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ABSTRACT

Background The dynamic change in C-reactive protein
(CRP) levels, CRP kinetics, is a prognostic factor for
metastatic renal cell carcinoma (mRCC) in the tyrosine
kinase inhibitor era. We investigated the impact of early
CRP kinetics on the efficacy of nivolumab in patients with
mRCC.

Methods We performed a retrospective analysis of 42
mRCC patients who were treated with nivolumab as a
second-line or later therapy between 2016 and 2019. All
patients had received previous TKI therapy. Patients were

divided into three groups based on their early CRP kinetics:

CRP levels increased to more than double compared with
baseline within 1 month after initiation of nivolumab (flare)
and then decreased to a lower value than baseline within
3 months (CRP flare-responders); CRP levels decreased by
>30% within 3 months without “flare” (CRP responders);
and the remaining patients (non-CRP responders). The
maximum tumor shrinkage, objective response rate (ORR),
progression-free survival (PFS), and overall survival (0S)
were evaluated. The association of the early CRP kinetics
and oncological outcomes was assessed.

Results The median follow-up period was 8 months.
The median baseline CRP level was 23 mg/L. CRP flare-
responders, CRP responders, and non-CRP responders
included 11 (26%), 15 (36%), and 16 (38%) patients,
respectively. Thirteen patients (31%) died of mRCC.

The maximum changes in target lesions from baseline
of CRP flare-responder, CRP-responder, and non-CRP
responder groups were —38%, —13%, and 16%, on
average, respectively (p<0.001). ORRs of these three
groups were 73%, 27%, and 6%, respectively (p<0.001).
The median PFS values of each group were not reached,
12 months, and 2.4 months (p=0.005), and the median
0S values were not reached, not reached, and 12 months
(p=0.048). In a multivariate analysis, early CRP kinetics
was a significant independent factor for objective
response, PFS, and 0S (p<0.001, p=0.004, and p=0.006,
respectively).

Conclusions CRP flare-response was associated with
significant tumor shrinkage and improved survival
outcomes in patients with mRCC who were treated

with nivolumab. Early CRP kinetics could be useful for
evaluating nivolumab treatment efficacy.

BACKGROUND

The management of advanced renal cell
carcinoma (RCC) has dramatically changed
in recent years with the introduction of
immune checkpoint inhibitors (ICIs)." ICIs
are novel treatment options that improved
clinical outcomes of patients with metastatic
RCC (mRCC).?? Nivolumab, a programmed
cell death protein-1 (PD-1) antibody, is the
first approved ICI agent to treat mRCC, and
it showed a survival benefit in the Checkmate
025 trial.”

Because only a subset of patients experi-
ence therapeutic benefits with nivolumab,
identifying predictive biomarkers has been
of great interest. The presence of a systemic
inflammatory response has been shown to
be associated with a poor prognosis in RCC
patients.45 Crreactive protein (CRP), an acute-
phase reactant, is a representative marker of
systemic inflammatory response.’ % We and
other investigators reported that CRP is a
potential biomarker for RCC patients treated
with surgery, cytokine therapy, and tyrosine
kinase inhibitors (TKIs).? ™

CRP Kkinetics, which is defined as the
dynamic change in CRP levels, could be a prog-
nostic marker for survival in mRCC patients
under multimodal therapy including cyto-
kine therapy.'’ Moreover, the early decrease
of CRP level after the initiation of TKI therapy
was shown to be a predictive factor for tumor
response and patient survival.'"  However,
the impact of CRP kinetics on nivolumab
therapy in mRCC patients remains to be fully
demonstrated.

In patients with non-small cell lung cancer
who received ICIs, CRP was shown to increase
at a very early phase after initiation of ICIs."?
Additionally, the early increase in inflamma-
tory cytokines, such as CRP or interleukin
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(IL)-6, was demonstrated to be predictive for the effi-
cacy of ICIs including nivolumab. There have been no
studies assessing the impact of an early CRP increase after
initiation of nivolumab therapy in patients with mRCC.
This study aimed to explore whether the early CRP
kinetics including the presence of early CRP increase
after the treatment initiation could predict the efficacy of
nivolumab in patients with mRCC.

METHODS

We performed a retrospective analysis of 42 mRCC
patients who were treated with nivolumab as a second-
line or later therapy at our institutions between 2016 and
2019. The requirement for written informed consent was
waived because of the retrospective design, and the study
protocol was approved by the Ethics Committees at the
Tokyo Medical and Dental University (Tokyo, Japan) and
the Saitama Cancer Center (Saitama, Japan). Patients
were diagnosed and assessed for the extent of the disease
based on clinical findings, CT scan, MRI, and/or bone
scan. All patients had received previous TKI therapy,
and 37 patients (88%) had undergone nephrectomy.
Nivolumab (240mg/body or 3mg/kg) was adminis-
tered every 2 weeks until radiographic or clinical disease
progression, death, or the occurrence of intolerable
adverse events. The intervals of administration could be
changed based on the patients’ condition.

The serum CRP level was measured at baseline before
initiation of nivolumab, and thereafter at least every 2
weeks when nivolumab was administered as an institu-
tional protocol. Patients were divided into three groups
based on their early CRP kinetics, as follows (figure 1):
CRP levels had increased to more than double from base-
line within 1 month after initiation of nivolumab (flare)
and then decreased to a lower value than baseline within
3 months (CRP flare-responders); CRP levels decreased
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Figure 1 Model of early CRP kinetics showing the three
defined groups (CRP flare-responders, CRP responders, and
non-CRP responders). CRP, C-reactive protein

by 230% from baseline within 3 months without “flare”
(CRP responders), and the remaining patients (non-CRP
responders).

Analyzed factors included age, gender, Eastern Coop-
erative Oncology Group performance status (ECOG
PS), and International Metastatic Renal Cell Carci-
noma Database Consortium (IMDC) risk'® at the initi-
ation of nivolumab, histology, previous nephrectomy,
previous systemic therapies, sites of metastases, baseline
lactate dehydrogenase (LDH), baseline neutrophil-to-
lymphocyte ratio (NLR), baseline CRP level, and early
CRP Kkinetics status. For statistical analyses, baseline LDH,
NLR, and CRP levels were categorized into two groups
(elevated vs non-elevated). The increase in baseline LDH
was defined as a value of 2333IU/L (1.5xupper normal
limit at our institutions).!* The threshold value of base-
line NLR was set at 3.0 because a previous review in renal
oncology demonstrated its predictive ability for survival
in mRCC patients.* As in our previous study, the baseline
CRP level was categorized using the threshold value of
10mg/L."

CT or MRIwas performed before initiation of nivolumab
and then repeated approximately every 8—-12 weeks at the
physician’s discretion. Maximum tumor shrinkage, objec-
tive response rate (ORR), and progression-free survival
(PFS) were evaluated based on the Response Evalua-
tion Criteria in Solid Tumors (RECIST) V.1.1."% Overall
survival (OS) was also evaluated.

Patient characteristics and oncological outcomes were
compared among the three groups using the %* test for
categorical variables and analysis of variance for numer-
ical variables. Logistic regression analysis was used to iden-
tify predictive factors for an objective response. In each
group, PFS and OS were estimated using the Kaplan—
Meier method and differences between the groups were
assessed using the log-rank test. In multivariate analyses
for PFS and OS, the Cox proportional hazards regres-
sion model was used. PFS was defined as the time from
nivolumab initiation to date of progression (radiological
or clinical) or death, whichever came first. OS was eval-
uated as the time from nivolumab initiation to date of
death or last follow-up. For all analyses, differences were
considered to be significant at p<0.05. All statistical anal-
yses were performed using JMP software V.10 (SAS Insti-
tute, Cary, NC, USA).

RESULTS

Patient characteristics

The median follow-up period and number of adminis-
tration cycles were 8 months (IQR, 3-16 months) and
eight cycles (IQR, 4-18), respectively. The baseline char-
acteristics of 42 patients with mRCC are shown in table 1.
Patients had a median age of 67 years. Thirty-four patients
(81%) were men and eight (19%) were women. Most
patients (74%) had ECOG PS scores of 1 or less. IMDC
risk criteria showed nine patients (21%) with a favorable
risk, 23 patients (55%) with an intermediate risk, and 10
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Table 1 Patient characteristics
Early CRP kinetics
CRP flare- Non-CRP
Total cohort, responder, CRP responder, responder,
Variables n (%) n (%) n (%) n (%) P value
No. of patients 42 11 (26) 15 (36) 16 (38)
Age (years) Median (IQR) 67 (60-73) 71 (59-74) 63 (56-68) 69 (66-73) 0.192
Sex Male 34 (81) 9 (82) 12 (80) 13 (81) 0.993
Female 8 (19) 2(18) 3 (20) 3(19)
ECOG PS 0 19 (45) 6 (55) 7 (47) 6 (37) 0.306
1 12 (29) 4 (36) 5(33) 3(19)
>2 11 (26) 109 3 (20) 7 (44)
IMDC risk Favorable 9 (21) 4 (36) 2(12) 3(19) 0.497
Intermediate 23 (55) 6 (55) 8 (53) 9 (56)
Poor 10 (24) 109 5(33) 4 (25)
Histology Clear cell 38 (90) 10 (90) 14 (93) 14 (87) 0.856
Non-clear cell 4 (10) 1(10) 1(7) 2(13)
Sites of Lung 33 (79) 10 (91) 12 (80) 11 (69) 0.358
metastases Liver 7(17) 2(18) 3 (20) 2 (13) 0.841
Bone 16 (38) 3 (27) 6 (40) 7 (44) 0.667
Brain 4 (10) 0 (0) 2 (13) 2 (13) 0.275
Lymph node 19 (45) 5 (45) 6 (40) 8 (50) 0.855
Retroperitoneal 10 (24) 3 (27) 5 (33) 2(13) 0.357
Previous Presence 37 (88) 11 (100) 13 (87) 13 (81) 0.179
nephrectomy  Apsence 5(12) 0 (0) 2(13) 3(19)
No. of previous 1 14 (33) 3 (27) 5 (33) 6 (38) 0.938
systemic 2 19 (45) 6 (55) 6 (40) 7 (44)
therapies
>3 9 (21) 2 (18) 4 (27) 3(18)
Baseline LDH Median (IQR) 192 (163-251) 198 (170-214) 190 (144-348) 183 (162-232) 0.685
(IU/L)
Baseline NLR  Median (IQR) 3.24 (2.20-4.58) 2.48 (1.71-4.96) 3.31 (2.31-4.44)  3.66 (1.80-6.09) 0.611
Baseline CRP  Median (IQR) 23 (2.0-64) 6.1 (0.4-34) 39 (9.0-82) 17 (2.0-69) 0.195
level (mg/L)

CRP, C-reactive protein; ECOG PS, Eastern Cooperative Oncology Group performance status; IMDC, International Metastatic Renal Cell
Carcinoma Database Consortium; No., number; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio.

patients (24%) with a poor risk. Most patients (90%) had
been diagnosed with clear cell RCC. The remaining four
patients (10%) with non-clear cell RCC included chro-
mophobe, type-2 papillary, Xpll.2 translocation, and
tubulocystic RCC. While lung metastases were common
(79%), seven patients (17%) had liver metastases and

table 1. No significant difference was found among the
groups for any variable including IMDC risk, histology,
baseline CRP level, and baseline NLR.

Oncological outcomes and early CRP kinetics
During the follow-up period, 13 patients (31%) expe-

four patients (10%) had brain metastases. The median
baseline CRP level was 23 (IQR, 2.0-64) mg/L.

Early CRP kinetics

The trends of CRP after nivolumab initiation in all patients
are shown in figure 2. Overall, CRP flare-responders, CRP
responders, and non-CRP responders included 11 (26%),
15 (36%),and 16 (38%) patients, respectively. The patient
characteristics of these three groups are summarized in

rienced partial response, 20 patients (48%) had stable
disease, and nine patients (21%) had progressive disease.
The median PFS for the entire cohort was 8.7 months
(95% CI, 3.0-12 months). Thirteen patients (31%) died
of mRCC. The median OS for the entire cohort was 25.4
months (95% CI, 12.0 months to not reached).

The maximum change in target lesions from baseline of
all patients is shown in figure 3A. Those of the CRP flare-
responder, CRP-responder, and non-CRP responder groups
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Figure 2 The trends of CRP after nivolumab initiation in all
patients. Patients were divided into three groups based on
their early CRP kinetics (CRP flare-responders (n=11), CRP
responders (n=15), and non-CRP responders (n=16)).

were -38% (95% CI, -53% to —24%), -13% (95% CI, -26%
to -0.7%), and 16% (95% CI, 4.0% to 28%) on average,
respectively (p<0.001). The change in target lesions from
baseline is shown in figure 3B. In the CRP flare-responder
group, six patients experienced significant and sustained
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Figure 3 (A) Maximum change in target lesions from
baseline and (B) change in target lesions from baseline
based on early CRP kinetics. The dashed line indicates the
threshold for a partial response based on the Response
Evaluation Criteria in Solid Tumors V.1.1.

tumor shrinkage. CRP flare-response was observed before
radiological response in seven out of eight patients who
achieved objective response. ORRs of the CRP flare-
responder, CRP-responder, and non-CRP responder groups
were 73% (95% CI, 43% to 90%), 27% (95% CI, 11% to
52%), and 6.3% (95% CI, 1.1% to 28%), respectively
(p<0.001). Logistic regression analysis showed that early
CRP kinetics was the only predictive factor for an objective
response (p<0.001; table 2).

The PFS curves, according to early CRP kinetics, are shown
in figure 4A. The median PFSs of the CRP flare-responder,
CRP-responder, and non-CRP responder groups were not
reached, 12, and 2.4 months, respectively, which showed a
significant difference among the three groups (p=0.005).
In multivariate analysis using the Cox proportional hazards
regression model, early CRP kinetics was the only indepen-
dent prognostic factor for PFS (p=0.004; table 3). IMDC
risk and baseline CRP level were not associated with PFS in
our cohort. Furthermore, the OS curves, according to early
CRP kinetics, are shown in figure 4B. The median OS values
of the CRP flare-responder, CRP-responder, and non-CRP
responder groups were not reached, not reached, and 12
months, respectively. They also demonstrated a significant
difference among the three groups (p=0.048). In multivar-
iate analysis, early CRP kinetics was shown to be an inde-
pendent prognostic factor along with baseline LDH for OS
(p=0.006).

Subgroup analysis in patients with clear cell RCC
Additionally, we performed a subgroup analysis of 38
patients with clear cell RCC. According to early CRP
kinetics, CRP flare-responders, CRP responders, and non-
CRP responders included 10 (26%), 14 (37%), and 14
(37%) patients, respectively. No significant differences
were observed among the three groups for any baseline
characteristics, including IMDC risk and baseline CRP
level. During the follow-up period, 13 patients (34%)
achieved objective responses. The median PFS and OS for
this subgroup was 11.8 months (95% CI, 3.1-12.6 months)
and 25.4 months (95% CI, 12.0 months to not reached),
respectively. Multivariate analyses demonstrated that
early CRP kinetics had a significant prognostic impact on
objective response, PFS, and OS (p=0.001, p=0.005, and
p=0.007, respectively).

DISCUSSION

In the present study, we showed that early CRP kinetics
have a significant impact on the response to nivolumab
in mRCC patients. Flare-response of CRP was signifi-
cantly associated with better tumor response and
improved PFS. Most CRP flare-responders (73%) expe-
rienced an objective response during the follow-up
period.

Research to identify prognostic biomarkers for mRCC
patients treated with nivolumab is ongoing, and the predic-
tive role of PD-L1 expression in mRCC patients remains
controversial.'® Recently, Pignon et al demonstrated an

Fukuda S, et al. J Immunother Cancer 2021;9:e001564. doi:10.1136/jitc-2020-001564
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Table 2 Univariate and multivariate analysis for objective response

Univariate Multivariate
Full model 1* Full model 2f Reduced model
Variables P value P value P value OR 95% Cl P value
Age (years) <67 0.337
>67
Sex Male 0.660
Female
ECOG PS 0.533
0 0.271
1 0.405
>2 Ref.
IMDC risk 0.108 0.164 0.151
Favorable 0.463 0.590 0.470
Intermediate 0.045 0.407 0.582
Poor Ref. Ref. Ref.
Histology Clear cell 0.076 0.136 0.119
Non-clear cell
Liver metastases Presence 0.113
Absence
Brain metastases Presence 0.076 0.197 0.246
Absence
Previous nephrectomy Presence 0.046 0.307 0.267
Absence
No. of previous systemic 0.363
therapies 1 0.964
2 0.294
=8 Ref.
Baseline LDH (IU/L) <333 0.513
>333
Baseline NLR <3.0 0.454
>3.0
Baseline CRP level (mg/L) <10 0.337 0.567 -
>10
Baseline CRP level (mg/L) Continuous 0.134 - 0.371
Early CRP kinetics <0.001 0.002 0.004 <0.001
CRP flare-responder <0.001 <0.001 0.001 39.9 4.94-911 <0.001
CRP responder 0.113 0.114 0.163 5.45 0.69-115 0.113
Non-CRP responder Ref. Ref. Ref. Ref.

*Baseline CRP level was used for a categorical analysis.
TBaseline CRP level was evaluated as a continuous variable.

CRP, C-reactive protein; ECOG PS, Eastern Cooperative Oncology Group performance status; IMDC, International Metastatic Renal Cell
Carcinoma Database Consortium; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; No., number; ref., reference.

improved association of tumor cell PD-L1 expression
and nivolumab response evaluated with immune-related
RECIST (irRECIST) compared with RECIST V.1.1."" They
also showed that a high percentage of CD8 expression in
tumor-infiltrating cells was correlated with high levels of
T-cell activation and associated with improved oncological

outcomes. In addition, serum biomarkers could be useful
in the management of ICI treatment.

The presence of a systemic inflammatory response is
an indicator of poor outcome in various malignancies
including RCC. CRP, a representative systemic inflam-
matory response, has been shown to be a biomarker for

Fukuda S, et al. J Immunother Cancer 2021;9:e001564. doi:10.1136/jitc-2020-001564
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Figure 4 (A) Progression-free survival curves and (B) overall
survival curves based on early CRP kinetics.

mRCC patients who are treated with systemic therapies
including cytokine therapy and TKIs.2% 18 Recently, eleva-
tion of the baseline CRP level was demonstrated to be
prognostic for poor OS in mRCC patients treated with
nivolumab.” # In these studies, the baseline CRP level
was not associated with PFS. These findings are consistent
with our study, demonstrating that the baseline CRP level
was not associated with ORR or PFS although the base-
line CRP level could still be a prognostic factor for OS, as
shown in previous studies.” "’

Several studies evaluated the prognostic value of other
serum biomarkers for the clinical outcomes in mRCC
patients treated with ICIs. Zahoor et al demonstrated
that the risk of progressive disease was increased with a
higher baseline NLR and was reduced with a higher base-
line eosinophil count in mRCC patients who received
nivolumab.”' Bilen et al reported that pretreatment NLR
could be a prognostic biomarker for mRCC patients
receiving nivolumab.? F urthermore, Lalani et al showed
that the early decline of NLR and NLR at 6 weeks after
the initiation of ICIs was associated with significantly
improved outcomes.” Our findings are consistent
with these results regarding the significance of serum
biomarkers including systemic inflammatory response in
patients treated with ICIs.

Evaluation of early kinetics could add further predic-
tive value of CRP for mRCC patients in the current ICI
era. Our previous studies demonstrated that a decrease
in CRP levels was an indicator of better survival in the
cytokine and TKI era.'” " While a decrease in CRP levels
was also shown to be significantly associated with better
ORR in patients with mRCC who were treated with
nivolumab,” the current study further demonstrated
that the CRP flare-response had a significant impact on
prediction of tumor response and PFS.

The CRP flare could also be significant in other solid
tumors that are treated with ICI. Ozawa et al reported that a
significant increase in CRP levels within 1week after starting
PD-1/PD-L1 inhibitors was predictive for the therapeutic
efficacy in patients with non-small cell lung cancer.'” The
authors also demonstrated that none of the patients without
either early elevation of CRP or IL-6 showed a response to
PD-1/PD-L1 inhibitors. They suggested that the elevation
of inflammatory cytokines in the very early phase indicated
early immune-system activation.

Clarifying the underlying mechanisms of the associ-
ation between the systematic inflammatory response
and the tumor response to ICIs could lead to an
improvement of the treatment outcome. It has been
shown that chronic inflammation can generate an
immunosuppressive microenvironment.”* We demon-
strated that higher CRP levels were associated with an
immunosuppressive microenvironment infiltrated with
M2 macrophages and regulatory T cells.”” CRP flare-
response in nivolumab treatment would be associated
with the dynamic change of the cancer-immune system
in a tumor microenvironment. In the cancer immuno-
gram that was developed by Blank et al, CRP is one of
the clinical markers for tumor-associated inflammation
that can promote tumor progression.”” CRP would
reflect the cancer-immune status and have a significant
role as a cancer-immune marker.

This study had several limitations. First, it had a retro-
spective design in a small cohort with a limited follow-up
duration. The small cohort size could lead to a higher
ORR (31%) compared with that of the Checkmate 025
trial.? Second, this study included patients with clear
cell RCC and those with non-clear RCC. Although we
confirmed the significance of the CRP flare-response
in the clear cell RCC subgroup, the mixture of clear
cell and non-clear RCC patients may have affected the
clinical outcomes in this study. Third, we categorized
mRCC patients into three groups based on their early
CRP kinetics. Further analyses are warranted to achieve
the optimal definition of the CRP flare-response. To vali-
date our results, additional larger confirmatory studies
are needed. Despite these concerns, CRP could be useful
to monitor the cancer-immune status so as to improve
the treatment efficacy in mRCC patients treated with
nivolumab.
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Table 3 Univariate and multivariate analysis for progression-free survival

Univariate Multivariate
Full model 1* Full model 2+ Reduced model

Variables P value P value P value HR 95% Cl P value
Age (years) <67 0.482
>67
Sex Male 0.416
Female
ECOG PS 0.504
0 0.250
1 0.678
>2 Ref.
IMDC risk 0.324 0.622 0.428
Favorable 0.176 0.805 0.967
Intermediate 0.903 0.498 0.276
Poor Ref. Ref. Ref.
Histology Clear cell 0.465
Non-clear cell
Liver metastases Presence 0.901
Absence
Brain metastases Presence 0.437
Absence
Previous nephrectomy Presence 0.830
Absence
No. of previous systemic 0.640
therapies 1 0.611
2 0.694
>3 Ref.
Baseline LDH (IU/L) <333 0.155
>333
Baseline NLR <3.0 0.125
>3.0
Baseline CRP level (mg/L) <10 0.078 0.403 -
>10
Baseline CRP level (mg/L) Continuous 0.071 - 0.067
Early CRP kinetics 0.004 0.008 0.003 0.004
CRP flare-responder <0.001 0.003 0.002 0.13 0.02-0.47 <0.001
CRP responder 0.067 0.032 0.015 0.45 0.18-1.06 0.067
Non-CRP responder Ref. Ref. Ref. Ref.

“Baseline CRP level was used for a categorical analysis.

1Baseline CRP level was evaluated as a continuous variable.

CRP, C-reactive protein; ECOG PS, Eastern Cooperative Oncology Group performance status; IMDC, International Metastatic
Renal Cell Carcinoma Database Consortium; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; No., number;
ref., reference.

CONCLUSIONS mRCC treated with nivolumab. Early CRP kinetics
This study demonstrated that the CRP flare-response  are useful in evaluating the therapeutic effect of
was significantly correlated with better tumor response  nivolumab for mRCC patients and needs prospective,
and improved survival outcomes in patients with  larger validation.
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