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Abstract

Background and Objectives Novel immunotherapy-based combination treatments have drastically improved clinical out-
comes for previously untreated patients with advanced/metastatic renal cell carcinoma (aRCC). This study aimed to assess
the temporal trends in grade 3/4 adverse event (AE) rates and associated costs of nivolumab plus cabozantinib combination
therapy versus sunitinib monotherapy in previously untreated patients with aRCC.

Methods Individual patient data from the CheckMate 9ER trial (nivolumab plus cabozantinib: N = 320; sunitinib: N = 320)
were used to calculate the proportion of patients experiencing grade 3/4 AEs. AE unit costs were obtained from the United
States (US) 2017 Healthcare Cost and Utilization Project (HCUP) and inflated to 2020 US dollars. Per-patient-per-month
(PPPM) all-cause and treatment-related grade 3/4 AE costs over 18-months, temporal trends, and top drivers of AE costs
were evaluated in both treatment arms.

Results Overall, the proportion of patients experiencing grade 3/4 AEs decreased over time, with the highest rates observed
in the first 3 months for the nivolumab plus cabozantinib and sunitinib arms. Compared with sunitinib, nivolumab plus cabo-
zantinib was associated with consistently lower average all-cause AE costs PPPM [month 3: $2021 vs. $3097 (p < 0.05);
month 6: $1653 vs. $2418 (p < 0.05); month 12: $1450 vs. $1935 (p > 0.05); month 18: $1337 vs. $1755 (p > 0.05)]. Over
18 months, metabolism and nutrition disorders ($244), laboratory abnormalities ($182), and general disorders and admin-
istration site conditions ($122) were the costliest all-cause PPPM AE categories in the nivolumab plus cabozantinib arm,
and laboratory abnormalities ($443), blood and lymphatic system disorders ($254), and metabolism and nutrition disorders
($177) were the costliest in the sunitinib arm. Trends of treatment-related AE costs were consistent with all-cause AE costs.
Conclusions Nivolumab plus cabozantinib was associated with lower costs of grade 3/4 AE management PPPM than suni-
tinib, which accumulated over the 18-month study period.

1 Introduction

In the United States (US), renal cell carcinoma (RCC)
accounts for 4.2% of all cancer diagnoses [1], and 30% of
patients are estimated to have advanced or metastatic RCC
(aRCC) at the time of diagnosis [2]. This advanced stage is
associated with a 5-year survival rate of 13% [3]. Since their
approval by the US Food and Drug Administration (FDA) in
2006, targeted therapies, such as the tyrosine kinase inhibitor
(TKI) sunitinib, became the standard of care in patients with
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previously untreated aRCC [4, 5]. Inhibition of the proangio-
genic vascular endothelial growth factor (VEGF) pathway by
the TKI is thought to normalize tumor vasculature, facilitate
lymphocyte trafficking, and ultimately promote lymphocyte
infiltration of tumors [6]. However, nearly half of patients
with aRCC eventually stop treatment with TKI monotherapy
and experience progression around 1 year after receiving
treatment [7-9].

Recently, the FDA approved several immuno-oncology
(I0)-based combinations for the management of treatment-
naive patients with aRCC, including nivolumab plus ipili-
mumab, avelumab plus axitinib, pembrolizumab plus axi-
tinib, nivolumab plus cabozantinib, and pembrolizumab
plus lenvatinib [10-14]. Immune checkpoint inhibition by
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This study assessed the temporal trends of grade 3/4
adverse event (AE) rates and the associated costs of
nivolumab plus cabozantinib combination therapy versus
sunitinib monotherapy using individual patient-level data
from the pivotal CheckMate 9ER trial.

Nivolumab plus cabozantinib was associated with lower
all-cause and treatment-related grade 3/4 AE costs
compared with sunitinib, despite the higher rate of AEs
observed among patients treated with nivolumab plus
cabozantinib in the CheckMate 9ER trial.

Cost savings appeared to be most prominent within the
first month of treatment initiation.

anti—programmed cell death 1 (anti-PD-1) works by promot-
ing T cell priming, activation, and finally T cell-mediated
tumor cell death [6]. The combination of nivolumab (an
anti-PD-1 checkpoint inhibitor) plus cabozantinib, a TKI,
was approved by the FDA for treatment-naive patients with
aRCC across risk groups in 2021 based on the results of
the CheckMate 9ER trial (NCT03141177) [13]. This rand-
omized, open-label, phase III clinical trial demonstrated that
patients treated with nivolumab plus cabozantinib showed
a statistically significant improvement compared with those
who received sunitinib monotherapy in terms of progres-
sion-free survival, probability of overall survival, and objec-
tive response rate [15]. Among patients in the as-treated
population—patients who received at least one dose of
trial treatments—all-cause grade 3 or higher adverse events
(AEs) occurred in 75.3% of patients in the nivolumab plus
cabozantinib arm and in 70.6% of patients in the sunitinib
arm. Grade 3/4 treatment-related AEs occurred in 60.6% and
50.9% of patients treated with nivolumab plus cabozantinib
and sunitinib, respectively [15, 16].

The approval of immune checkpoint inhibitors over
the last decade has transformed the landscape of care for
patients with aRCC. Huo et al. previously estimated the total
costs for nivolumab plus cabozantinib versus sunitinib over
12 months, including drug administration and treatment-
related AE costs, where differences were primarily driven
by the use of dual agents over single agent in the first-line
setting [17]. However, the financial impact on toxicity man-
agement has not been previously well characterized. Despite
their superior efficacy, combination therapies with 10 are
associated with AEs that starkly differ from those related
to previous standards of care [17-19]. Understanding the
AE profile, temporal trends, and associated costs for new
immune checkpoint inhibitors approved for aRCC can better
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help characterize the associated economic burden and ensure
optimal adherence and inform decision-making for patients,
payers, and healthcare providers. As such, this study utilized
the CheckMate 9ER trial data to assess the temporal trends
in grade 3/4 AE rates and the associated costs of nivolumab
plus cabozantinib combination therapy and sunitinib mono-
therapy in patients with previously untreated aRCC.

2 Methods
2.1 Data Sources

Individual patient-level data (IPD) from the CheckMate 9ER
trial (data cutoff date: March 30, 2020; median follow-up:
18.1 months) were used to estimate all-cause and treatment-
related grade 3/4 AE rates associated with nivolumab plus
cabozantinib and sunitinib [15]. In the trial, patients with
previously untreated aRCC were stratified according to the
International Metastatic Renal Cell Carcinoma Database
Consortium score, geographic region, and tumor expres-
sion of programmed death-ligand 1 (PD-L1). Patients were
randomly assigned 1:1 to receive either nivolumab 240 mg
every 2 weeks in combination with cabozantinib 40 mg daily
or sunitinib 50 mg daily for the first 4 weeks in repeating
6-week cycles [15]. The analysis assessed patients from the
as-treated population (i.e., patients who received at least one
dose of trial treatments), which included 320 patients treated
with nivolumab plus cabozantinib and 320 patients treated
with sunitinib. Grade 3/4 AEs occurring on treatment and
within the 30 days after the last dose of each treatment were
included in the analysis. Each AE was defined based on the
AE type, body system organ class, toxicity grade, and date
of onset.

The US 2017 Healthcare Cost and Utilization Project
(HCUP) National Inpatient Database was used to obtain
the unit cost of each grade 3/4 AE. Developed through a
Federal-State-Industry partnership and sponsored by the
Agency for Healthcare Research and Quality (AHRQ), the
HCUP database is a family of healthcare databases with a
national information resource of encounter-level healthcare
data (HCUP Partners) [20-22]. Since the Common Termi-
nology Criteria for Adverse Events (CTCAE) version 4.0
defines patients with grade 3 AEs as those potentially requir-
ing hospitalization or prolonged hospitalization and patients
with grade 4 AEs as those requiring urgent intervention,
this study used inpatient costs at the national level from the
HCUP database to estimate the unit costs associated with
each grade 3/4 AE. The unit cost of each grade 3/4 AE or
laboratory abnormality was obtained based on the corre-
sponding International Classification of Diseases, 10th Revi-
sion, Clinical Modification (ICD-10-CM) diagnosis code.
For infrequent AEs (i.e., AEs with a rate < 1.5%) and AEs
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for which the unit costs were unavailable, unit costs were
assumed to be the same as the unit costs of similar AEs
under the same CTCAE category, the average of that type of
disorder, or the average of all listed unit costs. All costs were
inflated from 2017 US dollars (USD) to 2020 USD using an
inflation factor of 1.0793 based on the Consumer Price Index
for all urban consumers in medical care [23].

2.2 Study Outcomes and Statistical Analyses

Outcomes evaluated for the nivolumab plus cabozantinib
and sunitinib monotherapy arms included temporal trends
in grade 3/4 AE rates, per-patient grade 3/4 AE costs, tem-
poral trends of grade 3/4 AE costs, and top drivers of grade
3/4 AE costs. For this study, all analyses were focused on
the first 18 months to match the median follow-up of 18.1
months for overall survival and to ensure sufficient sample
sizes (for example, the sample size is less than 50 patients
for the sunitinib arm for time points beyond 18 months in
the current data cut). All-cause and treatment-related grade
3/4 AE costs were assessed separately. All analyses were
performed using SAS V.9.4 (SAS Institute).

2.2.1 Temporal Trends of Grade 3/4 AE Rates for Nivolumab
plus Cabozantinib and Sunitinib

The proportion of patients with all-cause or treatment-
related grade 3/4 AEs each month was calculated over 18
months among the as-treated population. This was calculated
as the number of patients experiencing a new AE divided by
the number of patients at risk during each month.

2.2.2 Temporal Trends of Grade 3/4 AE Costs for Nivolumab
plus Cabozantinib and Sunitinib

The temporal trends of all-cause and treatment-related grade
3/4 AE costs associated with nivolumab plus cabozantinib
and sunitinib were assessed over 18 months. The cost for
a given AE was calculated by multiplying its unit cost by
its frequency. The per-patient-per-month (PPPM) all-cause
grade 3/4 AE costs per patient were calculated as total grade
3/4 all-cause AE costs during each month divided by the
sum of patient-months at risk during the month. The tempo-
ral trend of PPPM all-cause grade 3/4 AE costs of nivolumab
plus cabozantinib and sunitinib were assessed using 4-order
polynomial trendlines. The same methods were used to
assess temporal trends of treatment-related grade 3/4 AE
costs.

Total all-cause and treatment-related grade 3/4 AE costs
associated with each treatment arm were calculated for grade
3/4 AEs occurring within 3, 6, 12, and 18 months of the first
dose of the randomized regimens by summing PPPM grade
3/4 AE costs for the relevant arm during the designated study

period (i.e., 3, 6, 12, and 18 months). Statistical comparisons
of PPPM AE costs between the nivolumab plus cabozantinib
and sunitinib arms were conducted using Wilcoxon rank-
sum tests, and statistical significance was assessed at the
5% level.

Lastly, cumulative all-cause grade 3/4 AE costs were cal-
culated by summing the PPPM all-cause grade 3/4 AE costs
incrementally each month over the 18-month period.

2.2.3 Top Drivers of Grade 3/4 AE Costs for Nivolumab
plus Cabozantinib and Sunitinib

Top drivers of AE costs associated with nivolumab plus
cabozantinib and sunitinib were evaluated based on the
PPPM all-cause and treatment-related grade 3/4 AE costs
per AE category (e.g., blood and lymphatic system disor-
ders, gastrointestinal disorders), which were defined by the
CTCAE, version 4.0 [24]. PPPM all-cause and treatment-
related AE costs per AE category were calculated by divid-
ing the sum of grade 3/4 AE costs within each AE category
by the number of patient-months in each treatment arm over
18 months.

3 Results

3.1 Temporal Trends of Grade 3/4 AE Rates
for Nivolumab plus Cabozantinib and Sunitinib

Over the 18 months, the proportion of patients experiencing
all-cause grade 3/4 AEs was similar between patients treated
with nivolumab plus cabozantinib versus those treated with
sunitinib. The highest proportion of patients who experi-
enced all-cause grade 3/4 AEs was observed in the first
month for both treatment arms at rates of 20% and 33% for
nivolumab plus cabozantinib and sunitinib, respectively.
After 1 year on treatment, the proportion of patients who
experienced all-cause grade 3/4 AEs decreased from 20 to
11% (A = 45%) for the nivolumab plus cabozantinib arm and
from 33 to 11% (A = 67%) in the sunitinib arm. The propor-
tion ranged from 5 to 10% for the remaining months in the
assessed 18-month period for both arms (Fig. 1).

The same trend persisted among patients who experi-
enced treatment-related grade 3/4 AEs. The highest pro-
portion of patients was observed in the first month among
those treated with each regimen: (nivolumab plus cabozan-
tinib: 16%; sunitinib: 26%). After 1 year on treatment, the
proportion of patients who experienced treatment-related
grade 3/4 AEs decreased from 16 to 7% (A = 57%) for those
treated with nivolumab plus cabozantinib. The proportion
of patients who experienced treatment-related grade 3/4
AEs in the sunitinib arm decreased from 26 to 10% (A =
62%) at 1 year following treatment initiation (Fig. 1). For
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the remaining months in the study period, the proportion
ranged from 2 to 5% for patients treated with nivolumab plus
cabozantinib and below 10% for those treated with sunitinib.

3.2 Temporal Trends of Grade 3/4 AE Costs
for Nivolumab plus Cabozantinib and Sunitinib

3.2.1 Average Monthly Grade 3/4 AE Costs
over the 18-Month Period

The monthly temporal trends of all-cause grade 3/4 AE costs
per patient are provided in Fig. 2. Both treatment arms expe-
rienced an overall decreasing trend in costs throughout the
study period, although the monthly costs varied. Compared
to sunitinib, treatment with nivolumab plus cabozantinib was
generally associated with lower PPPM all-cause grade 3/4
AE costs each month over the first 6 months of treatment;
costs remained similar between the two arms thereafter. Spe-
cifically, the highest PPPM cost associated with nivolumab
plus cabozantinib occurred in the second month ($2356)
and decreased 20% by the third month. The PPPM all-cause
grade 3/4 AE costs further decreased to $1264 (A = 46%)
1 year following treatment initiation. For the remaining 6
months in the study period, PPPM all-cause AE costs ranged
from $683 to $1422. In the sunitinib monotherapy arm, the
highest PPPM cost was $4481 in the first month, which was
more than double the cost observed in the first month of
treatment with nivolumab plus cabozantinib ($1827) and
higher than the PPPM costs observed in patients treated with
nivolumab plus cabozantinib at any point in time. The all-
cause grade 3/4 AE cost for sunitinib decreased by 53% to
$2084 in the second month, and ranged from $430 to $2614
for the remainder of the study period (i.e., months 3—18). In
10 out of 18 months, patients treated with nivolumab plus
cabozantinib had lower PPPM all-cause grade 3/4 AE costs
compared to those treated with sunitinib.

The monthly temporal trends of treatment-related grade
3/4 AE costs per patient were similar to those observed with
respect to all-cause grade 3/4 AEs (Fig. 2). Specifically, the
highest PPPM cost for nivolumab plus cabozantinib treat-
ment occurred in the second month ($1885 per patient)
and decreased by 22% by the third month. After 1 year on
treatment, the PPPM treatment-related grade 3/4 AE cost
decreased by 63% to $689. For the remaining months of the
study period, PPPM treatment-related grade 3/4 AE costs
remained relatively constant, ranging from $277 to $593.
In the sunitinib arm, the highest PPPM cost was $3165 in
the first month, which was more than twice as high as costs
observed in the first month of treatment with nivolumab
plus cabozantinib ($1338). The treatment-related grade 3/4
AE cost decreased by 76% to $767 in the second month
and ranged from $303 to $1881 for the remainder of the
study period. In 13 out of 18 months, patients treated with
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nivolumab plus cabozantinib had lower PPPM treatment-
related grade 3/4 AE costs compared to those treated with
sunitinib.

3.2.2 Grade 3/4 AE Costs over Time for Nivolumab
plus Cabozantinib and Sunitinib

The PPPM all-cause and treatment-related grade 3/4 AE
costs in the nivolumab plus cabozantinib and sunitinib
arms among all patients with aRCC included in the study
are provided in Table 1. Patients who received nivolumab
plus cabozantinib incurred lower PPPM all-cause grade 3/4
AE costs compared to patients treated with sunitinib during
all assessment periods (month 3: $2021 vs. $3097; month
6: $1653 vs. $2418; month 12: $1450 vs. $1935; month 18:
$1337 vs. $1755). The difference between the two arms
was statistically significant (p < 0.05) at month 3 and at
month 6. Patients who received nivolumab plus cabozan-
tinib also incurred lower PPPM treatment-related grade 3/4
AE costs compared to patients treated with sunitinib during
all assessment periods (month 3: $1503 vs. $1963; month
6: $1212 vs. $1584; month 12: $979 vs. $1253; month 18:
$860 vs. $1153), although these results were not statistically
significant.

3.2.3 Cumulative Average Grade 3/4 AE Costs
over the 18-Month Period

The monthly temporal trends of cumulative all-cause and
treatment-related grade 3/4 AE costs per patient are provided
in Fig. 3, respectively. Treatment with nivolumab plus cabo-
zantinib was consistently associated with lower cumulative
average all-cause and treatment-related grade 3/4 AE costs
compared with sunitinib at each month in the 18-month
study period. The cumulative average all-cause grade 3/4
AE costs over 6, 12, and 18 months for patients treated with
nivolumab plus cabozantinib versus sunitinib were $9819
versus $13,682, $17,032 versus $20,670, and $22,342 ver-
sus $25,770, respectively. The absolute cost differences of
cumulative average all-cause and treatment-related grade
3/4 AE costs between the nivolumab plus cabozantinib and
sunitinib arms consistently ranged from $2382 to $4182
and $709 to $3526, respectively, throughout the 18-month
period. The cumulative average treatment-related grade 3/4
AE costs over the entire 18-month study period were 20%
lower for patients treated with nivolumab plus cabozantinib
versus sunitinib: $13,812 versus $17,336.

3.3 Top Drivers of Grade 3/4 AE Costs for Nivolumab
plus Cabozantinib and Sunitinib

All-cause grade 3/4 AE costs by AE category PPPM over 18
months are presented in Fig. 4. The top three AE categories
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Fig. 1 Proportion of patients experiencing all-cause and treatment-
related grade 3/4 AEs each month in CheckMate 9ER, as-treated
population. Analyses were conducted among patients in the as-treated
population who received at least 1 dose of the study drug in Check-
Mate 9ER. Percentages were calculated as the number of patients
with any all-cause/treatment-related grade 3/4 AEs divided by the
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number of patients at risk during the given month. Patients at risk
were defined as patients who were still on treatment during each
month. Four-order polynomial trendlines fitted by a multiple regres-
sion were added to the figure to present the smoothed temporal trend
of monthly AE costs by treatment arm. AE adverse event, N+C
nivolumab plus cabozantinib, SUN sunitinib
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Fig.2 PPPM all-cause and treatment-related grade 3/4 AE costs for
patients in CheckMate 9ER, as-treated population. Analyses were
conducted among patients in the as-treated population who received
at least 1 dose of the study drug in CheckMate 9ER. Monthly AE
costs were calculated as total all-cause/treatment-related grade costs
during each month divided by the sum of all patients’ medication
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exposure time occurring during each month. Four-order polynomial
trendlines fitted by a multiple regression were added to the figure to
present the smoothed temporal trend of monthly AE costs by treat-
ment arm. AE adverse event, N+C nivolumab plus cabozantinib,
PPPM per-patient-per-month, SUN sunitinib, USD United States dol-
lars
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Table 1 PPPM all-cause and treatment-related grade 3/4 AE costs in CheckMate 9ER
N+C (N = 320) SUN (N = 320) Difference P value
X - (SUN — N+C)
Total grade Patient-months ~ PPPM grade = Total grade Patient-months ~ PPPM grade
3/4 AE costs 3/4 AE costs  3/4 AE costs 3/4 AE costs
All-cause grade 3/4 AEs over
3 months $1,896,980 938.7 $2021 $2,794,959 902.5 $3097 $1076 < 0.05*
6 months $2,979,559 1802.2 $1653 $3,843,536 1589.6 $2418 $765 < 0.05*
12 months  $4,740,289 3269.8 $1450 $5,015,224 2592.0 $1935 $485 0.0575
18 months  $5,531,528 4135.7 $1337 $5,420,683 3088.5 $1755 $418 0.0952
Treatment-related grade 3/4 AEs over
3 months $1,410,645 938.7 $1503 $1,771,166 902.5 $1963 $460 0.3224
6 months $2,184,036 1802.2 $1212 $2,517,873 1589.6 $1584 $372 0.6096
12 months  $3,201,823 3569.8 $979 $3,246,695 2592.0 $1253 $274 0.8995
18 months  $3,557,610 4135.7 $860 $3,561,377 3088.5 $1153 $293 0.7479

Analyses were conducted among patients in the as-treated population who received at least 1 dose of the study drug in CheckMate 9ER. Statisti-
cal comparisons of PPPM AE costs between N+C and SUN were conducted using Wilcoxon rank-sum tests

AE adverse event, N+C nivolumab plus cabozantinib, PPPM per-patient-per-month, SUN sunitinib

*Statistically significant at the 5% level

contributing to the negative cost differences between the
nivolumab plus cabozantinib versus sunitinib arms were lab-
oratory abnormalities ($182 vs. $443, A = — $261), blood
and lymphatic system disorders ($41 vs. $254, A = — $213),
and general disorders and administration site conditions
($122 vs. $157, A = — $35). Metabolism and nutrition dis-
orders ($244), laboratory abnormalities ($182), and general
disorders and administration site conditions ($122) were the
top three AE categories contributing to total all-cause grade
3/4 AE costs for patients in the nivolumab plus cabozantinib
arm. For patients in the sunitinib arm, laboratory abnormali-
ties ($443), blood and lymphatic system disorders ($254),
and metabolism and nutrition disorders ($177) were the top
three AE categories contributing to the total all-cause grade
3/4 AE costs.

Treatment-related grade 3/4 AE costs by AE category
PPPM over 18 months are also presented in Fig. 4. The
top three categories driving the negative difference in AE
costs for treatment-related grade 3/4 AEs among patients
receiving nivolumab plus cabozantinib versus sunitinib
differed from the drivers of all-cause grade 3/4 AE costs,
and included laboratory abnormalities ($144 vs. $393, A
= — $249), blood and lymphatic system disorders ($32 vs.
$225, A = — $193), and vascular disorders ($77 vs. $112,
A = — $35). Metabolism and nutrition disorders ($166),
laboratory abnormalities ($144), and general disorders and
administration site conditions ($83) were the top three AE
categories contributing to total treatment-related grade 3/4
AE costs for patients in the nivolumab plus cabozantinib
arm. For patients in the sunitinib arm, laboratory abnor-
malities ($393), blood and lymphatic system disorders
($225), and vascular disorders ($112) were the top three

AE categories contributing to total treatment-related grade
3/4 AE costs.

4 Discussion

Using IPD from the CheckMate 9ER clinical trial, this study
assessed the grade 3/4 AE rates and costs associated with
nivolumab plus cabozantinib combination therapy versus
sunitinib monotherapy from a US payer’s perspective. The
combination of nivolumab plus cabozantinib is associated
with a unique safety profile involving immune-related AEs,
which necessitate the development and implementation
of AE-specific management plans [25]. This study fills an
important gap in the literature by accurately capturing the
temporal trends of AEs experienced by patients while on
treatment with nivolumab plus cabozantinib combination
therapy versus sunitinib monotherapy, as well as the asso-
ciated costs, which were assessed at multiple time points
during the trial.

The present analysis found that nivolumab plus cabo-
zantinib was associated with lower all-cause and treatment-
related grade 3/4 AE costs compared with sunitinib, with the
all-cause AE cost difference between the two treatment arms
being $1076, $765, $485, and $418 PPPM at months 3, 6,
12, and 18, respectively. By observing monthly trends, the
AE cost savings associated with nivolumab plus cabozan-
tinib compared to sunitinib appeared to be the most promi-
nent within the first month of treatment initiation, such that
all-cause and treatment-related grade 3/4 AE costs for suni-
tinib were more than twice as high as the respective costs
for nivolumab plus cabozantinib at month 1. This may be
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Fig.3 Cumulative per-patient
all-cause and treatment-related
grade 3/4 AE costs for patients
in CheckMate 9ER, as-treated
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partially explained by the lower starting dose of cabozan-
tinib when used in combination (40 mg vs. the full dose
of 60 mg when used as monotherapy) versus the full start-
ing dose of sunitinib (50 mg), as most of the AEs at early
time points are related to TKIs. At month 2, all-cause and
treatment-related grade 3/4 AE costs for nivolumab plus
cabozantinib were higher than the corresponding costs for
sunitinib. However, cumulatively, total all-cause and treat-
ment-related grade 3/4 AE costs were consistently higher for
sunitinib than nivolumab plus cabozantinib at each month
over the entire 18-month period, suggesting an accumula-
tion of cost savings over time. Over 18 months, the cumula-
tive all-cause and treatment-related grade 3/4 AE costs were
$3428 and $3524 less per patient, respectively, for those
treated with nivolumab plus cabozantinib compared to suni-
tinib. In addition, a similar analysis found that patients who
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received nivolumab plus ipilimumab also had lower aver-
age per-patient all-cause grade at 12 months ($15,170 vs.
$20,342) compared to sunitinib [26]. Together, these results
highlight the value of nivolumab-based combination thera-
pies for the first-line treatment of aRCC compared to the
current standard of care in the US.

Both treatment arms experienced an overall decreasing
trend in monthly grade 3/4 AE rates and costs per patient
throughout the 18-month study period. The decreasing trend
in AE rates was more moderate in the nivolumab plus cabo-
zantinib arm than the sunitinib arm, possibly due to the dif-
ferent mechanisms of action between the two treatments and
potential for a delayed immune-related AE [6]. The highest
AE costs occurred at month 2 for the nivolumab plus cabo-
zantinib arm and at month 1 for the sunitinib arm. Similarly,
in CheckMate 214, the highest AE costs occurred at month
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Fig.4 PPPM all-cause and treatment-related grade 3/4 AE costs by
AE category over 18 months for patients in CheckMate 9ER, as-
treated population. Analyses were conducted among patients in the
as-treated population who received at least 1 dose of the study drug
in CheckMate 9ER. PPPM grade 3/4 AE costs for each AE category
over 18 months were calculated by summing grade 3/4 AE costs
within each AE category over 18 months. AEs were graded according
to the CTCAE, version 4.0 [24]. Legends for all-cause and treatment-

3 for nivolumab plus ipilimumab and at month 1 for suni-
tinib [26]. Similar onset times of AEs were also reported
for other targeted aRCC therapies, such as sorafenib, and
other studies of sunitinib, in which most treatment-related
AEs developed shortly within the first treatment cycle (6
weeks) and decreased with each subsequent cycle [27, 28].
One trial conjectured that patients with aRCC who did not
experience common treatment-related AEs earlier during the
course of treatment of sorafenib may be unlikely to develop
them later [27]. However, it is unclear whether the onset
and course of each type of AEs associated with 10-based
combinations differ from targeted therapies. Future studies
with comparative data are needed to address this question
and determine whether these characteristics have an impact
on the associated costs.

The study also contributes to our understanding of the
cost drivers of the AEs associated with these two treatments.
Investigations related to abnormalities in laboratory results
(such as decreased platelet count, decreased neutrophil
count, and increased lipase) were some of the most impor-
tant drivers of all-cause and treatment-related grade 3/4 AE
costs in the nivolumab plus cabozantinib arm, and contrib-
uted the highest all-cause and treatment-related grade 3/4
AE costs in the sunitinib arm [26]. Managing laboratory
abnormalities can be resource-intensive and is associated
with high costs. For example, previous cost-effectiveness

I ¥ Blood And Lymphatic System Disorders

Treatment-related Grade 3/4 AE

related AEs with PPPM AE costs < $100 for the 18-month period
are not shown. This includes ear and labyrinth disorders, eye disor-
ders, immune system disorders, psychiatric disorders, reproductive
system and breast disorders, and surgical and medical procedures. AE
adverse event, CTCAE Common Terminology Criteria for Adverse
Events, N+C nivolumab plus cabozantinib, PPPM per-patient-per-
month, SUN sunitinib, USD United States dollars

analyses in treatment-naive aRCC patients showed that
the costs of managing grade 3/4 thrombocytopenia (i.e.,
decreased platelet count), amounted to more than $4000 per
event [29]. In addition, the different mechanism of actions of
nivolumab plus cabozantinib and sunitinib might contribute
to the different cost drivers observed in this study [30-35].
While there are many contributing factors to treatment-
decision making, the safety profile of aRCC treatments and
associated cost is one integral component of that process.
Further studies are warranted to assess how cost drivers in
treatment-naive aRCC patients may impact treatment deci-
sion-making in clinical practice.

It is worth noting that while the overall grade 3/4 AE rates
were slightly higher for patients treated with nivolumab plus
cabozantinib (all-cause: 75.3%; treatment-related: 60.6%)
compared with sunitinib (all-cause: 70.6%; treatment-
related: 50.9%) [15], the estimated PPPM costs associated
with nivolumab plus cabozantinib treatment and incidence
AE rates adjusting for exposure time were lower, due to the
longer exposure to nivolumab plus cabozantinib than suni-
tinib in the trial. The median treatment duration for patients
treated with nivolumab plus cabozantinib and sunitinib was
14.3 months and 9.2 months, respectively. At the time of
database lock, the proportion of patients who discontinued
treatment was 44.4% in the nivolumab plus cabozantinib arm
versus 71.3% in the sunitinib arm, with disease progression
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being the primary reason for discontinuation in both arms
[15]. The longer exposure time may also be associated with
the superior overall survival of nivolumab plus cabozan-
tinib. Thus, it is important to consider treatment exposure
in the interpretation of the AE incidence rates and costs. As
illustrated by this analysis, slightly higher overall grade 3/4
AE rates associated with nivolumab plus cabozantinib treat-
ment can indeed be mainly attributed to the longer treatment
duration. This may in turn reflect superior efficacy outcomes
versus sunitinib, and ultimately do not translate to higher
PPPM AE costs. The results of this study serve to further
emphasize the benefit of nivolumab plus cabozantinib over
sunitinib, where nivolumab plus cabozantinib is associated
with lower costs related to AE management in addition to
the superior efficacy outcomes.

The study was subject to a number of limitations. First, as
grade 1 or 2 AEs are expected to be of low-cost impact, the
current analysis focused on costs associated with grade 3/4
AEs and may have consequently underestimated the total AE
costs in both treatment arms. Second, each grade 3/4 AE was
assumed to incur the cost of a hospitalization, which was
obtained from the HCUP. Thus, the unit costs may not reflect
the true costs incurred during the trial and may be subject to
measurement error. In addition, some grade 3/4 AEs might
not require a hospitalization and the unit cost may overesti-
mate the true cost for such AEs. Third, the study focused on
the rate of new AEs that occurred during each time period
and did not consider the duration of a grade 3/4 AE; further
studies are warranted to assess the cost impact attributed to
the chronic nature of certain AEs. Finally, patients with pre-
viously untreated aRCC in a real-world setting may have dif-
ferent clinical profiles than those included in the CheckMate
9ER trial, which could influence the observed AE toxicity
profile associated with these therapies.

5 Conclusions

The result of this cost analysis suggests that the IO + TKI
combination of nivolumab plus cabozantinib is associated
with lower long-term management costs related to AEs
compared with sunitinib monotherapy among patients with
aRCC. The AE cost savings associated with nivolumab plus
cabozantinib were the most prominent within the first month
of initiating treatment and continued to accumulate over the
assessed trial period. The rates of all-cause and treatment-
related grade 3/4 AEs and their associated costs declined in
both nivolumab plus cabozantinib and sunitinib arms over
the 18-month follow-up period, with a more moderate rate of
decline for nivolumab plus cabozantinib. In addition to the
superior clinical efficacy observed in the CheckMate 9ER
trial, the results from this analysis indicate that nivolumab
plus cabozantinib is associated with lower costs of AE
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management compared with sunitinib despite the higher rate
of AEs observed among patients treated with nivolumab plus
cabozantinib in the CheckMate 9ER trial.
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