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Adjuvant Therapy in RCC
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Primary Analysis: 24.1 mo Follow-Up

496 457 414 371 1 0233 21151 61
498 436 389 341 1 0209 19145 56

Primary Endpoint: DFS, ITT Population

* denotes statistical significance.
ITT population included all randomized participants. DFS, disease-free survival; NR, not reached. Primary analysis data cutoff date: December 14, 2020. Updated analysis data cutoff date: June 14, 2021.

HR 0.68 (95% CI 0.53−0.87)
P = 0.001*

24-mo rate

77.3%

68.1%

Pts w/ Event Median, mo (95% CI)
Pembro 109 NR (NR–NR)
Placebo 151 NR (NR–NR)
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Updated Analysis: 30.1 mo Follow-Up

24-mo rate

78.3%

67.3%

HR 0.63 (95% CI 0.50–0.80)
Nominal P < 0.0001

Pts w/ Event Median, mo (95% CI)
Pembro 114 NR (NR–NR)
Placebo 169 NR (40.5–NR)



Keynote-564, 30 month follow-up DFS by 
recurrence risk
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Who should get adjuvant therapy?

Risk of 
recurrence at 5 
years

31% 47% 54% 63% ?70%

Abs. reduction 10% 15% 17% 20% 24%

OS at 5 years 82% 77% 63% 54% ?



More to come:
Trial Randomization Question

PROSPER 
(ECOG-EA8143)

Neoadj/adj nivolumab
vs surgical SoC

Is neoadjuvant priming using the intact kidney tumor safe 
and does it lead to better outcomes?

IMMotion010 Adj atezolizumab
vs placebo Is adjuvant PD-L1 therapy better than no adjuvant therapy?

KEYNOTE-564 Adj pembrolizumab
vs placebo Is adjuvant PD-1 therapy better than no adjuvant therapy?

Checkmate-914

Adj nivolumab + 
ipilimumab

vs nivolumab alone 
vs placebo

Is dual PD-1/CTLA-4 inhibition better than mono adjuvant PD-
1 therapy or no therapy?

RAMPART

Adj durvalumab +
tremelimumab 
vs durvalumab

vs placebo

Is dual PD-L1/CTLA-4 inhibition better than mono adjuvant 
PD-L1 therapy or no therapy?

(adopted from Naomi Haas)

Press release did not 
meet primary endpoint

Press release did not 
meet primary endpoint

Press release did not 
meet primary endpoint



These materials are provided to you solely as an educational resource for your personal use. Any commercial use or distribution of these materials or any portion thereof is strictly prohibited.

• Clinical
• KPS < 80% 
• Time from diagnosis to treatment < 1 year

• Laboratory
• Hemoglobin < LLN
• Calcium > ULN
• Neutrophil count > ULN
• Platelet count > ULN

• Heng DYC, et al. J Clin Oncol. 2009;27:5794-5799.

International Metastatic Database Consortium
Risk Stratification

9

• Favorable: 0 risk factors → means slow-growing and/or VEGF-responsive
• Intermediate: 1-2 risk factors → medium growth rate and somewhat VEGF-responsive
• Poor: 3-6 risk factors → fast-growing and VEGF-unresponsive



Frontline Treatment Options Plentiful in RCC

(NCCN, 2022)

NCCN Guidelines Version 1.2023
Kidney Cancer

Version 1.2023, 06/17/22 © 2022 National Comprehensive Cancer Network® (NCCN®), All rights reserved. NCCN Guidelines® and this illustration may not be reproduced in any form without the express written permission of NCCN.

Note: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

NCCN Guidelines Index
Table of Contents

Discussion

KID-C 
1 OF 2

FIRST-LINE THERAPY FOR CLEAR CELL HISTOLOGY

Risk Preferred Regimens Other Recommended Regimens Useful in Certain Circumstances

Favorablea • Axitinib + pembrolizumabb (category 1)
• Cabozantinib + nivolumabb (category 1)
• Lenvatinib + pembrolizumabb (category 1)

• Axitinib + avelumabb

• Cabozantinib (category 2B)
• Ipilimumab + nivolumabb 

• Pazopanib
• Sunitinib

• Active surveillancec

• Axitinib (category 2B) 
• High-dose IL-2d (category 2B)

Poor/ 
intermediatea

• Axitinib + pembrolizumabb (category 1)
• Cabozantinib + nivolumabb (category 1)
• Ipilimumab + nivolumabb (category 1)
• Lenvatinib + pembrolizumabb (category 1)
• Cabozantinib

• Axitinib + avelumabb 

• Pazopanib
• Sunitinib

• Axitinib (category 2B) 
• High-dose IL-2d (category 3)
• Temsirolimuse (category 3)

SUBSEQUENT THERAPY FOR CLEAR CELL HISTOLOGY

Preferred Regimens Other Recommended Regimens Useful in Certain Circumstances

• Cabozantinib (category 1)
• Lenvatinib + everolimus 
• Nivolumabb (category 1)

• Axitinib (category 1) 
• Axitinib + pembrolizumabb

• Cabozantinib + nivolumabb

• Ipilimumab + nivolumabb

• Lenvatinib + pembrolizumabb

• Pazopanib
• Sunitinib
• Tivozanibg (category 1)
• Axitinib + avelumabb (category 3)

• Everolimus
• Bevacizumabf (category 2B) 
• High-dose IL-2 for selected patientsd (category 2B) 
• Sorafenib (category 3) 
• Temsirolimuse (category 2B) 
• Belzutifan (category 2B)

PRINCIPLES OF SYSTEMIC THERAPY FOR RELAPSE OR STAGE IV DISEASE

e The poor risk model used in the global ARCC trial to direct treatment with temsirolimus 
included at least 3 of the following 6 predictors of short survival: <1 year from the time 
of diagnosis to start of systemic therapy, Karnofsky performance status score 60–70, 
hemoglobin <LLN, corrected calcium >10 mg/dL, LDH >1.5 times the ULN, and metastasis in 
multiple organs. Hudes G, et al. N Engl J Med 2007;356:2271-2281.

f An FDA-approved biosimilar is an appropriate substitute for bevacizumab.
g For patients who received ≥2 prior systemic therapies.

a See Risk Models to Direct Treatment (IMDC criteria or MSKCC 
Prognostic Model) (KID-D). 

b See NCCN Guidelines for Management of Immunotherapy-Related 
Toxicities. 

c Rini BI, et al. Lancet Oncol 2016;17:1317-1324. Harrison MR, et al. 
Cancer 2021;127:2204-2212. Bex A. Cancer 2021;127:2184-2186.

d Patients with excellent performance status and normal organ function. 

Printed by Katy Beckermann on 6/22/2022 3:20:53 PM. For personal use only. Not approved for distribution. Copyright © 2022 National Comprehensive Cancer Network, Inc., All Rights Reserved.



No. at risk

NIVO+IPI 550 493 444 411 372 337 309 291 274 256 236 138 5 0

SUN 546 472 405 347 310 281 257 234 213 192 171 108 6 0
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Checkmate 214 ITT: 5-year Update

Motzer RJ et al. ESMO 2021. Abstract 661P.



TKI+IO Overall Survival

Keynote 426: Pembro+Axitinib Checkmate 9ER: Nivo+Cabozantinib

CLEAR: Pembro+
Lenvatinib



Frontline Treatment Data in RCC
CheckMate 2141

Ipi/Nivo vs Sun
(n = 550 vs n = 546)

KEYNOTE-4262

Axi/Pembro vs Sun
(n = 432 vs n = 429)

CheckMate 9ER3

Cabo/Nivo vs Sun
(n = 323 vs n = 328)

CLEAR4

Len/Pembro vs Sun
(n = 355 vs n = 357)

mOS, mo
HR (CI)

55.7 vs 38.4
0.72 (0.62-0.85)

45.7 vs 40.1
0.73 (0.60-0.88)

37.7 vs 34.3
0.70 (0.55-0.90)

NR vs NR
0.72 (0.55-0.93)

Landmark OS 12 mo
Landmark OS 24 mo

83% vs 78%
71% vs 61%

90% vs 79%
74% vs 66%

86% vs 76% (est.)
70.3% vs 60.3%

90% vs 79% (est.)
79% vs 70%

mPFS, mo
HR (CI)

12.2 vs 12.3
0.86 (0.73-1.01)

15.7 vs 11.1
0.68 (0.58-0.80)

16.6 vs 8.3
0.56 (0.46-0.68)

23.9 vs 9.2
0.39 (0.32-0.49)

ORR, % 39 vs 32 60 vs 40 56 vs 28 71 vs 36

CR, % 12 vs 3 10 vs 4 12 vs 5 16 vs 4

Median f/u, mo 67.7 42.8 32.9 33.7
Primary PD, % 18 11 6 5
Prognostic risk, %

§ Favorable
§ Intermediate
§ Poor

23 
61 
17

32 
55
13

23
58
19

31
59
9

Prior nephrectomy, % 82 83 69 74

Subsequent systemic tx for 
Sun arm, %

Overall (68)
IO (42)

Overall (69)
IO (48)

Overall (40)
IO (29)

Overall (71)
IO (53)

Tx discontinuation 
due to AEs, %

23 vs 13 20 vs 18 27 vs 10 18.5 (len) / 25 (pembro) / 
9.7 (len + pembro) vs 10 

@brian_rini and @Uromigos
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Future Frontline Advances?
• Will a triplet therapy have improved clinical benefit and will it be safe?

• Are other mechanisms of action important in the frontline? Metabolic 
inhibitors, LAG3, TIGIT?

• Can we select patients based on gene expression data for frontline therapy



Treatment for Refractory Clear Cell Histology

(NCCN, 2022)



Ph 3 METEOR Trial: Cabozantinib vs Everolimus
after prior VEGF TKI

Articles

922 www.thelancet.com/oncology   Vol 17   July 2016

cabozantinib compared with everolimus (HR 0·51 
[95% CI 0·41–0·62]; p<0·0001; fi gure 4). The median 
progression-free survival was 7·4 months (95% CI 
6·6–9·1) in the cabozantinib group versus 3·9 months 
(3·7–5·1) in the everolimus group. These results were 
consistent with the previously reported primary endpoint 
of progression-free survival done in the fi rst 375 randomly 
assigned patients11 and an additional post-hoc sensitivity 
analysis of progression-free survival per independent 
radiology review done in the 283 patients not included in 
the primary progression-free survival analysis (HR 0·44 
[95% CI 0·31–0·61]). Results for progression-free survival 
per investigator assessment were similar to those 
shown by the independent radiology review committee 
(appendix p 9). Subgroup analyses of progression-free 
survival per independent radiology review were also 
consistent with the results for the overall population 
(fi gure 3).

The proportion of patients who achieved an objective 
response per independent radiology review in all 
658 randomly assigned patients was 57 (17% 
[95% CI 13–22]; 57 partial responses) of 330 in the 
cabozantinib group and 11 (3% [2–6]; 11 partial responses) 
of 328 in the everolimus group (p<0·0001; appendix p 9). 
Results for tumour response per investigator assessment 
were similar to those established by the independent 
radiology review committee (appendix p 9).

As of the May 22, 2015, cutoff  date, the proportions of 
patients continuing study treatment for at least 2 weeks 
after radiographic progression as assessed by the 
investigator were similar between groups, 74 (38%) of 

193 who progressed on cabozantinib and 71 (31%) of 
226 who progressed on everolimus). Post-hoc analyses 
of response for these patients showed that fi ve (7%) of 
74 patients in the cabozantinib group and six (8%) of 
71 in the everolimus group had stable disease or a partial 
response after the initial radiographic progression. 
Additionally, 34 (46%) of 74 patients in the cabozantinib 
group and 15 (21%) of 71 in the everolimus group had at 
least one assessment in which the sum of target lesion 
diameters was lower than the pre-randomisation 
baseline value.

As of the Dec 31, 2015, the cutoff  for the overall 
survival analysis, the median duration of exposure was 
8·3 months (IQR 4·2–14·6) in patients given 
cabozantinib (n=331) and 4·4 months (1·9–8·6) in 
patients given everolimus (n=322). Dose reductions 
occurred for 206 (62%) patients in the cabozantinib 
group and 80 (25%) patients in the everolimus group. 
The median daily dose was 43 mg (IQR 36–56) 
cabozantinib and 9 mg (7–10) everolimus. Treatment 
discontinuation because of an adverse event not related 
to disease progression was recorded in 40 (12%) of 
331 patients in the cabozantinib group and 34 (11%) of 
322 patients in the everolimus group. The most frequent 
reason for treatment discontinuation in both groups 
was disease progression (fi gure 1). Similar proportions 
of patients in the everolimus group and the cabozantinib 
group were reported to have received subsequent 
systemic anticancer treatment after study treatment 
discontinuation (181 [55%] vs 165 [50%]; appendix p 8).

The overall incidence of adverse events irrespective 
of causality was 100% for both groups (331 of 
331 patients treated with cabozantinib and 321 of 
322 treated with everolimus). We recorded grade 3 or 4 
adverse events in 235 (71%) patients treated with 
cabozantinib and 193 (60%) treated with everolimus 
(table 2; appendix pp 10–15). The most common grade 
3 or 4 adverse events were hypertension (49 [15%] in 
the cabozantinib group vs 12 [4%] in the everolimus 
group), diarrhoea (43 [13%] vs 7 [2%]), fatigue (36 [11%] 
vs 24 [7%]), palmar-plantar erythrodysaesthesia syn-
drome (27 [8%] vs 3 [1%]), anaemia (19 [6%] vs 53 [17%]), 
hyperglycaemia (3 [1%] vs 16 [5%]), and hypo-
magnesaemia (16 [5%] vs none).

Grade 3 or worse serious adverse events occurred in 
130 (39%) patients in the cabozantinib group and in 
129 (40%) in the everolimus group. The most common 
grade 3 or worse serious adverse events were abdominal 
pain (nine [3%] in the cabozantinib group vs three [1%] 
in the everolimus group), pleural eff usion (eight [2%] vs 
seven [2%]), pneumonia (seven [2%] vs 13 [4%]), 
pulmonary embolism (seven [2%] vs one [<1%], anaemia 
(fi ve [2%] vs 10 [3%]), and dyspnoea (four [1%] vs 10 [3%]). 
Deaths during the adverse events reporting period, 
irrespective of causality, occurred in 26 patients (8%) in 
the cabozantinib group and 25 (8%) in the everolimus 
group; most of these were related to disease progression 

Figure 2: Kaplan-Meier plot of overall survival through Dec 31, 2015
All 658 randomly assigned patients were included in the analysis. The number of patients censored is summarised 
by interval. HR=hazard ratio.
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(Choueiri et al., 2016)

§ 5% of patients had prior 
IO

§ ORR with cabozantinib: 
17% vs 3% with 
everolimus alone



Randomized Ph 2: Lenvatinib, Everolimus or 
Combination after prior VEGF TKI

Articles

www.thelancet.com/oncology   Vol 16   November 2015 1477

(June 13, 2014), 71 patients had died, 83 had disease 
progression, 23 were still receiving study treatment, and 
47 had discontinued treatment, mainly because of 
adverse events (n=25) or clinical progression (n=12). 

The combination of lenvatinib plus everolimus 
significantly prolonged progression-free survival 
compared with single-agent everolimus (HR 0·40, 
95% CI 0·24–0·68; p=0·0005; figure 2). Median 
progression-free survival was 14·6 months (95% CI 
5·9–20·1) for lenvatinib plus everolimus and 5·5 months 
(95% CI 3·5–7·1) for single-agent everolimus (table 2). 
Patients treated with single-agent lenvatinib had a 
median progression-free survival of 7·4 months (95% CI 
5·6–10·2), which was also longer compared with those 
treated with single-agent everolimus (HR 0·61, 95% CI 
0·38–0·98; p=0·048). Progression-free survival did not 
differ for patients allocated lenvatinib plus everolimus 
and single-agent lenvatinib (HR 0·66, 0·39–1·10; 
p=0·12). Visual inspection of the Kaplan–Meier plots did 
not suggest a violation of the proportionality of hazards 
assumption. After post-hoc multiplicity adjustment with 
the Bonferroni method, the adjusted p value for 
lenvatinib plus everolimus compared with single-agent 
everolimus was p=0·0011, whereas for single-agent 
lenvatinib compared with single-agent everolimus it was 
p=0·096.

An objective response was achieved by 22 (43%) of 
51 patients allocated lenvatinib plus everolimus 
compared with three (6%) of 50 who received single-agent 
everolimus (rate ratio [RR] 7·2, 95% CI 2·3–22·5; 
p<0·0001) and 14 (27%) of 52 patients assigned single-
agent lenvatinib (RR 1·6, 95% CI 0·9–2·8; p=0·10; 
single-agent lenvatinib vs single-agent everolimus, 
RR 4·5, 95% CI 1·4–14·7; p=0·0067; table 2, appendix 
p 16). The median duration of response was 13·0 months 
(95% CI 3·7 to not evaluable [NE]) for patients allocated 
lenvatinib plus everolimus, 7·5 months (3·8–NE) for 
those assigned single-agent lenvatinib, and 8·5 months 
(7·5–9·4) for those on everolimus alone.

Median duration of follow-up for overall survival at the 
primary analysis (data cutoff June 13, 2014) was 
18·5 months (IQR 14·6–21·7) for patients assigned 
lenvatinib plus everolimus, 17·8 months (14·3–22·0) for 
those allocated single-agent lenvatinib, and 16·5 months 
(14·2–20·1) for those who received single-agent 
everolimus. Median duration of follow-up for overall 
survival at the updated analysis (data cutoff Dec 10, 2014) 
was 24·2 months (IQR 20·1–27·4) for patients assigned 
lenvatinib plus everolimus, 22·3 months (18·7–27·0) for 
those allocated single-agent lenvatinib, and 25·0 months 
(21·5–26·1) for those who received single-agent 
everolimus. 

At the primary data cutoff (June 13, 2014), overall 
survival did not differ significantly between patients 
assigned lenvatinib plus everolimus and those allocated 
single-agent everolimus (HR 0·55, 95% CI 0·30–1·01; 
p=0·062; appendix p 17) or single-agent lenvatinib 

(HR 0·74, 95% CI 0·40–1·36; p=0·30; single-agent 
lenvatinib vs single-agent everolimus, HR 0·74, 95% CI 
0·42–1·31; p=0·29). Median overall survival was 
25·5 months (95% CI 20·8–25·5) for lenvatinib plus 
everolimus, 18·4 months (13·3–NE) for single-agent 
lenvatinib, and 17·5 months (11·8–NE) for single-
agent everolimus. In the post-hoc updated analysis 
(data cutoff Dec 10, 2014), the difference in overall 
survival between patients assigned lenvatinib plus 
everolimus and those allocated single-agent everolimus 
was significantly increased (median overall survival 
25·5 months [95% CI 16·4–NE] vs 15·4 months 
[11·8–19·6]; HR 0·51, 95% CI 0·30–0·88; p=0·024; 
figure 3). However, overall survival did not differ between 
patients who received single-agent lenvatinib (median 
overall survival 19·1 months [95% CI 13·6–26·2]) and 

Figure 2: Kaplan-Meier estimate of progression-free survival, by treatment group
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(Continued from previous page)

Duration of previous VEGF-targeted therapy (months) 9·8 (2·0–66·2) 14·5 (0·7–81·8) 8·9 (1·6–57·8)

Best response for previous VEGF-targeted therapy

Complete response 1 (2%) 0 0

Partial response 14 (28%) 10 (19%) 10 (20%)

Stable disease 20 (39%) 28 (54%) 21 (42%)

Progressive disease 7 (14%) 10 (19%) 15 (30%)

Not evaluated or unknown 9 (18%) 4 (8%) 4 (8%)

Previous checkpoint inhibitor therapy 1 (2%) 2 (4%) 2 (4%)

Previous interferon therapy 4 (8%) 3 (6%) 7 (14%)

Previous radiotherapy 6 (12%) 11 (21%) 11 (22%)

Data are number of patients (%), or median (range). ECOG=Eastern Cooperative Oncology Group. MSKCC=Memorial 
Sloan Kettering Cancer Center. *One patient in the lenvatinib plus everolimus group was excluded because of missing 
baseline laboratory values. †One patient in the lenvatinib group had two nephrectomy procedures (partial and left 
radical) but was only counted once. ‡All patients had one previous VEGF-targeted therapy.

Table 1: Baseline characteristics

§ 3% with prior ICI treatment

§ ORR with lenvatinib + everolimus: 43% vs 6% 
with everolimus alone

Articles

1478 www.thelancet.com/oncology   Vol 16   November 2015

single-agent everolimus (HR 0·68, 95% CI 0·41–1·14; 
p=0·12) or lenvatinib plus everolimus (HR 0·75, 
0·43–1·30; p=0·32). The proportions of patients who 
received post-study anticancer therapies were similar in 
each treatment group (lenvatinib plus everolimus, 14 
[28%]; single-agent lenvatinib, 15 [29%]; single-agent 
everolimus, 18 [36%]; appendix p 8).

Median duration of treatment was 7·6 months (range 
0·7–22·6) for patients allocated lenvatinib plus 
everolimus, 7·4 months (0·1–23·0) for those assigned 
single-agent lenvatinib, and 4·1 months (0·3–20·1) for 
those who received single-agent everolimus. 36 (71%) of 
51 patients allocated lenvatinib plus everolimus and 
32 (62%) of 52 individuals assigned single-agent lenvatinib 
needed a lenvatinib dose reduction. Most patients had 
their first dose reduction within the first three cycles of 
treatment (25 [49%] of 51 assigned to lenvatinib plus 
everolimus and 20 [38%] of 52 allocated single-agent 
lenvatinib). The median daily dose of lenvatinib was 
13·6 mg/day per patient assigned lenvatinib plus 
everolimus and 20·3 mg/day per patient assigned single-
agent lenvatinib, corresponding to 75% and 85% of the 
intended dose, respectively. Everolimus administration 
was more varied, with one (2%) of 51 patients assigned 
lenvatinib plus everolimus needing an everolimus dose 
reduction (from 5 mg daily) compared with 13 (26%) of 
50 patients assigned everolimus (from 10 mg daily). The 
median daily dose of everolimus was 4·7 mg/day per 
patient assigned lenvatinib plus everolimus and 
9·7 mg/day per patient allocated single-agent everolimus, 
corresponding to 94% and 97% of the intended dose, 
respectively. 12 (24%) of 51 patients assigned lenvatinib 
plus everolimus, 13 (25%) of 52 individuals allocated 
single-agent lenvatinib, and six (12%) of 50 participants 
who received single-agent everolimus discontinued study 
treatment because of adverse events.

All patients had at least one treatment-emergent 
adverse event (TEAE), and almost all TEAEs were 
considered related to the study drug by the investigator. 
The most common TEAEs of any grade in the lenvatinib 
plus everolimus arm were diarrhoea and fatigue or 
asthenia (table 3, appendix pp 9–13). The frequency of 
hypothyroidism was highest in patients assigned to a 
lenvatinib-containing group. Grade 3 or 4 events occurred 
in fewer patients who received single-agent everolimus 
(25 [50%]) than in those who received single-agent 
lenvatinib (41 [79%]) or lenvatinib plus everolimus 
(36 [71%]). This pattern was maintained when the relation 
of the TEAE to study drug was considered (21 [42%], 
33 [63%], and 32 [63%], respectively). The most common 
grade 3 TEAEs included diarrhoea, fatigue or asthenia, 
and hypertension in patients assigned lenvatinib plus 
everolimus; proteinuria, hypertension, and diarrhoea in 
those allocated single-agent lenvatinib; and anaemia, 
dyspnoea, hypertriglyceridaemia, and hyperglycaemia in 
individuals receiving single-agent everolimus (table 3). 
14 patients had grade 4 events, of whom seven were 

Lenvatinib plus 
everolimus (n=51)

Single-agent 
lenvatinib (n=52)

Single-agent 
everolimus (n=50)

Progression-free survival

Events 26 (51%) 38 (73%) 37 (74%)

Median (95% CI) progression-free 
survival (months)

14·6 (5·9–20·1) 7·4 (5·6–10·2) 5·5 (3·5–7·1)

Progression-free survival (95% CI)

At 6 months 64% (48–76) 63% (48–75) 39% (24–53)

At 12 months 51% (35–65) 34% (21–48) 21% (10–36)

Objective response

Events 22 (43%) 14 (27%) 3 (6%)

95% CI 29–58 16–41 1–17

Best overall response

Complete response 1 (2%) 0 0

Partial response 21 (41%) 14 (27%) 3 (6%)

Stable disease 21 (41%) 27 (52%) 31 (62%)

Progressive disease 2 (4%) 3 (6%) 12 (24%)

Not assessed 6 (12%) 8 (15%) 4 (8%)

Overall survival (at June 13, 2014)

Events 19 (37%) 26 (50%) 26 (52%)

Median (95% CI) overall survival 
(months)

25·5 (20·8–25·5) 18·4 (13·3–NE) 17·5 (11·8–NE)

Overall survival (95% CI)

At 12 months 74% (60–84) 71% (57–82) 62% (47–74)

At 18 months 67% (51–78) 54% (39–67) 47% (31–62)

Overall survival (at Dec 10, 2014)

Events 24 (47%) 31 (60%) 33 (66%)

Median (95% CI) overall survival 
(months)

25·5 (16·4–NE) 19·1 (13·6–26·2) 15·4 (11·8–19·6)

Overall survival (95% CI)

At 12 months 75% (60–84) 71% (57–82) 62% (47–74)

At 18 months 65% (50–76) 56% (41–68) 41% (27–54)

NE=not evaluable.

Table 2: Efficacy outcomes
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Figure 3: Kaplan-Meier estimate of updated overall survival, by treatment group
Data cutoff was Dec 10, 2014.

(Motzer et al., 2015)



Randomized Ph 3: Tivozanib vs sorafenib in 
refractory RCC
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and 5% (0–14) with sorafenib; 2-year progression-free 
survival was 28% (12–44) with tivozanib. No patients in 
the sorafenib group were progression free at the time of 
the data cutoff. In patients who had previously received 
two VEGFR tyrosine kinase inhibitors (159 [45%] of 
350 patients), 56 progression-free survival events 
occurred in the tivozanib group and 61 occurred in the 
sorafenib group; median progression-free survival was 
5·5 months (95% CI 3·6–7·4) with tivozanib and 
3·7 months (3·6–3·9) with sorafenib (HR 0·58, 95% CI 
0·4–0·8; appendix p 4).

Of patients with measurable disease at baseline, more 
patients achieved a response in the tivozanib group than 
in the sorafenib group (p=0·017; table 2). The best 
response observed was partial response; no patients 
achieved a complete response in either treatment group. 
In the intention-to-treat population, 1-year duration of 
response (patients who did not progress on study) was 
71% (95% CI 53–88) with tivozanib and 46% (19–73) with 
sorafenib (HR 0·60, 95% CI 0·22–1·61; p=0·33).

Overall survival was assessed 2 years after the final 
patient was enrolled (10 months after the primary analysis). 
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Figure 2: Kaplan-Meier estimated progression-free survival
(A) Estimated progression-free survival in the intention-to-treat population. (B) Estimated progression-free survival in a subgroup of patients who had been 
previously treated with a checkpoint inhibitor and a tyrosine kinase inhibitor. HR=hazard ratio.

(Rini et al., 2020)

§ 26% Prior ICI and TKI

§ ORR: 18% with tivozanib vs 
8% with sorafenib

§ Average 60% patients with 2 
prior therapies, 40% treated 
with 3 prior therapies



Ongoing Trials: Targeting HIF in RCC

Inhibitors of HIF-1α protein synthesis

The most critical factor in HIF-1 activation is the expression
level of HIF-1α protein. Many HIF-1 inhibitors promote the
downregulation of HIF-1α protein. HIF-1α protein expres-
sion is regulated at three steps: transcription, translation,
and degradation. In this section, we focus on the inhibitors
of HIF-1α protein synthesis through transcription or
translation.

Semenza et al. first showed that cycloheximide (Fig. 2a),
an inhibitor of general protein synthesis, and actinomycin D
(Fig. 2a), a well-known transcription inhibitor, inhibited
HIF-1 binding activity to DNA in human hepatoma Hep3B
cells [1, 7, 24]. Because these compounds are known as non-
selective inhibitors of protein synthesis or transcription, their
use in therapeutic purposes is difficult due to severe side
effects.

The most widely studied mechanism of HIF-1α protein
synthesis is mammalian target of rapamycin (mTOR) sig-
naling which regulates the translation of HIF-1α [25].
mTOR is regulated by many signaling pathways, including
phosphatidylinositol 3-kinase (PI3K)/AKT, mitogen-
activated protein kinase (MAPK), and AMP-activated pro-
tein kinase (AMPK) pathways. Among these pathways,
PI3K/AKT signaling was demonstrated to control HIF-1α
levels. In human prostate cancer PC-3 and DU145 cells,
insulin and epidermal growth factor (EGF) increased HIF-

1α nuclear accumulation, which was repressed by PI3K
inhibitor, wortmannin (Fig. 2a), an antibiotic produced by
Penicillium wortmanni [26]. Later, two groups identified
that rapamycin (Fig. 2a), which was isolated from Strep-
tomyces hygroscopicus, inhibited HIF-1α transcriptional
activity and protein expression by directly inhibiting mTOR
[27, 28]. Rapamycin inhibited insulin-induced HIF-1α
translation via PI3K in human retinal pigment epithelial
ARPE-19 cells and hypoxia- or CoCl2-induced HIF-1α
accumulation in PC-3 cells. Rapamycin and an orally
clinically-used analog everolimus (RAD001; Fig. 2a) also
promoted the inhibitory activity of HIF-1α in vivo [29–31];
everolimus disrupted ovarian clear cell adenocarcinoma
RMG-1 tumor growth in vivo [30].

Many studies have reported that inhibition of PI3K/AKT/
mTOR downregulates HIF-1α activity, resulting in the sup-
pression of tumor growth and angiogenesis. Dictyoceratins A
and C (Fig. 2a) were isolated from the Indonesian marine
sponge Dactylospongia elegans extracts. These compounds
displayed hypoxia-selective growth inhibition and HIF-1α
protein downregulation [32]. Further analyses revealed that
dictyoceratins directly targeted RNA polymerase II-associated
protein 3 (RPAP3), leading to dysfunction of mTOR [33].
Verucopeptin (Fig. 2a), a cyclic depsipeptide originally iso-
lated from Actinomadura verrucosospora, was rediscovered
as a HIF-1 signaling inhibitor by our group, which blocked
HIF-1 transcriptional activity by inhibiting accumulation of

Fig. 1 Molecular mechanism of hypoxia-inducible factor 1 (HIF-1)
signaling. Under normoxia, HIF-1α is hydroxylated by prolyl-4-
hydroxylase (PHD) and factor inhibiting HIF-1 (FIH), and interacts
with von Hippel-Lindau (VHL), resulting in the degradation by the
proteasome. In contrast, HIF-1α accumulates and translocates to the
nucleus under hypoxia, leading to the formation of a heterodimer of

HIF-1α/HIF-1β. The complexes then bind to the hypoxia response
element (HRE) with p300/CBP, which activates the expression of
hundreds of genes, including vascular endothelial growth factor
(VEGF), glucose transporter 1 (GLUT1), and erythropoietin (EPO).
The color version is available online from https://www.nature.com/a
rticles/s41429-021-00451-0
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(Ikeda and Kakeya et al., 2021; Jonasch ASCO 2022)

PFS 14.5 mos (7.3-22.1)



Title Inclusion Treatment Arms
MK-6482-005: Phase III Trial of 
Belzutifan vs Everolimus in 
Advanced RCC After PD-1/PD-L1 
and TKI Therapy (n = 736)1

§ Clear-cell RCC 
§ Prior therapy with PD-1/PD-L1 inhibitor and 

VEGF TKI, as monotherapy or in combination
§ ≤3 prior therapies

Belzutifan 
vs 
Everolimus

CONTACT-03: Phase III Trial 
of Atezo + Cabo vs Cabo in 
Advanced RCC After PD-1/PD-L1 
Therapy (n = 500)2

§ Clear-cell RCC or non–clear-cell RCC 
(papillary or unclassified)

§ Prior first- or second-line therapy with 
PD-1/PD-L1 inhibitor as immediate 
preceding therapy

§ No more than 1 previous PD-1/PD-L1 inhibitor

Atezolizumab + 
cabozantinib 
vs 
Cabozantinib

TiNivo-2: Phase III Trial of 
Tivozanib + Nivolumab vs 
Tivozanib in Advanced RCC 
After IO Therapy (n = 326)3

§ Clear-cell RCC 
§ PD during or following ≥6 wk of treatment 

with an IO therapy
§ ≤2 previous lines of therapy 

Nivolumab + 
tivozanib 
vs 
Tivozanib

Ongoing Clinical Trials in the Refractory IO setting
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(Chen, Rini, and Beckermann, unpublished, figure made with BioRender)


