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Background: C-reactive protein (CRP) is an important prognostic and predictive factor in advanced renal cell carcinoma
(aRCC). We report the association of CRP levels at baseline and early after treatment with efficacy of avelumab plus
axitinib or sunitinib from the phase III JAVELIN Renal 101 trial.
Patients and methods: Patients were categorized into normal (baseline CRP <10 mg/l), normalized (baseline CRP �10
mg/l and �1 CRP value decreased to <10 mg/l during 6-week treatment), and non-normalized (CRP �10 mg/l at
baseline and during 6-week treatment) CRP groups. Progression-free survival and best overall response from the
second interim analysis and overall survival (OS) from the third interim analysis were assessed.
Results: In the avelumab plus axitinib and sunitinib arms, respectively, 234, 51, and 108 patients and 232, 36, and 128
patients were categorized into normal, normalized, and non-normalized CRP groups. In respective CRP groups, objective
response rates [95% confidence interval (CI)] were 56.0% (49.4% to 62.4%), 66.7% (52.1% to 79.2%), and 45.4% (35.8%
to 55.2%) with avelumab plus axitinib and 30.6% (24.7% to 37.0%), 41.7% (25.5% to 59.2%), and 19.5% (13.1% to
27.5%) with sunitinib; complete response rates were 3.8%, 11.8%, and 0.9% and 3.0%, 0%, and 1.6%, respectively.
Median progression-free survival (95% CI) was 15.2 months (12.5-21.0 months), not reached (NR) [11.1 months-not
estimable (NE)], and 7.0 months (5.6-9.9 months) with avelumab plus axitinib and 11.2 months (8.4-13.9 months),
11.2 months (6.7-13.8 months), and 4.2 months (2.8-5.6 months) with sunitinib; median OS (95% CI) was NR (42.2
months-NE), NR (30.4 months-NE), and 23.0 months (18.4-33.1 months) and NR (39.0 months-NE), 39.8 months
(21.7-NE), and 19.1 months (16.3-25.3 months), respectively. Multivariate analyses demonstrated that normalized or
non-normalized CRP levels were independent factors for the prediction of objective response rate or OS,
respectively, with avelumab plus axitinib.
Conclusions: In patients with aRCC, CRP levels at baseline and early after treatment may predict efficacy with avelumab
plus axitinib.
Key words: renal cell carcinoma, immune checkpoint inhibitor, avelumab plus axitinib, predictive marker, phase III
clinical trial, C-reactive protein
INTRODUCTION

The most common type of renal cell carcinoma (RCC) is
clear-cell RCC, which is associated with mutations that
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increase the production of vascular endothelial growth
factor (VEGF).1 Several antiangiogenic drugs that target
VEGF and its receptors (VEGFRs) have shown significant
treatment benefit in patients with advanced RCC (aRCC).2 In
addition to VEGF, many RCCs express programmed death-
ligand 1 (PD-L1) on the tumor cell membrane and in
tumor-infiltrating mononuclear cells.1 Immune checkpoint
inhibitors (ICIs) that target the interaction between PD-L1
and programmed death protein 1 (PD-1) have shown
promising antitumor activity in patients with RCC.3 As a
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result, the combination of VEGF inhibitors and ICIs has been
an area of considerable interest for treatment in patients
with aRCC.1,4

Avelumab, a human immunoglobulin G1 monoclonal
antibody that binds to PD-L1, has shown clinical activity and
an acceptable safety profile as a single-agent treatment in
aRCC.5,6 Axitinib is a VEGFR tyrosine kinase inhibitor (TKI)
approved for monotherapy in second-line treatment of
aRCC.2,7-11 Axitinib has also shown clinical activity and a
manageable safety profile in the treatment of patients with
metastatic RCC in the first-line setting.12-15

At the first interim analysis (IA1) of the phase III JAVELIN
Renal 101 (NCT02684006) trial, treatment with avelumab in
combination with axitinib resulted in significantly longer
progression-free survival (PFS) and improved objective
response rate (ORR) compared with sunitinib, the prior
standard of care, in patients with PD-L1-positive tumors and
in the overall population.16 Based on these results, avelu-
mab plus axitinib was approved as first-line treatment of
aRCC in various countries.17-19 At the second interim anal-
ysis (IA2), carried out after a minimum follow-up of 13
months, avelumab plus axitinib continued to show a sig-
nificant improvement in PFS and nearly doubled the ORR
compared with sunitinib.20

Serum C-reactive protein (CRP), one of the most inten-
sively studied inflammatory factors, is an important prog-
nostic and predictive factor in patients with aRCC. Elevated
baseline CRP levels or changes in CRP levels after treatment
have been associated with poor prognosis and efficacy
outcomes in patients treated with various therapies,
including cytokines21,22 and TKIs.23-30 In a randomized phase
III study in patients with metastatic melanoma, patients
with a low baseline CRP (�1.5 � upper limit of normal) had
a significant survival benefit with tremelimumab, an anti-
cytotoxic T-lymphocyte antigen 4 monoclonal antibody,
compared with chemotherapy. This was the first analysis
that assessed the predictive effect of CRP with ICIs.31 A
more recent study showed that changes in CRP levels dur-
ing early nivolumab (anti-PD-1) therapy were associated
with efficacy, suggesting that a change in CRP levels may be
a promising predictive biomarker for ICI monotherapy in
patients with metastatic RCC.32,33 The association between
baseline CRP levels or changes in CRP levels and efficacy in
patients treated with an ICI plus a VEGFR inhibitor, however,
remains unclear. Here, we report the association of CRP
levels at baseline and early in treatment with efficacy of
avelumab plus axitinib or sunitinib in patients with aRCC
from the long-term follow-up of the JAVELIN Renal 101 trial.

MATERIAL AND METHODS

Study design and participants

JAVELIN Renal 101 was a phase III, multicenter, randomized,
open-label study comparing avelumab plus axitinib with
sunitinib in patients with aRCC. Trial details were previously
described.16 Key eligibility criteria included adult patients with
previously untreated aRCC with a clear-cell component, �1
measurable lesion per Response Evaluation Criteria in Solid
2 https://doi.org/10.1016/j.esmoop.2022.100564
Tumors version 1.1 (RECIST 1.1), and an Eastern Cooperative
Oncology Group performance status (ECOG PS) of 0 or 1. The
trial was conducted in accordance with the ethical principles
of the Declaration of Helsinki and the Good Clinical Practice
guidelines, defined by the International Council for Harmo-
nisation. All patients provided written informed consent.

Study treatment

Study treatments were previously described.16 Avelumab
was administered at a dose of 10 mg/kg of body weight as a
1-h intravenous infusion every 2 weeks. Axitinib was taken
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
modifications were carried out as previously described.

Assessments

The two independent primary endpoints are PFS per RECIST
1.1 per blinded independent central review (BICR) and
overall survival (OS) in patients with PD-L1-positive tumors
(�1% of immune cells staining positive within the tumor
area of the tested tissue sample). Key secondary endpoints
are PFS and OS in the overall patient population.

CRP levels were assessed at screening and on day 1 of
each 6-week treatment cycle. CRP levels within 6 weeks (þ3
days) after initiation of treatment were used for post-
treatment analysis. Patients were categorized into three
groups based on CRP levels at baseline and during treat-
ment: normal, normalized, and non-normalized. Patients
with baseline CRP <10 mg/l were placed in the normal CRP
group. Patients with baseline CRP �10 mg/l and �1 CRP
value that decreased to <10 mg/l during the 6 weeks after
initiation of treatment were placed in the normalized CRP
group. Patients with CRP �10 mg/l at baseline and during
the 6 weeks after initiation of treatment were placed in the
non-normalized CRP group. The analysis population
included all patients with CRP values available at both
baseline and after treatment, in addition to patients who
had a baseline CRP value available if the value was in the
normal range (these patients were placed in the normal
group) regardless of the availability of a post-treatment
value. Efficacy in the normal CRP group was also explored
in patients whose CRP on treatment was non-elevated (CRP
<10 mg/l at baseline and during 6-week treatment) or
elevated (CRP <10 mg/l at baseline and �1 CRP value that
increased to �10 mg/l during 6-week treatment). The cut-
off value for the CRP level was set at 10 mg/l, which is
considered high based on a standard CRP test and was used
as a cut-off in previously published studies.32,34,35

Statistical analysis

Statistical analyses were carried out as previously
described.16,20 IA2 was based on a data cut-off time point
when w336 PFS events by BICR occurred in patients with
PD-L1-positive tumors and the last randomized patient was
followed for �12 months after randomization. IA2 was the
preplanned final analysis for PFS and the second interim
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analysis for OS. As OS data were still immature at IA2, the
third interim analysis (IA3) was conducted to assess OS, which
was based on a data cut-off point 15 months after the pre-
planned final analysis for PFS. In the current analysis, PFS and
best overall response per RECIST 1.1 according to BICR were
reported from IA2. OS was assessed from IA3. In the
normalized CRP group, time from normalized to de-
normalized CRP levels (�10 mg/l) was assessed from
the time the CRP level was normalized to de-normalized
(�10 mg/l).

The KaplaneMeier method was used to estimate median
and event-free rate of time-to-event endpoints, i.e. PFS, OS,
and time from normalized to de-normalized CRP levels.
Unstratified hazard ratios (HRs) and corresponding 95%
confidence intervals (CIs) for time-to-event endpoints were
calculated by the Cox proportional hazard model. Unstrat-
ified odds ratios for ORRs and corresponding 95% CIs were
calculated by the logistic regression model.

Univariate analyses were conducted to explore the as-
sociation of baseline characteristics, including baseline CRP
levels and changes in CRP levels after initiation of treat-
ment, with efficacy (ORR, PFS, and OS) in both arms.
Baseline characteristics associated with the efficacy of
avelumab plus axitinib were identified using multivariate
analyses. This included clinically relevant variables that were
not eliminated by covariate selection, such as age, number
of International Metastatic RCC Database Consortium
(IMDC) risk factors, number of target tumor sites, and CRP
groups. Other variables investigated in univariate analyses
were selected with a stepwise procedure; a two-sided P
value had to be significant at the 0.15 level to enter the
model, and P values within the model had to be significant
at the 0.40 level in order to remain.

Individual IMDC risk groups, prior nephrectomy, sum of
the longest diameter for target lesion at baseline, and time
from histopathological diagnosis were not included in the
multivariate model due to existence of multicollinearity;
these factors correlated with the number of IMDC risk
factors and the number of target tumor sites.
RESULTS

Patients

A total of 886 patients with aRCC were randomized to the
avelumab plus axitinib (n ¼ 442) and sunitinib arms (n ¼
444),16 from which 393 and 396 patients, respectively, were
included in theCRPanalysis population. Baseline demographics
and clinical characteristics were similar between the intention-
to-treat andCRPanalysis populations (Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2022.100564).
In the avelumab plus axitinib arm, 234, 51, and 108 patients
were classified into the normal, normalized, and non-
normalized CRP groups, respectively; in the sunitinib arm,
232, 36, and 128 patients were classified into respective CRP
groups (Supplementary Figure S1, available at https://doi.org/
10.1016/j.esmoop.2022.100564). Median baseline CRP levels
Volume 7 - Issue 5 - 2022
were 7.7mg/l in the avelumab plus axitinib arm and 8.0mg/l in
the sunitinib arm.
Efficacy

At data cut-off, minimum durations of follow-up for IA2 (cut-
off date: 28 January 2019) and IA3 (cut-off date: 28 April
2020) were 13 and 28 months, respectively. In both the
avelumab plus axitinib and sunitinib arms, ORR was favor-
able in the normal and normalized CRP groups versus the
non-normalized CRP group (Figure 1A; Supplementary
Table S2, available at https://doi.org/10.1016/j.esmoop.
2022.100564). In the normal, normalized, and non-
normalized CRP groups in the avelumab plus axitinib arm,
ORRs (95% CI) were 56.0% (49.4% to 62.4%), 66.7% (52.1%
to 79.2%), and 45.4% (35.8% to 55.2%), with complete
response (CR) rates of 3.8%, 11.8%, and 0.9%, respectively. In
the respective CRP groups in the sunitinib arm, ORRs (95%
CI) were 30.6% (24.7% to 37.0%), 41.7% (25.5% to 59.2%),
and 19.5% (13.1% to 27.5%), with CR rates of 3.0%, 0%, and
1.6%.

PFS was longer in the normalized CRP group versus the
normal CRP group in the avelumab plus axitinib arm but not
in the sunitinib arm (Figure 1B). In the avelumab plus axi-
tinib arm, median PFS (95% CI) was 15.2 months (12.5-21.0
months) in the normal CRP group, not reached (NR) [11.1
months-not estimable (NE)] in the normalized CRP group,
and 7.0 months (5.6-9.9 months) in the non-normalized CRP
group. Compared with the normal CRP group, the risk of
progression or death was 28% lower in the normalized CRP
group (unstratified HR, 0.724; 95% CI 0.453-1.156) and was
92% higher in the non-normalized CRP group (unstratified
HR, 1.923; 95% CI 1.428-2.590). In the sunitinib arm, me-
dian PFS (95% CI) was 11.2 months in both the normal (8.4-
13.9 months) and normalized (6.7-13.8 months) CRP groups
and 4.2 months (2.8-5.6 months) in the non-normalized CRP
group. Compared with the normal CRP group, the risk of
progression or death was similar in the normalized CRP
group (unstratified HR, 1.099; 95% CI 0.689-1.753) and was
two times higher in the non-normalized CRP group
(unstratified HR, 2.090; 95% CI 1.585-2.757). KaplaneMeier
curves for the normal and normalized CRP groups crossed at
w12 months.

Additional analyses were conducted in the normalized
CRP group to explore the difference between the avelumab
plus axitinib and sunitinib arms. In both treatment arms, a
higher increase in CRP levels was observed in patients with
progressive disease (PD) than in patients with CR, partial
response (PR), or stable disease (Supplementary Figure S2,
available at https://doi.org/10.1016/j.esmoop.2022.1005
64). The median times from normalized CRP levels to de-
normalized CRP levels (�10 mg/l) were 4.3 and 4.1
months in the avelumab plus axitinib and sunitinib arms,
respectively (Figure 2). The risk of CRP deterioration from
normalized to de-normalized was lower, however, with
avelumab plus axitinib versus sunitinib (unstratified HR,
0.696; 95% CI 0.421-1.149).
https://doi.org/10.1016/j.esmoop.2022.100564 3
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Figure 1. Efficacy by changes in CRP levels.
(A) ORR and CR rates per BICR assessment. Rates based on data from the IA2 (data cut-off date: 28 January 2019) are shown by changes in CRP levels.a (B) PFS per BICR
assessment. PFS based on data from the IA2 (data cut-off date: 28 January 2019) are shown by changes in CRP levels.a (C) OS by changes in CRP levels. OS and CRP levels
are based on data from the IA3 (data cut-off date: 28 April 2020).
BICR, blinded independent central review; CI, confidence interval; CR, complete response; CRP, C-reactive protein; HR, hazard ratio; IA2, second interim analysis; IA3,
third interim analysis; NE, not estimable; NR, not reached; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; PR, partial response.
aCRP groups were based on the data set from the IA3 (data cut-off date: 28 April 2020).
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In the avelumab plus axitinib arm, median OS (95% CI)
was NR in the normal (42.2 months-NE) and normalized
(30.4 months-NE) CRP groups and 23.0 months (18.4-33.1
months) in the non-normalized CRP group (Figure 1C). In
the normal, normalized, and non-normalized CRP
groups, 12-month OS rates were 92.0%, 96.0%, and 73.7%,
and 24-month OS rates were 79.5%, 72.0%, and 47.9%,
respectively. Compared with the normal CRP group, the risk
of death was 22% higher in the normalized CRP group
(unstratified HR, 1.217; 95% CI 0.733-2.020) and was more
than two times higher in the non-normalized CRP group
(unstratified HR, 2.427; 95% CI 1.721-3.421). In the sunitinib
arm, median OS (95% CI) was NR (39.0 months-NE) in the
normal CRP group, 39.8 months (21.7 months-NE) in the
normalized CRP group, and 19.1 months (16.3-25.3 months)
in the non-normalized CRP group. In the normal, normal-
ized, and non-normalized CRP groups, 12-month OS rates
were 91.5%, 88.4%, and 69.2%, and 24-month OS rates
were 76.5%, 63.6%, and 43.1%, respectively. Compared with
the normal CRP group, the risk of death was 33% higher in
the normalized CRP group (unstratified HR, 1.328; 95% CI
0.766-2.304) and was more than two times higher in the
non-normalized CRP group (unstratified HR, 2.471; 95% CI
1.808-3.378). OS data are still immature; follow-up for the
final analysis is ongoing.
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All efficacy outcomes were favorable with avelumab plus
axitinib versus sunitinib in each CRP group.

Within the normal CRP group, ORR, PFS, and OS were
similar in patients who had non-elevated CRP or elevated
CRP during the 6-week avelumab plus axitinib treatment,
whereas ORR and OS were more favorable in patients
who had non-elevated CRP versus elevated CRP during the
6-week sunitinib treatment (Supplementary Table S3,
Supplementary Figures S3 and S4, available at https://doi.
org/10.1016/j.esmoop.2022.100564).
Baseline characteristics associated with efficacy in patients
treated with avelumab plus axitinib

Multivariate analyses for objective response showed that the
odds of response were significantly higher in patients aged
�65 to <75 years versus <65 years (odds ratio, 1.665; 95%
CI 1.020-2.718; P ¼ 0.0414) and in patients who were Asian
versus White race (odds ratio, 2.095; 95% CI 1.118-3.925;
P ¼ 0.0210) (Table 1). The odds of response were signifi-
cantly lower in patients with 2 (odds ratio, 0.500; 95% CI
0.260-0.959; P ¼ 0.0370) and 3 (odds ratio, 0.329; 95% CI
0.124-0.874; P ¼ 0.0258) IMDC risk factors than in those
with no risk factors and in patients with 3 (odds ratio, 0.486;
95% CI 0.244-0.969; P ¼ 0.0404) and �4 (odds ratio, 0.296;
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Table 1. Multivariate analysis for ORR per BICR assessment based on data from the IA2 (data cut-off date: 28 January 2019) in the avelumab plus axitinib arm

Baseline characteristics Avelumab plus axitinib

n CR þ PR, n (%) Odds ratio (95% CI) P valuea

Age, years
<65 271 134 (49.4) Reference
�65 to <75 138 84 (60.9) 1.665 (1.020-2.718) 0.0414
�75 33 14 (42.4) 0.797 (0.342-1.858) 0.5993

Race
White 332 173 (52.1) Reference
Asian 70 41 (58.6) 2.095 (1.118-3.925) 0.0210
Others 23 12 (52.2) 1.016 (0.390-2.645) 0.9740

No. of IMDC risk factors
0 94 63 (67.0) Reference
1 157 90 (57.3) 0.879 (0.484-1.599) 0.6731
2 113 53 (46.9) 0.500 (0.260-0.959) 0.0370
3 44 14 (31.8) 0.329 (0.124-0.874) 0.0258
4-6 29 10 (34.5) 0.391 (0.131-1.164) 0.0916

CRP groupsb

Normal 234 131 (56.0) Reference
Normalized 51 34 (66.7) 2.241 (1.096-4.580) 0.0270
Non-normalized 108 49 (45.4) 1.125 (0.625-2.023) 0.6948

No. of target tumor sites (per BICR)
1 177 112 (63.3) Reference
2 150 75 (50.0) 0.611 (0.369-1.013) 0.0562
3 69 29 (42.0) 0.486 (0.244-0.969) 0.0404
�4 35 13 (37.1) 0.296 (0.116-0.754) 0.0107

BICR, blinded independent central review; CI, confidence interval; CR, complete response; CRP, C-reactive protein; IA2, second interim analysis; IA3, third interim analysis; IMDC,
International Metastatic RCC Database Consortium; ORR, objective response rate; PR, partial response.
aTwo-sided Wald c2 test. P value in blue indicates <0.05.
bCRP groups were based on the data set from the IA3 (data cut-off date: 28 April 2020).
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95% CI 0.116-0.754; P ¼ 0.0107) target tumor sites
compared with only 1 target tumor site. Compared with the
normal CRP group, the odds of response was significantly
higher in the normalized CRP group (odds ratio, 2.241; 95%
CI 1.096-4.580; P ¼ 0.0270) but not the non-normalized CRP
group (odds ratio, 1.125; 95% CI 0.625-2.023; P ¼ 0.6948).

Multivariate analyses for PFS showed that the risks of
progression or death were significantly higher in patients
with 1 (HR, 1.709; 95% CI 1.112-2.625; P ¼ 0.0144), 3 (HR,
2.171; 95% CI 1.169-4.032; P ¼ 0.0141), and 4-6 (HR, 2.483;
95% CI 1.274-4.836; P ¼ 0.0075) IMDC risk factors versus no
risk factors and in patients with �4 target tumor sites
versus those with only 1 target tumor site (HR, 1.944; 95%
CI 1.048-3.605; P ¼ 0.0349) (Table 2). CRP level was a po-
tential factor for the prediction of PFS; compared with
the normal CRP group, HRs (95% CI) in the normalized
and non-normalized CRP groups were 0.639 (0.390-1.044;
P ¼ 0.0739) and 1.390 (0.966-1.999; P ¼ 0.0760),
respectively.

Multivariate analyses for OS showed that the risk of death
was significantly higher in patients with 1 (HR, 2.157; 95%
CI 1.222-3.806; P¼ 0.0080), 2 (HR, 2.326; 95% CI 1.292-4.187;
P¼ 0.0049), 3 (HR, 3.324; 95%CI 1.612-6.856; P¼ 0.0011), and
4-6 (HR, 3.654; 95% CI 1.669-7.998; P ¼ 0.0012) IMDC risk
factors versus no risk factors (Table 3). The risk of death was
also significantly higher in patients with 2 (HR, 2.129; 95% CI
1.417-3.200; P¼ 0.0003) and 3 (HR, 1.827; 95% CI 1.094-3.052;
P¼ 0.0213) target tumor sites versus only 1 target tumor site.
Comparedwith the normal CRP group, theHRwas not different
in the normalized CRP group (0.990; 95% CI 0.582-1.683;
6 https://doi.org/10.1016/j.esmoop.2022.100564
P¼ 0.9700) but was significantly higher in the non-normalized
CRP group (1.525; 95% CI 1.001-2.324; P ¼ 0.0496).

Univariate analyses of baseline characteristics, including
baseline CRP levels and changes in CRP levels, and associa-
tion with ORR, PFS, and OS in both the avelumab plus axi-
tinib and sunitinib arms are shown in Supplementary
Tables S4-S6, available at https://doi.org/10.1016/j.esmoop.
2022.100564.
DISCUSSION

CRP is an important prognostic and predictive factor in
patients with aRCC. CRP is an acute-phase protein and
levels increase rapidly following interleukin-6 secretion by
macrophages and T cells during infection, inflammation,
and cancer.27 In addition, RCC cells produce interleukin-6
and increased CRP levels in patients with RCC have been
associated with changes in the tumor immune microenvi-
ronment and worse outcomes in previous studies.36-39 The
association between CRP and treatment efficacy in patients
treated with an ICI plus a VEGFR inhibitor, however, has not
been evaluated.

This follow-up study showed that baseline CRP levels and
changes in CRP levels early after treatment were associated
with clinical outcomes in patients with aRCC treated with
avelumab plus axitinib. To our knowledge, this is the first
report to explore the utility of the CRP level as a predictive
marker for efficacy in patients with aRCC treated with an ICI
plus a VEGFR inhibitor. The selected cut-off for the baseline
CRP level of 10 mg/l was based on previous studies in
Volume 7 - Issue 5 - 2022
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Table 2. Multivariate analysis for PFS per BICR assessment based on data from the IA2 (data cut-off date: 28 January 2019) in the avelumab plus axitinib arm

Baseline characteristics Avelumab plus axitinib

n No. of events, n (%) Median PFS (95% CI), months HR (95% CI) P valuea

Age, years
<65 271 142 (52.4) 11.6 (8.4-19.4) Reference
�65 to <75 138 72 (52.2) 13.8 (11.1-18.0) 0.922 (0.672-1.263) 0.6117
�75 33 15 (45.5) 13.8 (7.0-NE) 0.766 (0.416-1.410) 0.3917

Sex
Male 316 158 (50.0) 13.9 (11.2-20.7) Reference
Female 126 71 (56.3) 9.9 (6.7-15.2) 1.317 (0.953-1.818) 0.0949

No. of IMDC risk factors
0 94 34 (36.2) 24.0 (20.7-NE) Reference
1 157 87 (55.4) 11.1 (8.5-15.2) 1.709 (1.112-2.625) 0.0144
2 113 61 (54.0) 13.3 (7.0-23.6) 1.530 (0.964-2.429) 0.0714
3 44 26 (59.1) 7.0 (2.8-13.9) 2.171 (1.169-4.032) 0.0141
4-6 29 19 (65.5) 5.6 (1.8-9.0) 2.483 (1.274-4.836) 0.0075

CRP groupsb

Normal 234 112 (47.9) 15.2 (12.5-21.0) Reference
Normalized 51 21 (41.2) NR (11.1-NE) 0.639 (0.390-1.044) 0.0739
Non-normalized 108 73 (67.6) 7.0 (5.6-9.9) 1.390 (0.966-1.999) 0.0760

No. of target tumor sites (per BICR)
1 177 85 (48.0) 16.1 (11.6-NE) Reference
2 150 79 (52.7) 12.5 (8.3-18.0) 1.327 (0.902-1.952) 0.1514
3 69 42 (60.9) 9.7 (5.7-15.2) 1.344 (0.833-2.168) 0.2253
�4 35 19 (54.3) 6.8 (2.7-NE) 1.944 (1.048-3.605) 0.0349

Lung only (target tumor, per BICR)
Yes 50 29 (58.0) 12.5 (7.0-20.8) Reference
No 392 200 (51.0) 13.4 (11.0-16.1) 0.682 (0.421-1.104) 0.1192

BICR, blinded independent central review; CI, confidence interval; CRP, C-reactive protein; HR, hazard ratio; IA2, second interim analysis; IA3, third interim analysis; IMDC, In-
ternational Metastatic RCC Database Consortium; NE, not estimable; NR, not reached; PFS, progression-free survival.
aTwo-sided Wald c2 test. P value in blue indicates <0.05.
bCRP groups were based on the data set from the IA3 (data cut-off date: 28 April 2020).
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patients with metastatic RCC.32,34,35 This cut-off was
reasonable given that median baseline CRP levels were 7.7
mg/l and 8.0 mg/l in the avelumab plus axitinib and suni-
tinib arms, respectively. Early changes in CRP levels after
Table 3. Multivariate analysis for OS based on data from the IA3 (data cut-off d

Baseline characteristics Avelumab plus axitinib

n No. of events,
n (%)

Median OS (95%
CI), months

Age, years
<65 271 104 (38.4) NR (42.2-NE)
�65 to <75 138 54 (39.1) NR (30.4-NE)
�75 33 14 (42.4) 32.6 (23.0-NE)

No. of IMDC risk factors
0 94 17 (18.1) NR (NE-NE)
1 157 58 (36.9) NR (40.0-NE)
2 113 53 (46.9) 32.6 (29.7-NE)
3 44 24 (54.5) 24.7 (11.9-NE)
4-6 29 18 (62.1) 19.9 (9.6-NE)

CRP groups
Normal 234 71 (30.3) NR (42.2-NE)
Normalized 51 19 (37.3) NR (30.4-NE)
Non-normalized 108 61 (56.5) 23.0 (18.4-33.1)

No. of target tumor sites (per BICR)
1 177 48 (27.1) NR (42.2-NE)
2 150 68 (45.3) 40.0 (25.3-NE)
3 69 37 (53.6) 26.3 (19.9-NE)
�4 35 16 (45.7) 30.4 (21.2-NE)

BICR, blinded independent central review; CI, confidence interval; CRP, C-reactive protein
Database Consortium; NE, not estimable; NR, not reached; OS, overall survival.
aTwo-sided Wald c2 test. P value in blue indicates <0.05.
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initiation of nivolumab treatment have been associated
with efficacy in patients with aRCC.32,33 Therefore, CRP
levels within 6 weeks after initiation of treatment were
analyzed in the current study.
ate: 28 April 2020) in the avelumab plus axitinib arm

Event-free rate (95% CI), % HR (95% CI) P valuea

12 months 24 months

84.5 (79.6-88.4) 69.7 (63.7-74.8) Reference
87.0 (79.9-91.7) 66.7 (57.8-74.1) 1.193 (0.826-1.724) 0.3463
90.5 (73.3-96.8) 69.8 (49.9-83.1) 1.159 (0.612-2.197) 0.6503

95.7 (88.9-98.4) 83.7 (74.4-89.8) Reference
89.5 (83.5-93.4) 71.6 (63.7-78.1) 2.157 (1.222-3.806) 0.0080
85.4 (77.3-90.8) 66.5 (56.7-74.6) 2.326 (1.292-4.187) 0.0049
65.9 (49.3-78.2) 53.7 (37.4-67.4) 3.324 (1.612-6.856) 0.0011
59.9 (39.3-75.4) 37.4 (19.9-55.0) 3.654 (1.669-7.998) 0.0012

92.0 (87.7-94.9) 79.5 (73.6-84.2) Reference
96.0 (84.9-99.0) 72.0 (57.4-82.4) 0.990 (0.582-1.683) 0.9700
73.7 (64.2-81.0) 47.9 (38.1-57.1) 1.525 (1.001-2.324) 0.0496

93.7 (88.9-96.4) 80.9 (74.2-86.0) Reference
82.9 (75.6-88.2) 62.8 (54.2-70.2) 2.129 (1.417-3.200) 0.0003
75.0 (62.8-83.6) 52.4 (39.9-63.5) 1.827 (1.094-3.052) 0.0213
79.0 (60.9-89.4) 63.3 (44.5-77.3) 1.913 (1.000-3.663) 0.0502

; HR, hazard ratio; IA3, third interim analysis; IMDC, International Metastatic RCC
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Efficacy outcomes in the normal and normalized CRP
groups were favorable versus those in the non-normalized
CRP group in both arms. This indicates that not only pa-
tients with low baseline CRP levels benefit from treatment,
but also that those with high baseline CRP levels can benefit
if their CRP levels decrease during treatment. Similar results
were observed in patients with metastatic RCC treated with
nivolumab in a two-center study, in which patients with
normal (low CRP at baseline and 1 month after treatment)
and normalized (high CRP at baseline and low CRP 1 month
after treatment) CRP levels showed significantly better
immune-related PFS than those with non-normalized (high
CRP at baseline and 1 month after treatment) CRP levels.33

In both the avelumab plus axitinib and sunitinib arms,
response rates were favorable in the normalized CRP group
versus the normal and non-normalized CRP groups. In the
avelumab plus axitinib arm, response rates in the normal-
ized CRP group (ORR, 66.7%; CR rate, 11.8%) were higher
than those reported in the overall patient population of the
JAVELIN Renal 101 trial (ORR, 52.5%; CR rate, 3.8%).20 A
similar trend was observed in a retrospective study of pa-
tients with metastatic RCC treated with second- or later-line
nivolumab, in which the ORR and CR rate were higher in the
normalized CRP group than in the normal and non-
normalized CRP groups.32

Median PFS was longer in the normalized CRP group (NR)
versus the normal CRP group (15.2 months) in the avelumab
plus axitinib arm. A similar trend for PFS was observed in
patients with metastatic RCC treated with second- or later-
line nivolumab, where median PFS was longer in the
normalized CRP group (8.38 months) versus the normal (6.28
months) or non-normalized (2.33months) CRP groups.32 This
trend for PFS, however, was not observed in the sunitinib arm
in our study, with the KaplaneMeier curves for the normal
and normalized CRP groups crossing at w12 months. The
different trends observed in the two arms were explored
further. In both arms, CRP levels during the post-treatment
tumor assessment in the normalized CRP group were
higher in patients with PD than in patients with CR, PR, or
stable disease. The risk of CRP deterioration from normalized
to de-normalized, however, was lower in the avelumab plus
axitinib arm versus the sunitinib arm, indicating that main-
taining CRP levels during treatment, in addition to early CRP
response, may be a key factor in controlling tumor growth
and avoiding progression. This may partially explain the
favorable efficacy with avelumab plus axitinib versus suniti-
nib and the worsening PFS after 12 months in the sunitinib
arm in the normalized CRP group. Similarly, a study in patients
withmetastatic RCC treatedwith TKIs found that the Kaplane
Meier curves for PFS crossed between non-elevated and early
CRP responder groups.30

Median OS was NR in the normal and normalized CRP
groups in the avelumab plus axitinib arm; OS data are still
immature, and follow-up for final analyses are ongoing. No
substantial differences were observed in OS between the
normalized and normal CRP groups in the avelumab plus
axitinib arm.The OS trend for these two groups inverted after
8 https://doi.org/10.1016/j.esmoop.2022.100564
2 years of treatment, which might be explained by the
prognostic characteristics of patients. Specifically, the 10
patients who died between 18 and 26 months after start of
treatment in the normalized CRP group hadworse prognostic
characteristics than patients who died between 18 and 26
months after start of treatment in the normal or non-
normalized CRP groups (higher proportion with 2-6 IMDC
risk factors and�3 target tumors sites; data not shown). The
potential for further exploration of this observation is limited,
however, by the small number of patients in the normalized
CRP group in the avelumab plus axitinib arm (n ¼ 51) and
immaturity of the OS data, and the potential influence of
treatments received following PD, cannot be excluded. In the
sunitinib arm, OS was shorter in the normalized CRP group
versus the normal CRP group. Median OS was shorter in the
non-normalized CRP group versus the normal or normalized
CRP groups in both treatment arms.This finding suggests that
non-normalized CRP levels are a poor prognostic factor
regardless of study treatment. In patients with metastatic
RCC treated with second- or later-line nivolumab, median OS
was shorter in the normalized CRP group (26.0 months)
versus the normal CRP group (NR). In addition, median OS
was shortest in the non-normalized CRP group (8.02
months).32 A similar OS trend was observed in patients with
metastatic RCC treated with a TKI.30

Interestingly, in the normal CRP group, all efficacy end-
points were similar in patients with non-elevated CRP versus
elevated CRP in the avelumab plus axitinib arm. This finding
suggests that baseline normal CRP is a prognostic marker
regardless of CRP levels after treatment.

Consistent with the results in the overall patient popula-
tion,16,20 all efficacy outcomes investigated in the current an-
alyses favored avelumab plus axitinib versus sunitinib within
each CRP group. Multivariate analyses showed that normal-
ized or non-normalized CRP levels were independent factors
for the prediction of ORR or OS, respectively, with avelumab
plus axitinib. In addition, normalized or non-normalized CRP
levels were potential factors for the prediction of PFS with
avelumab plus axitinib. The multivariate analyses also suggest
that baseline CRP levels and early changes in CRP levels during
treatmentmay bepredictivemarkers for the efficacy of ICI plus
VEGFR inhibitor therapy in patients with aRCC. Previous
studies also suggest that baseline CRPand early changes inCRP
levels during treatment are predictive markers for the efficacy
of ICIs31-33 as well as TKIs.23-30

Our study has some limitations. The sample size of pa-
tients in the normalized CRP group in the JAVELIN Renal 101
trial is small, with only 51 patients in the avelumab plus
axitinib arm and 36 patients in the sunitinib arm. In addi-
tion, the OS data were still immature at IA3; follow-up for
the final analysis is ongoing. Across all analyses, CRP groups
were categorized using CRP levels after treatment, which
could cause lead-time bias. The potential for bias was
considered limited, however, because CRP levels assessed
during early treatment (6 weeks) were analyzed, and the
tumor assessment at 6 weeks after initiation of treatment
was the first preplanned tumor assessment in our study.
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In conclusion, the results from this study suggest that
baseline CRP levels and early changes in CRP levels during
treatment may be used as predictive markers for the efficacy
of avelumab plus axitinib in patients with aRCC. Although ICI
combination therapies have greatly improved treatment
outcomes for patients with aRCC, not all patients benefit.
Potential strategies to improve patient outcomes that are
being explored in other studies include improving drug de-
livery methods, use of state-of-the-art sequencing methods,
and increasing the characterization of molecular drivers of
variant histology.40 In addition, novel therapeutic approaches
are currently being explored in patients with aRCC.41,42

Conclusions

Exploratory analyses from the JAVELIN Renal 101 suggest
that CRP levels at baseline and early after treatment may
predict efficacy with avelumab plus axitinib in patients with
aRCC.
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