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Abstract

Background: Treatment of metastatic renal cell carcinoma (mMRCC) is rapidly evolving with new combination therapies demonstrating improved
response rates and survival. There are no head-to-head prospective trials comparing an immunotherapy doublet with an immunotherapy/tyro-
sine-kinase inhibitorr-based combination. \We compare real-world outcomes in patients treated with axitinib/pembrolizumab (axi/pembro) or ipili-
mumab/nivolumab (ipi/nivo). The primary endpoints were overall-survival (OS) and real-world progression-free survival (rwPFS).

Patients and Methods: \We used a de-identified database to select patients diagnosed with clear cell mMRCC and treated with front-line axi/
pembro or ipi/nivo from 2018 to 2022. Analyses are adjusted using propensity score-based inverse probability of treatment weighting, balancing
age, gender, insurance, race, IMDC risk, and nephrectomy status. We compared survival by treatment groups using weighted and unweighted
Kaplan—Meier curves with log-rank tests and weighted Cox proportional hazards regressions.

Results: We included a total of 1506 patients with mRCC who received frontline axi/pembro (n = 547) or ipi/nivo (n = 959). Median follow-up
time was 20.0 months (range: 0.2-47.6). Baseline demographics were similar between the 2 cohorts. Adjusted median OS for the full popula-
tion was 28.9 months for axi/pembro and was 24.3 months for ipi/nivo (P = .09). Twenty-fourmonth survival was 53.8% for axi/pembro treated
patients and 50.2% for ipi/nivo treated patients. rwPFS was 10.6 months for axi/pembro treated patients and 6.9 months for ipi/nivo treated
patients. Treatment with axi/pembro conferred improved survival in the IMDC favorable risk strata, with no significant difference in survival
observed within the full cohort.

Conclusions: In this retrospective, real-world study of patients treated with front-line combination therapy, patients with IMDC favorable risk
disease had better survival when treated with axi/pembro compared to ipi/nivo. However, survival for the entire population and the 24-month
median overall survival were not statistically different between treatment groups. Longer follow-up is necessary to discern any emerging sig-
nificant differences.
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Implications for Practice

There are multiple front-line therapy options for untreated patients with metastatic renal cell carcinoma (mRCC). Unfortunately, the studies
that led to their approvals were not designed in a fashion that allows providers to discern which treatment option is best. The authors
looked at survival outcomes from a real-world data set of patients with mRCC treated with 2 of the leading treatment options, either
axitinib/pembrolizumab or ipilimumab/nivolumab. No clear differences in survival outcomes were found between the 2 combinations,
albeit with limited follow-up time.

Introduction hormonal therapy, and conventional chemotherapies. In the
cytokine era, responses were modest, treatment-associated
toxicities were abundant, and outcomes were poor for most
patients.? The identification of the role of the VHL tumor-sup-
pressor gene, and its downstream signaling pathways served

The therapeutic landscape for metastatic renal cell carcinoma
(mRCC) has recently undergone rapid advancements.! Prior to
20035, the mainstay of treatment was limited to cytokine-based
therapies as RCC proved to be resistant to radiotherapy,
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as the foundation for the development for a number of tar-
geted-based therapies which have been successfully integrated
into the front-line and salvage mRCC treatment landscape.’
Specifically, multitarget tyrosine-kinase inhibitors (TKI) tar-
geting VEGF receptors and other growth receptors provided
significant improvements to cytokine-based therapies and
became the cornerstone of treatment.*

Within 8 years of the TKI era, immune checkpoint inhibi-
tors (ICI) became the next class of agents with proven efficacy
in mRCC.? Soon thereafter, it was observed that combination
approaches, whether with ICIICI or TKI/ICIL, may be admin-
istered safely and with superior outcomes to TKIs alone.®’
The rapid development of these novel agents and combina-
tion therapies created a level of uncertainty in the treatment
paradigm that has yet to be reconciled in the literature or
evidence-based guidelines.®

In practice, patients with mRCC are most often stratified
by a validated prognostic model known as the International
Metastatic RCC Database Consortium (IMDC) criteria,
which categorizes patients into 3 risk groups: favorable, inter-
mediate, or poor.” These risk criteria have been integrated
into recent clinical trials in mRCC, and have aided in the
decision-making process for treatment options. Incorporating
the IMDC criteria, 2 pivotal trials have led to approval of
the most frequently used front-line treatment recommenda-
tions.*” CheckMate-214 was a randomized, open-label, phase
III study that assessed ipilimumab plus nivolumab (ipi/nivo)
versus sunitinib monotherapy.® Long-term results demon-
strate superiority in all primary endpoints favoring ipi/nivo
over sunitinib for patients with IMDC intermediate-and poor-
risk disease. KEYNOTE-426 was an open label, phase III trial
in patients with previously untreated mRCC who were ran-
domly selected to receive either pembrolizumab plus axitinib
(axi/pembro) or sunitinib.” The axi/pembro combination
demonstrated survival benefits across the IMDC intermedi-
ate-and poor-risk risk groups, with no overall survival benefit
in the IMDC favorable risk group at ths time. Importantly,
with regards to these 2 treatment options, whether in the
IMDC intermediate-and poor-risk or favorable-risk patient
population, there are no head-to-head comparisons provid-
ing level 1 evidence of superiority of either treatment option
and no ongoing trials evaluating this question. Thus, there
remains an unmet need for data to support clinical decision
making in this setting.'”

Herein, we report real-world outcomes in patients with
mRCC treated with either axi/pembro or ipi/nivo combina-
tion therapies. Primary endpoints are to assess real-world
progression-free survival (rwPFS) and overall survival (OS) of
patients with clear-cell mRCC treated with these combination
regimens, stratified by IMDC risk group.

Methods

Study Design and Data Source

This is a retrospective, observational analysis of patients with
mRCC who received combination ipi/nivo or axi/pembro as
their front-line therapy, with data obtained from the Flatiron
Health EHR-derived de-identified database.'’'> This longi-
tudinal database is comprised of de-identified patient-level
structured and unstructured variables from approximately
280 community and major academic cancer centers, curated
via technology-enabled abstraction.'>'3 This dataset uses
pre-specified algorithms, with expert input from oncologists,
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to infer lines of therapies based on EMR records. Generally,
this rule-based definition for lines of therapy groups together
first eligible drugs given within 28 days (ie, all eligible drugs
given within 4 weeks of the first eligible drug). We determined
IMDC scores via abstraction of the underlying risk criteria.'*
If patients had no known risk factors but has missing vari-
ables, they were categorized as unknown risk.

The study objectives include: (1) describe treatment pat-
terns and patient characteristics of this population; (2) deter-
mine the rwPFS and OS of the patient population; and (3)
determine the relationship between survival outcomes and
IMDOC risk group. The study period was from April 1, 2018
through April 30, 2022. Institutional Review Board approval
of the study protocol was obtained prior to study conduct,
and included a waiver of informed consent.

Study Population

Cobhort eligibility criteria included adult patients (218 years
of age) with clear cell mRCC who were treatment naive
and undergoing treatment with ipi/nivo or axi/pembro. The
study included patients with or without upfront cytoreduc-
tive nephrectomy and/or metastasectomy as well as patients
who presented at diagnosis with de novo metastatic disease
or those with recurrent metastatic disease. Exclusion crite-
ria included: (1) patients who initiated on TKI or ICI mono-
therapy, and had a subsequent drug added for dual therapy
outside of a 28-day window, (2) patients with predominant
non-clear cell histology, and (3) patients who had no struc-
tured data entry (ie, vital information, drug encounter) within
90 days of their mRCC diagnosis (Fig. 1).

Outcome Measures

We defined rwPFS as the time in months from the date of
initiation of ipi/nivo or axi/pembro to death or disease pro-
gression. Dates of real-world progression were retrospec-
tively captured from EHR documentation as part of routine
clinical care, curated via technology-enabled abstraction.
Technology-enabled abstraction allows for large-scale data
review with validated quality and efficiency of the abstrac-
tion process.'> Real-world progression is defined as a distinct
episode in which the treating clinician concludes that there
has been growth or worsening in the disease of interest.!
For the rwPFS analysis, patients who were alive and had not
progressed at the end of clinical follow-up (date of last clinic
visit note) were censored. rwPFS assessment is not affected
by treatment interruptions due to toxicity without disease
progression.

OS was calculated using a composite mortality variable
aggregated from EHR structured (eg, medication orders,
laboratory data) and unstructured information (eg, patient
notes, pathology reports), commercial mortality surveillance
sources and the social security death index, which delivered
data with high sensitivity and specificity.!® OS was defined
as the number of months from the initiation of treatment to
death due to any cause. For the OS analysis, patients alive at
the end of follow-up (date of last visit) or lost to follow up
were censored.

Statistics

We summarized baseline patient characteristics and treatment
patterns via standard descriptive statistics. The association
between treatment and patient characteristics were assessed
via chi-squared tests and T-tests. We used multivariable
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| Flatiron EHR database treatment-naive mRCC sample size (n = 11,542) |

[ Patients with predominant clear cell histology (n = 10,283) |

Excluded

« 90-day gap rule (n=1552)

«Diagnosed before Apr 1, 2018 (n=1507)
«Alternative first-line therapies (n=5718)

Final Cohort (n=1506)

Underwent therapy with ipi/nivo
(n=959)

Figure 1. CONSORT plot for patient selection.

logistic regression to simultaneously assess factors associated
with a particular treatment. For the survival outcomes of
rwPFS, and OS, we characterized survival time via Kaplan-
Meier curves, testing for differences using log-rank tests. We
created adjusted survival curves using propensity score-based
inverse probability of treatment weighting (IPTW). We esti-
mated propensity scores via logistic regression based on all
available pre-treatment covariates which could plausibly be
associated with treatments or outcomes (age, gender, insur-
ance, race, IMDC, and nephrectomy).'” We assessed covariate
balance by calculating standardized mean differences (differ-
ences <0.1 considered adequate balance).!®* We assessed sur-
vival by treatment group using weighted Kaplan-Meier curves
weighted Cox proportional hazards regressions with robust
standard errors and IPTW log-rank tests."” We created IPTW
survival curves in strata determined by IMDC risk score. We
grouped all patients with poor and intermediate IMDC scores
together, due to our categorization of IMDC scores with miss-
ing data.

Results

Patient Characteristics
We included a total of 1506 patients with mRCC who started
front-line axi/pembro (1 = 547) or ipi/nivo (1 = 959) between
April 1, 2018 through April 30, 2022 (data cut off). Median
follow-up time was 20.0 months (range: 0.2-47.6). The
majority of patients were male (73.2%). 57.5% of patients
had a nephrectomy, 56.2% of patients had metastatic dis-
ease at time of initial diagnosis, and the average patient age
was 66.0 years (range: 21.0-85.0). Patients were character-
ized by IMDC risk criteria as follows: 6.4% favorable risk,
82.3% intermediate/poor risk, and 11.4% unknown risk. The
median time from (initial) diagnosis of disease to initiation of
therapy was 2.5 months (interquartile range: 0.9-25.1). More
patients were treated with ipi/nivo in 2018, then the treat-
ment pattern transitioned with increased use of axi/pembro
through 2019-2021, although ipi/nivo was more commonly
used throughout the study period. Otherwise, patient demo-
graphics and baseline characteristics were generally balanced,
and are outlined in Table 1.

Multivariable analyses of potential factors that predict
choice of therapy are demonstrated in Table 2. A regression
model was performed to determine the likelihood of receiving

Underwent therapy with axi/pembro
(n=547)

ipi/nivo based on covariates. Categorization as IMDC inter-
mediate/poor risk demonstrated a significantly increased like-
lihood toward ipi/nivo as choice of therapy (OR of 2.09, 95%
CI: 1.27-3.45; P = .004).

Progression-Free Survival

In the adjusted model for the full population (n = 1506),
median rwPFS was 10.6 months (95% CI: 8.9-12.6) in the
axi/pembro treated patients, and 6.9 months (95% CI: 5.8-
9.1) in ipi/nivo treated patients (P = .04) (Fig. 2a). When risk
stratified by IMDC criteria; IMDC favorable risk median
rwPFS 25.5 months for axi/pembro treated patients (95% CIL:
14.6-NR) and 6.9 months for ipi/nivo (95% CI: 3.7-NR) (P
=.01) (Fig. 2b). In IMDC intermediate/poor risk, the median
rwPFS was 9.5 months (95% CI: 8.2-12.1) for axi/pembro
treated patients, and 6.4 months for ipi/nivo treated patients
(95% CI: 5.6-7.8; P = .2; Fig. 2¢).

Overall Survival

In the adjusted analysis for the full population, median OS
for patients treated with axi/pembro and ipi/nivo were 28.9
months (95% CI: 23.5-NR) and 24.3 months (95% CI:
22.0-28.5) (P = .9), respectively (Fig. 3a). When analyzed
per IMDC risk category, median OS was NR for either treat-
ment group in the favorable risk population (P = .04; Fig.
3b). In the IMDC intermediate/poor risk patient, median OS
was 23.3 (95% CI: 18.4-30.1) for the axi/pembro treated
patients, and 23.3 months (95% CI: 20.4-26.0); (P = .4)
for the patients treated with ipi/nivo (Fig. 3¢). At 24-month
survival analysis, the OS was 53.8% among patients who
received axi/pembro versus 50.2% for patients treated with
ipi/nivo (Table 3).

Discussion

In this large, retrospective analysis, we used a real-world data
source to compare outcomes in patients with metastatic clear
cell RCC. There are no prospective clinical trials comparing
recommended front-line therapy options in mRCC. Both
the KEYNOTE-426 and CheckMate-214 studies compared
their respective combination therapy to sunitnib, which is no
longer a category 1 NCCN (National Comprehensive Cancer
Network) recommended treatment.®® In our analysis, there
is no discernible difference in median or 24-month landmark
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Table 1. Patient characteristics of all included patients.
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Axitinib+Pembrolizumab Ipilimumab + Nivolumab P-value
(n=547) (n=959)
Median age (range), years 67.0 (21-85) 65.0 (29-84) .001
Male, 7 (%) 384 (70.2%) 719 (75.0%) .044
Race, 7 (%)
White 361 (66.0%) 610 (63.6%) 187
Black or AA 26 (4.8%) 68 (7.1%)
Other or unknown 160 (29.3%) 281 (29.3%)
IMDC risk group, 7 (%)
Favorable 47 (8.6%) 49 (5.1%) .001
Intermediate/poor 422 (77.1%) 817 (85.2%)
Unknown 78 (14.3%) 93 (9.7%)
Hx of nephrectomy, 7 (%) 329 (60.1%) 537 (56.0%) 117
Stage at diagnosis, 7 (%)
I-11T 249 (45.5%) 373 (38.9%) .04
v 285 (52.1%) 562 (58.6%)
Unknown 13 (2.4%) 24 (2.5%)
Time from diagnosis to treatment (interquartile range), months 3.25(0.9-34.9) 2.30 (0.09-19.3) .004
BMI, median (range), kg/m? 28.9 (17.1-74.4) 28.7 (15.1-67.6) .692
Prescription patterns by year, 7 (%)
2018
2019 9 (1.6%) 238 (24.8%) <.001
2020 179 (32.7%) 250 (26.1%)
2021 168 (30.7%) 212 (22.1%)
2022 177 (32.4%) 232 (24.2%)
14 (2.6%) 27 (2.8%)
Table 2. Multivariate cox regression of treatment and prognostic variables on choice of therapy.
Covariate Odds ratio 95% CI P-value
Gender(Ref = female) 1.25 0.97-1.62 .09
Male
Race (Ref = Caucasian)
Black 1.40 0.83-2.36 205
Hispanic/Latinx 0.92 0.57-1.47 728
Age at diagnosis (continuous) 0.98 0.97-0.99 .05
Hx of nephrectomy (Ref = no nephrectomy) 0.95 0.68-1.33 .785
Insurance (Ref = commercial)
Medicaid 0.91 0.58-1.43 .685
Medicare 1.11 0.82-1.49 498
IMDC risk (Ref = favorable)
Intermediate/poor 2.09 1.27-3.45 .004
Body Mass Index (continuous) 1.00 0.98-1.02 .841

overall survival between the axi/pemrbo (IO/TKI) and the ipi/
nivo (ICIVICI) groups. However, axi/pembro treatment con-
ferred an improved median rwPFS in this study population,
although this benefit was not sustained over time with cross-
ing of the curves on Kaplan-Meier analysis. When patients are
categorized by IMDC criteria, as they are in clinical practice,
axi/pemrbo confers clear benefit over ipi/nivo with respect to

rwPFS and OS in the favorable risk population, although it
represented a minority of patients.

These results are concordant with historical trial data and
reaffirms current guideline practice recommendation of axi/
pembro for IMDC favorable, intermediate, and poor risk
groups, with reservation for ipi/nivo for IMDC intermedi-
ate/poor risk patients. IMDC risk criteria were originally
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Figure 2. Real-world progression-free survival; Kaplan-Meier estimates for rwPFS in (a) full population, (b) IMDC favorable risk population, (¢) IMDC
intermediate/poor risk population. KM analyses performed with propensity score weighting.
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Figure 3. Overall survival; Kaplan-Meier estimates for OS in (a) full population, (b) IMDC favorable risk population, (¢) IMDC intermediate/poor risk
population. KM analyses performed with propensity score weighting.

Table 3. Propensity score-weighted adjusted 24-month survival, PFS, OS
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IMDC score

Axi/Pembro Ipi/Nivo P-value
(n=547) (n=959)
Favorable (1 = 96)
24m survival 86.7% 72.3% .045
HR for PFS 2.30 (95% CI 1.20-4.43)
HR for OS 3.28 (95% CI 1.04-10.3)
Intermediate/poor (7 = 1239)*
24m survival 48.0% 48.5% 45
Intermediate 56.6% 57.6% .86
Poor 33.2% 27.4% A5
HR for PFS 1.11 (95% CI 0.944-1.32)
HR for OS 1.07 (95% CI 0.89-1.29)
Unknown (7 =171)"
24m survival 75.8% 51.8% .045
HR for PFS 1.14 (95% CI1 0.72-1.81)
HR for OS 1.87 (95% CI 1.01-3.47)
Full cohort (2 = 1506)
24m survival 53.8% 50.2% .09

HR for PFS
HR for OS

1.17 (95% CI 1.00-1.36)
1.16 (95% CI 0.97-1.39)

‘Includes any patient with at least 1 known risk criteria.
"No known risk criteria, 1 or more criteria unknown.
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developed in the TKI era prior to common use of immune
checkpoint inhibitors. As such, its validation as a prognos-
tic tool nests in angiogenesis-driven tumor biology. Our data
support the rationale that VEGF-targeted therapies should
be used in front-line therapy for favorable risk patients.
Importantly, the IMDC model was originally intended as a
prognostic model, whereas its current use in prospective stud-
ies uses the model as a predictive tool. This utilization has been
widely accepted and has been adopted by standard guideline
recommendations, but underscores the need for novel predic-
tive biomarkers to further advance optimal patient treatment
selection. There are multiple ongoing studies which may assist
in clinical-decision making in this regard. The BIONIKK
trial is a phase II biomarker-driven study with ipi/nivo or
VEGF-TKI in treatment-naive mRCC patients. Patients were
assigned to treatment based on a 35-gene expression mRNA
signature to tailor therapy based on tumor characteristics.
Recently reported results support the hypothesis that immune
and angiogenesis gene signature profiles have predictive value
in patient treatment selection.?’ While not necessarily practice
changing, such trials serve as a proof of principle that tumor
molecular phenotype may 1 day combine with, or replace,
IMDC risk stratification in the modern era of mRCC trial
design.

Direct cross-trial comparisons are potentially misleading,
and conclusions from such comparisons should be considered
with caution.'® Survival data in patients treated with ipi/nivo
are more mature, as its clinical use and FDA-approval predates
that of axi/pembro by 1 year. In the CheckMate-214 study,
the 18-month overall survival rate with ipi/nivo was 75% in
intermediate- and poor-risk patients (95% CI: 70-78). The
median progression-free survival (mPFS) was 11.6 months.°
At 60-month follow-up, mPFS and OS for intermediate- and
poor-risk patient were 12.0 and 47.0 months, respectively.?!
With regards to axi/pembro clinical trial data, landmark
18-month survival in the ITT population was 82.3%.
Extended follow-up at 24 months revealed 74.4% survival
in this population.?? Both study groups retained the survival
benefit with long-term remissions (Table 4). Although our
data grossly aligns with survival benefits observed from the

Table 4. Real-world and historical survival data with cross-trial comparisons.
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respective treatment groups, the treatment benefit is blunted
in our retrospective dataset.

Discrepancies in outcomes are typical of comparative
analyses of observational data with historic clinical trial
data. An efficacy-effectiveness gap is apparent, which is an
increasingly appreciated entity in evaluation of oncologic
therapies.??> Randomized control trials take measures to
minimize potential bias affecting the internal validity of an
intervention’s effects on outcome.?* This attempt to control
undesired outcome variability reflects a fundamental tradeoff
between internal validity and external utility of the stud-
ies.? Effectiveness of a therapeutic intervention may be best
assessed through observational studies such as this one, that
have external validity and provide evidence that is general-
izable and may inform day-to-day clinical decision making
bedside, future clinical trial design, and healthcare policy.?#?¢
Our cohort includes patients who would have been excluded
from entering the trials (eg, due to co-morbid conditions)
and treatment of these patients relies on subjective judgment
rather than protocol-based decisions. It is important to note
that our dataset rwPFS analyses are not equivalent to PFS
from historical trial data. Historic prospective studies used
RECIST-based progression, whereas our progression variable
is drawn from the real-world clinical setting without formal
evaluations for progression.

Our study underscores that real-world clinical outcomes
differ from outcomes from clinical trials, and that the pro-
portion of favorable risk patients encountered in practice
may be smaller than in clinical trials. Exploration of our
database of community and academic centers revealed that
6.4% of patients which met our study criteria were IMDC
favorable risk. This is in contrast to the CheckMate-214 and
KEYNOTE-426 study populations which enrolled 22% and
31% IMDC favorable risk patients, respectively. It is expected
that our study excludes many IMDC favorable risk patients
as many were likely started on TKI monotherapy or started
on active surveillance, and our population is underrepresent-
ing the true incidence of patients in this risk group. However,
the landmark trials had a larger proportion of favorable risk
patients and are not reflective of real-world populations in

Ipilimumab + nivolumab

Axitinib + pembrolizumab

IMDC risk Real-world CheckMate-214 CheckMate-214 Real-world KEYNOTE-426 KEYNOTE-426
category dataset (extended 60 months) dataset (extended 30 months)
ITT/full cohort

PFS 6.9m 12.4m 12.0m 10.6m 15.1m 15.4m

oS 24.3m NR 56.0m 28.9m NR NR

Favorable risk

PFS 6.9m 15.3m 12.0m 25.5m 20.8m —

OS NR NR 74.0m NR NR —

Intermediate/

poor risk

PFS 6.4m 11.6m 12.0m 9.5m 12.6m —

OS 23.3m NR 47.0m 23.3m NR —

ITT/full cohort

24-month 50.2% 78% — 53.8% 82.3% 74.4%
landmark

survival
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this regard, as large and widely accepted database analyses
estimate the favorable risk incidence to be closer to ~17%.°
Similarly, our dataset identified that 56.2% of patients which
met our study criteria had de novo metastatic disease at diag-
nosis. Considerably higher than the historically accepted
30%-40%. It is very probable that our data abstraction and
inclusion/exclusion criteria led to overrepresentation of this
group as many patients with slow-growing, indolent, recur-
rent metastatic tumors are IMDC favorable risk and for the
above-noted reasons were not captured.

Three previously reported meta-analyses have examined
efficacy of front-line combination therapies, and results
vary between studies.?”?’ In a network meta-analysis com-
bining data from trials, survival benefit and efficacy was
assessed between front-line TKI monotherapy, ICI/ICI, and
ICI/TKI combination therapies. No difference was found in
OS between ipi/nivo and axi/pembro in the full populations
(HR, 1.34; 95% CI: 0.92-1.97). There was also no difference
in PFS among the treatment groups.’® In a subsequent net-
work meta-analysis, axi/pembro demonstrated a superior PFS
and OS compared to ipi/nivo in the full population, with no
significant difference seen in the IMDC intermediate/poor
risk population.’! Together, these network analyses include
highly heterogeneous populations, with variable numbers
of treatment groups, various TKI agents included, and vari-
ous comparator arms. Moreover, they represent trial popu-
lations which do not accurately reflect patient populations
encountered in clinical practice, and the included studies do
not all account for IMDC subgroups. An abstract from the
ASCO 2021 meeting similarly assessed clinical outcomes in
723 patients with data from the IMDC database and specif-
ically evaluated intermediate/poor risk patients treated with
ipi/nivo or ICI/TKI combination therapies. The study did not
detect any differences in OS between treatment groups.’? Our
study represents the largest real-world population dataset in
the literature to date, and the only study that is inclusive of
patients undergoing care in community-based practices.

Our analysis has several limitations. As an EHR-based
observational study, the dataset has incomplete patient char-
acteristics and is subject to missing or miscoded data. Further,
the study’s ascertainment strategy results in a cohort with
some clinical or demographic differences from the full popu-
lation of US mRCC cases; however, these differences are rela-
tively modest.'> We are also unable to ascertain elements such
as tumor burden, symptom burden from disease, and toxicity
profiles from therapy which invariably will affect choice of
therapy. Depth of response and PFS2 were not assessed due to
limitations of data points available. There are no biomarker
analyses. Further, the study is limited by the rapid rate of clin-
ical advances in mRCC, as there have been multiple front-line
combination therapy options that have recently gained FDA-
approval. These include cabozantinib/nivolumab and lenva-
tinib/pembrolizumab combinations. This report would also
benefit from longer patient follow-up.

Conclusion

In the absence of prospective studies, retrospective analyses
may provide guidance for clinicians in choosing front-line
treatments. Our study reveals no discernible difference in
survival at 24-month survival between patients treated with
ipi/nivo or axi/pembro. Within the IMDC favorable risk
sub-group, treatment with axi/pembro confers an improved
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rwPFS and OS. Clinicians may have comfort in knowing that
real-world data are concordant with the historical trial data,
and align with guideline recommendations. The decision of
treatment remains patient centered, accounting for known
toxicities, patient co-morbidities, and patient goals of care.
Future studies are needed to prospectively compare front-
line treatment options, and with biomarker analyses to better
inform patient selection.

Funding

None declared.

Conflict of Interest

Elizabeth A. Handorf: NCCN/Lilly, Pfizer (RF [institution-
al]); Matthew R. Zibelman: Pfizer (H), EMD Serono (C/A),
Exelixis, Horizon Pharma, Janssen, Pfizer (RF), Bristol-Myers
Squibb, Exelixis, Horizon Pharma, Pfizer (RF [institutional]);
Elizabeth R. Plimack: AstraZeneca, Bristol-Myers Squibb,
Flatiron Health, Genentech/Roche, Infinity Pharmaceuticals,
Janssen, MEI Pharma, Merck, Pfizer, Seattle Genetics (C/A),
Astellas  Pharma, AstraZeneca, Bristol-Myers Squibb,
Genentech/Roche, Merck Sharp & Dohme, Pfizer (RF [insti-
tutional]); Daniel M. Geynisman: AstraZeneca, Eisai, Exelixis,
Merck, Myovant Sciences, Pfizer, Seattle Genetics/Astellas
(C/A). The other authors indicated no financial relationships.

(C/A) Consulting/advisory relationship; (RF) Research funding; (E)
Employment; (ET) Expert testimony; (H) Honoraria received; (OI)
Ownership interests; (IP) Intellectual property rights/inventor/patent
holder; (SAB) Scientific advisory board.

Author Contributions

Conception/design: K.K.Z., E.H., D.M.G. Provision of study
material or patients: K.K.Z., E.H., D.M.G. Collection and/
or assembly of data: K.K.Z., E.H., D.M.G. Data analysis and
interpretation: All authors. Manuscript writing: All authors.
Final approval of manuscript: All authors.

Data Availability

The data underlying this article will be shared on reasonable
request to the corresponding author.

References

1. Geynisman DM, Maranchie JK, Ball MW, Bratslavsky G, Singer
EA. A 25 year perspective on the evolution and advances in an
understanding of the biology, evaluation and treatment of kidney
cancer. Urol Oncol. 2021;39(9):548-560. https://doi.org/10.1016/j.
urolonc.2021.04.038.

2. Negrier S, Maral J, Drevon M, et al. Long-term follow-up of pa-
tients with metastatic renal cell carcinoma treated with intravenous
recombinant interleukin-2 in Europe. Cancer | Sci Am 2000;6(Sup-
pl 1):593-598.

3. Kim IH, Lee HJ. The frontline immunotherapy-based treatment
of advanced clear cell renal cell carcinoma: current evidence and
clinical perspective. Biomedicines. 2022 ;10(2):251. https://doi.
org/10.3390/biomedicines10020251

4. Rini BIL Escudier B, Tomczak P, et al. Comparative effectiveness of
axitinib versus sorafenib in advanced renal cell carcinoma (AXIS):
a randomised phase 3 trial. Lancet 2011;378(9807):1931-1939.
https://doi.org/10.1016/S0140-6736(11)61613-9.


https://doi.org/10.1016/j.urolonc.2021.04.038
https://doi.org/10.1016/j.urolonc.2021.04.038
https://doi.org/10.3390/biomedicines10020251
https://doi.org/10.3390/biomedicines10020251
https://doi.org/10.1016/S0140-6736(11)61613-9

164

10.

11.

12.

13.

14.

15.

16.

17.

18.

Adashek JJ, Breunig JJ, Posadas E, et al. First-line immune check-
point inhibitor combinations in metastatic renal cell carcinoma:
where are we going, where have we been?. Drugs. 2022;82(4):439-
453. https://doi.org/10.1007/s40265-022-01683-6.

Motzer R], Tannir NM, McDermott DF, et al. Nivolumab plus
ipilimumab versus sunitinib in advanced renal-cell carcinoma. N
Engl ] Med. 2018;378(14):1277-1290. https://doi.org/10.1056/
NEJMoal712126.

Rini BIL, Plimack ER, Stus V, et al. Pembrolizumab plus axitinib
versus sunitinib for advanced renal-cell carcinoma. N Engl |
Med. 2019;380(12):1116-1127.  https://doi.org/10.1056/NE]-
Moal816714.

Motzer R], Jonasch E, Agarwal N, et al. Kidney cancer, version
3.2022, NCCN clinical practice guidelines in oncology. | Natl
Compr Canc Netw. 2022 Jan;20(1):71-90. https://doi.org/10.6004/
jncen.2022.0001.

Heng DY, Xie W, Regan MM, et al. External validation and compar-
ison with other models of the International Metastatic Renal-Cell
Carcinoma Database Consortium prognostic model: a popula-
tion-based study. Lancet Oncol. 2013;14(2):141-148. https://doi.
org/10.1016/51470-2045(12)70559-4.

Powles T. Treatment choices for front-line metastatic clear cell renal
cancer. Eur Urol. 2020;77(4):454-456. https://doi.org/10.1016/j.
eururo.2020.01.011.

Liu R, Rizzo S, Whipple S, et al. Evaluating eligibility crite-
ria of oncology trials using real-world data and Al Nature
2021;592(7855):629-633.  https://doi.org/10.1038/s41586-021-
03430-5.

Ma X, Long L, Moon S, Adamson BJS, Baxi SS. Comparison of
population characteristics in real-world clinical oncology data-
bases in the US: flatiron health, SEER, and NPCR. medRxiv.
2020:2020.03.16.20037143. https://doi.org/10.1101/2020.03.16.
20037143.

Birnbaum B, Nussbaum NC, Seidl-Rathkopf K, et al. Model-as-
sisted cohort selection with bias analysis for generating large-scale
cohorts from the EHR for oncology research. 2020.

Mathur R BP, Tan K, Pini M, Magee K, Baxi SS, editor Deriving
International Metastatic Renal Cell Carcinoma Database Con-
sortium (IMDC) risk categories using oncology electronic health
records. Poster presented at: 2020 Annual European Conference of
the International Society for Pharmacoeconomics and Outcomes
Research; 2020 November, 2020; Milan, Italy.

Griffith SD, Tucker M, Bowser B, et al. Generating real-world
tumor burden endpoints from electronic health record data: com-
parison of RECIST, radiology-anchored, and clinician-anchored
approaches for abstracting real-world progression in non-small
cell lung cancer. Adv Ther. 2019;36(8):2122-2136. https://doi.
org/10.1007/s12325-019-00970-1.

Zhang Q, Gossai A, Monroe S, Nussbaum NC, Parrinello CM.
Validation analysis of a composite real-world mortality endpoint
for patients with cancer in the United States. Health Services Res.
2021;56(6):1281-1287. https://doi.org/10.1111/1475-6773.13669
Rosenbaum, P.R. (2002). Overt bias in observational studies. In:
Observational studies. Springer series in statistics. Springer. https://
doi.org/10.1007/978-1-4757-3692-2_3

Austin PC, Stuart EA. Moving towards best practice when using
inverse probability of treatment weighting (IPTW) using the
propensity score to estimate causal treatment effects in observa-
tional studies. Stat Med. 2015 ;34(28):3661-3679. https://doi.
org/10.1002/sim.6607.

19.

20

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

The Oncologist, 2023, Vol. 28, No. 2

Xie J, Chaofeng L. Adjusted Kaplan-Meier estimator and log-rank
test with inverse probability of treatment weighting for survival
data. Stat Med. 2005;24(20):3089-3110.

. Vano YA, Elaidi R, Bennamoun M, et al. Nivolumab, nivolum-

ab-ipilimumab, and VEGFR-tyrosine kinase inhibitors as first-line
treatment for metastatic clear-cell renal cell carcinoma (BIONIKK):
a biomarker-driven, open-label, non-comparative, randomised,
phase 2 trial. Lancet Oncol. 2022;23(5):612-624. https://doi.
org/10.1016/51470-2045(22)00128-0.

Motzer R], Tannir NM, McDermott DF, et al. Conditional survival
and S-year follow-up in CheckMate 214: first-line nivolumab + ip-
ilimumab (N+I) versus sunitinib (S) in advanced renal cell carcino-
ma (aRCC). Ann Oncol. 2021;32(suppl_5):5678-S724. https://doi.
org/10.1016/annonc/annonc675.

Powles T, Plimack ER, Soulieres D, et al. Pembrolizumab plus
axitinib versus sunitinib monotherapy as first-line treatment of
advanced renal cell carcinoma (KEYNOTE-426): extended fol-
low-up from a randomised, open-label, phase 3 trial. Lancet
Oncol. 2020;21(12):1563-1573. https://doi.org/10.1016/51470-
2045(20)30436-8.

Templeton AJ, Booth CM, Tannock IE. Informing patients about ex-
pected outcomes: the efficacy-effectiveness gap. ] Clin Oncol. 2020
20;38(15):1651-1654. https://doi.org/10.1200/JCO.19.02035.
Phillips CM, Parmar A, Guo H, et al. Assessing the efficacy-effec-
tiveness gap for cancer therapies: a comparison of overall survival
and toxicity between clinical trial and population-based, real-world
data for contemporary parenteral cancer therapeutics. Cancer 2020
Apr 15;126(8):1717-1726. https://doi.org/10.1002/cncr.32697.
Rudrapatna VA, Butte AJ. Opportunities and challenges in using re-
al-world data for health care. | Clin Invest. 2020 Feb 3;130(2):565-
574. https://doi.org/10.1172/JCI129197.

Singal AG, Higgins PD, Waljee AK. A primer on effectiveness and
efficacy trials. Clin Transl Gastroenterol 2014 Jan 2;5(1):e4S5.
https://doi.org/10.1038/ctg.2013.13.

Wang J, Li X, Wu X, et al. Role of immune checkpoint inhib-
itor-based therapies for metastatic renal cell carcinoma in the
first-line setting: a Bayesian network analysis. EBioMedicine
2019;47:78-88. https://doi.org/10.1016/j.ebiom.2019.08.006.
Wallis CJD, Klaassen Z, Bhindi B, et al. First-line systemic ther-
apy for metastatic renal cell carcinoma: a systematic review and
network meta-analysis. Eur Urol. 2018;74(3):309-321. https://doi.
org/10.1016/j.eururo.2018.03.036.

Hahn AW, Klaassen Z, Agarwal N, et al. First-line treatment of
metastatic renal cell carcinoma: a systematic review and network
meta-analysis. Eur Urol Oncol 2019;2(6):708-715. https://doi.
org/10.1016/j.€u0.2019.09.002.

Monteiro FSM, Soares A, Debiasi M, et al. First-line treatment
of metastatic renal cell carcinoma in the immuno-oncology era:
systematic review and network meta-analysis. Clin Genitour-
in  Cancer. 2020;18(4):244-251.e4. https://doi.org/10.1016/j.
clgc.2020.02.012.

Elaidi R, Phan L, Borchiellini D, et al. Comparative efficacy of first-
line immune-based combination therapies in metastatic renal cell
carcinoma: a systematic review and network meta-analysis. Can-
cers (Basel) 2020;12(6)

Gan CL, Dudani S, Wells JC, et al. Outcomes of first-line (1L) im-
muno-oncology (IO) combination therapies in metastatic renal cell
carcinoma (mRCC): results from the International mRCC Data-
base Consortium (IMDC). | Clin Oncol. 2021;39(6_suppl):276.
https://doi.org/10.1200/jc0.2021.39.6_suppl.276.


https://doi.org/10.1007/s40265-022-01683-6
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1056/NEJMoa1816714
https://doi.org/10.1056/NEJMoa1816714
https://doi.org/10.6004/jnccn.2022.0001
https://doi.org/10.6004/jnccn.2022.0001
https://doi.org/10.1016/S1470-2045(12)70559-4
https://doi.org/10.1016/S1470-2045(12)70559-4
https://doi.org/10.1016/j.eururo.2020.01.011
https://doi.org/10.1016/j.eururo.2020.01.011
https://doi.org/10.1038/s41586-021-03430-5
https://doi.org/10.1038/s41586-021-03430-5
https://doi.org/10.1101/2020.03.16.20037143
https://doi.org/10.1101/2020.03.16.20037143
https://doi.org/10.1007/s12325-019-00970-1
https://doi.org/10.1007/s12325-019-00970-1
https://doi.org/10.1111/1475-6773.13669
https://doi.org/10.1007/978-1-4757-3692-2_3
https://doi.org/10.1007/978-1-4757-3692-2_3
https://doi.org/10.1002/sim.6607
https://doi.org/10.1002/sim.6607
https://doi.org/10.1016/S1470-2045(22)00128-0
https://doi.org/10.1016/S1470-2045(22)00128-0
https://doi.org/10.1016/annonc/annonc675
https://doi.org/10.1016/annonc/annonc675
https://doi.org/10.1016/S1470-2045(20)30436-8
https://doi.org/10.1016/S1470-2045(20)30436-8
https://doi.org/10.1200/JCO.19.02035
https://doi.org/10.1002/cncr.32697
https://doi.org/10.1172/JCI129197
https://doi.org/10.1038/ctg.2013.13
https://doi.org/10.1016/j.ebiom.2019.08.006
https://doi.org/10.1016/j.eururo.2018.03.036
https://doi.org/10.1016/j.eururo.2018.03.036
https://doi.org/10.1016/j.euo.2019.09.002
https://doi.org/10.1016/j.euo.2019.09.002
https://doi.org/10.1016/j.clgc.2020.02.012
https://doi.org/10.1016/j.clgc.2020.02.012
https://doi.org/10.1200/jco.2021.39.6_suppl.276

