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Abstract
Background: Several phase 3 studies reported positive results for combinations of Immune-Oncology (IO) and
Vascular Endothelial Growth Factor (VEGF) targeted therapies in patients with metastatic clear cell Renal Cell
Carcinoma (ccRCC). However, there are limited data on outcomes to systemic therapy after IO-VEGF combinations.
Methods: A retrospective analysis was performed on patients with metastatic ccRCC treated at the Memorial Sloan
Kettering Cancer Center and Cleveland Clinic who initiated systemic therapy post IO-VEGF including combinations
with VEGF receptor (VEGFR) tyrosine kinase inhibitors (IO-TKI) and combinations with the anti-VEGF monoclonal
antibody bevacizumab (IO-Bev). The study objectives were to evaluate the objective response rate (ORR),
progression-free survival (PFS) and overall survival (OS) on systemic therapy post IO-VEGF. RECIST v1.1 criteria were
used to determine radiological responses and progression. Survival estimates were evaluated with the Kaplan-Meier
methods and the log-rank test from the start of systemic therapy post IO-VEGF to the event of interest.
Results: A total of fifty-nine patients were treated post discontinuation of IO-VEGF regimens which included
IO-Bev (n = 35; 59%) and IO-TKI (n = 24; 41%). Fifty-eight patients (98%) received IO-VEGF regimens as part of a
clinical trial. Subsequent therapies included cabozantinib (n = 22; 37%), axitinib (n = 18; 31%), pazopanib (n = 4;
7%), lenvatinib and everolimus (n = 4; 7%), mTOR inhibitor monotherapy (n = 3; 5%), axitinib and dalantercept
(n = 2; 3%), sunitinib (n = 1; 2%), sorafenib (n = 1; 2%), and treatment with agents on unreported clinical trials
(n = 4; 7%). Patients treated on unreported clinical trials were excluded from the efficacy analysis. Post IOVEGF, the ORR was 25% and median PFS was 12.0 months (95% CI, 8.2–24.5). Median OS was 24.5 months
(95% CI, 12–NE) and 12 months OS rate was 63.3% (95% CI, 48.6–74.9). We observed no differences post IOVEGF OS when comparing IO- TKI vs IO-Bev (Log-rank p = 0.73).
Conclusions: Post IO-VEGF, most patients received VEGFR-TKIs. In this setting, VEGFR-TKIs demonstrated clinical activity and
remain a viable option for salvage therapy after progression on IO-VEGF.
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Background
Renal cell carcinoma (RCC) is among the top ten most
common cancers worldwide with an annual incidence of
approximately 65,000 new cases in the United States [1].
An important landmark in the management landscape
of metastatic RCC was the Food and Drug Administration (FDA) approval in 2015 of nivolumab, an ImmuneOncology (IO) agent targeting the Programmed Death1(PD-1) axis based on the Checkmate 025 phase 3 clinical trial [2]. Since then, preclinical data supported the
rationale for developing IO-based combinations [3, 4] to
improve the clinical outcomes of single agent IO. Such
combination approaches included the dual IO combination regimen of ipilimumab and nivolumab which received regulatory approval by the FDA in 2018 as a firstline therapy in patients with intermediate and poor risk
metastatic clear cell RCC (ccRCC) based on the phase 3
Checkmate 214 clinical trial [5]. Other studied combinations are the combinations of IO with Vascular Endothelial Growth Factor (VEGF) targeted therapies (IO-VEGF)
including IO with VEGF receptor (VEGFR) tyrosine kinase inhibitors (IO-TKI) and IO with the anti-VEGF
monoclonal antibody bevacizumab (IO-Bev). Promising
results of these combinations were reported in large randomized phase 3 clinical trials in comparison to sunitinib. IMmotion 151 was the first phase 3 clinical trial
reporting positive results of a combination of IO with
VEGF targeted therapy [6]. In this study the combination of atezolizumab with bevacizumab showed superior progression free survival (PFS) but not in overall
survival (OS) compared to sunitinib in previously untreated metastatic ccRCC with PD-L1 positive disease.
KEYNOTE-426 [7] investigated the combination of
pembrolizumab with axitinib in the first-line setting in
patients with metastatic ccRCC, this combination demonstrated improved OS and PFS regardless of the International Metastatic Database Consortium (IMDC) risk
group and PD-L1 status compared to sunitinib. JAVELIN Renal 101 [8] investigated the combination of avelumab with axitinib in the first-line setting and
demonstrated improved PFS compared to sunitinib, with
immature OS results to date. The positive results of
KEYNOTE-426 and JAVELIN Renal 101 have led to the
regulatory approval of both combinations (axitinib/pembrolizumab and axitinib/avelumab) in patients with
metastatic ccRCC in the first-line setting [9, 10]. Currently, several other novel IO based combinations are
under study in metastatic RCC [11–13].
However, outcomes of patients treated with antikidney cancer systemic therapy after discontinuation of
IO-VEGF combinations remain poorly understood and
mainly based on few small retrospective series [14–17].
Herein, we report the clinical outcomes to subsequent
systemic therapy in a multi-institutional analysis of
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patients with metastatic ccRCC who discontinued IOVEGF combinations.

Methods
Study population

Institutional review board approval was obtained to
retrospectively identify patients eligible for the study
from two institutions, Memorial Sloan Kettering Cancer
Center (MSKCC), New York, NY and Cleveland Clinic
Taussig Cancer Institute (CCC), Cleveland, OH. Inclusion criteria were patients with metastatic ccRCC who
initiated systemic therapy for kidney cancer after discontinuation of IO-VEGF combinations including either IOTKI or IO-Bev.
Patients demographics, clinical features, IMDC risk
status, treatment details, survival outcomes, and genomics data were collected if available. Radiological responses were assessed with the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1 [18].
Clinical and statistical endpoints

Patient outcomes were recorded from the start date of
second line systemic therapy for kidney cancer after discontinuation of IO-VEGF combinations. OS was calculated from the date of starting the next line of systemic
therapy until death, and patients who were still alive at
the data cutoff were censored at the date of last followup. Best radiological overall response rate (ORR) was determined by RECIST version 1.1. PFS was calculated
from the start date of next line therapy to the date of
progression. Patients who did not progress were censored at the date of their last scan. The cutoff date for
follow-up and survival status was Dec 1st, 2018. Patients
enrolled on unreported clinical trials were excluded from
the outcomes analysis.
Survival curves were calculated using the KaplanMeier method. Studied covariates of interest included
prior type of IO-VEGF combination, subsequent type of
systemic therapy, and underlying genomic alterations.
OS and PFS were compared between groups using the
log-rank test, and ORR was compared between groups
using the Fisher’s exact test. P-values of less than 0.05
are considered statistically significant. All analyses were
performed using SAS version 9.4 (Cary, NC).

Results
Baseline characteristics

Fifty-nine patients with metastatic ccRCC who received
subsequent systemic therapy for kidney cancer after discontinuation of IO-VEGF combinations were identified,
including 44 from MSKCC and 15 from CCC. All patients were diagnosed with kidney cancer between 6/
2013 and 10/2018. Median age at diagnosis was 55 years
(range: 33–75 years; Table 1). All patients received IO-
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Table 1 Baseline characteristics of patients with metastatic
ccRCC treated with subsequent therapy after discontinuation of
IO-VEGF
Patient and tumor characteristics

Entire
cohort
(N = 59)

a
Patients included in the
efficacy analysis
(N = 55)

Age at diagnosis (years) – median (range)

55 (33–75)

55 (33–75)

Male gender

46 (78%)

43 (78%)

Prior nephrectomy

56 (95%)

52 (95%)

IO-Bev

35 (59%)

33 (60%)

IO-TKI

24 (41%)

22 (40%)

Prior IO-VEGF combination by category

Prior IO-VEGF combinations by regimen
Atezolizumab and bevacizumab

34 (58%)

32 (58%)

Avelumab and axitinib

12 (20%)

11 (20%)

Pembrolizumab and lenvatinib

8 (14%)

7 (13%)

Pembrolizumab and pazopanib

2 (3%)

2 (3%)

Pembrolizumab and axitinib

1 (2%)

1 (2%)

Nivolumab and sunitinib

1 (2%)

1 (2%)

Nivolumab and bevacizumab

1 (2%)

1 (2%)

Reason for discontinuation of IO-VEGF
Progression of disease

55 (93%)

51 (93%)

Toxicity

3 (5%)

3 (5%)

Other

1 (2%)

1 (2%)

28 (3–574)

30 (3–615)

Favorable

13 (22%)

11 (20%)

Intermediate

35 (59%)

33 (60%)

Poor

11 (19%)

11 (20%)

Time from discontinuation of IO-VEGF to
start of the next line therapy (days) - median (range)
IMDC risk at the start of next line of therapy

Post IO-VEGF next line of therapy
Cabozantinib

22 (37%)

22 (40%)

Axitinib

18 (31%)

18 (33%)

Pazopanib

4 (7%)

4 (7%)

Lenvatinib and everolimus

4 (7%)

4 (7%)

mTOR inhibitor monotherapy

3 (5%)

3 (5%)

Axitinib and dalantercept (Clinical trial)

2 (3%)

2 (4%)

Sunitinib

1 (2%)

1 (2%)

Sorafenib

1 (2%)

1 (2%)

Unreported clinical trials

4 (7%)

–

Second

42 (71%)

39 (71%)

Third

17 (29%)

16 (29%)

Number of therapy line post IO-VEGF

Abbreviations: IO-VEGF Immune-Oncology and Vascular Endothelial Growth
Factor targeted therapy, IO-Bev Immune-Oncology and Bevacizumab, IO-TKI
Immune-Oncology and Tyrosine Kinase Inhibitor, IMDC International Metastatic
Database Consortium, VEGFR-TKI Vascular Endothelial Growth Factor ReceptorTyrosine Kinase Inhibitor, mTOR Mammalian Target of Rapamycin
a
Patients enrolled on unreported clinical trials were excluded from the
efficacy analysis

VEGF combinations in the setting of a clinical trial with
the exception of one patient. Forty-two patients (71%)
received IO-VEGF combinations in the first-line setting
and 17 patients (29%) in the second-line setting. Prior
IO-VEGF combinations included IO-TKI (n = 24; 41%)
and IO-Bev (n = 35; 59%). Nearly all patients (n = 55;
93%) discontinued IO-VEGF combinations due to disease progression with a median time from stopping IOVEGF combinations to starting next line of systemic
therapy of 28 days (range: 3–574 days).
At the time of starting subsequent therapy, patients
were predominately IMDC intermediate risk with 13 patients (22%) favorable risk, 35 patients (59%) intermediate risk, and 11 patients (19%) poor risk. Most patients
were treated with VEGFR-TKI monotherapy (n = 46;
78%). VEGFR-TKI based combinations (n = 6; 10%) and
mammalian target of rapamycin (mTOR) inhibitors (n =
3; 5%) were also used. Four patients (7%) treated on unreported clinical trials were excluded from outcomes
analysis. The most common VEGFR-TKI monotherapies
were cabozantinib (n = 22; 37%) and axitinib (n = 18;
31%).
Treatment and survival outcomes

The ORR by RECIST v1.1 on all types of subsequent
systemic therapy was 25% (Table 2); all objective responses were partial responses, and the ORR did not differ between IMDC risk groups (p = 0.24). Median PFS
was 12 months (95% CI, 8.2–24.5; Fig. 1) and varied significantly by IMDC risk stratification (p = 0.03; Figure
S1). Median follow up time for survival was 18 months
(range: 0–44 months) with a total of 25 deaths. Median
OS was 24.5 months (95% CI, 12.0–NE; Fig. 2), and the
12-month survival probability was 63.3% (95% CI, 48.6–
74.9). Overall survival varied significantly by IMDC risk
stratification (p = 0.001; Figure S2).
In a subgroup analysis of subsequent therapy comparing patients previously treated with IO-Bev and IO-TKI,
no significant differences were seen in ORR (p = 0.76;
Table S1), PFS (p = 0.72; Figure S3) and OS (p = 0.73;
Fig. 3). Additionally, no significant differences in ORR
(p = 0.79; Table S2), PFS (p = 0.50; Figure S4) and OS
(p = 0.25; Fig. 4) were observed in the 3-group
Table 2 Objective response rate by RECIST 1.1 assessment for
55 patients
Type of response

N (%)

Complete response

0

Partial response

14 (25%)

Stable disease

28 (51%)

Progressive disease

10 (18%)

Non-evaluable

3 (5%)

RECIST Response Evaluation Criteria In Solid Tumors
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Fig. 1 Kaplan Meier curve estimating PFS for 55 patients from the next line of systemic therapy for kidney cancer after discontinuation of IOVEGF. Median PFS was 12 months (95% CI, 8.2–24.5) and 12-month PFS probability was 49.6% (95% CI, 33.2–64.0). Median follow up time for
progression-free survivors was 8.5 months (range: 0, 30). PFS (Progression Free Survival), IO-VEGF (Immune-Oncology and Vascular Endothelial
Growth Factor targeted therapy)

comparison of subsequent next line therapy (cabozantinib, axitinib and other agents).

Discussion
The discovery of IO agents [19, 20] has led to remarkable
progress in the RCC treatment landscape with the regulatory approval of anti-PD-1 monotherapy (nivolumab) as
the first FDA approved IO in RCC [2]. To increase efficacy
and overcome resistance mechanisms, preclinical evidence
has suggested novel combinatory approaches [3, 4]. The
combination of VEGF and PD-1/PD-L1 directed therapies

has been studied in several phase 3 clinical trials including
the combination of atezolizumab /bevacizumab (IMmotion 151 trial), pembrolizumab/axitinib (KEYNOTE-426),
avelumab/axitinib (JAVELIN Renal 101), pembrolizumab/
lenvatinib (CLEAR trial), and nivolumab/cabozantinib
(CheckMate 9ER trial). Positive results from KEYNOTE426 [7] and JAVELIN Renal 101 [8] have led to the regulatory approval of pembrolizumab/axitinib [9] and avelumab/axitinib [10] as a standard first-line treatment for
patients with metastatic ccRCC, and the results from the
CLEAR trial and CheckMate 9ER remain pending.

Fig. 2 Kaplan Meier curve estimating OS for 55 patients from the next line of systemic therapy for kidney cancer after discontinuation of IO-VEGF.
Median OS was 24.5 months (95% CI, 12.0– NE) and 12-month OS probability was 63.3% (95% CI, 48.6–74.9). Median follow up time for survivors
was 18 months (range: 0, 44). OS (Overal Survival), IO-VEGF (Immune-Oncology and Vascular Endothelial Growth Factor targeted therapy)
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Fig. 3 Kaplan Meier curve comparing OS for 55 patients from the next line of systemic therapy for kidney cancer after discontinuation of IO-VEGF
by prior received IO-TKI vs. IO-Bev with no statistical difference between the groups (Log-rank p = 0.73). OS (Overall Survival), IO-VEGF (ImmuneOncology and Vascular Endothelial Growth Factor targeted therapy), IO-TKI (IO-Tyrosine Kinase Inhibitor), IO-Bev (IO-Bevacizumab)

However, despite these promising results, for many patients subsequent therapy remains necessary after discontinuation of IO-VEGF combinations. In this study we
conducted a multi-institutional retrospective analysis to
examine the efficacy of subsequent systemic therapy after
discontinuation of IO-VEGF combinations.
Our study, which was originally presented at the ASCO
Annual Meeting, represents the largest study to date of
patients who were treated after discontinuation of IO-

VEGF combinations [21]. Post discontinuation of IOVEGF combinations, the majority of patients in our study
received cabozantinib or axitinib (n = 40; 68%), with the
remaining patients receiving other kidney cancer systemic
therapies. The activity of cabozantinib and axitinib in previously treated patients with metastatic ccRCC was demonstrated in the METEOR [22] and AXIS [23]
randomized phase 3 clinical trials, respectively. The METEOR study [22] examined clinical outcomes of

Fig. 4 Kaplan Meier curve comparing OS for 55 patients from the next line of systemic therapy for kidney cancer after discontinuation of IO-VEGF
by subsequent therapy: Cabozantinib vs. Axitinib vs. Other agents with no statistical difference among the three (Log-rank p = 0.25). OS (Overall
Survival), IO-VEGF (Immune-Oncology and Vascular Endothelial Growth Factor targeted therapy)
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cabozantinib in comparison to everolimus in 658 patients
with metastatic ccRCC after progression on prior therapy
and reported a median OS of 21.4 months (95% CI, 18.7–
NE), PFS of 7.4 months (95% CI, 6.6–9.1) and ORR of 17%
for patients treated with cabozantinib. For axitinib, the
AXIS study [23] examined clinical outcomes of axitinib in
comparison to sorafenib in 723 patients with metastatic
ccRCC after progressing on prior therapy and reported a
median OS of 20.1 months (95% CI, 16.7–23.4), median
PFS of 6.7 months (95% CI, 6.3–8.6) and ORR of 19% for
patients treated with axitinib. However, none of the patients on the axitinib arm on the AXIS study [23] received
prior IO and only 5% of patients on the cabozantinib arm
on the METEOR study [22] received prior IO. In this
retrospective study of patients who were previously
treated with IO-VEGF combinations, we demonstrated
clinical efficacy that compared favorably to historic controls with a median OS of 24.5 months (95% CI, 12.0–
NE), median PFS of 12 months (95% CI, 8.2–24.5) and
ORR of 25%. These results may be partially explained by
the limited number of patients that were available for
evaluation. Also of note, 60% of the patients in this cohort
were treated with bevacizumab containing combinations,
and bevacizumab is less commonly used in the first-line
setting; however, outcomes to subsequent therapy were
similar when comparing patients with IO-TKI and IOBev. It is also possible that patients continued to derive
some benefit from prior IO-VEGF combinations even
after the discontinuation of the IO agent in view of the
short time interval between discontinuation of IO-VEGF
and starting the next line of therapy (Median 28 days,
range 3–574).
With regards to the activity of VEGF targeted therapy
after prior treatment with IO, Ornstein et al. [24] recently reported results from a phase 2 multicentre
study on clinical outcomes of 40 patients who were
treated with axitinib in an individualized dosing algorithm after receiving IO therapy as the most recent
treatment including IO monotherapy or in combination
with VEGF targeted therapy with PFS as the primary
endpoint. In this study; 71% of patients received IO
monotherapy and 5% received IO-VEGF combinations.
Axitinib treatment was associated with high clinical activity (45% ORR with 67% of responses lasting > 12
months and a PFS of 8.8 months). Lee et al. recently reported interim analysis of a phase 2 multicentre study
which examined the question of salvage therapy with
IO based combination after prior IO failure [25]
(NCT02501096). In this study, 33 patients who progressed on IO treatment received pembrolizumab and
lenvatinib combination, which was associated with
promising results in this setting with ORR of 64% and
11.3 months PFS indicating that salvage therapy after
IO failure with a combination of IO and VEGF targeted
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therapy is a feasible approach. Other retrospective studies evaluating the efficacy of VEGFR-TKI agents after
failure of front line IO based combination therapies
have also reported clinical activity that is possibly impacted by prior therapy. Barata et al. [14] reported a
median PFS of 6.4 months (95% CI, 4.4–8.4) and ORR
of 29% in a cohort of 33 patients who were treated with
VEGFR-TKI after progressing on IO-based combinations (atezolizumab/bevacizumab, ipilimumab/nivolumab, avelumab/axitinib). Auvray et al. [26] reported a
median PFS of 8.0 months (95% CI, 5.0–13.0), 12months survival rate of 54%, and ORR of 36% in a cohort of 33 patients treated with VEGFR TKI after failure of ipilimumab with nivolumab. However, a larger
percentage of patients in the aforementioned studies received first generation VEGF-TKIs with sunitinib or
pazopanib as the next subsequent therapy (13/33 patients [39%]; Barata et al. and 23/33 patients [70%];
Auvray et al.) compared to our study (6/55 patients
[11%]) which may partially explain the differences in
outcomes. Furthermore, another retrospective study examined outcomes of 70 patients treated with VEGFTKI after prior IO therapy (including 36% patients who
received IO-VEGF combinations) and showed similar
results to our findings with a median PFS of 13.2
months (95% CI, 10.1–NA), 12-months survival rate of
79.6% (95% CI, 70.2–90.3), and ORR of 41% [15].
Some of the limitations of our study include the retrospective design, small sample size, and the relatively
short follow-up time. Moreover, the majority of patients
included in the efficacy analysis (n = 32, 58%) received
atezolizumab and bevacizumab combination, which was
not associated with OS benefit in the overall population
in the IMmotion 151 phase III clinical trial (HR 0.93,
95% CI 0.76–1.14, p = 0.47). This combination is currently thought not to be as active compared to IO-VEGF
TKI based combinations; thus, this possibly could be
driving the favorable outcomes in our study. Furthermore, in view of the multicentre retrospective nature of
the study, specific study population data were not collected, including the number of patients with tumors
harboring sarcomatoid features, details of metastatic
sites, treatment-related toxicity data and the doses of
VEGF-R TKI used post IO-VEGF. It is also reasonable
to postulate that the favorable outcomes observed in our
study might be influenced by the type of therapy received (68% received cabozatinib or axitinib) and that
almost all patients were treated with IO-VEGF combinations as part of a clinical trial; suggestive of a favorable
population which may limit the applicability of our study
findings. Nonetheless, despite these limitations, our
study represents one of the largest reports in this setting,
providing further evidence on systemic therapy outcomes post-IO-VEGF.

Ged et al. BMC Urology

(2020) 20:84

Conclusions
Our findings indicate continued efficacy of systemic
therapy after discontinuation of IO-VEGF combinations
which is suggestive of possible continued benefit from
prior IO therapy and/or maintaining sensitivity to VEGF
directed therapy. Further studies are necessary to validate these findings.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12894-020-00647-w.
Additional file 1: Figure S1. Kaplan Meier curve estimating PFS for 55
patients from the next line of systemic therapy for kidney cancer after
discontinuation of IO-VEGF by IMDC risk scores (1 = Favorable, 2 = Intermediate, 3 = Poor). PFS varied significantly by IMDC scores (p = 0.03). PFS
(Progression Free Survival), IO-VEGF (Immune-Oncology and Vascular
Endothelial Growth Factor targeted therapy), IMDC (International Metastatic Database Consortium). Figure S2. Kaplan Meier curve estimating
OS for 55 patients from the next line of systemic therapy for kidney cancer after discontinuation of IO-VEGF by IMDC risk scores (1 = Favorable,
2 = Intermediate, 3 = Poor). OS varied significantly by IMDC scores (p =
0.001). OS (Overall Survival), IO-VEGF (Immune-Oncology and Vascular
Endothelial Growth Factor targeted therapy), IMDC (International Metastatic Database Consortium). Figure S3. Kaplan Meier curve estimating
PFS for 55 patients from the next line of systemic therapy for kidney cancer after discontinuation of IO-VEGF by prior received IO-TKI vs. IO-Bev
with no statistical difference between both groups (Log-rank p = 0.72).
PFS (Progression Free Survival), IO-VEGF (Immune-Oncology and Vascular
Endothelial Growth Factor targeted therapy), IO-TKI (IO-Tyrosine Kinase Inhibitor), IO-Bev (IO-Bevacizumab). Figure S4. Kaplan Meier curve estimating PFS for 55 patients from the next line of systemic therapy for kidney
cancer after discontinuation of IO-VEGF by subsequet therapy: Cabozatinib vs. Axitinib vs. Other agents with no statistical difference among the
three groups (Log-rank p = 0.50). PFS (Progression Free Survival), IO-VEGF
(Immune-Oncology and Vascular Endothelial Growth Factor targeted
therapy). Table S1. Best Objective response rate on next line of therapy
post IO-VEGF by prior IO-VEGF combination. Table S2. Best Objective response rate on next line of therapy post IO-VEGF by type of next line
received.

Abbreviations
CCC: Cleveland Clinic Taussig Cancer Institute; ccRCC: Clear cell renal cell
carcinoma; FDA: Food and Drug Administration; IMDC: International
Metastatic Database Consortium; IO: Immune-Oncology; IO-Bev: Immune
Oncology-bevacizumab; IO-TKI: Immune Oncology-tyrosine kinase inhibitors;
MSKCC: Memorial Sloan Kettering Cancer Center; MSK-IMPACT: MSK–
Integrated Mutation Profiling of Actionable Cancer Targets; NGS: Next
generation sequencing; ORR: Overall response rate; OS: Overall survival; PD1: Programmed Death-1; PFS: Progression free survival; RCC: Renal cell
carcinoma; RECIST: Response Evaluation Criteria in Solid Tumors;
VEGF: Vascular Endothelial Growth Factor
Acknowledgements
Not applicable.
Authors’ contributions
Concept and design: YG, RG, RJM, BIR, CHL. Administrative support: NS.
Collection and assembly of data: YG, RG, CD, NS, AR, RK, OA, BIR, CHL. Data
analysis and interpretation: YG, RG, AK, SP, OA, MHV, DRF, RJM, BIR, CHL.
Manuscript writing: All authors. Final approval of manuscript: All authors
Funding
Cancer Center Core Grant P30 CA008748 from the National Cancer Institute.
Funders were not involved in the writing or design of the study.

Page 7 of 8

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
This retrospective study was performed in accordance with the Declaration
of Helsinki and received a waiver of consent by institutional board approval
at the Memorial Sloan Kettering Cancer Center and Cleveland Clinic Taussig
Cancer Institute.
Consent for publication
Not applicable.
Competing interests
Yasser Ged has no relationships to disclose.
Ruby Gupta has no relationships to disclose.
Cihan Duzgol has no relationships to disclose.
Andrea Knezevic has no relationships to disclose.
Natalie Shapnik has no relationships to disclose.
Ritesh Kotecha has no relationships to disclose.
Martin H. Voss reports receiving commercial research grants from BristolMyers Squibb and Genentech/Roche. Honoraria from Novartis. Travel/accommodation from Eisai, Novartis, and Takeda. Consultant/advisory board member for- Alexion Pharmaceuticals, Bayer, Calithera Biosciences, Corvus
Pharmaceuticals, Exelixis, Eisai, GlaxoSmithKline, Natera, Novartis, and Pfizer.
Darren R. Feldman reports research support from Novartis and Seattle
Genetics.
Oguz Akin has no relationships to disclose.
Sujata Patil has no relationships to disclose.
Robert J. Motzer reports receiving commercial research grants from Pfizer,
Eisai, Exelixis, Bristol-Myers Squibb, Genentech/Roche, and Novartis, and is a
consultant/advisory board member for Pfizer, Merck, Genentech, Exelixis,
Eisai, and Novartis.
Brian Rini reports receiving research funding from Pfizer, Merck, GNE/Roche,
Peloton, Aveo, Astra-Zeneca, and BMS, and is consultant/advisory board
member for BMS, Pfizer, Aveo, GNE/Roche, Compugen, Merck, Corvus, and
Exelixis, and holds stocks in PTC Therapeutics.
Chung-Han Lee reports receiving commercial research grants from BMS,
Eisai, Exelixis, Pfizer, and Calithera, and is a consultant/advisory board
member for Amgen, BMS, Exelixis, and Eisai.
Author details
1
Department of Medicine, Memorial Sloan Kettering Cancer Center (MSKCC),
300 East 66th Street, New York, NY 10065, USA. 2Department of Medicine,
Cleveland Clinic Taussig Cancer Institute, Cleveland, OH, USA. 3Department of
Radiology, MSKCC, New York, NY, USA. 4Department of Epidemiology and
Biostatistics, MSKCC, New York, NY, USA.
Received: 20 April 2020 Accepted: 19 June 2020

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 2019;
69(1):7–34.
2. Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ, Srinivas S,
et al. Nivolumab versus Everolimus in advanced renal-cell carcinoma. N Engl
J Med. 2015;373(19):1803–13.
3. Selby MJ, Engelhardt JJ, Johnston RJ, Lu LS, Han M, Thudium K, et al.
Preclinical development of Ipilimumab and Nivolumab combination
immunotherapy: mouse tumor models, in vitro functional studies, and
cynomolgus macaque toxicology. PLoS One. 2016;11(9):e0161779.
4. Schmittnaegel M, Rigamonti N, Kadioglu E, Cassara A, Wyser Rmili C,
Kiialainen A, et al. Dual angiopoietin-2 and VEGFA inhibition elicits
antitumor immunity that is enhanced by PD-1 checkpoint blockade. Sci
Transl Med. 2017;9(385):eaak9670.
5. Motzer RJ, Tannir NM, McDermott DF, Aren Frontera O, Melichar B, Choueiri
TK, et al. Nivolumab plus Ipilimumab versus Sunitinib in advanced renal-cell
carcinoma. N Engl J Med. 2018;378(14):1277–90.
6. Rini BI, Powles T, Atkins MB, Escudier B, McDermott DF, Suarez C, et al.
Atezolizumab plus bevacizumab versus sunitinib in patients with previously
untreated metastatic renal cell carcinoma (IMmotion151): a multicentre,

Ged et al. BMC Urology

7.

8.

9.

10.
11.
12.

13.
14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

(2020) 20:84

open-label, phase 3, randomised controlled trial. Lancet. 2019;393(10189):
2404–15.
Rini BI, Plimack ER, Stus V, Gafanov R, Hawkins R, Nosov D, et al.
Pembrolizumab plus Axitinib versus Sunitinib for advanced renal-cell
carcinoma. N Engl J Med. 2019;380(12):1116–27.
Motzer RJ, Penkov K, Haanen J, Rini B, Albiges L, Campbell MT, et al.
Avelumab plus Axitinib versus Sunitinib for advanced renal-cell carcinoma.
N Engl J Med. 2019;380(12):1103–15.
U.S. Food and Drug Administration. FDA approves pembrolizumab plus
axitinib for advanced renal cell carcinoma 2019. Available from: https://
www.fda.gov/drugs/drug-approvals-and-databases/fda-approvespembrolizumab-plus-axitinib-advanced-renal-cell-carcinoma.
U.S. Food and Drug Administration. FDA approves avelumab plus axitinib
for advanced renal cell carcinoma. 2019.
Powles T, Rini B. Novel agents and drug development needs in advanced clear
cell renal cancer. J Clin Oncol. 2018. https://doi.org/10.1200/JCO.2018.79.2655.
George S, Rini BI, Hammers HJ. Emerging role of combination
immunotherapy in the first-line treatment of advanced renal cell carcinoma:
a review. JAMA Oncol. 2018;5(3):411–21.
Kotecha RR, Motzer RJ, Voss MH. Towards individualized therapy for
metastatic renal cell carcinoma. Nat Rev Clin Oncol. 2019;16(10):621–33.
Barata PC, De Liano AG, Mendiratta P, Crolley V, Szabados B, Morrison L, et al.
The efficacy of VEGFR TKI therapy after progression on immune combination
therapy in metastatic renal cell carcinoma. Br J Cancer. 2018;119(2):160–3.
Shah AY, Kotecha RR, Lemke EA, Chandramohan A, Chaim JL, Msaouel P,
et al. Outcomes of patients with metastatic clear-cell renal cell carcinoma
treated with second-line VEGFR-TKI after first-line immune checkpoint
inhibitors. Eur J Cancer. 2019;114:67–75.
Dudani S, Graham J, Wells JC, Bakouny Z, Pal SK, Dizman N, et al. First-line
immuno-oncology combination therapies in metastatic renal-cell carcinoma:
results from the international metastatic renal-cell carcinoma database
consortium. Eur Urol. 2019;76(6):861–7.
Nadal R, Amin A, Geynisman DM, Voss MH, Weinstock M, Doyle J, et al.
Safety and clinical activity of vascular endothelial growth factor receptor
(VEGFR)-tyrosine kinase inhibitors after programmed cell death 1 inhibitor
treatment in patients with metastatic clear cell renal cell carcinoma. Ann
Oncol. 2016;27(7):1304–11.
Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New response evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer. 2009;45(2):228–47.
Leach DR, Krummel MF, Allison JP. Enhancement of antitumor immunity by
CTLA-4 blockade. Science. 1996;271(5256):1734–6.
Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF,
et al. Safety, activity, and immune correlates of anti-PD-1 antibody in cancer.
N Engl J Med. 2012;366(26):2443–54.
Ged Y, Gupta R, Duzgol C, Shapnik N, Redzematovic A, Kotecha R, et al.
Systemic therapy for advanced clear cell renal cell carcinoma (ccRCC) after
progression on immune-oncology plus VEGF targeted therapy
combinations (IO-VEGF). J Clin Oncol. 2019;37(15_suppl):4576.
Choueiri TK, Escudier B, Powles T, Mainwaring PN, Rini BI, Donskov F, et al.
Cabozantinib versus Everolimus in advanced renal-cell carcinoma. N Engl J
Med. 2015;373(19):1814–23.
Rini BI, Escudier B, Tomczak P, Kaprin A, Szczylik C, Hutson TE, et al.
Comparative effectiveness of axitinib versus sorafenib in advanced renal cell
carcinoma (AXIS): a randomised phase 3 trial. Lancet. 2011;378(9807):1931–9.
Ornstein MC, Pal SK, Wood LS, Tomer JM, Hobbs BP, Jia XS, et al.
Individualised axitinib regimen for patients with metastatic renal cell
carcinoma after treatment with checkpoint inhibitors: a multicentre, singlearm, phase 2 study. Lancet Oncol. 2019;20(10):1386–94.
Lee C-H, Shah AY, Makker V, Taylor MH, Shaffer D, Hsieh JJ, et al.
1187PDPhase II study of lenvatinib plus pembrolizumab for disease
progression after PD-1/PD-L1 immune checkpoint inhibitor in metastatic
clear cell renal cell carcinoma (mccRCC): Results of an interim analysis. Ann
Oncol. 2019;30(Supplement_5):mdz253-013.
Auvray M, Auclin E, Barthelemy P, Bono P, Kellokumpu-Lehtinen P, GrossGoupil M, et al. Second-line targeted therapies after nivolumab-ipilimumab
failure in metastatic renal cell carcinoma. Eur J Cancer. 2019;108:33–40.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

