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abstract

PURPOSE Tyrosine kinase inhibitors such as sunitinib and pazopanib are the mainstay of treatment of metastatic
renal cell carcinoma (mRCC) in India. However, pembrolizumab and nivolumab have shown significant im-
provement in the median progression-free survival and overall survival among patients with mRCC. In this study,
we aimed to determine the cost-effectiveness of the first-line treatment options for the patients with mRCC in India.

METHODS A Markov state-transition model was used to measure the lifetime costs and health outcomes as-
sociated with sunitinib, pazopanib, pembrolizumab/lenvatinib, and nivolumab/ipilimumab among patients with
first-line mRCC. Incremental cost per quality-adjusted life-year (QALY) gained with a given treatment option was
compared against the next best alternative and assessed for cost-effectiveness using a willingness to pay
threshold of one-time per capita gross-domestic product of India. The parameter uncertainty was analyzed using
the probabilistic sensitivity analysis.

RESULTS We estimated the total lifetime cost per patient of ₹ 0.27 million ($3,706 US dollars [USD]),
₹ 0.35 million ($4,716 USD), ₹ 9.7 million ($131,858 USD), and ₹ 6.7 million ($90,481 USD) for the sunitinib,
pazopanib, pembrolizumab/lenvatinib, and nivolumab/ipilimumab arms, respectively. Similarly, the mean
QALYs lived per patient were 1.91, 1.86, 2.75, and 1.97, respectively. Sunitinib incurs an average cost of
₹ 143,269 ($1,939 USD) per QALY lived. Therefore, sunitinib at current reimbursement rates (₹ 10,000 per
cycle) has a 94.6% probability of being cost-effective at a willingness to pay threshold of 1-time per capita gross-
domestic product (₹ 168,300) in the Indian context.

CONCLUSION Our findings support the current inclusion of sunitinib under India’s publicly financed health
insurance scheme.
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INTRODUCTION

Approximately 3% of all the adult cancers are renal cell
carcinomas (RCCs), and 85% of all kidney tumors are
RCCs.1 In India, the incidence of RCC is reported to be
about two per 100,000 for males and one per 100,000
for females.2 It is more common in the geriatric pop-
ulation, with the median age of presentation ranging
from 50 to 60 years, with clear cell carcinoma being
the commonest histologic type accounting for nearly
70%-80% of RCC cases.3-5

In India, patients present with an advanced disease
because of lack of screening and reporting.5,6

Until the past decade, the pharmacologic treat-
ment options for metastatic RCC (mRCC) were
limited to immunomodulatory cytokines interleukin-2
and interferon-α.7 Targeted therapies such as the
tyrosine kinase inhibitors (TKIs, namely, sunitinib,
pazopanib, lenvatinib etc), mammalian target of

rapamycin inhibitors (everolimus) and antiangio-
genesis therapy (bevacizumab) are the mainstay for
the treatment of mRCC globally.8

The Indian National Cancer Grid,9 National Compre-
hensive Cancer Network,8 and Evidence-based Man-
agement guidelines10 recommend using TKIs such as
sunitinib and pazopanib as the first-line therapy for pa-
tients with favorable-risk mRCC. Their high price makes
them unaffordable for the majority of Indian patients.
However, the introduction of low-cost generics has pro-
vided some relief to the patients. Moreover, India’s
government-funded health insurance program—the
Ayushman Bharat Pradhan Mantri Jan Arogya Yoja-
na—has recently included TKIs (such as sunitinib,
cabozantinib, and sorafenib) for the treatment ofmRCC in
its health benefit package.11 This has helped in reducing
the financial hardship faced by many Indian patients
with mRCC.
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Immune checkpoint inhibitors such as pembrolizumab and
nivolumab in combination with TKIs have shown significant
improvement in both progression-free survival (PFS) and
overall survival (OS), with fewer toxicities compared with the
conventional sunitinib monotherapy.12,13 However, im-
mune checkpoint inhibitors are expensive in the Indian and
global markets. Cost-effectiveness analysis can help phy-
sicians and payers, particularly in low- and middle-income
countries like India, to choose appropriate therapies that
offer the maximum value for money.

Published economic evaluation studies comparing TKIs
(sunitinib and pazopanib) have reported that pazopanib is a
cost-effective treatment option compared with sunitinib.14-16

However, these studies have similar efficacy evidence but
different country-specific cost estimates.14-17 Moreover, the
clinical trials and systematic reviews show insignificant dif-
ference in the PFS and OS between sunitinib and
pazopanib.18,19 There is also a dearth of studies providing a
comparative analysis of newly approved drugs, making it
difficult to make an informed decision. Two studies com-
pared all the first-line treatment options for mRCC and
concluded that pembrolizumab/axitinib is a cost-effective
treatment option in the context of the United States.20,21

However, these studies used a higher willingness to pay
(WTP) threshold, which is not useful in developing countries
like India. Thus, the differences in the context of these
studies make it difficult to generalize the evidence. We,
therefore, aim to bridge this evidence gap, by evaluating the
cost-effectiveness of various treatment options for the
treatment of patients with newly diagnosed mRCC in India.

METHODS

Overview of the Analysis

We undertook the present cost-effectiveness analysis using a
societal perspective as per the methodological guidelines for
conducting economic evaluation provided by India’s health
technology assessment (HTAIn) Agency.22 We compared
four options for the treatment of patients with newly diag-
nosed previously untreated mRCC in India—sunitinib,

pazopanib, combination of pembrolizumab/lenvatinib, and
nivolumab/ipilimumab. A lifetime horizon was used to
measure the health care costs and consequences in the
different treatment arms. All future costs and outcomes were
discounted at the rate of 3%.22 We followed the methodo-
logical guidelines as provided by the Indian reference case
for conducting economic evaluations.22 The study findings
are reported as per the Consolidated Health Economic
Evaluation Reporting Standards.23

Model Structure

A Markov state-transition model was developed in Microsoft
Excel to estimate the lifetime costs and consequences for
patients with mRCC (Fig 1). The overall target population for
the economic evaluation included adults with previously
untreated, advanced, RCC or mRCC. The model consisted of
three mutually exclusive health states: PFS, progressive
disease (PD), and death. A 6 week cycle length was con-
sidered on the basis of the treatment schedule for sunitinib,
which is given once daily for 4 weeks, followed by 2 weeks off
as per the dosage schedule in the COMPARZ trial.24

Once in PD health state, the patients are put on the same
second-line targeted therapy or palliative care manage-
ment irrespective of the type of first-line therapy. No
disease-specific mortality was assumed in the PFS state,
whereas in the PD state, deaths both from mRCC and
all-cause were assumed. The patient enters the model at
age 55 years, which is the median age of presentation of
mRCC in India.4,5

Treatment Arms

Four treatment arms were modeled: (1) sunitinib (50 mg
orally once daily for 4 weeks followed by 2 weeks without
treatment); (2) pazopanib (800 mg orally once daily);
(3) pembrolizumab (200 mg intravenously once every 3
weeks) plus lenvatinib (20 mg orally once daily); and (4)
nivolumab (240 mg intravenously once every 2 weeks) plus
ipilimumab 50 mg (four doses intravenously once every 6
weeks).

CONTEXT

Key Objective
To determine the most cost-effective treatment option for patients with newly diagnosed metastatic renal cell carcinoma in

India.
Knowledge Generated
In the Indian context, sunitinib is the treatment of choice for patients withmetastatic renal cell carcinoma in India. Pazopanib is

a dominated treatment strategy because of its higher overall cost than sunitinib in the Indian context. Moreover,
immunotherapeutic combinations such as pembrolizumab/lenvatinib and nivolumab/ipilimumab are not cost-effective at
the current prices. However, a 33% reduction in the current price of pembrolizumab (from ₹ 480,000 per cycle to
₹ 321,600 per cycle) is required to make it a cost-effective treatment option compared with nivolumab/ipilimumab.

Relevance
This evidence supports the inclusion of sunitinib in the India’s publicly financed health insurance scheme.
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Valuation of Consequences

The outcomes were assessed in terms of life-years (LYs) and
quality-adjusted life-years (QALYs). The probabilities to stay in
the PFS health state were estimated for each cycle for all the
arms. The PFS survival data for the sunitinib was extracted
using aweb-based digitizer software program from theKaplan-
Meier curve using the CLEAR trial.12 We used the CLEAR trial
as it is the most recently published randomized clinical trial
comparing two different treatment regimens with sunitinib.
The probabilities were estimated using the published standard
extrapolation technique.25 The PFS data from the Kaplan-
Meier curve were extracted to generate pseudoindividual
patient-level data. The reconstructed individual patient-level
data was then fitted to five standard parametric models (ex-
ponential, Weibull, Gompertz, log-normal, and log-logistic). A
suitable distribution was selected on the basis of visual in-
spection and the goodness of fit (Akaike and Bayesian in-
formation criteria). The log-normal distribution was the best fit
for the sunitinib arm (Data Supplement). The PFS data for the
other arms, that is, pazopanib, pembrolizumab/lenvatinib, and
nivolumab/ipilimumab, were estimated by applying hazard
ratios from the published systematic reviews and network
meta-analysis.19,26 Age-specific all-cause mortality rates were
obtained from the SampleRegistration System lifetables.27 The
disease-specific mortality in the PD state was assumed to be
the same for all treatment arms as all the patients underwent
the same second-line therapy. The probability of death was
obtained from the published Indian literature, which aimed to
determine the efficacy of second-line treatment among pa-
tients with mRCC.28 The detailed input parameters are shown
in Table 1.

Baseline utility values for PFS and PD health state were
obtained from the published literature.29 The study also
provided disutility values for each of the adverse events
(AEs) related to the treatment. These disutility values were
applied to the base value and the utility scores were
computed for different AEs associated with the treatment
of mRCC (Table 2).29 The data on incidence of AEs related
to treatment were obtained from published literature (Data
Supplement).12,13,24

Cost of the Treatment

The costs were estimated from a societal perspective for all
the treatment arms. We did not consider the productivity
losses incurred by the patient and their caregivers due to
the treatment, as per existing Indian reference case for
health technology assessment in India.22

The cost of treatment in the PFS state for the sunitinib arm
included the reimbursement rate as per the health benefit
package under the Pradhan Mantri Jan Arogya Yojana
(PMJAY) scheme. The reimbursement rate includes chemo-
therapeutic agents, recurring investigations, day-care charges,
supportive care, and doctor and nursing charges. In addition,
the direct nonmedical out-of-pocket expenditure (OOPE; in-
cluding travel, boarding/lodging, food, informal payment etc)
was added to estimate the societal cost. For the other three
treatment arms that are not included in the PMJAY scheme,
drug acquisition costs, direct nonmedical OOPE (including the
user fees), cost of management of grade 3-4 AEs, and the
follow-up were incorporated. Routine follow-up costs include
cost per outpatient consultation, cost of day-care visit, labo-
ratory investigations, and diagnostic tests (Table 2). Separate
incidence rates for each grade 3-4 AEs were applied using
the published literature.12,13,24 We assumed that the cost of
routine laboratory and diagnostic tests was applied after every
3 months as per the standard treatment guidelines.35

For PD, we included the cost of outpatient consultation,
laboratory, and diagnostic tests, as well as second-line
therapy. We assumed that the patients would be given
second-line therapy for 9 months, after which the patient
would be on palliative management. The second-line ther-
apy included oral administration of sorafenib, axitinib, and
everolimus as per the standard treatment guidelines35

(Data Supplement). We used the reimbursement rates for
sorafenib and market prices for the rest of the drugs.

Health system costs of outpatient consultation and
day-care visit were elicited using data from published
studies32,35 and the nationally representative National
Health System Cost Database.33 The OOPE estimates
were derived from primary data collected as a part of the
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All-cause
mortality
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FIG 1. Schematic diagram for the
Markov state transition model.
PD, progressive disease; PFS,
progression-free state.
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larger multicentric National Cancer Database for Cost and
Quality of Life.32 We used the reimbursement rates,11

generic and market prices,31 and procurement rates of
the Rajasthan Medical Service Corporation30 for esti-
mating expenditures on drugs. For the diagnostic ser-
vices, we used the provider payment rates from the social
health insurance scheme for central government em-
ployees in India, ie, Central Government Health
Scheme.34 All costs are reported in Indian rupee (₹) and
converted to US dollar (USD; $) using an exchange rate of
$1 USD = ₹ 73.9 for the year 2021.36

The comparative cost-effectiveness was assessed in terms
of incremental cost per QALY gained. A WTP threshold
equal to per capita gross domestic product (GDP) of India
was used to assess the cost-effectiveness as per the
guidelines for HTAIn.22,37 The per capita GDP of India for
the year 2021 was ₹168,300 ($2,277.4 USD).38

Sensitivity and Threshold Analysis

Aprobabilistic sensitivity analysis (PSA)was undertaken to test
the parameter uncertainty for each scenario. Under PSA, we
used gamma distribution for cost parameters and beta dis-
tribution for parameters related to effectiveness, risk of
complications, OS, and utility scores. For the rest of the pa-
rameters in the model, we used uniform distribution. Un-
certainty ranges for input parameters were computed from the

standard error estimates from the primary data, or data
available in the literature. Wherever the measures of disper-
sion were unavailable, a variation of 20% for clinical pa-
rameters; 30% variation for mortality risks, utility scores, and
treatment patterns; and 50% variation for cost parameters
were assumed on either side of base parameter values. Model
results were simulated 1,000 times, and the median value
incremental cost-effectiveness ratio along with 95% CI was
generated for base estimates using the percentile method.

Extended dominance analysis was undertaken in which
each treatment arm was compared against the next best
alternative to assess the comparative cost-effectiveness
between various treatment arms.

Ethical Approval

The study protocol was approved by the Institute
Ethics Committee of the Post Graduate Institute of
Medical Education and Research, Chandigarh, India
(IEC-03/2020-1565).

RESULTS

Costs and Outcomes

We estimated that a patient with mRCC incurs a lifetime
cost of ₹ 273,846 ($3,706 USD), ₹ 348,537 ($4,716 USD),
₹ 9.7 million ($131,858 USD), and ₹ 6.7 million ($90,481
USD) for sunitinib, pazopanib, pembrolizumab/lenvatinib,

TABLE 1. Input Parameters to Determine the Effectiveness of the Different Treatment Arms
Input Variable Parameter Distribution Source

Median age of presentation of mRCC in India 55 years — 4,5

Discount rate 3% Beta 24

Survival model of PFS for sunitinib Shape = 2.20667
Scale = 0.076447

Log-normal 13

HR (v sunitinib)

Pazopanib 1.05 (0.9-1.22) Beta 21

Pembrolizumab/lenvatinib 0.39 (0.31-0.49) Beta 27

Nivolumab/ipilimumab 0.89 (0.75-1.05) Beta 27

Disease-specific mortality

PD to death 0.078 (0.05-0.10) Beta 29

Age-specific mortality (6 week probability)

55-59 years 0.00165 (0.00126-0.00191) Beta 28

60-64 years 0.00237 (0.0019-0.00297) Beta 28

65-69 years 0.00361 (0.00298-0.00461) Beta 28

70-74 years 0.00558 (0.00454-0.0072) Beta 28

75-79 years 0.00842 (0.0068-0.011) Beta 28

80+ years 0.01458 (0.0109-0.0189) Beta 28

Health-related quality-of-life scores

PFS with AEs 0.75 Beta 13

PFS without AEs 0.76 Beta 13

PD 0.66 Beta 13

Abbreviations: AE, adverse event; HR, hazard ratio; mRCC, metastatic renal cell carcinoma; PD, progressive disease; PFS, progression-free
survival.
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and nivolumab/ipilimumab treatments, respectively.
The overall mean LYs lived with sunitinib, pazopanib,
pembrolizumab/lenvatinib, and nivolumab/ipilimumab
were 2.70, 2.63, 3.79, and 2.78, respectively. In
terms of utility measures, this translates into 1.91, 1.86,
2.75, and 1.97 QALYs, respectively (Table 3).

Cost-Effectiveness

According to Table 4, pazopanib incurs higher cost and sta-
tistically insignificant health benefits compared with sunitinib,
and is hence dominated. Among the three nondominated
options,pembrolizumab/lenvatinibandnivolumab/ipilimumab
incur an incremental cost of₹3.9million ($53,497USD)and ₹

TABLE 2. Input Cost Parameters

Input Parameter
Cost per

Cycle (in ₹)
Cost per Cycle
(in USD; $) Distribution Source

Per cycle cost of drug (6 week cycle)

Sunitinib 50 mg once daily for 4 weeks 10,000 (5,000-15,000) 135 (68-203) Gamma 11

Pazopanib 400 mg two doses once daily 17,631 (8,815-26,446) 238 (119-358) Gamma Generic
rate

Pembrolizumab 200 mg intravenously once every 3 weeks 480,000 (240,000-720,000) 6,495 (3,247-9,743) Gamma 30

Lenvatinib 10 mg once daily 21,168 (10,584-25,402) 286 (143-344) Gamma Generic
rate

Nivolumab 240 mg intravenously once every 2 weeks 432,000 (216,000-648,000) 5,845 (2,922-8,769) Gamma 30

Ipilimumab 50 mg four doses intravenously once every 6
weeks

220,000 (110,000-330,000) 2,977 (1,488-4,465) Gamma 30

Sorafenib 400 mg twice daily 9,500 (4,750-11,400) 128 (64-154) Gamma 11

Everolimus 5 mg once daily 29,186 (14,593-43,779) 394 (197-592) Gamma 30

Axitinib 5 mg twice daily 12,000 (6,000-14,400) 162 (81-194) Gamma 30

Health system cost

Outpatient consultation 266.2 (186.4-346.1) 3.6 (2.5-4.6) Gamma 31

Day-care visit 1,038 (826-1,238) 14.1 (11.2-16.7) Gamma 32

OOPE

Per outpatient consultationa 2,774 (1,387-4,161) 37 (19-56) Gamma 33

Per outpatient consultationb 2,421 (1,210-2,905) 33 (16-39) Gamma 33

Per cycle cost of management of adverse effects

Diarrhea 25 (12-37) 0.34 (0.16-0.5) Gamma 34

Hypertension 5 (2.5-7.3) 0.07 (0.03-0.1) Gamma 34

Nausea/vomiting 7 (3-10) 0.09 (0.04-0.13) Gamma 34

Decreased appetite 13 (6-19) 0.18 (0.08-0.26) Gamma 34

Hand-foot syndrome/palmar-plantar dysesthesia 583 (291-975) 7.9 (3.9-13.2) Gamma 34

Abdominal pain/arthralgia 141 (70-212) 1.9 (0.9-2.9) Gamma 34

Rash 262 (131-393) 3.5 (1.7-5.2) Gamma 34

Stomatitis/mucosal inflammation 235 (117-352) 3.2 (1.6-4.8) Gamma 34

Leukopenia 2,198 (1,099-3,297) 30 (15-45) Gamma 34

Thrombocytopenia 2,000 (1,000-3,000) 27 (14-41) Gamma 11

Anemia 2,000 (1,000-3,000) 27 (14-41) Gamma 11

Transaminitis 197 (98-295) 2.7 (1.3-4.0) Gamma 34

Asthenia 23 (12-35) 0.3 (0.2-0.4) Gamma 34

Hypothyroidism 5 (2.6-7.8) 0.1 (0.03-0.1) Gamma 34

Constipation 84 (42-126) 1.1 (0.5-1.7) Gamma 34

Abbreviations: OOPE, out-of-pocket expenditure; USD, US dollars.
aIncluding OOPE, on travel, user fees, boarding/lodging, food, informal payments, and others (excluding the drugs and diagnostics)—direct

expenditure (for pazopanib, pembrolizumab/lenvatinib, and nivolumab/ipilimumab arms).
bIncluding OOPE, on travel, boarding/lodging, food, informal payments, and others (excluding the drugs, diagnostics, and user fees)—direct

nonmedical expenditure (for sunitinib, axitinib, and sorafenib patients).
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TABLE 3. Base-Case Results for Treatment of Metastatic Renal Cell Carcinoma
Outcomes Sunitinib Pazopanib Pembrolizumab/Lenvatinib Nivolumab/Ipilimumab

Costs (95% CI)

Total lifetime costs (in ₹)

Undiscounted 291,152 (235,669 to 367,800) 368,628 (287,161 to 540,855) 11,089,983 (6,938,0510 to 17,110,607) 6,969,356 (4,336,779 to 10,024,677)

Discounted 273,846 (223,678 to 342,190) 348,537 (272,885 to 502,445) 9,744,330 (6,153,746 to 14,977,909) 6,686,526 (4,183,488 to 9,592,982)

Effectiveness (95% CI)

LYs

Undiscounted 2.9 (2.3 to 3.6) 2.8 (2.4 to 3.6) 4.3 (3.8 to 4.8) 3.0 (2.5 to 3.5)

Discounted 2.7 (2.2 to 3.4) 2.6 (2.2 to 3.6) 3.8 (3.4 to 4.2) 2.8 (2.3 to 3.3)

QALYs

Undiscounted 2.1 (1.6 to 2.6) 2.0 (1.6 to 2.6) 3.1 (2.7 to 3.6) 2.1 (1.7 to 2.5)

Discounted 1.9 (1.5 to 2.4) 1.9 (1.5 to 2.4) 2.7 (2.4 to 3.1) 2.0 (1.6 to 2.3)

Abbreviations: LY, life-year; QALY, quality-adjusted life-year.
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115.8 million ($1,568,137 USD) per QALY gained, respec-
tively, which are not cost-effectivewhen comparedwith India’s
current WTP of 1-time per capita GDP (₹ 168,300). Sunitinib
incurs an average cost of ₹ 143,269 ($1,939 USD) per QALY
lived, which is a cost-effective treatment strategy in the Indian
context when compared with the cost-effectiveness threshold
of 1-time per capita GDP.

Sensitivity Analysis

Sunitinib, at the current reimbursement rate (₹ 10,000 per
cycle), has nearly 95% probability to be cost-effective at
the current WTP threshold of one-time per capita
GDP (168,300) of India. Similarly, the probability of
pembrolizumab/lenvatinib to be cost-effective compared
with nivolumab/ipilimumab was 19.9%. A 33% reduction in
the current price of pembrolizumab (from ₹ 480,000 per
cycle to ₹ 321,600 per cycle) is required to make it a cost-
effective treatment option compared with nivolumab/
ipilimumab (Fig 2). However, even with a 95% reduction
in the current price, nivolumab/ipilimumab is not a cost-
effective treatment option compared with sunitinib.

DISCUSSION

Our study compared four different options for the first-line
treatment of mRCC in the Indian context. We concluded that
sunitinib is the most cost-effective treatment option. Al-
though the combination of pembrolizumab/lenvatinib pro-
vides the maximum health benefits, it is not a cost-effective
treatment strategy at current prices. In contrast to other
countries, the cost of pazopanib is higher in India compared
with sunitinib. As a result, pazopanib is a dominated
treatment strategy for patients with first-linemRCC in India as
it offers similar health outcomes at a higher overall cost.
Therefore, this significantly higher cost of pazopanib bends
the results in the favor of sunitinib. Table 5 presents the
comparative assessment of our findings in context of other
model-based cost-effectiveness studies.

According to the literature, the use of immunotherapy
provides better health outcomes in terms of PFS and OS
than sunitinib and pazopanib.19,26,39 Our study corroborates
the above-mentioned finding that the immunotherapy and
TKI combination provides more LYs and QALYs compared
with single-agent TKIs. However, at current prices, the
pembrolizumab/lenvatinib and nivolumab/ipilimumab
combinations are expensive for developing countries
like India compared with the incremental health benefits

attributable to them. Therefore, these drugs are not cost-
effective at current prices.

The findings of our model are in concurrence with existing
clinical and epidemiological evidence available in the Indian
as well as the global context. The median progression-free
survival (mPFS) and median OS (mOS) in our model for
sunitinib (mPFS, . 9 months; mOS, 27 months) and pazo-
panib (mPFS, , 9 months; mOS, 27 months) are consistent
with the current Indian literature. Two Indian studies esti-
mated the mPFS for sunitinib patients to be 11.4 months
and 9 (3–43) months, respectively, which is consistent with
our model estimates.42,43 Similarly, the mOS for the sunitinib
arm is reported to be 22.6 months and 28.2 months, re-
spectively, which is in line with our study findings.42,44 There is
a significant lack of evidence with respect to the other two
arms (ie, pembrolizumab/lenvatinib and nivolumab/
ipilimumab) in the Indian context; however, a single-center
study from India reported 1-year OS among patients treated
with an immunotherapy (pembrolizumab or nivolumab)-TKI
(axitinib or lenvatinib) combination to be 92%. This corrob-
orates with our study outcomes that estimate the 1-year OS to
be 88.8% and 85.1% among the pembrolizumab/lenvatinib
and nivolumab/ipilimumab arms, respectively.45

A recently published study comparing all the frequently used
first-line treatment regimens estimated 2.1 (2.99 LYs),
2.6 (3.44 LYs), and 2.4 (3.21 LYs) QALYs in sunitinib,
pembrolizumab/lenvatinib, and nivolumab/ipilimumab
treatment arms, respectively.20 This is in line with our
study results, which estimated 1.9 (2.7 LYs), 2.7 (3.7 LYs),
and 2.0 (2.8 LYs) in sunitinib, pembrolizumab/ipilimumab,
and nivolumab/ipilimumab arms, respectively. In our study,
pazopanib was estimated to incur fewer progression-free LYs
(1.26 LYs) than sunitinib, which incurred 1.3 progression-
free LYs. Many studies that compare sunitinib and
pazopanib have also reported more progression-free LYs
(1.17 and 1.15, respectively) with the sunitinib arm.14-16

We would like to highlight a few merits of our study. First,to
our knowledge, this study is the first to examine the cost-
effectiveness of the treatment options for mRCC in the Indian
context. Second, we included all the possible first-line
treatment options available, making the analysis compre-
hensive and close to real-world practices. Third, we have
obtained OOPE estimates from the primary data being col-
lected as a part of an ongoingmulticentric study for assessing
the economic burden among patients with cancer in India.32

TABLE 4. Cost-Effectiveness of Different Treatment Strategies for Metastatic Renal Cell Carcinoma in India

Treatment Strategy
Cost in ₹
(USD; $) QALYs

Incremental Cost per
QALY Gained in ₹ (USD; $) Interpretation

Sunitinib 273,846 (3,706) 1.91 — ND

Nivolumab/ipilimumab 6,686,526 (90,481) 1.97 115,885,317 (1,568,137) ND

Pembrolizumab/lenvatinib 9,744,330 (131,858) 2.75 3,953,457 (53,497) ND

Pazopanib 348,537 (4,716) 1.86 — D

Abbreviations: D, dominated; ND, nondominated; QALY, quality-adjusted life-year; USD, US dollars.
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Fourth, we incorporated the reimbursement rates set
up under India’s publicly funded national health
insurance scheme wherever available to make our
analysis policy-relevant.11,46 Finally, we used the survival
data from published Indian studies to make our results
representative in the Indian context.

However, there are certain limitations to this analysis. First, we
used a 4/2 regimen instead of a 2/1 regimen for the sunitinib
treatment as the literature considers the former regimen and
there would not be major cost differences between the two.
Second, we did not consider the cost of grade 1-2 AEs, which
has resulted in a slight underestimation of costs. However,
since none of the immunotherapeutic treatments is
cost-effective, the exclusion of such costs further strengthens
our conclusions. Third, we did not take into account the
indirect costs due to loss of productivity incurred by the
patients as well as the caregivers, which are in line with Indian
health technology assessment guidelines, which do not
recommend the inclusion of indirect costs in the base case.22

Finally, we did not perform separate subgroup analysis
according to the favorable-, intermediate-, and poor-risk
categories in our study because of the lack of robust In-
dian evidence on the same.

We performed the analysis from the societal perspective and
have not presented the costs separately from the health
system and patients’ perspective. This is in line with the
methodological principles outlined by the HTAIn. Inclusion of
a treatment in a largely publicly financed insurance program
such as PMJAY may lower the overall cost due to economies
of scale. However, we did consider a wide variation in prices
during the PSA, which did not alter the overall conclusions on
cost-effectiveness. Hence, our study results are robust to
these variations in contextual factor of health care financing
and delivery.

In conclusion, at the current reimbursement rate, sunitinib is
the cost-effective option for treatment of mRCC in India. The
immunotherapeutic agents (such as nivolumab, pem-
brolizumab etc) provide significant clinical benefits, but they
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FIG 2. Price threshold analysis: pembrolizumab. QALY, quality-adjusted life-year.

TABLE 5. Comparison of Costs and Outcomes for Pazopanib and Sunitinib

Studies Intervention Comparator
Incremental LY
Gained/Person

Incremental QALY
Gained/Person

Incremental Cost
per QALY

Gained (in I$a) Conclusion

Capri et al17 Pazopanib Sunitinib 0.057 0.06 −147,904 Pazopanib is cost-effective

Delea et al16 Pazopanib Sunitinib 0.053 0.09 −75,867 Pazopanib is cost-effective

Present study Sunitinib Pazopanib 0.070 0.06 −56,429 Pazopanib is dominated

Abbreviations: I$, international dollar; LY, life-year; QALY, quality-adjusted life-year.
aThe 2021 World Bank Group conversion rates have been used to depict the costs in international dollars.39 The exchange rates used for Italy

and India were 0.66 and 22.06, respectively.
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are very expensive drugs to be considered cost-effective for
use in the Indian context. Therefore, further consideration
should be made to promote the manufacturing and intro-
duction of low-cost generics and regulate the price of these
expensive drugs to make it cost-effective and affordable for

Indian patients. Finally, the screening strategies for early-
stage detection of mRCC (along the lines of screening for
breast, oral, and cervical cancers) should be implemented to
reduce the economic and clinical burden of the disease in
India.
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