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To evaluatethe cost—utility of pembrolizumab versus chemotherapy asthefirst-line setting for metastatic non-
small cell lung cancer (NSCL C) from the US health care system perspective, aMarkov model was devel oped
to compare the lifetime cost and effectiveness of pembrolizumab versus chemotherapy for untreated meta-
static NSCLC, based on the clinical data derived from phase |11 randomized controlled trial (KEYNOTE-
042; Clinical Trials.gov; NCT02220894). Weibull distribution was fitted to simulate the parametric survival
functions. Drug costs were collected from official websites, and utility values were obtained from pub-
lished literature. Total costs, quality-adjusted life years (QALY's), and incremental cost-effectiveness ratios
(ICERs) were computed as primary output indicators. The impact of different PD-L1 expression levels
on ICER was also evaluated. One-way and probabilistic sensitivity analyses were performed to assess the
model uncertainty. Compared with chemotherapy, patients treated with pembrolizumab provided an addi-
tional 1.13, 1.01, and 0.59 QALYs in patients with PD-L1 expression levels of 250%, >20%, and >1%,
with corresponding incremental cost of $53,784, $47,479, and $39,827, respectively. The resultant ICERs
of pembrolizumab versus chemotherapy were $47,596, $47,184, and $68,061/QALY, in three expression
levels of PD-L1, respectively, all of which did not exceed the WTP threshold of 180,000/QALY. Probability
sensitivity analysis outcome supported that pembrolizumab exhibited evident advantage over chemotherapy
to be cost-effective. One-way sensitivity analysis found that ICERs were most sensitive to utility value of
pembrolizumab in progression survival state. All the adjustment of parameters did not qualitatively change
the result. For treatment-naive, metastatic NSCLC patients with PD-L1*, pembrolizumab was estimated
to be cost-effective compared with chemotherapy for all PD-L1 expression levels at a WTP threshold of
$180,000/QALY in the context of the US health care system.
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INTRODUCTION

L ung cancer isthe neoplasm with the highest incidence
worldwide and is considered to be responsible for nearly
20% and ranked first in cancer-related deaths'. Non-small
cell lung cancer (NSCLC) accounts for approximately
80%-85% of all lung cancers’. Over the past decade,
platinum-based chemotherapy has remained the tradi-
tional mainstay of treatment for metastasis in NSCLC
patients®, which is associated with modest efficacy and

has reached a plateau. Fortunately, the tremendous efforts
in devel oping new drugs and profound research on poten-
tial biomarkers have promoted the emergency of immune
checkpoint inhibitors (ICIs) that block the programmed
cell death protein 1 (PD-1) and programmed cell death
ligand 1 (PD-L 1) pathway to treat NSCL C, showing con-
siderable advantages™®

Pembrolizumab (Keytruda), a humanized monoclo-
nal antibody designed to block the PD-1 receptor, was
approved by the Food and Drug Administration (FDA)
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as the first-line treatment for metastatic NSCL C patients
without an EGFR mutation or ALK translocation™®. The
use of pembrolizumab brings hopes to the treatment of
metastatic NSCL C patients. New clinical outcomes have
further proved that pembrolizumab survival benefits sta-
tistically compared to chemotherapy®. Taking the drug
price into account, this could result in asignificant rise of
financial burden on the health care system, so it is neces-
sary to conduct an economic analysis.

Onthebasisof survival datafromaseriesof KEYNOTE
trials, numerous economic appraisals of pembrolizumab
have been carried out from different countries perspec-
tivel®12, However, there are still no relevant reports based
onthe KEYNOTE 042, which investigated the benefits of
pembrolizumab monotherapy compared with chemother-
apy in PD-L1 =50%, 220%, and 21% metastatic NSCLC
patients, respectively, to evaluate the cost—utility of pem-
brolizumab. By reason of patients with a higher expres-
sion level of PD-L1 could achieve longer median survival
time than that lower PD-L1 expression, the possibility of
pembrolizumab to be cost saving might vary from differ-
ent PD-L1 levels. Therefore, in this analysis, we sought
to evauate the cost—utility of pembrolizumab in meta-
static NSCL C patients with different expression levels of
PD-L1 in the context of the US health care system.

MATERIALSAND METHODS
Model Sructure

A Markov model was developed to project expected
costs and efficacy of pembrolizumab compared with che-
motherapy, within three mutually exclusive health states:
“progression-free survival (PFS)” (initial state of patient
until progression), “progression survival (PS)” (state
after disease progression), and “death” (absorbing state)

Figure 1. Model structure.
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(Fig. 1). Eligible population in this model was based on
the enrollment criterion of KEYNOTE-42 trial®, which
was patients with locally advanced or metastatic NSCL C,
previously untreated, and without EGFR mutation or
ALK translocation. Pembrolizumab was administrated
up to amaximum of 35 cycles, and platinum-based che-
motherapy was continued for 4—6 cycles or until disease
progression. As disease progressed, patientswere allowed
to receive subsequent treatment including chemotherapy,
target therapy, immunotherapy, or two treatment options
mentioned above simultaneously. The parametric sur-
vival curve fitting was performed in R software (version
3.5.1), and the Markov model was developed and run in
TreeAge 2017.

The analysis was conducted from the perspective of
the US health care system. The cycle was as 21 days,
and the model was run until 99% of the patients enter
death state with a time horizon of lifetime. The primary
outputs of this model were lifetime health care costs,
quality-adjusted life years (QALYS), and incremental
cost-effectiveness ratios (I CERS). |CERs were compared
withthewillingness-to-pay (WTP) threshold of $180,000/
QALY inthe US® to estimate the cost—utility. Costs were
discounted at an annual rate of 3%.

Effectiveness Parameters

The model effectiveness parameters were obtained
from KEYNOTE-042°. The surviva functions, which
were fitted according to the PFS and OS data from
Kaplan-Meier (KM) curves, were used to calculate the
transfer probability among the states. Both the Weibull
and the log-logistic distributions werefitted, and the opti-
mal survival function was employed. Thefitting was con-
ducted following UK Nationa Institute for Health and
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Care Excellence (NICE) Decision Support Unit (DSU)
guidelines*. In adjusted R? of fit tests, the matching
degree of extrapolation outcome and clinical data were
considered in selecting the final distribution functions for
the model. The background mortality rate for each age
group was derived from published literature and adopted
to estimate the transfer probability of PFS to death.
Finaly, we fitted three series curves for patients with
PD-L1 expressions of =50%, 220% and 21% according
to KEYNOTE-042 setting (Table 1).

Utility value, which measures health-related quality
of life (HR-QoL) in a range of 0-1, was obtained from
published literature' (Table 2). QALY's were computed
by multiplying life-years by utility values.

Cost Inputs

Only direct medical costs were considered in the
model. Cost components associated with cancer treat-
ment included drug acquisition, follow-up, best support
care (BSC), treatment of serious adverse events (SAES),
and termina care.

Drug acquisition cost was based on the dosing sched-
ule reported in KEYNOTE-0425. Pembrolizumab was
administered at a dose of 200 mg every 3 weeks (q3w).
The chemotherapy group regimens, namely, pemetrexed/
paclitaxel + carboplatin, were administered g3w for 4 to 6
cycles depending on specific regimen choice, which was
calculated based on the proportion of patients on each
regimen according to the trial. As disease progressed,
both groups of patients received one or more treatment
regimens, so the drug cost for PS state was cal culated and
adjusted according KEYNOTE-042 trail. The patients
body surface area (BSA) and typical weigh were assumed
to be 1.82 m? @ and 71.4 kg, respectively, to estimate
the doses of chemotherapy agents as well as second-line
drug therapy (nivolumab and bevacizumab). Unit prices
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of drugsin the US were obtained from the website www.
drugs.com.

Follow-up cost was counted from PFS state and
throughout the treatment process, while BSC occurred in
PS state after 5-month subsequent therapy on the basis
of several articles about second-line treatment of NSCLC
patients*!®. Terminal care costs were also included as a
one-time cost in the fina state in the US®. The above
resource costs were obtained from previously published
Sudl esl7,21,22_

SAE-related costs were computed by multiplying the
estimated incidence rates of per AEs by the correspond-
ing unit treatment cost. Four SAEs with high incidence
rates (>1%) and expensive treatment expenditure were
enrolled in this model, which were neutropenia, ane-
mia, thrombocytopenia, and pneumonitis (Table 3). AE
unit treatment costs were obtained from an analysis con-
ducted in developed countries®. All the unit costs used
in the base analysis were presented as US dollars and are
listed in Table 2.

Sensitivity Analyses

One-way deterministic sensitivity analysis (DSA) was
conducted to evaluate the variation of the model result by
changes in key parameters within the plausible ranges.
To be specific, parameters were imposed lower and upper
limits with mean+ standard deviation obtained from the
literature'® or a range of £20% of the base case value®.
Probabilistic sensitivity analysis (PSA) was carried out to
test the alteration of the model with respect to uncertainty
in model input parameters, performing Monte Carlo sim-
ulation with 1,000 iterations using different distributions
such as log-normal for cost values and gamma for util-
ity values. The ranges and distributions of parameters for
sensitivity analyses are given in Table 2.

Table 1. Clinica Inputs: Weibull Survival Curve-Fitting Parameters

PD-L 1 Expression Regimen Scale (A) Shape (y) Adjusted R?
Overall survival
>50% Pembrolizumab 0.063985 0.796046 0.999902
Chemotherapy 0.041061 1.089799 0.999146
>20% Pembrolizumab 0.065791 0.816173 0.999862
Chemotherapy 0.041653 1.066223 0.999218
>1% Pembrolizumab 0.072141 0.8074439 0.999866
Chemotherapy 0.04438 1.059809 0.999284
Progression-free
survival
>50% Pembrolizumab 0.144153 0.769625 0.998946
Chemotherapy 0.062074 1.232194 0.998621
>20% Pembrolizumab 0.156777 0.770046 0.998626
Chemotherapy 0.059433 1.226069 0.999018
>1% Pembrolizumab 0.16432 0.79536 0.998187
Chemotherapy 0.065666 1.197265 0.999148

PD-L1, programmed cell death ligand 1.
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Table 2. Base Parameter Input to Model and Ranges of Sensitivity Analyses

WENG ETAL.

Parameters Base Value Lower Upper Distribution Source

Cost ($)
Pembrolizumab (200 mg) 9,180.80 7,344.64  11,016.96  Log-normal 15, www.drugs.com
Carboplatin (50 mg) 12.79 1023 1535 Log-normal 15, www.drugs.com
Paclitaxel (30 mg) 15.57 72.66  109.00 Log-normal 15, www.drugs.com
Pemetrexed (100 mg) 728.91 583.13  874.69 Log-normal 15, www.drugs.com
Nivolumab (40 mg) 1,119.90 895.92  1,343.88 Log-normal 15, www.drugs.com
Docetaxel (20 mg) 609.43 48754 73132 Log-normal 15, www.drugs.com
Gemcitabine (1000 mg) 782.50 626.00  939.00 Log-normal 15, www.drugs.com
Gefitinib (250 mg) 271.34 217.07 32561 Log-normal 15, www.drugs.com
Crizotinib (250 mg) 293.48 23478  352.18 Log-normal 15, www.drugs.com
Bevacizumab (100 mg) 840.51 67241  1,008.61 Log-normal 15, www.drugs.com
Pneumonitis 6,491.17 5,192.94 7,789.40 Log-normal 15,23
Anemia 6,461.96 5,169.57  7,754.35 Log-normal 15,23
Neutropenia 104.48 8358  125.38 Log-normal 15,23
Thrombocytopenia 232.55 186.04  279.06 Log-normal 15,23
Follow-up 3,785.00 3,028.00  4,542.00 Log-normal 15,17
Best support care 124.95 99.96 149.94 Log-normal 15,21
Terminal care 5,546.18 4,436.94 6,655.42 Log-normal 15,20

Utility values
Pembrolizumab of PFS 0.71 047 095 gamma 16
Pembrolizumab of PS 0.67 047 087 gamma 16
Chemotherapy of PFS 0.68 044 092 gamma 16
Chemotherapy of PS 0.67 047 087 gamma 16

Body surface area (m?) 1.82 152 192 Normal 17

Body weight (kg) 71.4 29 112 gamma 18

Discount rate (%) 3 0 5 Fixed 10,17

PFS, progression-free survival; PS, progression survival.

RESULTS Sensitivity Analyses

Base Case Results

Compared with chemotherapy, pembrolizumabyiel ded
againof QALYs, along with an increasein total costsfor
treatment-naive, metastatic NSCL C patients (Table 4). In
this analysis, patients treated with pembrolizumab pro-
duced an additional 1.13, 1.01, and 0.59 QALYs more
than chemotherapy in the cohorts with PD-L1 expres-
sion levels of =50%, =20%, and =1%, respectively. From
the US health care system perspective, the correspond-
ing incremental costs over lifetime horizon spent for
pembrolizumab in comparison to chemotherapy were
$53,784, $47,479, and $39,827. Consequently, ICERs
were estimated to be $47,596/QALY, $47,184/QALY,
and $68,061/QALY in PD-L1 expression levels of 250%,
>20%, and =1%, respectively, al of which were within
the WTP threshold of $180,000/QALY.

The results of one-way DSA are shown as the tornado
diagrams (Fig. 2). It manifested that the utility value
of pembrolizumab in PS state had the greatest impact
on ICERs regardless of PD-L1 expression levels. The
ICER varied from $34,985 to $76,420/QALY, $32,804
to $79,243/QALY, and $45,498 to $138,720/QALY in
patients of PD-L1 =50%, =20%, and =1%, respectively,
both of which werefar below theWTP (Fig. 2A—C). Other
variables that considerably impacted the ICERs were the
price of pembrolizumab, utility value of pembrolizumab
in PFS state, and utility value of chemotherapy in the PS
state. Taken together, varying the key parametersin a sen-
sible range had limited impact on the resullts.

The PSA results are exhibited as the cost-effectiveness
acceptability curve (Fig. 3). At the WTP of $180,000/
QALY, pembrolizumab showed an obvious advantage

Table 3. Treatment-Related Adverse Events

Adverse Event Rates®  Pembrolizumab (%)  Chemotherapy (%)
Pneumonitis 20 (3%) 0
Anemia 4 (<1%) 80 (13%)
Neutropenia 1 (<1%) 46 (7%)
Thrombocytopenia 1 (<1%) 10 (2%)
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Pembrolizumab ~ Chemotherapy  Incremental

PD-L1 expression=50%

QALY 1.87 0.74 1.13

Total cost 117,390 63,605 53,784

ICER 47,596
PD-L1 expression=20%

QALY 1.78 0.77 1.01

Total cost 112,341 64,862 47,479

ICER 47,184
PD-L1 expression=1%

QALY 1.37 0.78 0.59

Total cost 104,747 64,919 39,827

ICER 68,061

PD-L1, programmed cell death ligand 1; QALY, quality-adjust life years; ICER, incre-

mental cost-effectiveness ratio.

over chemotherapy to be cost-effective, with 92.1%,
92.4%, and 82.3% of the 1,000 Monte Carlo simulations
favored the outcome in patients of PD-L1 >50%, >20%,
and =1%, respectively.

DISCUSSION

The sharp rise in the cost of IClsis aworldwide puz-
Zle, and recently a lot of research has focused on their
cost-effectiveness. Pembrolizumab, as a first-line ther-
apy for metastatic NSCLC with PD-L1 expression level
>50%, was previously evaluated in the US, France, and
the UK11624" The analyses results revealed that in the
US and France, pembrolizumab was considered a cost-
effective strategy for treatment-naive NSCL C patients with
PD-L 1 expression 250%™, yet it was not a cost-saving
regimen in the UK, However, thisresearch only covered
the population with PD-L1 expression 250% due to the
clinical datalimitationin KEYNOTE-024%. KEYNOTE-
0425, afurther and enlarged research of KEY NOTE-024,
revealed the different survival benefits for three levels of
PD-L1 expression (=50%, >20%, and =1%). Given the
different PFS and OS benefits associated with different
PD-L1 expression levels, we specifically constructed a
Markov model to evaluate the cost-effectiveness of pem-
brolizumab as first-line treatment for metastatic NSCLC
patientsin three levels of PD-L1 expression.

Base case results indicated that, compared to plati-
num-based chemotherapy, pembrolizumab provided the
ICERSs of $47,596/QALY, $47,184/QALY, and $68,061/
QALY at the PD-L1 expression levels of =50%, >20%,
and =>1%, respectively. All ICERs were below the WTP
threshold of $180,000/QALY, which means the addi-
tional benefits associated with pembrolizumab is worth
the extra costs in the context of the US health care sys-
tem. Generally, the ICER decreased with the increase in
PD-L1 expression along with more therapy efficiency.
The higher the PD-L1 expression, the better the cost-
effectiveness. We found that the ICER of expression

level =50% close to that of expression =20% may be
due to the fact that in KEYNOTE-042 trial, the numbers
of patients with expression level >50% accounted for
nearly 75% in the expression level 220% group.

One-way DSA reveded that the main driver of the
incremental cost was the utility value of pembrolizumab
in the PS state. Because PS state occupies alonger dura-
tion in patients’ overall survival time, a slight change in
the utility value in the PS state could cause a significant
impact on ICERs. However, the relationship between the
ICERs and WTP remained unchanged in either lower or
upper values of key parameters. According to the PSA
results, the possibility of pembrolizumab over chemo-
therapy to be cost-effective at aWTP of $180,000/QALY
was 92.1%, 92.4%, and 82.3% in patients with PD-L1
>50%, =20%, =1%, respectively. Even if the WTP was
lowered to $100,100/QALY, pembrolizumab also sur-
passes chemotherapy to be cost saving. It signifies that
pembrolizumab monotherapy isworth being widely used
in clinics when both price and efficacy are taken into
account simultaneously.

There are some strengths in our study. One major
strength isthat we used the most novel survival datafrom
a randomized controlled trial, which directly compared
pembrolizumab monotherapy with chemotherapy as
first-line treatment for metastatic NSCLC patients with
amedian follow-up time of 12.8 months, especialy 25.2
month for patients with PD-L1 expression level =250%.
Nevertheless, the earlier pharmacoeconomic evaluations
of pembrolizumab simulated patient survival based on
the data with a shorter follow-up time of 11.2 months*
and thus the model assumptions would have an impact on
the results to a greater extent. These long-term data are
likely to confirm robustness of extrapolations and reduce
uncertainty around results. Another strength is that we
evaluated the cost-effectiveness of pembrolizumab with
different expression levels of PD-L1, and the outcomes
suggest that the acceptability among patients with three
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Figure 2. Tornado diagrams for one-way deterministic sensitivity analysis. U_K_PS, utility of pembrolizumab in progression sur-
vival state; C_K, cost of pembrolizumab; U_K_PFS, utility of pembrolizumab in progression-free survival state; U_C_PS, utility of
chemotherapy in progression surviva state; U_C_PFS, utility of chemotherapy in progression-free survival state; C_C_PS, cost of
chemotherapy in progression survival state; C_K_PS, cost of pembrolizumab in progression survival state; C-BSC, cost of best sup-
port care; C_C, cost of chemotherapy; C_pneumonitis, cost of treatment in pneumonitis;, C_O, cost of nivolumab; C_Followup, cost
of follow-up; C_anemia, cost of treatment in anemia; C_VEGF, cost of bevacizumab; C_ALK, cost of crizotinib; C_neutropenia, cost
of treatment in neutropenia; C_EGFR, cost of epidermal growth factor receptor inhibitors.
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Figure 3. Cost-effectiveness acceptability curve. WTP, willingness-to-pay.

levels of expression of PD-L1 presented a similar result.
Furthermore, our analysis chose two survival functions,
Weibull and log-logistics distributions, that agree well
with clinical datain previous publications'. By compari-
son of two fitted curves we selected Weibull distribution
due to its higher adjusted R?, and the predicted data were
in agreement with the trial results.

Some limitations also need to be pointed out, which
are mainly governed by data availability and model
assumptions. First, intangible cost such as pain and fear
were included in utility weights; hence, they were not
computed separately. Indirect costs, which were wage
losses caused by suspension of school, work, early death,

etc., are difficult to estimate in most cases, so we did not
incorporate this into the model. Although there was little
difference between the regimens in intangible and indi-
rect costs, further cost components need to be considered
for an adequate assessment. Second, pseudoindividual
patient datathat could improve estimate accuracy of mean
survival time were unavailable, and thus we adopted a
Markov model that relied on the aggregate survival data
reported from the clinical trial. We compared the over-
all surviva curves simulated by the model with the KM
curves of clinical trial using R software and confirmed
that two groups of curves coincided. The cohort study
results showed that the median overall survival of three
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PD-L1 expression levels predicted by this model, which
was 20.5, 17.2, and 18.0 months for pembrolizumab
and 12.7, 13.5, and 12.7 months for chemotherapy, did
accord with the data of clinical trial KEYNOTE-042.
Furthermore, utility value reflects the HR-QoL, which
is a subjective experience and may vary greatly among
individuals, so it is difficult to provide an accurate value.
In our study, utility values were derived from published
literature's, which directly evaluate the utility of patients
using pembrolizumab from the real world. The utility
values were suitable for our study, and one-way DSA
demonstrated that the variation of utility values did not
qualitatively change the result.

CONCLUSION

From the perspective of US health care system, pem-
brolizumab is estimated to be cost-effective compared to
chemotherapy for previously untreated NSCLC patients
with different expression levels of PD-L1 a a WTP
threshold of $180,000/QALY.
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