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BACKGROUND

In a single-group, phase 1b trial, avelumab plus axitinib resulted in objective responses in
patients with advanced renal-cell carcinoma. This phase 3 trial involving previously untreated patients with advanced renal-cell carcinoma compared avelumab plus axitinib with
the standard-of-care sunitinib.
METHODS

We randomly assigned patients in a 1:1 ratio to receive avelumab (10 mg per kilogram of
body weight) intravenously every 2 weeks plus axitinib (5 mg) orally twice daily or sunitinib
(50 mg) orally once daily for 4 weeks (6-week cycle). The two independent primary end
points were progression-free survival and overall survival among patients with programmed
death ligand 1 (PD-L1)–positive tumors. A key secondary end point was progression-free
survival in the overall population; other end points included objective response and safety.
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RESULTS

A total of 886 patients were assigned to receive avelumab plus axitinib (442 patients) or
sunitinib (444 patients). Among the 560 patients with PD-L1–positive tumors (63.2%), the
median progression-free survival was 13.8 months with avelumab plus axitinib, as compared with 7.2 months with sunitinib (hazard ratio for disease progression or death, 0.61;
95% confidence interval [CI], 0.47 to 0.79; P<0.001); in the overall population, the median
progression-free survival was 13.8 months, as compared with 8.4 months (hazard ratio,
0.69; 95% CI, 0.56 to 0.84; P<0.001). Among the patients with PD-L1–positive tumors, the
objective response rate was 55.2% with avelumab plus axitinib and 25.5% with sunitinib;
at a median follow-up for overall survival of 11.6 months and 10.7 months in the two
groups, 37 patients and 44 patients had died, respectively. Adverse events during treatment
occurred in 99.5% of patients in the avelumab-plus-axitinib group and in 99.3% of patients
in the sunitinib group; these events were grade 3 or higher in 71.2% and 71.5% of the
patients in the respective groups.
CONCLUSIONS

Progression-free survival was significantly longer with avelumab plus axitinib than with
sunitinib among patients who received these agents as first-line treatment for advanced
renal-cell carcinoma. (Funded by Pfizer and Merck [Darmstadt, Germany]; JAVELIN Renal
101 ClinicalTrials.gov number, NCT02684006.)
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ost patients with a diagnosis of
renal carcinoma have clear-cell renalcell carcinoma, which harbors genetic abnormalities that lead to excessive production of vascular endothelial growth factor
(VEGF), a key driver of angiogenesis.1,2 Although
sunitinib is a standard-of-care first-line therapy
for patients with advanced renal-cell carcinoma,3,4 many patients have inherent resistance to
antiangiogenic drugs or they have progressive
disease.
Immune checkpoint inhibitors include the
anti–programmed death ligand 1 (PD-L1) antibody avelumab. These agents have been shown
to have acceptable safety and durable antitumor
activity as first- and second-line treatments in
patients with multiple tumor types, including
advanced renal-cell carcinoma.5-10
In addition to antiangiogenic effects, VEGF
receptor (VEGFR) inhibitors have immunomodulatory effects, including enhanced tumor infiltration of immune cells and reduced immunosuppressive effects of myeloid-derived suppressor
cells.11 We hypothesized that the combination
of an immune checkpoint inhibitor with a
VEGF-targeted antiangiogenic therapy might
provide enhanced benefit through complementary mechanisms of action. Axitinib, a highly
selective VEGFR inhibitor, is approved for the
treatment of advanced renal-cell carcinoma after disease progression in patients receiving
sunitinib,12,13 and we selected it over sunitinib
for combination with avelumab because of its
lower incidence of hepatic toxic effects. Preliminary data from a single-group, nonrandomized, phase 1b trial involving 55 patients
with advanced renal-cell carcinoma showed that
the combination of avelumab plus axitinib resulted in objective responses in 58% of patients
and a rate of disease control of 78%, at a median
follow-up of 52 weeks.14 A higher percentage of
patients with PD-L1 expression on at least 1% of
tumor-associated immune cells had objective
responses than the percentage of those with PDL1 expression on less than 1% of those cells.14
We report the primary efficacy and safety results
of the phase 3 JAVELIN Renal 101 trial of avelu
mab plus axitinib as compared with sunitinib
in patients with previously untreated advanced
renal-cell carcinoma.
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Me thods
Patients

Eligible patients had previously untreated advanced renal-cell carcinoma with a clear-cell
component. Additional key inclusion criteria were
the presence of at least one measurable lesion
according to the Response Evaluation Criteria in
Solid Tumors (RECIST), version 1.1; age of 18
years or older; Eastern Cooperative Oncology
Group (ECOG) performance-status score of 0 or
1 (on a 5-point scale in which higher numbers
indicate greater disability); a fresh or archival
tumor specimen; and adequate renal, cardiac,
and hepatic function. Patients across all Memorial Sloan Kettering Cancer Center (MSKCC) and
International Metastatic Renal Cell Carcinoma
Database Consortium (IMDC) prognostic risk
groups were included (see the Definitions of
Selected Terms and End Points section in the
Supplementary Appendix, available with the full
text of this article at NEJM.org).15,16 Key exclusion
criteria were active central nervous system metastases, autoimmune disease, and current or previous use of glucocorticoids or other immunosuppressants within 7 days before randomization.
Trial Design

This was a multicenter, randomized, open-label,
phase 3 trial comparing avelumab plus axitinib
with sunitinib. Randomization (in a 1:1 ratio)
was stratified according to ECOG performancestatus score (0 vs. 1) and geographic region
(United States vs. Canada and Western Europe
vs. the rest of the world).
Avelumab was administered at a dose of 10 mg
per kilogram of body weight as a 1-hour intravenous infusion every 2 weeks. An antihistamine
and acetaminophen were administered approximately 30 to 60 minutes before each infusion.
Axitinib was administered orally at a starting
dose of 5 mg twice daily on a continuous dosing
schedule. Sunitinib was administered at a dose
of 50 mg orally once daily for 4 weeks of a
6-week cycle. Dose escalations and reductions of
axitinib and dose reductions of sunitinib are
described in the protocol (available at NEJM.
org).17,18 Dose reductions of avelumab were not
permitted, but subsequent infusions could be
omitted in response to persisting toxic effects.
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The original primary objective was to show
the superiority of avelumab plus axitinib over
sunitinib in prolonging progression-free survival
among patients with advanced renal-cell carcinoma, irrespective of PD-L1 expression. A June
2017 protocol amendment, while data were still
masked, was based on new data from a singlegroup phase 1b trial14 and two trials of immune
checkpoint inhibitors that showed an overall
survival benefit among patients with renal-cell
carcinoma.5,6 This amendment changed the primary objective of the trial to show the superiority of avelumab plus axitinib over sunitinib with
respect to either progression-free or overall survival among patients with PD-L1–positive tumors.
Trial Oversight

The trial was conducted in accordance with the
ethics principles of the Declaration of Helsinki
and the Good Clinical Practice guidelines, defined by the International Council for Harmonisation. All the patients provided written
informed consent. The protocol, amendments,
and informed-consent forms were approved by
the institutional review board or independent
ethics committee at each trial site. An independent external data monitoring committee reviewed efficacy and safety.
The trial was sponsored by Pfizer as part of
an alliance between Pfizer and Merck (Darmstadt, Germany); both companies provided the
trial drugs. The investigators worked with Pfizer
on the trial design, collection and analysis of
data, and interpretation of results. Data sets
were reviewed by the authors, and all the authors
participated fully in developing and reviewing
the manuscript for submission for publication. A
professional medical writer who was paid by the
sponsor assisted in the preparation of the manuscript. All the authors had full access to all data,
and the first author had final responsibility for
the decision to submit the manuscript for publication. The authors vouch for the accuracy and
completeness of the data and analyses and for
the fidelity of the trial to the protocol and the
statistical analysis plan (available at NEJM.org).

independent central review according to RECIST,
version 1.1) and overall survival among patients
with PD-L1–positive tumors (≥1% of immune
cells staining positive within the tumor area of
the tested tissue sample). PD-L1 expression was
assessed at a central laboratory with the use of
the Ventana PD-L1 (SP263) assay (Ventana Medical Systems).
Key secondary end points were progressionfree survival as determined by blinded independent central review according to RECIST, version
1.1, and overall survival among patients in the
overall population, irrespective of PD-L1 expression. Other secondary end points included progression-free survival as determined by investigator assessment, the objective response rate,
adverse events, pharmacokinetic measures, tumortissue biomarkers, and patient-reported outcomes.19,20 All subgroup analyses were prespecified in the statistical analysis plan, except for
body-mass index and smoking status, which were
post hoc exploratory analyses.
Tumor assessments were performed with the
use of computed tomography or magnetic resonance imaging at baseline, every 6 weeks after
randomization for the first 18 months, and then
every 12 weeks until confirmed disease progression. Adverse events were graded according to
the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03.
Patients in each treatment group were permitted
to continue therapy after RECIST-defined disease
progression if the investigators determined that
the therapy had benefit because the patients did
not have clinical signs and symptoms associated
with the radiographic findings.
Statistical Analysis

It was estimated that approximately 830 patients, including approximately 580 patients with
PD-L1–positive tumors (70%), would undergo
randomization. The overall type I error rate was
maintained at or below a one-sided significance
level of 0.025 by allocating an alpha level of
0.004 to the progression-free survival comparison and an alpha level of 0.021 to the overall
survival comparison among the patients with
End Points and Assessments
PD-L1–positive tumors. A gatekeeping procedure
The two independent primary end points were to control for the overall type I error rate was
progression-free survival (as determined by blinded used to allow further testing of progression-free
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and overall survival in the overall population
(Fig. S1 in the Supplementary Appendix). The
trial was considered to have met its success criteria if avelumab plus axitinib was superior to
sunitinib in prolonging progression-free or overall survival among the patients with PD-L1–
positive tumors. Sensitivity analyses were also
performed to explore the robustness of the primary analysis results.
For the primary analysis of progression-free
survival among the patients with PD-L1–positive
tumors, we estimated that 336 events would provide the trial with 90% power to detect a hazard
ratio of 0.65 with the use of a one-sided log-rank
test at a significance level of 0.004. A two-look
group-sequential design with a Lan–DeMets
(O’Brien–Fleming) alpha-spending function was
used to determine the efficacy boundary.21
For the primary analysis of overall survival
among the patients with PD-L1–positive tumors,
we estimated that 368 events would provide the
trial with 90% power to detect a hazard ratio of
0.70 with the use of a one-sided log-rank test at
a significance level of 0.021. A four-look groupsequential design with a Lan–DeMets (O’Brien–
Fleming) alpha-spending function was used to
determine the efficacy boundary. This sample size
would also allow assessment of progression-free
and overall survival in the overall population.
The preplanned interim analysis was based on a
data-cutoff point of approximately 235 events of
disease progression or death (70% information
fraction) in the patients with PD-L1–positive tumors. The results of the interim analysis were
reviewed by an external data monitoring committee on August 20, 2018. The committee reported that the efficacy boundaries for progression-free survival among the patients with
PD-L1–positive tumors and in the overall population had been crossed. The trial continued to
evaluate overall survival. All data reported here
are based on the first interim analysis.
Efficacy end points were assessed in all patients who underwent randomization, and safety
was evaluated in all patients who received at
least one dose of a trial drug (avelumab, axitinib,
or sunitinib). We calculated the objective response rate according to treatment group, along
with corresponding exact two-sided 95% con
fidence intervals, using the Clopper–Pearson
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method.22 Progression-free and overall survival
and duration of response were estimated with
the use of the Kaplan–Meier method, and twosided P values are reported.23 To account for the
group-sequential design in this trial, the repeated confidence interval method24 was used
for the hazard ratio at the interim analysis for
progression-free survival and overall survival. In
addition, the unadjusted 95% confidence interval for the hazard ratio was reported.

R e sult s
Patients

From March 29, 2016, through December 19,
2017, at total of 886 patients were randomly assigned to treatment at 144 sites in 21 countries;
442 patients were assigned to the avelumabplus-axitinib group and 444 were assigned to the
sunitinib group (Fig. S2 in the Supplementary
Appendix). A total of 873 patients received trial
treatment (434 received avelumab plus axitinib
and 439 received sunitinib), and 560 of 886 patients (63.2%) had PD-L1–positive tumors (69.0%
of 812 patients for whom tumor-tissue samples
were available for PD-L1 assessment). Baseline
demographic and disease characteristics were
balanced between the two treatment groups
(among both patients with PD-L1–positive tumors
and the overall population) (Table 1).
Data cutoff occurred on June 20, 2018. On that
date, of 442 patients who had been randomly
assigned to the combination group, 230 (52.0%)
were still receiving avelumab and 246 (55.7%) were
still receiving axitinib; 221 patients (50.0%)
continued to receive avelumab plus axitinib,
9 patients (2.0%) continued to receive avelumab
alone, and 25 patients (5.7%) continued to receive axitinib alone. Of the 444 patients who had
been randomly assigned to the sunitinib group,
167 (37.6%) continued to receive treatment.
Efficacy

Primary End Points among Patients
with PD-L1–Positive Tumors

Among the patients with PD-L1–positive tumors,
progression-free survival was significantly longer among patients who received avelumab plus
axitinib than among those who received sunitinib; the median progression-free survival was
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Table 1. Baseline Demographic and Clinical Characteristics of the Patients Who Underwent Randomization.*
Characteristic

Patients with PD-L1–Positive Tumors

Median age (range) — yr

Overall Population

Avelumab plus
Axitinib
(N = 270)

Sunitinib
(N = 290)

Avelumab plus
Axitinib
(N = 442)

Sunitinib
(N = 444)

62.0 (29.0–83.0)

60.5 (27.0–88.0)

62.0 (29.0–83.0)

61.0 (27.0–88.0)

203 (75.2)

224 (77.2)

316 (71.5)

344 (77.5)

67 (24.8)

66 (22.8)

126 (28.5)

100 (22.5)

Sex — no. (%)
Male
Female
MSKCC prognostic risk group — no. (%)†
Favorable

52 (19.3)

60 (20.7)

96 (21.7)

100 (22.5)

180 (66.7)

201 (69.3)

283 (64.0)

293 (66.0)

33 (12.2)

24 (8.3)

51 (11.5)

45 (10.1)

5 (1.9)

5 (1.7)

12 (2.7)

6 (1.4)

52 (19.3)

59 (20.3)

94 (21.3)

96 (21.6)

173 (64.1)

191 (65.9)

271 (61.3)

276 (62.2)

44 (16.3)

39 (13.4)

72 (16.3)

71 (16.0)

1 (0.4)

1 (0.3)

5 (1.1)

1 (0.2)

United States

75 (27.8)

82 (28.3)

128 (29.0)

130 (29.3)

Canada and Western Europe

80 (29.6)

81 (27.9)

128 (29.0)

128 (28.8)

115 (42.6)

127 (43.8)

186 (42.1)

186 (41.9)

Yes

233 (86.3)

252 (86.9)

352 (79.6)

355 (80.0)

No

37 (13.7)

38 (13.1)

90 (20.4)

89 (20.0)

0

8 (3.0)

11 (3.8)

11 (2.5)

16 (3.6)

1

120 (44.4)

118 (40.7)

181 (41.0)

174 (39.2)

2

85 (31.5)

101 (34.8)

148 (33.5)

151 (34.0)

3

40 (14.8)

50 (17.2)

67 (15.2)

79 (17.8)

≥4

17 (6.3)

10 (3.4)

35 (7.9)

24 (5.4)

Intermediate
Poor
Not reported
IMDC prognostic risk group — no. (%)‡
Favorable
Intermediate
Poor
Not reported
Geographic region — no. (%)

Rest of the world
Previous nephrectomy — no. (%)

RECIST-defined tumor sites at baseline, according
to independent review — no. (%)

*	Percentages may not total 100 because of rounding. RECIST denotes Response Evaluation Criteria in Solid Tumors.
†	Patients with favorable risk had a Memorial Sloan Kettering Cancer Center (MSKCC) score of 0, those with intermediate risk had a score of
1 or 2, and those with poor risk had a score of 3 or more. MSKCC risk scores are defined according to the number of the following risk factors present: a Karnofsky performance-status score of less than 80 (on a scale from 0 to 100, with lower scores indicating greater disability;
patients with a performance-status score of <70 were excluded from the trial), less than 1 year from the time of initial diagnosis to the start
of therapy, a hemoglobin level below the lower limit of the normal range, a lactate dehydrogenase level more than 1.5 times the upper limit
of the normal range, and a corrected serum calcium concentration of more than 10 mg per deciliter (2.5 mmol per liter).
‡	Patients with favorable risk had an International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) score of 0, those with intermediate risk had a score of 1 or 2, and those with poor risk had a score of 3 to 6. IMDC risk scores are defined according to the number
of the following risk factors present: a Karnofsky performance-status score of less than 80, time from initial diagnosis to randomization of
less than 1 year, hemoglobin level below the lower limit of the normal range, corrected serum calcium level above the upper limit of the
normal range, absolute neutrophil count above the upper limit of the normal range, and platelet count above the upper limit of the normal
range.

n engl j med 380;12

nejm.org

March 21, 2019

The New England Journal of Medicine
Downloaded from nejm.org at UNIVERSITE DE SHERBROOKE on March 25, 2019. For personal use only. No other uses without permission.
Copyright © 2019 Massachusetts Medical Society. All rights reserved.

1107

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

A Patients with PD-L1–Positive Tumors
Median
Progression-free
Survival (95% CI)

100

Progression-free Survival (%)

90
80

mo

70

Avelumab+Axitinib
Sunitinib

60

Avelumab+axitinib

50

7.2 (5.7–9.7)

Stratified hazard ratio for
disease progression
or death, 0.61
(95% CI, 0.47–0.79)
P<0.001

40
Sunitinib

30

13.8 (11.1–NE)

20
10
0

0

2

4

6

8

10

12

14

16

18

20

22

24

32
16

23
13

13
5

3
0

1

0

Months
No. at Risk
Avelumab+axitinib 270 227 205 154 120
Sunitinib
290 210 174 119 85

76
49

53
35

B Overall Population
Median
Progression-free
Survival (95% CI)

100

Progression-free Survival (%)

90
80

mo

70

Avelumab+Axitinib
Sunitinib

60
50

Avelumab+axitinib

40
30
Sunitinib

20

13.8 (11.1–NE)
8.4 (6.9–11.1)

Stratified hazard ratio for
disease progression
or death, 0.69
(95% CI, 0.56–0.84)
P<0.001

10
0

0

2

4

6

8

10

12

14

16

18

20

22

24

57
29

42
20

24
8

8
2

1
0

0

Months
No. at Risk
Avelumab+axitinib 442 364 321 250 193 127
Sunitinib
444 329 271 192 144 90

94
64

Figure 1. Progression-free Survival.
Progression-free survival among patients with programmed death ligand 1 (PD-L1)–positive tumors (Panel A)
and among patients in the overall population (Panel B) is shown. NE denotes could not be estimated.

13.8 months (95% confidence interval [CI], 11.1
to could not be estimated) with avelumab plus
axitinib, as compared with 7.2 months (95% CI,
5.7 to 9.7) with sunitinib (stratified hazard ratio
for disease progression or death, 0.61; 95% CI,
0.47 to 0.79; P<0.001; repeated confidence interval, 0.43 to 0.92) (Fig. 1A). The median follow-up
was 9.9 months with avelumab plus axitinib and
8.4 months with sunitinib. Among the patients
with PD-L1–positive tumors, deaths from any
cause were observed in 37 patients (13.7%) who
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n engl j med 380;12

received avelumab plus axitinib and in 44 patients (15.2%) who received sunitinib (stratified
hazard ratio for death, 0.82; 95% CI, 0.53 to
1.28; P = 0.38; repeated confidence interval, 0.46
to 2.40). The median follow-up was 11.6 months
and 10.7 months, respectively.
Key Secondary End Points

In the overall population, progression-free survival was also significantly longer with avelumab
plus axitinib than with sunitinib; the median
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Table 2. Antitumor Activity among Patients with PD-L1–Positive Tumors and in the Overall Population.*
Variable

Patients with PD-L1–Positive Tumors

Confirmed objective response rate (95% CI) — %

Overall Population

Avelumab plus
Axitinib
(N = 270)

Sunitinib
(N = 290)

Avelumab plus
Axitinib
(N = 442)

Sunitinib
(N = 444)

55.2 (49.0–61.2)

25.5 (20.6–30.9)†

51.4 (46.6–56.1)

25.7 (21.7–30.0)‡

Confirmed best overall response — no. (%)
Complete response
Partial response

12 (4.4)

6 (2.1)

15 (3.4)

8 (1.8)

137 (50.7)

68 (23.4)

212 (48.0)

106 (23.9)
202 (45.5)

Stable disease

72 (26.7)

125 (43.1)

131 (29.6)

Progressive disease

30 (11.1)

63 (21.7)

51 (11.5)

83 (18.7)

Could not be evaluated

12 (4.4)§

21 (7.2)¶

25 (5.7)‖

35 (7.9)**

Other††
Median time to response (range) — mo

7 (2.6)

7 (2.4)

8 (1.8)

10 (2.3)

1.6 (1.2–10.1)

3.0 (1.2–11.6)

2.6 (1.2–13.8)

3.2 (1.2–11.6)

NR (NE)

NR (10.9–NE)

NR (NE)

NR (11.2–NE)

108/149 (72.5)

48/74 (64.9)

158/227 (69.6)

81/114 (71.1)

Median duration of response (95% CI) — mo
Patients with ongoing response — no./total no. (%)

*	NE denotes could not be estimated, and NR not reached. Percentages may not total 100 because of rounding.
†	The stratified odds ratio for the objective response rate among the patients with PD-L1–positive tumors was 3.73 (95% CI, 2.53 to 5.37).
‡	The stratified odds ratio for the objective response rate in the overall population was 3.10 (95% CI, 2.30 to 4.15).
§	No assessments were performed after baseline because of early death or other reasons such as withdrawal of consent or start of new anticancer therapy (in 10 patients) or stable disease less than 6 weeks after randomization (in 2 patients).
¶	No assessments were performed after baseline because of early death or other reasons such as withdrawal of consent or start of new anticancer therapy (in 9 patients), stable disease less than 6 weeks after randomization (in 9 patients), or new anticancer therapy started before the first postbaseline assessment (in 2 patients), or the overall response in all assessments after baseline could not be evaluated (in
1 patient).
‖	No assessments were performed after baseline because of early death or other reasons such as withdrawal of consent or start of new anticancer therapy (in 18 patients), stable disease less than 6 weeks after randomization (in 5 patients), or no adequate baseline assessment
(in 2 patients).
**	No assessments were performed after baseline because of early death or other reasons such as withdrawal of consent or start of new anticancer therapy (in 14 patients), stable disease less than 6 weeks after randomization (in 15 patients), new anticancer therapy started before
first postbaseline assessment (in 3 patients), or no adequate baseline assessment (in 2 patients), or the overall response in all assessments
after baseline could not be evaluated (in 1 patient).
††	This category includes patients who did not have target lesions at baseline according to independent review and whose response was categorized as “non–complete response” or “non–progressive disease.”

progression-free survival was 13.8 months (95%
CI, 11.1 to could not be estimated) with avelumab
plus axitinib, as compared with 8.4 months
(95% CI, 6.9 to 11.1) with sunitinib (stratified
hazard ratio for disease progression or death,
0.69; 95% CI, 0.56 to 0.84; P<0.001) (Fig. 1B).
The median follow-up was 10.8 months and
8.6 months, respectively. Deaths from any cause
were observed in 63 patients (14.3%) who received avelumab plus axitinib and 75 patients
(16.9%) who received sunitinib (stratified hazard
ratio for death, 0.78; 95% CI, 0.55 to 1.08;
P = 0.14) (Fig. S3 in the Supplementary Appendix). The median follow-up was 12.0 months
and 11.5 months, respectively.
Sensitivity analyses were performed to explore
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the robustness of the primary analysis results
for progression-free survival; the results of these
analyses were similar to those of the primary
analysis. The model assumption of proportional
hazards was assessed, and an analysis of restricted mean survival time showed similar results
(see the Sensitivity Analyses section and Fig. S4
and S5 in the Supplementary Appendix).
Other Secondary End Points

Among the patients with PD-L1–positive tumors,
the confirmed objective response rate was 55.2%
(95% CI, 49.0 to 61.2) with avelumab plus axitinib
and 25.5% (95% CI, 20.6 to 30.9) with sunitinib;
confirmed complete response rates were 4.4%
and 2.1%, respectively (Table 2, and Fig. S6 in
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A
Subgroup

Avelumab+Axitinib

Sunitinib

Hazard Ratio for Disease Progression or Death (95% CI)

no. of events/no. of patients
All patients
Age
<65 yr
≥65 yr
Sex
Male
Female
Geographic region
United States
Canada and Western Europe
Rest of the world
ECOG performance-status score
0
1
Nephrectomy
Yes
No
MSKCC prognostic risk group
Favorable
Intermediate
Poor
IMDC prognostic risk group
Favorable
Intermediate
Poor
Body-mass index
<25
≥25
Smoking status
Never smoked
Current or former smoker

108/270

145/290

0.63 (0.49–0.81)

71/165
37/105

101/189
44/101

0.60 (0.44–0.81)
0.71 (0.46–1.09)

76/203
32/67

113/224
32/66

0.56 (0.42–0.75)
0.90 (0.55–1.47)

28/75
33/80
47/115

36/82
50/81
59/127

0.58 (0.35–0.96)
0.47 (0.30–0.74)
0.78 (0.53–1.15)

61/168
47/102

97/193
48/97

0.56 (0.41–0.78)
0.73 (0.48–1.09)

95/233
13/37

126/252
19/38

0.63 (0.48–0.82)
0.63 (0.31–1.29)

16/52
71/180
19/33

24/60
101/201
17/24

0.57 (0.30–1.08)
0.62 (0.46–0.84)
0.55 (0.28–1.08)

14/52
68/173
26/44

24/59
93/191
27/39

0.50 (0.26–0.97)
0.64 (0.47–0.88)
0.53 (0.30–0.93)

45/93
63/176

51/81
93/206

0.57 (0.38–0.86)
0.63 (0.45–0.87)

51/136
56/133

57/138
88/152

0.69 (0.47–1.01)
0.58 (0.42–0.82)
0.1

1.0

Avelumab+Axitinib Better

10.0

Sunitinib Better

B
Progressive disease

Best Change from Baseline
in Target Lesions (%)

100

Stable disease

Partial response
100

80

80

60

60

40

40

20

20

0

0

−20

−20

−40

−40

−60

−60

−80

−80

−100

−100

Complete response

Avelumab+Axitinib
(N=252)
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Could not be evaluated

Sunitinib
(N=265)
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groups assessed, including those based on PD-L1
status and all MSKCC and IMDC prognostic risk
groups (Fig. 2A, and Figs. S7 through S9 and
Table S1 in the Supplementary Appendix). Among
patients in the overall population with IMDC
favorable, intermediate, and poor risk who received avelumab plus axitinib, 68.1%, 51.3%,
and 30.6%, respectively, had objective responses
as compared with 37.5%, 25.4%, and 11.3% of
patients who received sunitinib (Fig. S9 in the
Supplementary Appendix). The best percentage
change in the sum of target-lesion diameters is
shown in Figure 2B, and in Figure S10 in the
Supplementary Appendix.
Results according to investigator assessment
were consistent with those according to blinded
independent central review: among the patients
with PD-L1–positive tumors, the median progression-free survival was 13.3 months in the
avelumab-plus-axitinib group and 8.2 months in
the sunitinib group (stratified hazard ratio for
disease progression or death, 0.51), and in the
overall population, the median progression-free
survival was 12.5 months and 8.4 months, respectively (stratified hazard ratio, 0.64) (Fig. S11
in the Supplementary Appendix). Among the patients with PD-L1–positive tumors, the objective
response rates were 61.9% (95% CI, 55.8 to 67.7)
in the avelumab-plus-axitinib group and 29.7%
(95% CI, 24.5 to 35.3) in the sunitinib group,
and among patients in the overall population,
the objective response rates were 55.9% (95% CI,
51.1 to 60.6) and 30.2% (95% CI, 25.9 to 34.7),
respectively (Table S2 in the Supplementary Appendix).

Figure 2 (facing page). Subgroup Analyses
of Progression-free Survival and Best Percentage
Change in Target Lesions among Patients with
PD-L1–Positive Tumors.
Panel A shows the results of a subgroup analysis of
progression-free survival among the patients with PD-L1–
positive tumors. Eastern Cooperative Oncology Group
(ECOG) performance-status scores range from 0 to 5,
with higher numbers reflecting greater disability. Patients
with favorable risk had a Memorial Sloan Kettering Cancer Center (MSKCC) score of 0, those with intermediate
risk had a score of 1 or 2, and those with poor risk had
a score of 3 or more. MSKCC risk scores are defined
according to the number of the following risk factors
present: a Karnofsky performance-status score of less
than 80 (on a scale from 0 to 100, with lower scores
indicating greater disability; patients with a performancestatus score of <70 were excluded from the trial), less
than 1 year from the time of initial diagnosis to the
start of therapy, a hemoglobin level below the lower
limit of the normal range, a lactate dehydrogenase
level more than 1.5 times the upper limit of the normal
range, and a corrected serum calcium concentration
of more than 10 mg per deciliter (2.5 mmol per liter).
Patients with favorable risk had an International Metastatic Renal Cell Carcinoma Database Consortium
(IMDC) score of 0, those with intermediate risk had a
score of 1 or 2, and those with poor risk had a score of
3 to 6. IMDC risk scores are defined according to the
number of the following risk factors present: a Karnofsky performance-status score of less than 80, time from
initial diagnosis to randomization of less than 1 year,
hemoglobin level below the lower limit of the normal
range, corrected serum calcium level above the upper
limit of the normal range, absolute neutrophil count
above the upper limit of the normal range, and platelet
count above the upper limit of the normal range. Bodymass index is the weight in kilograms divided by the
square of the height in meters. Panel B shows the best
percentage change from baseline in the sum of the longest
diameters of target lesions in the patients with PD-L1–
positive tumors. Dotted lines indicate Response Evaluation Criteria in Solid Tumors (RECIST)–defined progressive disease (≥20% increase in the sum of target-lesion
diameters, with baseline as the reference) and partial
response (≥30% decrease in the sum of target-lesion
diameters, with baseline as the reference).

Exposure and Safety in the Overall Population

the Supplementary Appendix). In the overall
population, confirmed objective response rates
were similar to those observed among the patients with PD-L1–positive tumors (Table 2).
Progression-free survival and objective response
rates favored avelumab plus axitinib in all sub-
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The median duration of treatment was 8.6 months
(range, 0.5 to 25.3) in patients who received
avelumab, 9.0 months (range, 0.02 to 24.9) in
patients who received axitinib, and 7.3 months
(range, 0.2 to 23.0) in patients who received
sunitinib. The median relative dose intensity was
91.5%, 89.4%, and 83.9% among patients who
received avelumab, axitinib, and sunitinib, respectively. Among patients who received axitinib in
the combination group, 183 (42.2%) had at least
one reduction in the dose of axitinib and 47
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(10.8%) had at least one escalation in the dose of
axitinib. Of the patients who received sunitinib,
187 (42.6%) had at least one dose reduction.
Adverse events of any grade during treatment
occurred in 432 of 434 patients (99.5%) who received avelumab plus axitinib and in 436 of 439
patients (99.3%) who received sunitinib; adverse
events of grade 3 or higher during treatment occurred in 309 patients (71.2%) and 314 patients
(71.5%) in the respective groups (Table 3). Adverse events that occurred during treatment led
to discontinuation of both avelumab and axitinib
in 33 patients (7.6%) who received the combination and led to discontinuation of sunitinib in 59
patients (13.4%) who received sunitinib. Treatment-related adverse events are detailed in Table
S3 in the Supplementary Appendix. Death due to
toxicity of trial treatment that occurred in 3 patients in the avelumab-plus-axitinib group (0.7%)
was attributed to sudden death, myocarditis, and
necrotizing pancreatitis, and death due to toxicity of trial treatment in 1 patient in the sunitinib
group (0.2%) was attributed to intestinal perforation.
Of the 434 patients who received avelumab
plus axitinib, 166 patients (38.2%) had adverse
events that were categorized as immune-related
adverse events according to a prespecified case
definition; 39 patients (9.0%) had events of
grade 3 or higher. The most frequent immunerelated adverse events were immune-related thyroid disorders, which were observed in 107 patients (24.7%) who received avelumab plus
axitinib. High-dose glucocorticoids (≥40 mg total daily dose of prednisone or equivalent) were
administered to 48 patients (11.1%) who had an
immune-related adverse event with avelumab
plus axitinib.
Subsequent Therapy

A smaller percentage of patients in the combination group than in the sunitinib group received
subsequent anticancer drug therapies: 92 patients (20.8%) and 174 patients (39.2%), respectively. In the combination group, the most frequently used subsequent anticancer drug therapy
(in ≥5% of patients) was cabozantinib (in 9.5%);
in the sunitinib group, the most frequently used
subsequent anticancer drug therapies were nivol
umab, cabozantinib, and sunitinib (in 24.1%,
6.3%, and 5.2%, respectively) (Table S4 in the
Supplementary Appendix). In the sunitinib group,
116 of 174 patients who received subsequent
1112
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anticancer therapy (66.7%) were known to have
been treated with an anti–PD-1 or anti–PD-L1
agent.

Discussion
In this phase 3 trial, patients with PD-L1–positive, clear-cell, advanced renal-cell carcinoma
who received first-line avelumab plus axitinib
had significantly longer progression-free survival
than patients who received sunitinib. The efficacy benefit was also observed in the overall
population.
At the time of the data cutoff, patients continued to be followed for overall survival, and 81
of 368 deaths (22.0%) that had to have occurred
for the final analysis were observed among the
patients with PD-L1–positive tumors. The objective response rate among patients who received
avelumab plus axitinib was double that among
patients who received sunitinib, both among the
patients with PD-L1–positive tumors and in the
overall population (55.2% vs. 25.5% and 51.4%
vs. 25.7%, respectively). These results were similar
to those determined by investigator assessment.
The population enrolled in this trial consisted
of patients in all three prognostic risk groups
(favorable, intermediate, and poor risk) according to two sets of published criteria (MSKCC and
IMDC)15,16 and patients with positive, negative,
or unknown PD-L1 expression status. In this
analysis, the longer progression-free survival
and higher objective response rate among patients who received avelumab plus axitinib than
among those who received sunitinib were observed both among the patients with PD-L1–
positive tumors and in the overall population, as
well as across prognostic risk groups in both
populations.
The frequency and severity of adverse events
observed with the combination of avelumab plus
axitinib were generally consistent with the known
safety profiles of avelumab17 and axitinib18 when
administered as monotherapy or in combination.14 Although hypothyroidism was classified
as an immune-related event in this trial, it has
been recognized as an adverse event that is associated with both avelumab and axitinib,17,18
and distinguishing between possible causes of
this condition is challenging. Overall, the frequency of adverse events that occurred during
treatment, including events of grade 3 or higher,
was similar in the two treatment groups. Hyper-
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Table 3. Adverse Events of Any Grade That Occurred during Treatment in 10% or More of Patients or Adverse Events
of Grade 3 or Higher That Occurred in 5% or More of Patients in the Overall Population of 873 Patients.
Avelumab plus Axitinib
(N = 434)

Variable

All Grades

Grade ≥3

Sunitinib
(N = 439)
All Grades

Grade ≥3

number of patients (percent)
Patients with any events

432 (99.5)

309 (71.2)

436 (99.3)

Diarrhea

270 (62.2)

29 (6.7)

209 (47.6)

314 (71.5)
12 (2.7)

Hypertension

215 (49.5)

111 (25.6)

158 (36.0)

75 (17.1)
16 (3.6)

Fatigue

180 (41.5)

15 (3.5)

176 (40.1)

Nausea

148 (34.1)

6 (1.4)

172 (39.2)

7 (1.6)

Palmar–plantar erythrodysesthesia syndrome

145 (33.4)

25 (5.8)

148 (33.7)

19 (4.3)

Dysphonia

133 (30.6)

2 (0.5)

14 (3.2)

0

Decreased appetite

114 (26.3)

9 (2.1)

126 (28.7)

4 (0.9)

Hypothyroidism

108 (24.9)

1 (0.2)

61 (13.9)

1 (0.2)
4 (0.9)

Stomatitis

102 (23.5)

8 (1.8)

103 (23.5)

Cough

100 (23.0)

1 (0.2)

83 (18.9)

0

89 (20.5)

1 (0.2)

71 (16.2)

1 (0.2)

Headache
Dyspnea

86 (19.8)

13 (3.0)

57 (13.0)

7 (1.6)

Arthralgia

85 (19.6)

4 (0.9)

50 (11.4)

2 (0.5)

Decreased weight

85 (19.6)

12 (2.8)

30 (6.8)

4 (0.9)

Vomiting

80 (18.4)

4 (0.9)

87 (19.8)

7 (1.6)

Back pain

77 (17.7)

2 (0.5)

65 (14.8)

8 (1.8)

Constipation

77 (17.7)

0

64 (14.6)

0

Increased alanine aminotransferase level

74 (17.1)

26 (6.0)

50 (11.4)

11 (2.5)

Chills

69 (15.9)

1 (0.2)

33 (7.5)

0

Asthenia

64 (14.7)

11 (2.5)

72 (16.4)

13 (3.0)

Increased aspartate aminotransferase level

63 (14.5)

17 (3.9)

52 (11.8)

9 (2.1)

Rash

62 (14.3)

2 (0.5)

49 (11.2)

2 (0.5)

Mucosal inflammation

61 (14.1)

5 (1.2)

61 (13.9)

5 (1.1)

Pruritus

61 (14.1)

0

22 (5.0)

0
8 (1.8)

Abdominal pain

59 (13.6)

5 (1.2)

43 (9.8)

Dysgeusia

57 (13.1)

0

142 (32.3)

0

Pyrexia

56 (12.9)

0

62 (14.1)

1 (0.2)

Infusion-related reaction

53 (12.2)

7 (1.6)

0

0

Pain in extremity

52 (12.0)

1 (0.2)

46 (10.5)

3 (0.7)

Dizziness

51 (11.8)

2 (0.5)

47 (10.7)

3 (0.7)

Oropharyngeal pain

44 (10.1)

0

27 (6.2)

0

Dry skin

43 (9.9)

0

44 (10.0)

0

Edema, peripheral

39 (9.0)

2 (0.5)

45 (10.3)

1 (0.2)

Epistaxis

37 (8.5)

0

49 (11.2)

0

Dyspepsia

35 (8.1)

0

83 (18.9)

0

Anemia

26 (6.0)

7 (1.6)

101 (23.0)

36 (8.2)

Thrombocytopenia

15 (3.5)

1 (0.2)

85 (19.4)

27 (6.2)

Decreased platelet count

8 (1.8)

0

63 (14.4)

22 (5.0)

Neutropenia

6 (1.4)

1 (0.2)

83 (18.9)

35 (8.0)

Decreased neutrophil count

1 (0.2)

0

45 (10.3)

25 (5.7)
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tension and skin toxic effects were among the
more common adverse events; the investigators
attributed them to the VEGF inhibitor. Axitinib
was combined with avelumab in this trial, rather
than with the global standard-of-care sunitinib,25
because axitinib is associated with survival rates
and response rates that are similar to those of
other single-agent VEGFR inhibitors in the firstline treatment of renal-cell carcinoma.2,26 Also,
the use of axitinib plus avelumab reduces the
risk of potential adverse events, including the
high incidence of hepatic toxic effects that have
been observed with sunitinib and pazopanib
plus immune checkpoint inhibitor–based combinations.27
In this trial, as assessed by independent review, the median progression-free survival in the
overall population among patients who received
sunitinib was 8.4 months (95% CI, 6.9 to 11.1).
This rate was similar to or lower than that observed in other phase 3 trials of sunitinib: 11
months (95% CI, 11 to 13),28 9.5 months (95%
CI, 8.3 to 11.1),29 8.3 months (95% CI, 7.0 to
9.7),30 and 12.3 months (95% CI, 9.8 to 15.2).6
Studies comparing axitinib directly with sunitinib as first-line treatment are limited.13 In a
phase 3 trial comparing first-line axitinib with
sorafenib, the objective response rate was 32%
and the median progression-free survival was
10.1 months (95% CI, 7.2 to 12.1).31 Although the

of

m e dic i n e

efficacy benefit for the combination could be
attributed in part to a higher level of activity
with axitinib than with sunitinib, the magnitude
of benefit with respect to objective response and
progression-free survival associated with avelu
mab plus axitinib as compared with sunitinib
supports at least additive if not synergistic effects
of the VEGF tyrosine kinase inhibitor–immune
checkpoint inhibitor combination.32
In conclusion, the JAVELIN Renal 101 trial
evaluated first-line therapy in patients with advanced renal-cell carcinoma. Patients who received a combination of avelumab plus axitinib
had longer progression-free survival and a higher
objective response rate than those who received
sunitinib.
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