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Abstract
Introduction: Two separate antiangiogenic tyrosine kinase inhibitors (TKIs) and 
immunotherapy (IO) combinations are FDA- approved as front- line treatment for 
metastatic renal cell carcinoma (mRCC). Little is known about off- protocol and post- 
front- line experience with combination TKI– IO approaches.
Methods: We conducted a retrospective analysis of mRCC patients who received 
combination TKI– IO post- first- line therapy between November 2015 and January 
2019 at MD Anderson Cancer Center and Duke Cancer Institute. Chart review de-
tailed patient characteristics, treatments, toxicity, and survival. Independent radiolo-
gists, blinded to clinical data, assessed best radiographic response using RECIST v1.1.
Results: We identified 48 mRCC patients for inclusion: median age 65 years, 75.0% 
clear cell histology, 68.8% IMDC intermediate risk, and median two prior systemic ther-
apies. TKI– IO combinations included nivolumab– cabozantinib (N +C; 24 patients), 
nivolumab– pazopanib (N+P; 13), nivolumab– axitinib (6), nivolumab– lenvatinib (2), 
and nivolumab– ipilimumab– cabozantinib (3). The median progression- free survival 
was 11.6 months and the median overall survival was not reached. Response data 
were available in 45 patients: complete response (CR; n = 3, 6.7%), partial response 
(PR; 20, 44.4%), stable disease (SD; 19, 42.2%), and progressive disease (3, 6.7%). 
Overall response rate was 51% and disease control rate (CR+PR+SD) was 93%. Only 
one patient had a grade ≥3 adverse event.
Conclusion: To our knowledge, this is the first case series reporting off- label use of 
combination TKI– IO for mRCC. TKI– IO combinations, particularly N+P and N+C, 
are well tolerated and efficacious. Although further prospective research is essential, 
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1 |  INTRODUCTION

Antiangiogenic tyrosine kinase inhibitors (TKIs) and immu-
notherapies (IO) targeting programmed cell death protein 1 
(PD- 1) have revolutionized the treatment of metastatic renal 
cell carcinoma (mRCC). Two TKI– IO combinations have 
been approved by the Food and Drug Administration (FDA) 
to date for front- line treatment of advanced RCC: avelumab 
combined with axitinib1 and pembrolizumab combined with 
axitinib.2 Both combination therapies exhibit increased 
progression- free survival (PFS) compared to sunitinib; pem-
brolizumab plus axitinib also demonstrates improvement in 
overall survival (OS). An early press release for the phase 
III CheckMate- 9ER trial has reported that combination 
nivolumab and cabozantinib compared to sunitinib in pa-
tients with previously untreated advanced or metastatic RCC 
has met its primary endpoint of PFS at final analysis, in ad-
dition to secondary endpoints of OS and objective response 
rate (ORR) at a prespecified interim analysis.3

TKI– IO combinations are not the only option for front- line 
management of mRCC. Many patients are treated with either 
combination ipilimumab– nivolumab, IO monotherapy, or TKI 
monotherapy. Most of these patients develop eventual progres-
sion and a need for effective subsequent treatments establishing 
a potential role for TKI– IO in the second line setting and be-
yond. Although clinical trials provide an idealized environment 
to investigate treatment efficacy and safety, they have limited 
capacity to generalize findings to larger, more inclusive popu-
lations of patients, providers, and health care delivery systems.4 
Critical evaluation of real- world evidence is essential to accu-
rately characterize TKI– IO prescribing patterns, treatment tol-
erance, and efficacy. In order to better inform patient selection, 
dosing, expected toxicity, and future prospective trial design, 
we present herein the first retrospective analysis of real- world, 
off- label TKI– IO use for mRCC with a focus on prescribing 
patterns, tolerance, and clinical outcomes.

2 |  MATERIALS AND METHODS

We conducted a retrospective analysis of consecutive patients 
with mRCC treated with off- label combination TKIs and a PD- 1 
inhibitor- based immunotherapy (IO) between November 2015 
and January 2020 at the University of Texas MD Anderson 

Cancer Center (MDACC) and Duke Cancer Institute. All pa-
tients were treated in the second- line or beyond setting. Patients 
were identified for inclusion by medical oncologists and ad-
vanced practice providers managing RCC patients at the two 
institutions. All patients who had at least one additional visit 
to confirm initiation of TKI– IO combination were included for 
analysis. Three patients at MDACC who received pembroli-
zumab in combination with axitinib as subsequent- line treat-
ment were identified but excluded from the analysis. In line 
with standard IO and TKI monotherapy practice, patients with 
a history of clinically significant autoimmune disease or a car-
diovascular event (i.e. myocardial infarction) within 6 months 
were not administered TKI– IO combination treatments, and, 
therefore, were not included in this study.

Basic demographic elements and information related to 
diagnosis and treatment were collected through review of the 
patients' electronic medical record (EMR): age, gender, race, 
co- morbidities, histology, stage, International Metastatic 
RCC Database Consortium (IMDC) risk scores, treatment 
history, performance status, outcomes, and survival data. 
Data specific to treatment with TKI– IO were collected in-
cluding drug combination, dose, line of systemic therapy, 
time from initial diagnosis to initiation of TKI– IO, duration 
of prior TKI or IO monotherapy (before start of combina-
tion), associated adverse events (with CTCAE version 5.0 
grading estimated from chart documentation), and duration 
of combination therapy. Clinical progression was also des-
ignated when documented in the EMR. A blinded board- 
certified radiologist reviewed all restaging images to assess 
best radiographic response as defined by RECIST v1.15 and, 
when applicable, date of progression. The primary objective 
of this study was to report the response rate for post- front- line 
TKI– IO combinations. Secondary objectives included deter-
mining PFS, OS, and toxicity of TKI– IO therapies. Approval 
from the MDACC and Duke Institutional Review Boards was 
obtained prior to study initiation and all clinical data was 
collected and stored according to best practices, protecting 
patient confidentiality and data integrity.

2.1 | Statistical analysis

Categorical variables were tabulated with frequency and per-
centage, and continuous variables were summarized using 
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descriptive statistics. GraphPad Prism Version 8.0.0 was 
used to calculate the following statistics. An estimated me-
dian follow- up was calculated by the reverse Kaplan– Meier 
method. Survival analysis was performed by calculating 
time from TKI– IO initiation to last follow- up or death. The 
Kaplan– Meier method and log rank test were applied for sur-
vival analysis.

3 |  RESULTS

Fifty- two patients were identified for study inclusion. Four 
patients were excluded on the basis of incomplete follow- up 
data or inability to confirm receipt of combination TKI– IO. 
In total, 48 patients were analyzed: median age at initiation 
of combination therapy 65.0  years (range 36– 86), 85.4% 
Caucasian, and 79.2% male. 75.0% of cases were clear cell 
histology, 79.2% included prior nephrectomy, and 79.2% 
were IMDC intermediate or poor risk disease. The majority 
of patients were heavily pretreated with 77.1% having re-
ceived at least 2 lines of systemic therapy prior to initiation 
of combination TKI– IO; in patients who had received single 
agent IO or TKI that was later part of combination therapy, 
this was included as a prior line of therapy (see Table 2). At 
initiation of combination therapy, 77.1% of patients had at 
least two metastatic sites of disease. For complete baseline 
patient characteristics please see Table 1.

Table 2 outlines the prescribing patterns for TKI– IO com-
binations. The majority of patients, 77.1% (37/48), received 
either nivolumab + cabozantinib (N+C, n = 24) or nivolumab 
+ pazopanib (N+P, n = 13). The median duration on therapy 
was 4.8 months (IQR 3.0– 8.7 months). Most patients were 
either on TKI or IO monotherapy prior to initiation of com-
bination therapy.

Focusing on the two largest patient cohorts, patients 
treated with N+C compared to N+P had higher median 
metastatic sites (3 vs. 2) and were more heavily pretreated 
with agents unique to their TKI– IO combination (median 2 
vs. 0). In the N+P group, more patients started TKI prior 
to addition of nivolumab at progression (69.2% vs. 45.8%). 
At time of combination therapy initiation, 83.3% of patients 
received cabozantinib 20– 40 mg and 92.3% received pazo-
panib 200 mg. 35.1% of patients treated with these regimens 
required a TKI dose reduction or discontinuation during the 
study period.

3.1 | Response analysis

Response data, evaluated by an independent radiology re-
view, were available in 45 of 48 patients. Among the 45 pa-
tients, best response was as follows: complete response (CR; 
n = 3, 7%), partial response (PR; n = 20, 44%), stable disease 

(SD; n = 19, 42%) and progressive disease (PD; n = 3, 7%) 
(Table 2). The overall response rate (CR+PR) was 51% (95% 
CI: 37%, 66%) and the disease control rate (CR+PR+SD) 
was 93% (95% CI: 85%, 100%). Figure 1 depicts the associ-
ated waterfall plot of best objective response rates by treat-
ment regimen.

3.2 | Survival analysis

The estimated median follow- up time for all patients was 
21.3 months. Of the 48 patients, 45 patients had progressive 
disease and/or died and were included in analysis of PFS. 
The estimated median PFS was 11.6 months. The estimated 
1- year PFS probability was 48.9%. At the time of data cut 
off, 16 of the 48 patients had died and median OS was not 
reached. Figure  2 shows Kaplan- Meir curves for PFS and 
OS.

As they were the two largest cohorts, outcomes for pa-
tients treated with N+C and N+P were analyzed in greater 
detail. With an estimated median follow- up of 20.3 months, 
the N+C cohort had a median PFS of 7.3 months (initiated 
TKI first: 4.8, IO first: 8.2) and a median OS of 18.2 months 
(TKI first: 11.8, IO first: 24.3). The N+P cohort had an esti-
mated median follow- up of 21.3 months and demonstrated a 
median PFS of 21.3 months (TKI first: 16.5, IO first: 21.8); 
median OS was not reached.

3.3 | Toxicity analysis

Grade ≥1 and ≥2 toxicities were reported in 95.8% and 
21.9% of patients respectively. One patient treated with 
nivolumab and axitinib experienced Grade 4 hypertension. 
The most common adverse events were fatigue (85.4%), di-
arrhea (39.6%), nausea (37.5%), weight loss (31.3%), and 
hypertension (29.2%) (Table  3). IO was temporarily held 
or discontinued in 5 patients for treatment related compli-
cations including suspected IO- associated pneumonitis (3 
patients) and nephritis (1 patient). No patients permanently 
discontinued TKI due to side effects and 35.4% of patients 
required a TKI dose reduction. Of note, only one patient on 
N+P (pazopanib starting dose 800 mg) developed elevated 
transaminases.

4 |  DISCUSSION

To our knowledge, this is the first case series examining 
off- label use of combination TKI– IO in mRCC. The MD 
Anderson and Duke experiences substantiate adequate 
feasibility, safety, and tolerance for this combination ap-
proach, in line with previously published preclinical and 
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clinical data.6- 10 The majority of patients in our cohort 
were heavily pretreated, IMDC intermediate risk,11 and ex-
posed to either combination N+P or N+C (77.1%). Disease 
control was observed in 93% of patients, with a median 
PFS of 11.6  months. Objective responses were observed 
in approximately 53% of patients and were generally du-
rable. TKI– IO was well tolerated with only 35.4% of pa-
tients requiring TKI dose reduction and 6.3% of patients 
necessitating discontinuation of immunotherapy, mostly 
for presumed pneumonitis (all of whom exhibited partial 
response).

The primary antitumor activity of TKIs is generally as-
cribed to their inhibitory effect on tumor angiogenesis; nev-
ertheless, emerging data support an immune- modulatory role 
for these agents. Increasing local levels of VEGF- A attenu-
ates adhesion molecule expression on endothelial cells, ef-
fectively blocking infiltration of immune cells into the tumor 
microenvironment.12 VEGF- A also suppresses dendritic cell 
activity and modulates proliferation of regulatory T- cells 
which inhibits CD8+ T- cell response.13- 15 Mouse models 
suggest that normalization of tumor vasculature produces 
increased T- cell recruitment in tumors.16,17 In consideration 
of these preclinical data, sound biologic rationale exists for 
mechanistic additive potential or synergy between VEGF 
targeted TKIs and IO agents in RCC. Further substantiating 
this claim, histologic analysis of mRCC samples exposed to 
antiangiogenic- TKIs demonstrate increased PD- L1 expres-
sion on tumor cells and PD- 1 expression on tumor- infiltrating 
lymphocytes.18- 20 Unfortunately, confidently differentiating a 
synergistic or additive effect of TKI– IO is outside the scope 
of this retrospective case series. Furthermore, front- line clin-
ical trials for axitinib– avelumab and axitinib– pembrolizumab 
do not robustly provide insight to this question with only 

T A B L E  1  Patient and disease characteristics (N = 48)

Patient characteristics No.

Percent 
of cohort 
(%)

Age (Years)

≥65 25 52.1

<65 23 47.9

Gender

Male 38 79.2

Female 10 20.8

Race

Caucasian 41 85.4

Hispanic 2 4.2

Black 3 6.3

Asian/Pacific Islander 2 4.2

ECOG performance status

0 27 56.3

1 16 33.3

2 5 10.4

Stage at Diagnosis

Non- metastatic 18 37.5

Metastatic 30 62.5

Histology

Clear Cell 36 75.0

Papillary 9 18.8

Chromophobe 1 2.1

Sarcomatoid 1 2.1

Sarcomatoid/Clear Cell 1 2.1

IMDC risk (Time of TKI- IO initiation)

Good 10 20.8

Intermediate 33 68.8

Poor 5 10.4

Number of prior systemic therapies

Prior Nephrectomy 38 79.2

IO Monotherapy 23 47.9

Pazopanib 20 41.7

Sunitinib 25 52.1

Cabozantinib 15 31.3

Axitinib 13 27.1

Lenvatinib 3 6.3

Bevacizumab 3 6.3

IL−2 6 12.5

mTOR Inhibitor 4 8.3

Radiation 22 45.8

Metastectomy 12 25

Embolization 4 8.3

Median no. prior treatments 2 (IQR = 2– 3)

(Continues)

Patient characteristics No.

Percent 
of cohort 
(%)

Metastatic sites

Lymph Node 25 52.1

Bone 21 43.8

Lung/Pleura 28 58.3

Brain 5 10.4

Adrenal Gland 8 16.7

Liver 6 12.5

Renal 3 6.3

Skin/Soft tissue 7 14.6

Peritoneum 11 22.9

Median no. metastatic sites 2 (IQR =2– 3)

ECOG, Eastern Cooperative Group; IMDC, International Metastatic RCC 
Database Consortium; IQR, Interquartile range.

TABLE 1 (Continued)
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21.2% and 27.8% of patients receiving sunitinib going on to 
receive subsequent immunotherapy.1,2

JAVELIN Renal 1011 and KEYNOTE- 4262 have dramat-
ically changed standard of care front- line therapy for mRCC. 
Nivolumab– cabozantinib is also promising candidate for FDA 
approval (CheckMate- 9ER)21 as is ipilimumab– nivolumab– 
cabozantinib, which is currently under phase III investigation 
in untreated advanced and metastatic RCC (COSMIC- 313 
–  NCT03937219). Unlike JAVELIN Renal 101 and 
KEYNOTE- 426, our analysis focused on TKI– IO use in the 
second- line setting and beyond. Despite 77.1% of patients in 
receiving at least two lines of prior systemic therapy, our ob-
served ORR of 51% was similar to that of prospective first- 
line TKI– IO trials1,2 as well as previously published phase 1 
data for nivolumab– pazopanib and nivolumab– cabozantinib 
in the salvage setting— 45% and 36% respectively.8,22 The 
METEOR trial and Checkmate 025, investigating cabozan-
tinib and nivolumab after TKI failure, respectively, both 
reported an ORR of 21%,23,24 while a pooled analysis of pa-
tients treated with second- line TKI monotherapy after IO at 
MDACC and Memorial Sloan Kettering Cancer Center re-
vealed an ORR of 41.2%.25 In our heavily pretreated mRCC 
cohort, combination TKI– IO achieved comparable, if not 
superior, response rates in reference to these monotherapy 
strategies. As further support for salvage TKI– IO use, one 
exceptional responder underwent consolidative cytoreduc-
tive nephrectomy following second- line TKI– IO exposure. 

F I G U R E  1  TKI– IO waterfall plot for best response as defined 
by RECIST 1.1. N- C, nivolumab– cabozantinib; I/N- C, ipilimumab/
nivolumab– cabozantinib; N- P, nivolumab– pazopanib; N- L, 
nivolumab– lenvatinib; N- A, nivolumab– axitinib.

F I G U R E  2  Progression- free (A) and overall (B) survival for all 
TKI– IO patients. PFS, progression- free survival; OS, overall survival; 
CI, confidence interval.

Median PFS: 11.6 Months
………..... 95% CI for PFS

Month: 0                6             12            18     21     24    27   29
Number at Risk:  45              34           23            18   10      5      4     1  

(A)

Median OS: Not Reached
………...... 95% CI for OS

Month: 0             6           12          18          24           30    33   36
Number at Risk:  45           42        32          26          14            5      2     1

(B)

T A B L E  3  Adverse events reported on TKI- IO

Adverse event

Any grade
Grade 3 
(No.)

Grade 
4 (No.)No. %

Fatigue 41 85.4 0 0

Diarrhea 19 39.6 0 0

Nausea 18 37.5 0 0

Weight Loss 15 31.3 0 0

Hypertension 14 29.2 0 1

Cytopenia 12 25 0 0

Mucositis 12 25 0 0

Rash 8 16.7 0 0

Hypothyroidism 7 14.6 0 0

Hand- foot 
syndrome

7 14.6 0 0

Colitis 6 12.5 0 0

Pneumonitis 6 12.5 0 0

Electrolyte 
abnormality

5 10.4 0 0

Arthralgia 3 6.3 0 0

Proteinuria 2 4.2 0 0
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Pathology confirmed a near complete response with only 3% 
viable tumor remaining (see Figure 3).

To provide further assessment of the potential for TKI– IO 
to overcome resistance to TKI or IO monotherapy, we exam-
ined patients on either TKI or IO monotherapy for ≥6 months 
prior to TKI– IO initiation. This population of patients demon-
strated long- term stable disease or therapeutic response to 
TKI or IO monotherapy followed by development of treat-
ment resistance. 22.9% of the cohort was on IO monotherapy 
for ≥6 months prior to initiation of TKI and demonstrated 
a subsequent TKI– IO response rate of 63.6% (100% disease 
control rate) with an associated median PFS of 18.8 months. 
22.9% of patients were on TKI monotherapy for ≥6 months 
prior to initiation of IO and demonstrated a TKI– IO response 
rate of 27.3% (81.8% disease control rate) with an associated 
median PFS 17.9 months. Taken together, this analysis sug-
gests that TKI– IO combination therapy has the potential to 
overcome TKI or IO monotherapy resistance in the second- 
line setting and beyond. This effect may be more robust for 
IO monotherapy followed by addition of TKI considering the 
larger observed response rate. However, due the retrospective 
nature of this study and small sample size, further study of 
this claim is warranted.

Dissimilar to early phase TKI– IO studies utilizing 
cabozantinib or pazopanib, we observed significantly less 
toxicity in our cohort specifically with respect to transami-
nase elevation (detected in only one patient who was initiated 
on pazopanib 800 mg oral daily). Amin et al. and McDermott 
et al. explored pazopanib 600– 800 mg daily in combination 
with nivolumab 2  mg/kg every 2– 3  weeks. Grade 3 trans-
aminase elevation was reported in up to 90% of patients.8,26 
The likely explanation for our discordant results lies in TKI 
dose selection. The majority of patients in our cohort were 
administered low- dose pazopanib (200 or 400  mg daily), 
likely avoiding the hepatoxicity witnessed in prior studies. 
Previously reported data in 47 patients treated with cabozan-
tinib 40  mg daily and nivolumab 3  mg/kg every 2  weeks 
found a 60% rate of transaminase elevation with 14% grade 
3 or above.8 As most cabozantinib patients in our study 

received 40 mg daily, the reason for this incongruent result is 
less clear and possibly stems from patient selection, hepatic 
drug tolerance related to prior TKI use or specific sequencing 
of agents.27 Furthermore, the addition of cabozantinib to IO 
(or vice versa), with subsequent titration of TKI dose, may 
have prevented a degree of the toxicity observed with both 
agents started concurrently. We contend that a key feature 
of safe and effective combination TKI– IO use is conserva-
tive TKI dosing with up- titration as permitted by tolerance. 
Treatment layering is also feasible; although, there is limited 
data to support this approach, a case report by Yu- Li et al. 
supports the potential for pazopanib to reverse nivolumab re-
sistance when added in parallel.28

We recognize several limitations inherent to this study. 
First, the assembled cohort was biased toward male sex, 
Caucasians, and clear cell histology, limiting generalizabil-
ity outside these demographic and disease criteria. Second, 
due to limited patient numbers, we were not able to deci-
sively comment on the differential effect of varying TKI– IO 
combinations. Prospective trials and expanded, multicenter 
analyses of real- world data are essential to comprehensively 
investigate varying combination TKI– IO regimens in the 
salvage setting. Third, the retrospective nature of this study 
limited our ability to monitor medication compliance and to 
precisely determine grade and relatedness of toxicity. To al-
leviate the former issue, all patients without adequate EMR 
documentation of approximate timing and duration of ther-
apy were disqualified from study inclusion. For the latter 
issue, subjective toxicities were graded by detailed review of 
symptom reporting with a focus on associated functional lim-
itations and the need for treatment discontinuation. Of note, 
we utilized independent, board certified, blinded radiologists 
for determination of response and progression. In addition to 
chart review, obituary records were reviewed to accurately 
determine dates of death, attempting to limit any bias asso-
ciated with PFS or OS. Of note, our cohort potentially re-
flects a narrowing population of patients within mRCC given 
increasing utilization of front- line pembrolizumab– axitinib 
and avelumab– axitinib; nevertheless, effective sequencing 

F I G U R E  3  An exceptional responder 
pre- (A) and post (B)- initiation of 
nivolumab– pazopanib. This patient went 
on to have a consolidative cytoreductive 
nephrectomy with only 3% viable tumor 
returning on pathology.

(A) (B)
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approaches will be important to understand resistance to 
these combinations in the future. Lastly, selection bias is a 
potential concern, as these patients were not identified via a 
systematic algorithm. Even so, we feel we were able to effec-
tively capture all patients meeting criteria for inclusion.

5 |  CONCLUSIONS

This report endorses the feasibility, safety, and efficacy of 
combination TKI– IO for mRCC in the second- line setting 
and beyond. Complementary to level 1 evidence for front- 
line axitinib combined with avelumab1 or pembrolizumab,2 
our data support safety and tolerance for alternative combi-
nations of PD- 1 inhibitors and TKIs, including nivolumab 
with pazopanib, cabozantinib, axitinib, or lenvatinib. mRCC 
patients who are heavily pretreated can tolerate combination 
TKI– IO when TKI dosing is conservative. Salvage TKI– IO 
approaches demonstrate encouraging response rates and sur-
vival, especially when compared to prospective second- line 
monotherapy data.23,26 Phase III clinical trials are currently 
underway to rigorously investigate optimal patient selec-
tion and dosing for cabozantinib/nivolumab (NCT03141177, 
NCT03937219, NCT03793166, and NCT03635892) and 
lenvatinib/pembrolizumab29 (NCT02811861). Our work 
also validates a rationale for prospective combination stud-
ies involving low- dose pazopanib. While we await results 
of prospective trials, strong consideration should be given 
to off- label TKI– IO combinations for select patients in the 
salvage setting even when heavily pretreated.
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