and censor times and
were equal in number to the initial number at risk, which
was closely reproduced the digitized Kaplan-Meier curves.
The PFS and OS plots created by using the virtual patient-
level data and the predicted curves by using parametric
survival models are shown in Figures S1-S4.

Due to the shorter follow-up time of KEYNOTE-189
and KEYNOTE-407 trials than the KEYNOTE-042 trial,
we pooled the OS data of three trials for exploring the
survival rates of chemotherapy to avoid the uncertainty
around the long-term survival. Although the histology and
chemotherapy regimen of these three trials were discrepant,
our approach could be supported by the fact that no notable
impact of histologies of advanced NSCLC and carboplatin-
versus cisplatin-based chemotherapy on OS (2,15). By
using the virtual patient-level data, we also compared the
OS of three trials in the chemotherapy arm, and no notable
difference was found (Figure S5). For the whole population
receiving chemotherapy, Royston/Parmar spline model
was adopted for extrapolating the pooled OS data, and the
log-normal and log-logistic model for the PFS data from
KEYNOTE-189 and KEYNOTE-407 trials, respectively.
The PFS and OS probabilities of chemotherapy in three
subgroups with confirmed PD-L1 TPS <1%, 1% to 49%
and >50% were calculated by multiplying the PFS and OS
rates in the whole population receiving chemotherapy and
the HRs of subgroups versus the whole population. The
HRs were shown in Table S2, which were estimated by
using the Cox proportional-hazards model after pooling
the virtual patient-level data of the whole population and
three subgroups receiving chemotherapy. The PFS and
OS data for the whole population and three subgroups
in pembrolizumab plus chemotherapy was estimated by
multiplying the reported HRs and the PFS and OS rates
in chemotherapy arms. The influences of HRs would be
checked in sensitivity and subgroup analyses.

On the basis of the fitted PFS and OS model, denoted
as P(t) and S(t), we computed the disease progression
probability Probgps_pp and cancer-specific mortality
Prob pp-.pea at cycle t as: Probpps ppy = [Py - P, /Py
and Probgp .pem = [(Se = Sa. n)/[(S - Pwl, respectively.
After the disease progressed, the data of patients who
received second-line active treatment was collected from

the KEYNOTE-189 trial and KEYNOTE-407 trials,
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respectively (7,8). The key clinic inputs were summarized in
Table 1.

The model includes risks of all-cause adverse events
(AEs) of grade >3 reported by the KEYNOTE-189 and
KEYNOTE-407 trials (7,8). The impact of less severe
or common AEs on model results would be expected to
be negligible. The modeled probabilities of these AEs is
described in Table 1.

Cost and utility inputs

Only direct medical costs were considered and stated in
reported in 2018 US dollars, including the drug acquisition
costs, costs attributed to the patient’s health state, costs
for the management of AEs, and costs of end-of-life care
(Table 1). The costs associated with health care services were
inflated to 2018 values according to the US consumer price
index (17). In China, the costs were translated into 2018 US
dollars ($1 = CNY 6.8).

Based on the KEYNOTE-189 and KEYNOTE-407
trials, pembrolizumab was prescribed at a dose of 200 mg
on day 1 for up to 35 cycles with the combination of
chemotherapy. The prices of pembrolizumab in the US
(average wholesale price) were collected from public
databases and the literature (18). In the US, the price
of pembrolizumab was discounted at 17% to account
for contract pricing (19). For the first 4 cycles, the
cost related to cytotoxic chemotherapy for untreated
metastatic NSCLC were $24,437 per patient regardless of
histology (20). For nonsquamous NSCLC, the cost related
to maintenance chemotherapy was $5,887 per cycle (20).
After disease progressed, 44.6% in chemotherapy and
30.5% in pembrolizumab plus chemotherapy arm
received subsequent active therapy (7). The average 21-
day costs of disease management (excluding drug, drug
administration, and AE related costs) in the PFD and
PD states are stratified by years 1, 2, 3, 4 to 5, and over
5 following first-line treatment initiation. The analysis
included the costs related to managing grade >3 AEs.
The costs related to subsequent therapies taken following
discontinuation of initial trial treatments, managing grade
>3 AEs, disease management and terminal care the last 30
days of life were extracted from literature (11,12), which
estimated the health resource utilization based on the
KEYNOTE-189 and KEYNOTE-407 trials. In TPS1 and
TPS50 pembrolizumab strategy, PD-L1 testing cost was
considered (21). The cost estimates in the Chinese setting
were showed in Table S3.
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Table 1 Model parameters: baseline values, ranges, and distributions for sensitivity analysis

Parameters Nonsquamous non-small-cell lung cancer ~ Squamous non-small-cell lung cancer

Clinical inputs* (7,8,16)

Survival model of chemotherapy

Model for PFS

Royston/Parmar spline model for OS
(nonsquamous and squamous)

HR of PFS of between pembrolizumab plus
chemotherapy and chemotherapy

HR of OS of between pembrolizumab plus
chemotherapy and chemotherapy

Probability of AEs

Grade >3 AEs in chemotherapy treatment

Grade >3 AEs in pembrolizumab plus
chemotherapy treatment

Utility inputs (time to death in days) (11,12)
=360

[180,360)

[30,180)

<30

Cost inputs (11,12)
Pembrolizumab 200 mg

Platinum-doublet chemotherapy per patient/
four 21-days cycles

Maintenance chemotherapy with
pemetrexed per cycle

Post-discontinuation treatment in
pembrolizumab treatment

Post-discontinuation treatment in
chemotherapy treatment

Disease management in PFD state per
21-days in 1st year

Disease management in PFD state per
21-days in 2nd year

Disease management in PFD state per
21-days in 3rd year

Log-normal, meanlog: 1.9509 (se: 0.0681),
sdlog: 0.9444 (se: 0.0537)

Log-logistic, shape: 1.872 (se: 0.112), scale:
7.053 (se: 0.402)

Gamma0: —4.1030 (se: 0.1603), gamma1: 1.0462 (se: 0.1886), gamma2: —0.2579

(se: 0.0632), gamma3: 0.3653 (se: 0.0818)

0.48 [range: 0.4-0.58, dist: lognormal
(log-mean =-0.734, log-sd =3.081)]

0.56 [range: 0.45-0.7, dist: lognormal
(log-mean =-0.58, log-sd =2.752)]

0.658 [range: 0.494-0.823, dist: beta
(0 =5.5, p =2.8)]

0.672 [range: 0.504-0.84, dist: beta (o =5.2,
p=2.6)]

0.834 [range: 0.823-0.846, dist: beta
(o =3,354, B =667.6)]

0.765 [range: 0.743-0.786, dist: beta
(0 =1,142.9, B =351.1)]

0.709 [range: 0.69-0.728, dist: beta
(0 =1,556.6, p =638.9)]

0.563 [range: 0.461-0.665, dist: beta
(0 =51.1, p =39.7)]

9,162 [range: 4,581-9,162, dist: fixed)

0.56 [range: 0.45-0.7, dist: lognormal
(log-mean =-0.58, log-sd =2.752)]

0.64 [range: 0.49-0.85, dist: lognormal
(log-mean =-0.446, log-sd =2.388)]

0.682 [range: 0.512-0.853, dist: beta (o =5.1,
p=2.4)

0.698 [range: 0.524-0.873, dist: beta (a =4.8,
B =2.1)]

0.842 [range: 0.823-0.861, dist: beta
(o =1,192, § =223.7)]

0.814 [range: 0.795-0.833, dist: beta
(@ =1,311.5, p =299.7)]

0.737 [range: 0.717-0.756, dist: beta
(0 =1,443.2, p =515)]

0.568 [range: 0.481-0.655, dist: beta
(0 =70.7, B =53.8)]

24,437 [range: 18328-30547, dist: gamma (a =190,916, A =0.128)]

5,887 [range: 4,415-7,359, dist: gamma
(0 =45,994, ) =0.128)]

18,097 [range: 9,823-16,371, dist: gamma
(0 =52,388, L =0.25)]

41,161 [range: 30,871-51,451, dist: gamma
(a =164,644, 1 =0.25)]

3,773 [range: 2,829-4,716, dist: gamma
(0 =15,090, A =0.25)]

1,736 [range: 1,302-2,170, dist: gamma
(o =6,945, L =0.25)]

1,464 [range: 1,098-1,830, dist: gamma
(0 =5,855, 1 =0.25)]

1,195 [range: 896-1,494, dist: gamma
(o =4,780, A =0.25)]

15,763 [range: 11,822-19,704, dist: gamma
(0 =63,052, L =0.25)]

3,938 [range: 2,953-4,922, dist: gamma
(0 =15,752, 1 =0.25)]

2,088 [range: 1,566-2,611, dist: gamma
(o =8,354, 1 =0.25)]

922 [range: 691-1,152, dist: gamma
(0 =3,687, 1 =0.25)]

Table 1 (continued)
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Parameters

Nonsquamous non-small-cell lung cancer

Squamous non-small-cell lung cancer

Disease management in PFD state per
21-days in 4th to 5th year

Disease management in PFD state per
21-days in over 5th year

Disease management in PD state per
21-days in 1st year

Disease management in PD state per
21-days in 2nd year

Disease management in PD state per

1,188 [range: 891-1,485, dist: gamma
(o =4,753, L =0.25)]

441 [range: 331-551, dist: gamma
(0 =1,771, 1 =0.249)]

3,785 [range: 2,839-4,731, dist: gamma
(0 =15,139, A =0.25)]

2,967 [range: 2,225-3,709, dist: gamma
(0 =11,869, L =0.25)]

2,621 [range: 1,966-3,277, dist: gamma

766 [range: 574-957, dist: gamma (o =3,074,
1 =0.249)]

337 [range: 253-421, dist: gamma (a =1,353,
A =0.249)]

4,345 [range: 3,259-5,432, dist: gamma
(0 =17,381, 1 =0.25)]

3,044 [range: 2,283-3,805, dist: gamma
(o =12,175, L =0.25)]

2,575 [range: 1,931-3,219, dist: gamma

21-days in 3rd year (0 =10,485, A =0.25)]

Disease management in PD state per

21-days in 4th to 5th year (0 =9,848, A =0.25)]

Disease management in PD state per

21-days in over 5th year (a =9,824, A =0.25)]

Managing ADR (grade >3) per patient related 2,020 [range: 1,515-2,525, dist: gamma

to ICl treatment (o =8,080, A =0.25)]

Managing ADR (grade =3) per patient related 1,573 [range: 1,180-1,966, dist: gamma

to chemotherapy (0 =6,292, A =0.25)]

Terminal care (last 30 days of life)
(o =58,532, A =0.25)]

PD-L1 testing
L =0.253)]

2,462 [range: 1,846-3,077, dist: gamma

2,456 [range: 1,842-3,070, dist: gamma

111 [range: 83-138, dist: gamma (o =437,

(@ =10,301, A =0.25)]

2,453 [range: 1,840-3,066, dist: gamma
(2 =9,811, » =0.25)]

2,453 [range: 1,840-3,066, dist: gamma
(0 =9,811, 1 =0.25)]

1,499 [range: 1,124-1,874, dist: gamma
(@ =5,996, A =0.25)]

1,259 [range: 944-1,574, dist: gamma
(o =5,036, A =0.25)]

14,633 [range: 10,975-18,291, dist: gamma 15,498 [range: 11,624-19,373, dist: gamma

(@ =61,992, 1 =0.25)]

111 [range: 83-138, dist: gamma (o =437,
A =0.253)]

*, the clinical inputs were based on the whole patients with unconfirmed PD-L1 TPS. AE, adverse event; HR, hazard ratio; PFS,
progression-free survival; PFD, progression-free disease; PD, progressed disease; OS, overall survival.

As previous studies have done (11,12), a time-to-death
approach, reflecting the decline in cancer patients’ quality-
of-life, is used for modeling utilities. The utility scores of
the >360, 180 to <360, 30 to <180 and <30 day time-to-
death in metastatic nonsquamous and squamous NSCLC
were derived from published reports, which collected utility
data by using EuroQOL-5D-3-level instrument in patients
of the KEYNOTE-189 and KEYNOTE-407 trials (Table I).

Analysis

In the base-case analysis, incremental cost-effectiveness
ratio (ICER) was calculated as incremental cost per
additional quality-adjusted life-year (QALY) gained between
pembrolizumab plus chemotherapy and chemotherapy. Cost
and QALYs were discounted at an annual rate of 3% in the
US and 5% in the Chinese context, respectively (22). We
also estimated the incremental net-health benefit (INHB)

© Translational Lung Cancer Research. All rights reserved.

based on the following formula: INHB() = (pg; — peo) —
(pc1 — pep)/A =AE — AC/A, where p; and pg; were the cost
and effectiveness of pembrolizumab plus chemotherapy and
chemotherapy (i=1) or chemotherapy and chemotherapy
(i=0), respectively, and A was the willingness-to-pay
threshold of $150,000/QALY in the US (23,24) and
$29,196/QALY (three times of per capita gross domestic
product of China in 2018) in China. Subgroup analyses
were performed in the prespecified subgroup as reported
in the KEYNOTE-189 and KEYNOTE-407 trials by
varying the HRs of OS between universal pembrolizumab
and chemotherapy strategy in the whole patients with
unconfirmed PD-L1 TPS, respectively (7,8). The Markov
model and statistical analyses were implemented in R
software (http://www.r-project.org). The data used in this
analysis is anonymous and therefore no informed consent
was needed.

To evaluate the robustness of the base-case result, one-
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way and probabilistic sensitivity analyses (PSA) were
conducted. One-way sensitivity analyses were conducted for
all parameters, and the estimated range of each parameter
was either based on the reported or estimated 95%
confidence intervals in the referenced studies or determined
by assuming a 25% change from the base-case value
(Table 1). In the PSA, a Monte Carlo simulation of 1,000
iterations was generated by simultaneously sampling the
key model parameters from the pre-specified distributions.
Gamma distribution was selected for the cost parameters,
log-normal distribution for hazard ratios, and beta
distribution for probability, proportion and preference
value parameters. Based on the data from 1,000 iterations,
a cost-effectiveness acceptability curve (CEAC) was created
to represent the likelihood that pembrolizumab plus
chemotherapy would be considered cost-effective at various

willingness-to-pay levels for health gains (QALYs).

Results
Base-case analysis and subgroup analyses

For metastatic nonsquamous NSCLC in the US context,
universal pembrolizumab, TPS50 pembrolizumab and
TPS1 pembrolizumab strategy provided an additional
1.168, 0.388 and 0.777 QALYs with an incremental
cost of $142,773, $55,594 and $99,219 comparing with
chemotherapy in the whole patients with unconfirmed
PD-L1 TPS, which resulted in the ICER of $122,248,
$143,282 and $127,661/QALY, respectively. The INHBs
of universal pembrolizumab, TPS50 pembrolizamab and
TPS1 pembrolizumab strategy over chemotherapy were
0.216,0.017 and 0.116 QALY:s at the threshold of $150,000/
QALY, respectively (Table 2). The subgroup analysis by
varying the HRs of OS found that universal pembrolizumab
showed the trend of gaining health benefits in most of the
subgroups except the male patients (Figure 2). The INHBs
in the subgroups with the respect to the health benefit
varied from -0.07 (range, -0.47 to 0.48, probabilities of
cost-effectiveness: 25.7%) in male patients to 2.21 (range,
0.34 to 4.05, probabilities of cost-effectiveness: 100%) in
never-smoking patients. In three subgroups with confirmed
PD-L1 TPS <1%, 1% to 49% and >50%, the ICERs of
pembrolizumab over chemotherapy strategy were $111,763,
$112,088 and $142,997/QALY, respectively.

For metastatic squamous NSCLC in the US context,
universal pembrolizumab, TPS50 pembrolizumab and
TPS1 pembrolizumab strategy provided an additional

© Translational Lung Cancer Research. All rights reserved.
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0.988, 0.272 and 0.667 QALYs with an incremental
cost of $84,934, $1,175 and $46,045 comparing with
chemotherapy in the whole patients with unconfirmed
PD-L1 TPS, which resulted in the ICER of $121,375,
$131,495 and $121,554/QALY, respectively. The INHBs
of universal pembrolizumab, TPS50 pembrolizumab and
TPS1 pembrolizumab strategy over chemotherapy were
0.195, 0.038 and 0.133 QALYs at the threshold of $150,000/
QALY, respectively (Table 2). The subgroup analysis by
varying the HRs of OS found that universal pembrolizumab
showed the trend of gaining health benefits in most of the
subgroups except the male patients (Figure 2). The INHBs
in the subgroups with the respect to the health benefit
varied from -0.12 (range, -0.47 to 0.50, probabilities of
cost-effectiveness: 26.8%) in those age >65 years old to
0.88 (range, -0.23 to 2.4, probabilities of cost-effectiveness:
92.1%) in female patients. In three subgroups with
confirmed PD-L1 TPS <1%, 1% to 49% and >50%, the
ICERs of pembrolizumab over chemotherapy strategy were
$121,326, $113,780 and $131,136/QALY, respectively.

For metastatic nonsquamous and squamous NSCLC in
the Chinese context, the ICER of universal pembrolizumab,
TPS50 pembrolizumab and TPS1 pembrolizumab strategies
were all higher than $40,000/QALY in comparison with
chemotherapy (7able S4).

Sensitivity analyses

The one-way sensitivity analyses revealed that the HR of
OS between universal pembrolizumab and chemotherapy
strategy played a vital role in model outcomes regardless
of histology in the US context (Figure 3). When its upper
boundaries were adopted, the ICERs would exceed the
threshold of $150,000/QALY. Other parameters, such as the
cost of post-discontinuation treatment and related disease
management and utility values, had a medium or small
impact on the outcome. In general, the model results were
robust to the adjustment of parameters.

For metastatic nonsquamous NSCLC in the US context,
the CEAC showed nearly 86%, 54% and 75% probabilities
of universal pembrolizumab, TPS50 pembrolizumab
and TPS1 pembrolizumab strategy being a cost-effective
strategy compared with chemotherapy at the threshold of
$150,000/QALY in the whole patients with unconfirmed
PD-L1 TPS (Figure 44), and 88%, 82% and 55%
probabilities of pembrolizumab being a cost-effective
strategy compared with chemotherapy in three subgroups
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Table 2 Summary of cost (§) and outcome results in base-case analysis

Strategy Cost Pr?ifsljign- Overall LYs QALYs Inc:)e::eQn;\aLlonst INHB*
Nonsquamous non-small-cell lung cancer
Whole patients with unconfirmed PD-L1 TPS
Chemotherapy (reference strategy) 198,863 0.469 1.896 1.398 NA NA
Universal pembrolizumab strategy 341,637 1.145 3.555 2.566 122,248 0.216
TPS50 pembrolizumab strategy 254,458 0.727 2.452 1.786 143,282 0.017
TPS1 pembrolizumab strategy 298,082 1.033 3.010 2.175 127,661 0.116
Subgroup with confirmed PD-L1 TPS of <1%
Chemotherapy (reference strategy) 178,010 0.458 1.443 1.065 NA NA
Pembrolizumab strategy 310,704 0.798 3.097 2.253 111,763 0.303
Subgroup with confirmed PD-L1 TPS of 1% to 49%
Chemotherapy (reference strategy) 208,990 0.545 2.094 1.544 NA NA
Pembrolizumab strategy 346,523 1.510 3.855 2.771 112,088 0.310
Subgroup with confirmed PD-L1 TPS of >50%
Chemotherapy (reference strategy) 209,181 0.412 2.140 1.577 NA NA
Pembrolizumab strategy 366,030 1.140 3.712 2.674 142,997 0.051
Squamous non-small-cell lung cancer
Whole patients with unconfirmed PD-L1 TPS
Chemotherapy (reference strategy) 159,481 0.496 1.796 1.362 NA 0
Universal pembrolizumab strategy 283,797 1.155 3.219 2.386 121,375 0.195
TPS50 pembrolizumab strategy 200,038 0.991 2.221 1.67 131,495 0.038
TPS1 pembrolizumab strategy 244,908 1.046 2.775 2.065 121,554 0.133
Subgroup with confirmed PD-L1 TPS of <1%
Chemotherapy (reference strategy) 158,528 0.44 1.713 1.301 NA NA
Pembrolizumab strategy 277,045 0.769 3.063 2.278 121,326 0.187
Subgroup with confirmed PD-L1 TPS of 1% to 49%
Chemotherapy (reference strategy) 168,469 0.388 1.888 1.432 NA NA
Pembrolizumab strategy 309,930 0.56 3.634 2.675 113,780 0.300
Subgroup with confirmed PD-L1 TPS of >50%
Chemotherapy (reference strategy) 152,308 0.646 1.791 1.356 NA NA
Pembrolizumab strategy 266,646 2.046 2.992 2.228 131,136 0.110

*, comparing with reference strategy. QALY, quality-adjusted-life year; PD-L1, programmed cell death 1 ligand 1; TPS, tumor proportion
score.

with confirmed PD-L1 TPS <1%, 1% to 49% and >50% the CEAC showed nearly 83%, 60% and 77% probabilities
(Figure 4B). of universal pembrolizumab, TPS50 pembrolizumab
For metastatic squamous NSCLC in the US context, and TPS1 pembrolizumab strategy being a cost-effective
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A Nonsquamous Non-Small-Cell Lung Cancer

Universal pembrolizumab VS. Reference strategy at WTP threshold ($150,000/QALY)

Subgroup Hazard Ratio (95% Cl) INHB (QALY, median[Range]) Probability of cost-effectiveness
Overall 0.49 (0.38 - 0.64) —e— 0.53 (0.07 - 1.05) 100%
Age
<65 yr 0.43 (0.31 - 0.61) ——— 0.79 (0.15 - 1.51) 100%
265 yr 0.64 (043 -0.95) +——@—— 0.07 (-0.41 - 0.79) 69.6%
Sex
Male 0.7 (0.5 - 0.99) —e— -0.06 (-0.45 - 0.49) 27.3%
Female 0.29 (0.19 - 0.44) e 1.67 (0.74 - 2.69) 100%

ECOG performance-status score

0 0.44 (0.28 - 0.71) i 0.74 (-0.08 - 1.75) 97.3%

1 0.53 (0.39 - 0.73) H———1 0.38 (-0.11 - 0.99) 93.4%
Smoking status

Current or former 0.54 (0.41 -0.71) —— 0.35(-0.08 - 0.89) 94.3%

Never 0.23 (0.1 - 0.54) * 2.23(0.35 - 4.07) 100%
Brain metastases at baseline

Yes 0.36 (0.2 - 0.62) —_——-— 1,17 (0.12 - 2.57) 100%

No 0.53 (0.39 - 0.71) H—&— 0.38 (-0.08 - 0.99) 96.9%
PD-L1 tumor proportion score

<1% 059(0.38-092) +H—@— 0.2 (-0.38 - 1.05) 78.1%

1-49% 0.55 (0.34 - 0.9) . 0.32(-0.36 - 1.3) 81.8%

250% 0.42 (0.26 - 0.68) i 0.84 (-0.02 - 1.93) 99.5%
Platinum-based drug

Carboplatin 0.52 (0.39 - 0.71) ——— 0.42 (~0.08 - 0.99) 94.8%

Cisplatin 0.41(0.24 - 0.69) S 0.89 (-0.04 - 2.12) 98.5%

r T T T T T T T T 1
-5 0 05 1 15 2 25 3 35 4
Favor reference strategy Favor universal pembrolizumab strategy

B Squamous Non-Small-Cell Lung Cancer

Universal pembrolizumab VS. Reference strategy at WTP threshold ($150,000/QALY)

Subgroup Hazard Ratio (95% CI) INHB(QALY, median[Range]) Probability of cost-effectiveness
Overall 0.64 (0.49 - 0.85) —— 0.1(-0.29 - 0.57) 76%
Age
<65 yr 0.52(0.34 - 0.8) — 0.46 (-0.22 - 1.35) 87.1%
265 yr 0.74 (051 -1.07) +H——— -0.12 (-0.47 - 0.5) 26.8%
Sex
Male 0.69 (0.51 - 0.94) —— -0.01(-0.4 - 0.5) 31%
Female 0.42(0.22-0.81) k L i 0.88 (-0.23 - 2.4) 92.3%

ECOG performance-status score

0 0.54 (0.29 - 0.98) k ® ! 0.4 (-0.45 - 1.73) 80.9%

1 0.66 (0.48 - 0.9) e 0.05 (~0.36 - 0.61) 68.7%
Region of enrollment

East Asia 0.44 (0.22 - 0.89) k L i 0.79 (-0.35-2.4) 89%

Rest of the world 0.69 (0.51 - 0.93) A -0.01(-0.39 - 0.5) 31.5%
PD-L1 tumor proportion score

<1% 0.61(0.38 - 0.98) T 0.18 (-0.45 - 1.1) 76.4%

1-49% 0.57 (0.36 - 0.9) e 0.3 (-0.36 - 1.22) 71.1%

250% 0.64 (0.37 - 1.1) B s | 0.1(-0.47 - 1.16) 76.7%

Taxane-based drug

Paclitaxel 0.67 (0.48 - 0.93) A 0.03 (-0.39 - 0.61) 81.6%
Nab-paclitaxel 059(0.36-098) +— @& — 0.24 (-0.45 - 1.22) 71.5%
r T T T T T 1
-05 0 05 1 15 2 25
Favor reference strategy Favor universal pembrolizumab strategy

Figure 2 Subgroup analysis of incremental net health benefits (INHB) and probabilities of cost-effectiveness of universal pembrolizumab
strategy versus reference strategy by varying the hazard ratios (HRs) of OS in whole patients with unconfirmed PD-L1 TPS metastatic
nonsquamous NSCLC (A) and squamous NSCLC (B). The vertical line indicates the point of no effect INHB =0), the red circle indicates
the median INHB, and the green bar indicates the ranges of INHB adjusted by the HRs. OS, overall survival; PD-L1, programmed cell
death 1 ligand 1; TPS, tumor proportion score; NSCLC, non-small-cell lung cancer.
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A Nonsquamous Non—-Small-Cell Lung Cancer
Base-case value Threshold= $150,000/QALY

HR of OS of universal pembrolizumab versus standard chemotherapy 0.45 - 0.7
Cost of pembrolizumab per 200mg $ 4581 I $ 9162
Duration of chemotherapy 5.4 Months 33.6 Months

Costs of post-discontinuation treatment in standard chemotherapy strategy $ 51451 m=mm $ 3087,
Year of time horizon 30 years — 10 ygars
Cost of PFD related to disease management per 21-days in 1st year $ 2829 - $4716
HR of PFS of universal pembrolizumab versus standard chemotherapy 0.58 m 0.4
Costs of post-discontinuation treatment in universal pembrolizumab strategy $ 9823 - $ 16371
Age of patient 34 years - 84 years|
Utility of time-to—death =360 days 0.85 @ 0.82
Cost of PFD related to disease management per 21-days in 2nd year $ 1302 l $2170
Cost of PD related to disease management per 21-days in >5th year $1842 1 $ 3070
Cost of PD related to disease management per 21-days in 2nd year $ 2225 q $ 3709
Cost of PD related to disease management per 21-days in 1st year $ 2839 i $4731
Cost of PD related to disease management per 21-days in 4th-5th year $1846 n $ 3077
Cost of maintenance chemotherapy with pemetrexed per 21-days $ 4415 l $ 7359
Cost of PD related to disease management per 21-days in 3rd year $1966 O $ 3277
Cost of PFD related to disease management per 21-days in 3rd year $ 1098 i $ 1830
Cost of PFD related to disease management per 21-days in 4th-5th year $891.1 i $14852
Probability of ADR (grade 23) related to pembrolizumab treatment 50.4 % 184 %
Cost of managing ADR (grade 23) per patient related to pembrolizumab treatment $ 1515 | $ 2525
Cost of PFD related to disease management per 21-days in >5th year $330.7 I $551.2
Utility of time—to—death 180-360 days 0.7910.74
Cost of terminal Care (last 30 days of life) $ 18291 l $ 10975
Utility of time—to—death 30-180 days 0.73 l 0.69
115000 152500 190000

ICER($/QALY Unlversal pembrollzumab versus Standard chemotherapy)

B Squamous Non—Small-Cell Lung Cancer
Base-case value Threshold= $150,000/QALY

HR of OS of universal pembrolizumab versus standard chemotherapy 0.49
Cost of pembrolizumab per 200mg $ 4581 _ $/9162
Year of time horizon 30years [ 10 years
Costs of post-discontinuation treatment in standard chemotherapy strategy $ 19704 — $ 11822
Cost of PFD related to disease management per 21-days in 1st year $ 2953 ! § 4922
Utility of time—to—death 2360 days 0.86 0 0;82
HR of PFS of universal pembrolizumab versus standard chemotherapy 0.7l| 0.45
Age of patient 34 years l 4 years
Cost of PFD related to disease management per 21-days in 2nd year $1566 0 $/2611
Cost of PD related to disease management per 21-days in 1st year $ 3259 l $|5432
Cost of PD related to disease management per 21-days in 2nd year $2283 1 $[3805
Cost of PD related to disease management per 21-days in 3rd year $ 1931 | $(3219
Cost of PD related to disease management per 21-days in 4th-5th year $ 1840 i $/3066
Cost of PFD related to disease management per 21-days in 4th—-5th year $574.2 i $(956.9
Cost of PFD related to disease management per 21-days in 3rd year $691.3 l ${1152.1
Costs of post-discontinuation treatment in universal pembrolizumab strategy $896.2 i $/1493.8
Utility of time—to—death 180-360 days 0.83 iO.
Cost of PD related to disease management per 21-days in >5th year $ 1840 | $[3066
Cost of terminal Care (last 30 days of life) $ 19372 | $|11624
Utility of time-to-death 30-180 days 0.76]0.72
Probability of ADR (grade 23) related to pembrolizumab treatment 52.3 % | 87.3 %
Cost of managing ADR (grade 23) per patient related to pembrolizumab treatment $ 1124 i $[1874
180000 250000

ICER($/QALY Unlversal pembrollzumab versus Standard chemotherapy)

Figure 3 Tornado diagram of one-way sensitivity analyses of universal pembrolizumab versus chemotherapy (reference strategy) in the
whole patients with unconfirmed PD-L1 TPS metastatic nonsquamous NSCLC (A) and squamous NSCLC (B). PD-L1, programmed cell
death 1 ligand 1; TPS, tumor proportion score; NSCLC, non-small-cell lung cancer.
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A Nonsquamous: Whole patients with unconfirmed PD-L1 TPS ‘ B ‘ Nonsquamous: Three subgroups with confirmed PD-L1 TPS

1 1
Threshold = § :150,000 JQALY Threshold = $ :150,000 JQALY
1

1.00

0.754

0.50 1

0.254

Probability that intervention is cost effective

- PD-L1TPS <1%
4= PD-L1 TPS =50%
— PD-L1TPS 1t049%

TPS1 pembrolizumab strategy
-9~ TPS50 pembrolizumab strategy
-#- Universal pembrolizumab strategy

0.00 ':‘—':‘—i'—‘:/
T T T T T T T T
0 100 200 300 0 100 200 300
Willingness—-to—pay thresholds(x1000,$/QALY)
C Squamous: Whole patients with unconfirmed PD-L1 TPS ‘ D ‘ Squamous: Three subgroups with confirmed PD-L1 TPS
1 1
1.00 Threshold ='$ 150,000 /QALY Threshold =:$ 150,000 /QALY

0.754

0.50

0.25

Probability that intervention is cost effective

- PD-L1TPS <1%
4= PD-L1TPS =50%
~ PD-L1TPS 1to 49%

TPS1 pembrolizumab strategy
-6~ TPS50 pembrolizumab strategy
-#- Universal pembrolizumab strategy

0004 H—=

T T T T T
0 100 200 300 0 100 200 300

Willingness—-to—pay thresholds(x1000,$/QALY)

Figure 4 Cost-effectiveness acceptability curves of universal pembrolizumab, TPS50 pembrolizumab and TPS1 pembrolizumab strategy
versus chemotherapy (reference strategy) for metastatic nonsquamous and squamous NSCLC in the whole patients with unconfirmed PD-
L1 TPS (A and C), and pembrolizumab strategy versus chemotherapy (reference strategy) in three subgroups with confirmed PD-L1 TPS
<1%, 1% to0 49% and >50% (B and D). PD-LI, programmed cell death 1 ligand 1; TPS, tumor proportion score; NSCLC, non-small-cell

lung cancer.
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strategy compared with chemotherapy at the threshold of
$150,000/QALY in the whole patients with unconfirmed
PD-L1 TPS (Figure 4C), and 76%, 82% and 60%
probabilities of pembrolizumab being a cost-effective
strategy compared with chemotherapy in three subgroups
with confirmed PD-L1 TPS <1%, 1% to 49% and >50%
(Figure 4D).

For metastatic nonsquamous and squamous NSCLC
in the Chinese context, the CEAC showed lower than
10% probabilities of universal pembrolizumab, TPS50
pembrolizumab and TPS1 pembrolizumab strategy being
a cost-effective strategy compared with chemotherapy
at the threshold of $29,196/QALY in the whole patients
with unconfirmed PD-L1 TPS and three subgroups with
confirmed PD-L1 TPS <1%, 1% to 49% and >50%.

Discussion

To our knowledge, this is the first analysis to address
the unmet need for an economic assessment of PD-L1
categories-directed pembrolizumab treatment in the
first-line setting. When treatment was guided according
to the PD-L1 TPS after PD-L1 expression status was
tested, adding pembrolizumab for only those with PD-L1
TPS >1% and >50% did not show the improvement of
cost-effectiveness in comparison with routinely adding
pembrolizumab treatment for all patients. Although the
ICERs of universal pembrolizumab, TPS50 pembrolizumab
and TPS1 pembrolizumab strategy versus chemotherapy
were comparable, the universal pembrolizumab strategy
gained the greatest incremental QALYs and INHB.
The sensitivity analysis confirmed that these results are
generally robust. These findings suggest that routinely
adding pembrolizumab to chemotherapy without PD-L1
testing is a favorable option for previously untreated
metastatic nonsquamous and squamous NSCLC without
EGFR or ALK mutations. This finding could be supported
by the results in the subgroups prespecified by the
KEYNOTE-189 and KEYNOTE-407 trials (7,8), which
showed the addition of pembrolizumab treatment are cost-
effective in these subgroups. However, in the developing
setting, adding pembrolizumab to chemotherapy is not a
cost-effective option because its ICERs of pembrolizumab
plus chemotherapy against chemotherapy were higher
than $100,000/QALY regardless of the histology and TPS
subgroups, which highly exceed the willingness-to-pay
threshold of $29,196/QALY in the Chinese context.

Our finding was consistent with two recent economic
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analyses, which found that pembrolizumab plus
chemotherapy generated an ICER of $104,823/QALY and
$86,293/QALY comparing with chemotherapy strategy
in the overall non-squamous and squamous NSCLC
population from a US healthcare payer perspective,
respectively (11,12). However, adding pembrolizumab to
chemotherapy for non-squamous NSCLC with PD-L1
<1% is exceeding $150,000 per QALY, which is
distinguished with our results. A possible explanation for
this variation could be that the incremental health outcomes
in Insinga’s evaluation were lower than ours due to the
different method of tracking the survival probabilities
among three subgroups, where the same estimation in
Insinga’s evaluation was applied for three subgroups and
the full trial population (12). As shown by the results of
KEYNOTE-189 trial, health outcomes in PD-L1 >50%
subgroup receiving chemotherapy is superior to the PD-L1
<1% subgroup. However, Insinga’s evaluation showed
the PD-L1 <1% subgroup had the longer life-years and
QALYs than the PD-L1 >50% subgroup (12), which in
turn had an underestimation effect of pembrolizumab
plus chemotherapy on the incremental health outcomes in
PD-L1 <1% subgroup. By using the estimated HRs of PFS
and OS between three subgroups and the whole patients,
our analysis captured the distinguishable health outcomes
among three subgroups.

One recent economic evaluation found that the use
of PD-L1 expression as a biomarker increases the cost-
effectiveness of immunotherapy for second-line treatment
of metastatic/metastatic NSCLC from a US healthcare
payer perspective (10), which is coherent with our finding in
the squamous NSCLC. However, it is discordant with the
nonsquamous NSCLC that adding pembrolizumab for all
patients without PD-L1 testing was more cost-effective than
the PDL1-directed pembrolizumab treatment, which might
be explained by the fact that the PD-L1 <1% subgroup in
nonsquamous NSCLC had the more favorable economic
outcomes than those with PD-L1 TPS >50%. The potential
reason is that the lower incremental cost and higher
incremental health outcomes of pembrolizumab versus
chemotherapy strategy in PD-L1 <1% subgroup than those
with PD-L1 TPS >50%, which was yielded by the relatively
higher HR of PFS and lower OS of pembrolizumab versus
chemotherapy strategy in PD-L1 <1% subgroup (6). The
higher HR of PFS led to the shorter duration and lower
cost of pembrolizumab treatment.

The nature of pembrolizumab plus chemotherapy to
prolong the OS was a major driver of economic outcomes.
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The results of one-way sensitivity analysis revealed that the
HR of OS is a substantial model input, which suggested
that the addition of pembrolizumab would become more
cost-effective in patients with more favorable HR of
OS, such as the female patients and age <65 years old.
However, in some patients with more unfavorable HR
of OS who have a high risk of death, such as those aged
>65 years, the addition of pembrolizumab might be less
cost-effective. The cost of pembrolizumab was also found
to be a considerable influential factor. When the cost
of pembrolizumab decreased by 50%, the ICER for the
addition of pembrolizumab decreased to be close to $50,000/
QALY. Recently, the US government has proposed indexing
the prices that Medicare pays for drugs to those paid by
health systems in other developed countries, to help bring
down the relatively high prices paid by US patients (25).
Once it is enacted or implemented, the initiative might lead
to a reduction in the price of pembrolizumab and achieving
a more favorable economic outcome.

There are several weaknesses with the analysis. Firstly,
due to the lack of head-to-head data, the discrepancy of
trial design and different techniques of biomarker testing,
we did not include other ICIs regimens, such as nivolumab
plus ipilimumab and atezolizumab plus chemotherapy,
which have also shown favorable health benefits in
the first-line setting for metastatic NSCLC (26,27).
Secondly, health benefits beyond the observation time
of the KEYNOTE-189 and KEYNOTE-407 trials were
assumed through the fitting of parametric distributions
to the reported PFS and OS data, which might result in
uncertainty in the model outputs although the predicted
and observed data were validated. Thirdly, we did not
measure the budget impact of adding pembrolizumab
on society, which usually performed in addition to a
cost-effectiveness analysis for estimating the financial
consequences of adopting a new intervention (28). For
example, because about annually 64,901 new NSCLC
patients would be eligible for 17.9 first-line treatment
cycles of pembrolizumab (29), wide first-line prescription of
pembrolizumab might intensively raise the financial burden.
However, because the findings of this evaluation reflected
the general clinical conditions of managing metastatic
NSCLC, it might be a valuable reference for physicians and
policy-makers.

These estimates demonstrated that adding pembrolizumab
to chemotherapy as a first-line strategy was the cost-effective
option in the US, and could be directly administered for
treating metastatic nonsquamous and squamous NSCLC
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harboring no EGFR or ALK mutations and without PD-
L1 expression information. However, pembrolizumab
plus chemotherapy is not a cost-effective option in the
Chinese context. Reducing the price of pembrolizumab
could improve the economic outcomes. These findings
might contribute to aiding clinicians in making the optimal
decision for the treatment of metastatic NSCLC.
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Supplementary

Table S1 Survival model parameters fitting to the PFS and OS data from KEYNOTE-189 and KEYNOTE-407 trials

PFS 0os
Trials and populations
Model Parameter AIC Model Parameter AIC
KEYNOTE-189 trial
Whole patients with unconfirmed PD-L1 TPS
Pembrolizumab plus chemotherapy Gamma Shape =1.4661; rate =0.0904 1873.05 Mixed cure model with Gompertz Theta =0.6019; shape =0.0894; rate =0.0346 1241.31
Chemotherapy Log-normal Meanlog =1.9509; sdlog =0.9444 1083.14 Mixed cure model with Weibull Theta =0.4023; shape =1.5979; scale =11.1068 897.70
Subgroup with confirmed PD-L1 TPS of <1%
Pembrolizumab plus chemotherapy Log-normal Meanlog =2.1661; sdlog =0.9333 639.15 Exp Rate =0.0264 456.18
Chemotherapy Log-normal Meanlog =1.956; sdlog =0.8955 351.90 Log-normal Meanlog =2.749; sdlog =1.2256 291.22
Subgroup with confirmed PD-L1 TPS of 1% to 49%
Pembrolizumab plus chemotherapy Log-logistic Shape =1.6079; scale =13.5793 550.35 Mixed cure model with Weibull Theta =0.6321; shape =1.4845; scale =13.4376 363.45
Chemotherapy Log-logistic Shape =2.1047; scale =8.4391 291.20 Mixed cure model with Gompertz Theta =0.4666; shape =0.1891; rate =0.0208 241.85
Subgroup with confirmed PD-L1 TPS of >50%
Pembrolizumab plus chemotherapy Log-normal Meanlog =2.7938; sdlog =1.3274 573.49 Mixed cure model with Exp Theta =0.4777; rate =0.0356 343.80
Chemotherapy Gompertz Shape =0.0029; rate =0.1024 369.26 Mixed cure model with Weibull Theta =0.4403; shape =1.6597; scale =10.0783 298.21
KEYNOTE-407 trial
Whole patients with unconfirmed PD-L1 TPS
Pembrolizumab plus chemotherapy Royston/Parmar spline Gamma0 =-3.9141; gamma1 =0.6845; 1149.42 Royston/Parmar spline Gamma0 =-5.0944; gamma1 =0.2873; 811.27
gamma2 =-0.907; gammag3 =1.2688 gammaz2 =0.0969; gamma3 =-0.228
Chemotherapy Log-logistic Shape =1.8725; scale =7.0535 1294.25 Mixed cure model with Gompertz Theta =0.3285; shape =0.0871; rate =0.0363 1014.34
Subgroup with confirmed PD-L1 TPS of <1%
Pembrolizumab plus chemotherapy Weibull Shape =1.3007; scale =14.1579 403.01 Gompertz Shape =0.0577; rate =0.016 279.48
Chemotherapy Log-logistic Shape =2.1166; scale =6.6265 508.39 Mixed cure model with Gompertz Theta =0.3034; shape =0.1604; rate =0.0196 363.49
Subgroup with confirmed PD-L1 TPS of 1% to 49%
Pembrolizumab plus chemotherapy Log-logistic Shape =1.4189; scale =11.4898 425.05 Mixed cure model with Gompertz Theta =0.0035; shape =0.0634; rate =0.0139 302.59
Chemotherapy Weibull Shape =1.6288; scale =9.7936 489.05 Exp Rate =0.0373 379.33
Subgroup with confirmed PD-L1 TPS of >50%
Pembrolizumab plus chemotherapy Weibull Shape =1.5796; scale =14.3775 299.79 Mixed cure model with Exp Theta =0.0033; rate =0.0263 217.50
Chemotherapy Weibull Theta =0.0781; shape =1.5134; scale =6.3663 345.17 Exp Rate =0.0383 249.26

PFS, progression-free survival; OS, overall survival; AIC, Akaike information criterion; PD-L1, programmed cell death 1 ligand 1; TPS, tumor proportion score.
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in KEYNOTE-407 trial. The smooth lines indicated the survival curves predicting their corresponding best survival distributions. The
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Table S2 Hazard ratios of subgroups with confirmed PD-L1 TPS versus whole patients with unconfirmed PD-L1 TPS in chemotherapy arms

PFS 0os
Trials and populations Expected  Lowerlimit  Upperlimit ~ Expected Lower limit  Upper limit
value of 95% ClI of 95% CI value of 95% ClI of 95% CI
KEYNOTE-189 trial
Subgroup with confirmed PD-L1 TPS of <1% 1.29 1.07 1.56 1.22 0.95 1.57
Subgroup with confirmed PD-L1 TPS of 1% to 49% 0.87 0.71 1.07 0.89 0.67 1.17
Subgroup with confirmed PD-L1 TPS of =50% 0.88 0.72 1.07 0.87 0.67 1.14
KEYNOTE-407 trial
Subgroup with confirmed PD-L1 TPS of <1% 1.09 0.89 1.33 1.05 0.81 1.37
Subgroup with confirmed PD-L1 TPS of 1% to 49% 0.98 0.8 1.19 0.97 0.74 1.26
Subgroup with confirmed PD-L1 TPS of =50% 1.13 0.9 1.41 1.02 0.75 1.39

PFS, progression-free survival; OS, overall survival; PD-L1, programmed cell death 1 ligand 1; TPS, tumor proportion score.



Table S3 Cost estimates in the Chinese setting

Strategy Cost Pr?,ifi?(isn- Overall LYs QALYs ccir;fr:;:giaLIY* INHB**
Nonsquamous non-small-cell lung cancer
Whole patients with unconfirmed PD-L1 TPS
Standard chemotherapy (reference strategy) 52,327 0.479 1.822 1.304 NA NA
Universal pembrolizumab strategy 104,925 1.317 3.554 2.416 47,328 -0.739
TPS50 pembrolizumab strategy 73,008 0.742 2.350 1.640 61,686 -0.392
TPS1 pembrolizumab strategy 88,934 1.050 2.880 1.976 54,536 -0.617
Subgroup with confirmed PD-L1 TPS of <1%
Standard chemotherapy (reference strategy) 47,933 0.468 1.387 1.005 NA NA
Pembrolizumab strategy 92,081 0.814 2.968 2.054 42,085 -0.505
Subgroup with confirmed PD-L1 TPS of 1% to 49%
Standard chemotherapy (reference strategy) 55,717 0.556 2.012 1.435 NA NA
Pembrolizumab strategy 105,925 1.527 3.684 2.495 47,400 -0.707
Subgroup with confirmed PD-L1 TPS of >50%
Standard chemotherapy (reference strategy) 53,375 0.421 2.056 1.465 NA NA
Pembrolizumab strategy 111,204 1.164 3.549 2.413 61,018 -1.088
Squamous non-small-cell lung cancer
Whole patients with unconfirmed PD-L1 TPS
Standard chemotherapy (reference strategy) 41,084 0.526 1.819 1.338 NA NA
Universal pembrolizumab strategy 85,967 1.311 3.058 2.157 54,805 -0.761
TPS50 pembrolizumab strategy 59,920 1.050 2.247 1.624 65,920 -0.377
TPS1 pembrolizumab strategy 75,129 1.108 2.802 1.984 52,719 —-0.552
Subgroup with confirmed PD-L1 TPS of <1%
Standard chemotherapy (reference strategy) 41,146 0.466 1.736 1.282 NA NA
Pembrolizumab strategy 83,163 0.813 3.094 2.185 46,548 -0.576
Subgroup with confirmed PD-L1 TPS of 1% to 49%
Standard chemotherapy (reference strategy) 43,535 0.411 1.912 1.405 NA NA
Pembrolizumab strategy 91,485 0.594 3.663 2.540 42,242 -0.553
Subgroup with confirmed PD-L1 TPS of >50%
Standard chemotherapy (reference strategy) 38,829 0.685 1.812 1.331 NA NA
Pembrolizumab strategy 91,443 2.167 3.022 2.139 65,136 -1.044

*, comparing with reference strategy; #, three times of Chinese gross domestic product (GDP) per capita in 2018 ($28,410) was adopted as
the willingness-to-pay threshold. QALY, quality-adjusted-life year; INHB, incremental net-health benefit; PD-L1, programmed cell death 1
ligand 1; TPS, tumor proportion score.



Table S4 Summary of cost (§) and outcome results in base-case analysis in Chinese setting

Strategy Cost Pr?,ifi?(isn- Overall LYs QALYs ccir;fr:;:giaLIY* INHB**
Nonsquamous non-small-cell lung cancer
Whole patients with unconfirmed PD-L1 TPS
Standard chemotherapy (reference strategy) 52,327 0.479 1.822 1.304 NA NA
Universal pembrolizumab strategy 104,925 1.317 3.554 2.416 47,328 -0.739
TPS50 pembrolizumab strategy 73,008 0.742 2.350 1.640 61,686 -0.392
TPS1 pembrolizumab strategy 88,934 1.050 2.880 1.976 54,536 -0.617
Subgroup with confirmed PD-L1 TPS of <1%
Standard chemotherapy (reference strategy) 47,933 0.468 1.387 1.005 NA NA
Pembrolizumab strategy 92,081 0.814 2.968 2.054 42,085 -0.505
Subgroup with confirmed PD-L1 TPS of 1% to 49%
Standard chemotherapy (reference strategy) 55,717 0.556 2.012 1.435 NA NA
Pembrolizumab strategy 105,925 1.527 3.684 2.495 47,400 -0.707
Subgroup with confirmed PD-L1 TPS of >50%
Standard chemotherapy (reference strategy) 53,375 0.421 2.056 1.465 NA NA
Pembrolizumab strategy 111,204 1.164 3.549 2.413 61,018 -1.088
Squamous non-small-cell lung cancer
Whole patients with unconfirmed PD-L1 TPS
Standard chemotherapy (reference strategy) 41,084 0.526 1.819 1.338 NA NA
Universal pembrolizumab strategy 85,967 1.311 3.058 2.157 54,805 -0.761
TPS50 pembrolizumab strategy 59,920 1.050 2.247 1.624 65,920 -0.377
TPS1 pembrolizumab strategy 75,129 1.108 2.802 1.984 52,719 —-0.552
Subgroup with confirmed PD-L1 TPS of <1%
Standard chemotherapy (reference strategy) 41,146 0.466 1.736 1.282 NA NA
Pembrolizumab strategy 83,163 0.813 3.094 2.185 46,548 -0.576
Subgroup with confirmed PD-L1 TPS of 1% to 49%
Standard chemotherapy (reference strategy) 43,535 0.411 1.912 1.405 NA NA
Pembrolizumab strategy 91,485 0.594 3.663 2.540 42,242 -0.553
Subgroup with confirmed PD-L1 TPS of >50%
Standard chemotherapy (reference strategy) 38,829 0.685 1.812 1.331 NA NA
Pembrolizumab strategy 91,443 2.167 3.022 2.139 65,136 -1.044

*, comparing with reference strategy; #, three times of Chinese gross domestic product (GDP) per capita in 2018 ($28,410) was adopted as
the willingness-to-pay threshold. QALY, quality-adjusted-life year; INHB, incremental net-health benefit; PD-L1, programmed cell death 1
ligand 1; TPS, tumor proportion score.
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