
E U R O P E A N U R O L O G Y O P E N S C I E N C E 4 9 ( 2 0 2 3 ) 1 1 0 – 1 1 8
available at www.sciencedirect.com

journal homepage: www.eu-openscience.europeanurology.com
Kidney Cancer

Real-world Treatment Patterns and Clinical Outcomes for Metastatic
Renal Cell Carcinoma in the Current Treatment Era
Neil J. Shah a,e,*, Sneha D. Sura b, Reshma Shinde c, Junxin Shi b, Puneet K. Singhal c,

Nicholas J. Robert b, Nicholas J. Vogelzang d, Rodolfo F. Perini c, Robert J. Motzer a,e

aDepartment of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY, USA; bOntada LLC, The Woodlands, TX, USA; cMerck & Co., Inc., Rahway,
NJ, United States of America; dComprehensive Cancer Centers of Nevada, Las Vegas, NV, USA; eDepartment of Medicine, Weill Cornell Medical Center,
New York, NY
Article info

Article history:
Accepted December 22, 2022

Associate Editor:
M. Carmen Mir

Keywords:
Metastatic renal cell carcinoma
Immuno-oncology
Overall survival
Time to next treatment
Time on treatment
https://doi.org/10.1016/j.euros.2022.12.015
2666-1683/� 2023 Merck Sharp & Dohme LLC., a
B.V. on behalf of European Association of Urology
org/licenses/by-nc-nd/4.0/).
Abstract

Background: Immuno-oncology (IO) agents and tyrosine kinase inhibitors (TKIs)
have revolutionized the treatment paradigm for metastatic renal cell carcinoma
(mRCC). Data on real-world usage and outcomes are limited.
Objective: To examine real-world treatment patterns and clinical outcomes for
mRCC.
Design, setting, and participants: This retrospective cohort study included 1538
patients with mRCC who received first-line treatment with pembrolizumab + axiti
nib (P + A; n = 279, 18%), ipilimumab + nivolumab (I + N; n = 618, 40%), or TKI
monotherapy (TKIm; cabozantinib, sunitinib, pazopanib, or axitinib; n =
641, 42%) between January 1, 2018 and September 30, 2020 in US Oncology
Network/non-network practices.
Outcome measurements and statistical analysis: The relationship with outcomes, time
on treatment (ToT), time to next treatment (TTNT), and overall survival (OS) was
analyzed using multivariable Cox proportional-hazards models.
Results and limitations: The median age of the cohort was 67 yr (interquartile range
59.5–74.4), 70% were male, 79% had clear cell RCC, and 87% had an intermediate or
poor International mRCC Database Consortium risk score. The median ToT was 13.6
for P + A versus 5.8 for I + N versus 3.4 mo for TKIm (p < 0.001) and the median
TTNT was 16.4 for P + A versus 8.3 for I + N versus 8.4 mo for TKIm (p < 0.001) .
Median OS was not reached for P + A, 27.6 mo for I + N, and 26.9 mo for TKIm
(p = 0.237). On adjusted multivariable analysis, treatment with P + A was associated
with better ToT (adjusted hazard ratio [aHR] 0.59, 95% confidence interval [CI]
0.47–0.72 vs I + N; 0.37, 95% CI, 0.30–0.45 vs TKIm; p < 0.0001) and better TTNT
(aHR 0.61, 95% CI 0.49–0.77 vs I + N; 0.53, 95% CI 0.42–0.67 vs TKIm;
p < 0.0001). Limitations include the retrospective design and the limited follow-
up for characterization of survival.
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Conclusions: We noted substantial uptake of IO-based therapies in the first-line
community oncology setting since their approval. In addition, the study provides
insights into clinical effectiveness, tolerability, and/or compliance of IO-based
therapies.
Patient summary: We examined the use of immunotherapy for patients with meta-
static kidney cancer. The findings suggest rapid implementation of these new treat-
ments by oncologists working in the community setting, which is reassuring for
patients with this disease.
� 2023 Merck Sharp & Dohme LLC., a subsidiary Merck & Co., Inc., Rahway, NJ, USA and
The Author(s). Published by Elsevier B.V. on behalf of European Association of Urology.
This is an open access article under the CCBY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Renal cell carcinoma (RCC) is the eighth most common can-
cer in the USA, affecting more than 580 000 individuals. In
2022, an estimated 79 000 new cases of RCC will be diag-
nosed with an estimated 13 920 deaths from the disease
[1]. The 5-yr RCC survival rates for patients with regional
disease (72.3%) or distant disease (15.3%) are still poor [2].

The introduction of tyrosine kinase inhibitors (TKIs) in
2006 [3-6] and immuno-oncology (IO) agents in 2018 [7-
9] changed the treatment paradigm for metastatic RCC
(mRCC). The current National Comprehensive Cancer Net-
work guidelines recommend many first-line (1L) treat-
ments, including IO-IO or IO-TKI combinations and TKI
monotherapy [10].

Despite robust clinical trial data for these modern IO-
and TKI-based therapies, their effectiveness in the real-
world setting is not well reported. Clinical trials have strict
inclusion and exclusion criteria that often result in dissimi-
lar baseline characteristics between clinical trial patients
and real-world populations, which impacts the external
validity of clinical trial results and their generalizability to
the real world [11]. A few US real-world studies observed
that the ipilimumab + nivolumab combination exhibited
clinical efficacy and was well tolerated, but no comparison
has been made against other treatments [11-13]. With the
evolving 1L treatment landscape, it is important to under-
stand real-world treatment patterns and sequencing for
these modern IO and TKI agents. Here we examined treat-
ment patterns, sequencing, and clinical effectiveness out-
comes (time on treatment [ToT], time to next treatment
[TTNT], and overall survival [OS]) for patients with mRCC
receiving 1L IO- or TKI-based therapy.
2. Patients and methods

2.1. Data source

We used electronic health record (EHR) data maintained by McKesson

Specialty Health in the iKnowMed (iKM) database, an oncology-

specific EHR system implemented across The US Oncology Network

and non-network community oncology practices. The US Oncology Net-

work includes �1300 affiliated physicians operating in more than 480

sites of care across the USA and treats approximately 1.2 million cancer

patients annually [14]. In addition, approximately 80 non-network clin-

ics have adopted iKM EHRs and provide data for real-world evidence

research. Study data were sourced from the structured fields of the
iKM EHR database, with supplementary vital status obtained from the

Social Security Administration’s Limited Access Death Master File. A

waiver for informed consent was obtained from the US Oncology institu-

tional review board for compliance/privacy.

2.2. Study design and population

This retrospective cohort study included adult patients (age �18 yr)

diagnosed with mRCC who started 1L systemic treatment between Jan-

uary 1, 2018 and September 30, 2020 (study inclusion period) and were

followed until December 31, 2020, death, or loss to follow-up, whichever

occurred first (study observation period). The date of initiation of 1L sys-

temic treatment was defined as the study index date. Eligible patients

were required to have a minimum of two physician visits during study

period at a US Oncology Network or non-network practice. Patients

enrolled in clinical trials or those who had another primary cancer diag-

nosis besides mRCC during the study period were excluded.

2.3. Treatments and outcomes

Patient characteristics were assessed during a period of 60 d before the

index date, which included age, sex, race, smoking status, body mass

index (BMI), Eastern Cooperative Oncology Group (ECOG) performance

status (PS), and International Metastatic RCC Database Consortium

(IMDC) risk score. Since direct information on IMDC risk status was

not available for all patients, information on six prognostic factors

needed to assign IMDC risk category was collected at the index date.

According to the number of risk factors they had, patients were classified

as having favorable (0 factors), intermediate (1 or 2 factors), or poor risk

(3–6 factors). Patients with information missing for one or more factors

were classified considering the number of available factors meeting or

not meeting the criteria and the number of missing factors (Supplemen-

tary Table 1). In addition, the reason for treatment discontinuation was

not available as structured data and was not captured.

The 1L treatments considered for inclusion were pembrolizumab +

axitinib, ipilimumab + nivolumab, and TKI monotherapy (pazopanib,

cabozantinib, sunitinib, axitinib). Individual components of combination

regimens had to be started within 28 d of each other. Five patients had

started a regimen of avelumab + axitinib as 1L treatment and were not

included in the study because of the small sample size of this group.

Treatment sequences were considered according to the absolute

order of treatment regimens. The start and stop dates for individual

medications (of the regimen) were used to capture treatment order. A

change in treatment (or line of therapy) was considered when a new oral

treatment started with at least two consecutive records, or a new intra-

venous (IV) treatment started with at least one record of IV infusion. We

examined clinical effectiveness outcomes in terms of time on treatment

(ToT), time to next treatment (TTNT), and overall survival (OS). ToT is

defined as the time between the index date and one of the following:

http://creativecommons.org/licenses/by-nc-nd/4.0/
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date of initiation of second-line (2L) therapy, date of death while on 1L

therapy, or date of last administration if there was a gap of �120 d

between last administration date for 1L therapy and last known activity

date in the data set or the study end date, whichever occurred first. If

none of these criteria were met, patients were censored at last adminis-

tration date for 1L therapy [15]. TTNT was defined as the time between

the index date and initiation of the next treatment or death, whichever

occurred first. If none of these criteria were met, patients were censored

at the last visit date or the study end date [11,16]. OS was defined as the

time from the index date to date of death. Patients who did not have a

record of death during the follow-up period were censored at the last

visit date or the study end date, whichever occurred first.
2.4. Statistical analysis

Patient characteristics were summarized for the overall cohort and for

the treatment groups. Continuous variables are reported as the median

and interquartile range (IQR), and categorical variables as the frequency

and percentage. Differences in continuous and categorical variables were

assessed using Student’s t test and a v2 test, respectively. We used the

Kaplan-Meier method with a log-rank test to analyze all time-to-event

outcomes. Unadjusted and adjusted Cox proportional-hazard models

were constructed to assess the association of 1L treatment with clinical

outcomes. We controlled for patient age, sex, race, smoking status, BMI,
Table 1 – Demographic and clinical characteristics of patients with meta

Parameter Overall study Treatm

population Pembro
(n = 1538) (n = 27

Median age, yr (IQR) 67.1 (59.5–74.4) 67.8 (60
Age category, n (%)
18–49 yr 114 (7.4) 63 (9.8)
50–64 yr 543 (35.3) 238 (37
�65 yr 881 (57.3) 340 (53

Sex, n (%)
Female 462 (30.0) 87 (31.2
Male 1076 (70.0) 192 (68

Race, n (%)
White or Caucasian 1081 (70.3) 184 (66
Black or African American 92 (6.0) 18 (6.5)
Other 365 (23.7) 77 (27.6

Tobacco use, n (%)
No history of tobacco use 475 (30.9) 85 (30.5
Former tobacco use 469 (30.5) 90 (32.3
Current tobacco use 154 (10.0) 31 (11.1
Not documented 440 (28.6) 73 (26.2

BMI category, n (%)
Underweight/normal (<24.9 kg/m2)a 405 (26.3) 66 (23.7
Overweight (25–29.9 kg/m2) 492 (32.0) 97 (34.8
Obese (�30 kg/m2) 587 (38.2) 111 (39
Not documented 54 (3.5) 5 (1.8)

ECOG PS at index date, n (%)
0–1 782 (50.8) 142 (50
�2 232 (15.1) 38 (13.6
Not documented 524 (34.1) 99 (35.5

Histology, n (%)
Clear cell carcinoma 1208 (78.5) 239 (85
Non–clear cell carcinoma 166 (10.8) 20 (7.2)
Not documented 164 (10.7) 20 (7.2)

IMDC risk score, n (%)
Favorable/intermediate 150 (9.7) 33 (11.8
Intermediate/poor 1338 (87.0) 239 (85
Unknown 50 (3.3) 7 (2.5)

Median follow-up, mo (IQR) 8.0 (3.2–15.6) 7.2 (4.2–

Axi = axitinib; BMI = body mass index; ECOG PS = Eastern Cooperative Oncolo
Carcinoma Database Consortium; Ipi = ipilimumab; IQR = interquartile range; Ni
monotherapy.
a Since the sample size for one of the categories was <5, we combined underwe
ECOG PS, and IMDC risk score in adjusted regression analyses. These

variables were selected on the basis of their statistical significance

and/or clinical importance. Similar analyses were also performed for

subgroups of patients with clear cell histology and intermediate/poor

IMDC risk score. All statistical analyses were performed using SAS v9.4

with an a priori significance level of p < 0.05.

3. Results

We identified 1538 patients with mRCC, of whom 18%
(n = 279) received pembrolizumab + axitinib, 42%
(n = 641) received ipilimumab + nivolumab, and 40%
(n = 618) received TKI monotherapy. In the TKI monother-
apy cohort, 33% (n = 203), 32% (n = 197), 22% (n = 137),
and 13% (n = 81) received pazopanib, cabozantinib, suni-
tinib, and axitinib monotherapy, respectively.

Table 1 lists the patient characteristics for the full study
cohort and the treatment groups. For the full study cohort,
the median age at mRCC diagnosis was 67 yr (IQR 60–74),
70% (n = 1076) were male, 70% (n = 1081) were White, 6%
(n = 92) were African American, and 38% (n = 587) had
BMI �30 kg/m2. Clear cell carcinoma was the most common
histology (n = 1208, 79%) and 87% of the patients (n = 1338)
static renal cell carcinoma starting first-line systemic treatment

ent group

+ Axi Ipi + Nivo TKIm p value
9) (n = 641) (n = 618)

.6–76.0) 65.8 (57.8–72.1) 68.6 (60.9–75.6) <0.0001
0.0073

15 (5.4) 36 (5.8)
.1) 101 (36.2) 204 (33.0)
.0) 163 (58.4) 378 (61.2)

0.0237
) 169 (26.4) 206 (33.3)
.8) 472 (73.6) 412 (66.7)

0.1388
.0) 470 (73.3) 427 (69.1)

39 (6.1) 35 (5.7)
) 132 (20.6) 156 (25.2)

0.9072
) 201 (31.4) 189 (30.6)
) 197 (30.7) 182 (29.5)
) 68 (10.6) 55 (8.9)
) 175 (27.3) 192 (31.1)

<0.0001
) 175 (27.3) 164 (26.5)
) 218 (34.0) 177 (28.6)
.8) 238 (37.1) 238 (38.5)

10 (1.6) 39 (6.3)
0.0293

.9) 354 (55.2) 286 (46.3)
) 90 (14.0) 104 (16.8)
) 197 (30.7) 228 (36.9)

<0.0001
.7) 524 (81.7) 445 (72.0)

58 (9.0) 88 (14.2)
59 (9.2) 85 (13.8)

<0.0001
) 34 (5.3) 83 (13.4)
.7) 600 (93.6) 499 (80.7)

7 (1.1) 36 (5.8)
11.8) 8.5 (3.5–15.7) 7.8 (2.0–18.0) 0.1308

gy Group performance status; IMDC = International Metastatic Renal Cell
vo = nivolumab; Pembro = pembrolizumab; TKIm = tyrosine kinase inhibitor

ight and normal weight.



E U R O P E A N U R O L O G Y O P E N S C I E N C E 4 9 ( 2 0 2 3 ) 1 1 0 – 1 1 8 113
had an intermediate/poor IMDC risk score. The IMDC risk
score was missing for 55 patients (3%). The ipilimumab +
nivolumab cohort tended to be slightly younger (median
age 65.8 vs 67.8 vs 68.6 yr) and had a higher proportion
of patients with intermediate/poor IMDC risk (93.6% vs
85.7% vs 80.7%) in comparison to the pembrolizumab + axi
tinib and TKI monotherapy cohorts. Median follow-up was
7.2 mo (IQR 4.2–11.8) for the pembrolizumab + axitinib
group, 8.5 mo (IQR 3.5–15.7) for the ipilimumab + nivolu
mab group, and 7.8 mo (IQR 2.0–18.0) for the TKI monother-
apy group. We observed an increases in the use of
pembrolizumab + axitinib (8% in quarter 1 [Q1] and Q2
2019 to 31% in Q3 2020) and ipilimumab + nivolumab
(23% in Q1 and Q2 2018 to 42% in Q3 2020) following their
approval by the US Food and Drug Administration (FDA;
pembrolizumab + axitinib in April 2019; ipilimumab + nivo
lumab in April 2018; Fig. 1). Overall, 35% (n = 535) of the
patients received 2L treatment including 19% (n = 53) of
the pembrolizumab + axitinib group, 39% (n = 247) of the
ipilimumab + nivolumab group, and 38% (n = 235) of the
TKI monotherapy group. The most common 2L therapies
were cabozantinib (51%, n = 27) and ipilimumab + nivolu
mab (23%, n = 12) for the pembrolizumab + axitinib cohort;
cabozantinib (49%, n = 120), pazopanib (12%, n = 30), and
pembrolizumab + axitinib (10%, n = 25) for the
ipilimumab + nivolumab cohort; and nivolumab (45%,
n = 105), ipilimumab + nivolumab (20%, n = 46), and
cabozantinib (6%, n = 15) for the TKI monotherapy cohort.
Overall, only 13% (n = 186) of patients subsequently
received 3L therapy, for which cabozantinib was the most
common 3L drug among all three cohorts (Fig. 2).

Median ToT was 13.6 mo (95% CI 10.4–not reached [NR])
for the pembrolizumab + axitinib group, 5.8 mo (95% CI 5.3–
7.3) for the ipilimumab + nivolumab group, and 3.4 mo (95%
CI 2.8–4.3) for the TKI monotherapy group. At 12 mo, 51%
Fig. 1 – Trends in first-line systemic treatment use for patients with metas
(95% CI 43–59%), 35% (95% CI 31–39%), and 23% (95% CI
19–28%) of patients in the pembrolizumab + axitinib,
ipilimumab + nivolumab, and TKI monotherapy cohorts,
respectively, were still on 1L treatment (Fig. 3A). On
adjusted multivariable analysis, pembrolizumab + axitinib
(adjusted hazard ratio [aHR] 0.37, 95% CI 0.30–0.45) and
ipilimumab + nivolumab (aHR 0.63, 95% CI 0.54–0.73) were
associated with longer ToT in comparison to TKI monother-
apy (p < 0.001; Table 2 and Supplementary Table 2). In com-
parison to ipilimumab + nivolumab, pembrolizumab +
axitinib was associated with longer ToT (aHR 0.59, 95% CI
0.47–0.72; p < 0.001) and TKI monotherapy was associated
with shorter ToT (aHR 1.59, 95% CI 1.38–1.84; p < 0.001;
Table 2 and Supplementary Table 3). Similar results were
observed in all three subgroup analyses (Supplementary
Figs. 1–3 and Supplementary Tables 4–6).

Median TTNT was 16.4 mo (95% CI 11.9–NR) for
pembrolizumab + axitinib, 8.3 mo (95% CI 6.9–9.6) for
ipilimumab + nivolumab, and 8.4 mo (95% CI 6.9–9.6);
p < 0.001) for TKI monotherapy. At 12 mo, 58% (95% CI
50–65%), 42% (95% CI 38–46%), and 38% (95% CI 34–43%)
of patients in the pembrolizumab + axitinib,
ipilimumab + nivolumab, and TKI monotherapy cohorts,
respectively, were alive or had not started 2L treatment
(Fig. 3B). On adjusted multivariable analysis,
pembrolizumab + axitinib was associated with longer TTNT
(aHR 0.53, 95% CI 0.42–0.67; p < 0.001) and ipilimumab +
nivolumab was associated with similar TTNT (aHR 0.87,
95% CI 0.74–1.01; p = 0.074) in comparison to TKI
monotherapy (Table 2 and Supplementary Table 2). On mul-
tivariable analysis with ipilimumab + nivolumab as the ref-
erence group, pembrolizumab + axitinib was associated
with longer TTNT (aHR 0.61, 95% CI 0.49–0.77; p < 0.001)
and TKI monotherapy was associated with similar TTNT
(aHR 1.16, 95% CI 0.99–1.36; p = 0.074; Table 2 and Supple-
tatic renal cell carcinoma. Q = quarter; TKI = tyrosine kinase inhibitor.



Fig. 2 – Treatment patterns for patients with metastatic renal cell carcinoma starting first-line (1L) systemic treatment. 2L = second-line; 3L = third-line;
TKI = tyrosine kinase inhibitor.

Fig. 3 – Kaplan-Meier analysis of clinical outcomes for patients with metastatic renal cell carcinoma starting 1L systemic treatments. (A) Time on treatment.
(B) Time to next treatment. (C) Overall survival. 1L = first-line; Axi = axitinib; CI = confidence interval; Ipi = ipilimumab; Nivo = nivolumab; NR = not reached;
Pembro = pembrolizumab; TKI = tyrosine kinase inhibitor.
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mentary Table 3). Pembrolizumab + axitinib and
ipilimumab + nivolumab were associated with longer TTNT
in comparison to TKI monotherapy across three subgroups:
patients with intermediate/poor IMDC risk score (Supple-
mentary Fig. 1 and Supplementary Table 4), patients with
clear cell histology (Supplementary Fig. 2 and Supplemen-



Fig. 3 (continued)

Fig. 3 (continued)
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Table 2 – Association of first-line treatments with clinical outcomes according to unadjusted and adjusted Cox regression models

Clinical outcome Pembrolizumab + axitinib Ipilimumab + nivolumab TKI monotherapy

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Time on treatment
Unadjusted HR 0.36 (0.30–0.45) <0.0001 0.65 (0.56–0.74) <0.0001 Reference
Adjusted HRa 0.37 (0.30–0.45) <0.0001 0.63 (0.54–0.73) <0.0001 Reference
Unadjusted HR 0.56 (0.46–0.70) <0.0001 Reference 1.55 (1.35–1.78) <0.0001
Adjusted HRa 0.59 (0.47–0.72) <0.0001 Reference 1.59 (1.38–1.84) <0.0001
TTNT
Unadjusted HR 0.53 (0.42–0.66) <0.0001 0.90 (0.78–1.05) 0.1711 Reference
Adjusted HRa 0.53 (0.42–0.67) <0.0001 0.86 (0.74–1.01) 0.0739 Reference
Unadjusted HR 0.59 (0.47–0.74) <0.0001 Reference 1.11 (0.96–1.29) 0.1711
Adjusted HRa 0.61 (0.49–0.77) <0.0001 Reference 1.16 (0.99–1.36) 0.0739
Overall survival
Unadjusted HR 0.77 (0.57–1.04) 0.0896 0.96 (0.78–1.17) 0.6735 Reference
Adjusted HRa 0.79 (0.58–1.08) 0.1371 0.94 (0.76–1.17) 0.6096 Reference
Unadjusted HR 0.81 (0.60–1.08) 0.1511 Reference 1.04 (0.86–1.28) 0.6735
Adjusted HRa 0.84 (0.62–1.13) 0.2454 Reference 1.06 (0.85–1.32) 0.6096

CI = confidence interval; HR = hazard ratio; TKI = tyrosine kinase inhibitor; TTNT = time to next treatment.
a Adjusted analysis accounted for age, sex, race, tobacco use, body mass index, Eastern Cooperative Oncology Group performance status, histology, and
International Metastatic Renal Cell Carcinoma Database Consortium risk score.
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tary Table 5, and patients with both clear cell histology and
intermediate/poor IMDC risk score (Supplementary Fig. 3
and Supplementary Table 6).

Median OS was not reached for pembrolizumab + axiti
nib, 27.6 mo (95% CI 21.7–30.9) for ipilimumab + nivolu
mab, and 26.9 mo (95% CI 21.7–30.9) for TKI monotherapy.
No difference in OS was noted between the three study
cohorts. At 12 mo, 76% (95% CI 70–82%), 73% (95% CI 68–
76%), and 70% (95% CI 66–74%) of patients in the
pembrolizumab + axitinib, ipilimumab + nivolumab, and
TKI monotherapy cohorts, respectively, were still alive
(Fig. 3C). On adjusted multivariable analysis, no significant
difference in OS was noted for pembrolizumab + axitinib
(aHR 0.79, 95% CI 0.58–1.08; p = 0.1371) or ipilimumab +
nivolumab (aHR 0.95, 95% CI 0.76–1.17; p = 0.610) in com-
parison to TKI monotherapy (Table 2 and Supplementary
Table 2). In comparison to ipilimumab + nivolumab, there
was no significant difference in OS for pembrolizumab + axi
tinib (aHR 0.84, 95% CI 0.62–1.13; p = 0.245) or TKI
monotherapy (aHR 1.06, 95% CI 0.85–1.32; p = 0.610; Table 2
and Supplementary Table 3). Similar results were observed
in subgroup analyses, except the pembrolizumab + axitinib
cohort had longer survival in comparison to the TKI
monotherapy cohort in the subgroup of patients with inter-
mediate/poor IMDC risk score (aHR 0.72, 95% CI 0.52–0.99;
p = 0.045; Supplementary Figs. 1–3 and Supplementary
Tables 4–6).

4. Discussion

IO + IO and IO + TKI combination therapies have revolution-
ized management of mRCC. This is the largest study to pro-
vide insights into real-world treatment patterns,
sequencing, and clinical outcomes for these therapies in
the community oncology setting in the USA. Our study
mostly included White males older than 65 yr. Approxi-
mately 30% of the study population were not White, and
only 6% were African American. Despite being one of the lar-
gest studies capturing data from more than 1300 physicians
providing care in more than 480 centers, our study high-
lights the disparity in access to and utilization of these
therapies.

Consistent with the study by Zakharia et al. [17], we
observed a marked increase in the uptake of both
pembrolizumab + axitinib and ipilimumab + nivolumab
combinations since their respective FDA approval. In our
study, consistent with the literature [18–21], 2L therapies
were guided by 1L therapies: patients received TKI
monotherapy after IO-based 1L treatment, and received an
IO-based therapy after TKI-based 1L treatment. Cabozan-
tinib was the most common 2L therapy among patients
receiving IO-based 1L therapy, and nivolumab was the most
common 2L therapy among patients receiving 1L TKI
monotherapy. We also observed many instances of off-
label use of IO-based therapies in patients with non–clear
cell histology, use of 2L TKI therapies in the post-IO setting,
and use of another IO-based therapy after receiving IO-
based 1L therapy. These patterns of use suggest rapid
advancement of the 1L treatment landscape for mRCC and
a lack of data for the advanced 2L setting and beyond.

This is the first real-world study to compare 1L treat-
ments in terms of ToT and TTNT, which have been sug-
gested as effectiveness endpoints in real-world studies
owing to their moderate to high correlation with
progression-free survival (PFS) [22–25]. In our study, the
pembrolizumab + axitinib combination provided the long-
est ToT and TTNT, followed by the ipilimumab + nivolumab
combination. In comparison to TKI monotherapy,
pembrolizumab + axitinib and ipilimumab + nivolumab
were associated with reductions in the risk of treatment
discontinuation (ToT) of 63% and 37%, and reductions in
the risk of subsequent treatment (TTNT) of 47% and 14%,
respectively. Furthermore, in comparison to ipilimumab +
nivolumab, pembrolizumab + axitinib reduced the risk of
treatment discontinuation (ToT) by 41% and the risk of sub-
sequent treatment initiation (TTNT) by 39%. Our findings
are consistent with systematic reviews and network meta-
analyses of clinical trials on 1L systemic treatment in
advanced RCC that noted a robust treatment response in
terms of PFS with pembrolizumab + axitinib in comparison
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to ipilimumab + nivolumab and sunitinib monotherapy
[26,27].

Our study did not reveal any difference in survival
between 1L therapies, most likely because of the short
follow-up duration. In addition, one-third of patients in
the TKI monotherapy or IO-IO cohorts received
cabozantinib- or nivolumab-based 2L therapy, which may
have influenced OS [28]. We plan to continue following
patients closely and to provide subsequent updates in a
future paper. Our study findings are consistent with two
real-world studies that found no difference in OS between
pembrolizumab + axitinib and ipilimumab + nivolumab
[29,30].

Our study has some limitations. The retrospective design
is prone to selection bias arising from how the study partic-
ipants were selected or followed, which could have affected
the apparent association between exposure and outcomes.
In addition, even though we adjusted for key variables,
there may be unobservable differences in treatment cohorts
not accounted for in the adjusted analysis, biasing the
results. iKM EHR data are not collected for research pur-
poses but for clinical practice reasons. This may have
impeded standardization of the data collection methods
and physician reporting. Services and procedures provided
outside of physician offices (eg, hospitalizations) are not
captured by the database. Oral therapies were recorded as
prescribed through iKM, but fulfillment of those prescrip-
tions was not observable. Reasons for discontinuation are
not collected in the structured data fields and there may
be unobservable differences in treatment cohorts not
accounted for in the adjusted analyses, biasing the results.
The study also has limited follow-up of 8 mo for the overall
cohort; longer follow-up for assessing any OS benefit is
warranted.
5. Conclusions

We noted a substantial increase in the uptake of IO-based
combination 1L treatments in the community oncology set-
ting since their regulatory approval. Choice of 2L treatment
was guided by the 1L treatment received, with most
patients receiving a TKI if they received IO-based 1L ther-
apy, and IO-based therapy if they received 1L TKI treatment.
IO-based therapies yielded better clinical outcomes in com-
parison to TKI monotherapy. Longer follow-up is needed to
understand oncological outcomes according to treatment
sequences.
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