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ABSTARCT
Background: There is an ongoing need to identify biomarkers for correct patient selection for
immune-oncology treatments in metastatic renal cell carcinoma (mRCC). The aim of our study was to
evaluate the prognostic role of elevated C-reactive protein (CRP) values and immune-related adverse
events (irAEs) to indicate immune checkpoint inhibitors’ (ICIs) efficacy in nivolumab-treated
mRCC patients.
Materials and methods: Data from 96 mRCC patients treated with nivolumab at Comprehensive
Cancer Center, Helsinki University Hospital in a real-life setting were collected between 2006 and 2020
retrospectively. Patients’ baseline CRP, on-treatment (<12weeks) CRP, and reported irAE association to
median survival and outcome were analyzed using Kaplan–Meier and Cox regression.
Results: Patients with elevated baseline CRP were associated with worse overall survival (OS) and pro-
gression-free survival (PFS) when compared with normal baseline CRP. This significant correlation was
also observed with patients with elevated on-treatment CRP. In multivariate survival analyses both ele-
vated baseline and on-treatment CRP had shorter OS and PFS than patients with normal CRP: hazard
ratio (HR) 2.84 (95% CI 1.48–5.42), HR 3.68 (95% CI 1.92–7.03) and PFS: HR 1.77 (95% CI 1.06–2.97), HR
2.88 (95% CI 1.75–4.73), respectively. A significant difference in OS was also seen between patients
without irAE and with irAE during treatment. In multivariate survival analyses, patients without irAE
had shorter OS HR 1.93 (95% CI 1.03–3.62) compared with patients with reported irAE.
Conclusions: Elevated baseline CRP, on-treatment CRP, and absence of irAE correlate with poor out-
come in nivolumb-treated mRCC patients. These results suggest that monitoring CRP values as well as
potential irAEs during treatment may be of use in clinical decision making.
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Introduction

For the past few years, immune checkpoint inhibitors (ICIs)
have made their way into routine clinical practice in treating
metastatic renal cell carcinoma (mRCC) [1]. ICIs nivolumab
and pembrolizumab, in combination with tyrosine kinase
inhibitors (TKIs) cabozantinib or axitinib, are recommended
by European Society of Medical Oncology (ESMO) 2021
guidelines as first-line treatments for mRCC in all
International Metastatic Database Consortium (IMDC) prog-
nostic risk groups [2]. Nivolumab in combination with anti-
CTLA-4 inhibitor ipilimumab has shown an overall survival
(OS) benefit compared with sunitinib and is approved as a
first-line treatment among mRCC patients with intermediate
or poor risk groups according to IMDC criteria [2,3].
Furthermore, single-agent nivolumab is recommended by
ESMO 2021 guideline for mRCC patients previously treated
with any front-line targeted therapy [2].

Although ICIs have shown a significant improvement in
OS and progression-free survival (PFS) over targeted thera-
pies in mRCC, a large portion of patients do not respond to
these treatments. In a registration study by Motzer et al.,
nivolumab showed an OS benefit of 25.0months versus

19.6months when compared with everolimus in 2–4th line
mRCC patients. However, in this study, the nivolumab overall
response rate (ORR) was only 25% [4]. There is thus an inter-
est in finding new, clinically applicable prognostic biomarkers
to identify patients most likely to benefit from ICI treatment.

ICIs target the programmed cell death (PD-1) receptor
and inhibit its interaction between PD-L1 and PD-L2 ligands.
Normal interaction between PD-1 and PD-L1 or PD-L2 inhib-
its the cellular immune response [5]. However, ICIs do not
just target tumor-specific immune interactions but can over-
stimulate the immune response and induce a nonspecific
autoimmunological activation. This nonspecific targeting may
cause immune-related adverse events (irAEs) in ICI-treated
patients [6]. IrAEs can manifest in different organs or tissues
in various severities. Most common irAEs reported are cuta-
neous, hepatic, gastrointestinal, and endocrinological adverse
events [7].

Although research has shown that ICIs have a lower inci-
dence of adverse events compared with targeted therapies
in mRCC, treatment-related adverse events of any grade still
occurred in 79% of patients treated with nivolumab. Also
grade 3 or 4 toxicities manifested in 19% of patients and
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irAEs led to treatment discontinuation in 9% of patients [4].
Several studies have demonstrated that there is an associ-
ation between outcome and irAEs among patients treated
with ICIs [8–10] and it has been postulated that irAEs may
reflect treatment response in host’s immune system. [11]

C-reactive protein (CRP) is an acute phase reactant, as it
indicates systemic inflammation and activates innate immun-
ity [12]. Previous studies have shown the association
between different systemic inflammatory factors (neutrophil-
to-lymphocyte ratio, monocyte-to-lymphocyte ratio, CRP) and
poor prognosis in several malignancies [13–15], including
mRCC [16,17]. CRP has been found to be a prognostic bio-
marker in ICI-treated melanoma [18], non-small cell lung can-
cer patients [19,20], and lately also in mRCC [21–24].
However, evidence regarding the role of CRP as a potential
prognostic biomarker in mRCC remains limited and the
potential association between baseline CRP level and out-
come in ICI-treated mRCC patient needs further validation to
be used in routine clinical practice.

Due to the pharmacological safety profile of ICI treatment
and lack of any current prognostic biomarkers for ICI treat-
ment efficacy, there is an ongoing and high clinical interest
to improve patient selection. The aim of our study was to
find clinically useful, inflammatory or immunological factors
related to outcome of ICI treatment in mRCC patients and to
evaluate the prognostic role of elevated CRP values and
irAEs to indicate ICIs’ efficacy in mRCC patients.

Material and methods

All clinicopathological features, adverse events (AE), treat-
ment history, and laboratory values were collected from elec-
trical patient medical records.

Patients and treatment

A total of 480 patients were treated and diagnosed with
mRCC at Comprehensive Cancer Center, Helsinki University
Hospital between 18 October 2006 and 31 December 2020.
Of these patients, a total of 96 patients were treated with
nivolumab as second or later line therapy and all patients
with required baseline and on-treatment data were included
in our study. An investigational agent was given to seven
(6.3%) patients and ipilimumab to six (6.3%) patients in com-
bination with nivolumab. Prior to treatment initiation, nivolu-
mab treatment was evaluated and recommended by a
multidisciplinary team meeting. Patients with regular cortico-
steroid medication or history of autoimmune diseases were
not eligible to be treated with nivolumab. All patients
received nivolumab 480mg intravenously every four weeks
or 3mg/kg every two weeks. Nivolumab was given until pro-
gressive disease (PD), death of any cause or development of
AEs that required treatment discontinuation according to the
treating physician.

Patients were characterized according to the IMDC prog-
nostic risk group (favorable, intermediate or poor) based on
time from diagnosis to treatment less than a year, Karnofsky

performance status, baseline hemoglobin, neutrophils,
thrombocytes, and albumin-corrected calcium levels.

Assessment of tumor response

All patients’ follow-up was carried out according to standard
mRCC treatment guidelines. Response to treatment was
assessed by computed tomography (CT) scan at 8–12-week
intervals depending on patients’ condition. Treatment effi-
cacy was evaluated by experienced cancer radiologists and
defined by Response Evaluation Criteria in Solid Tumors
(RECIST) v. 1.1.

Assessment of adverse event

All adverse event data (grade, beginning and resolving dates
and treatments used) were collected from hospital case
records. On-treatment-related AEs were evaluated by the
treating physician. AEs were defined by Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0.
Immune-related adverse events included in this study were
cutaneous (rash, eczema, pruritus), respiratory (pneumonitis),
gastrointestinal (colitis/diarrhea), hepatic (increased ALT or
AST), endocrinopathies (type I diabetes, hypothyreosis, thy-
roiditis, hypophysitis), pancreatitis, arthritis, cardiac toxicities
(pericarditis, total AV block), neurological toxicities, stoma-
titis, and gastritis. The collected irAEs were selected accord-
ing to ESMO clinical practice guideline. All irAEs are
summarized in Table 1.

Assessment of C-reactive protein

Baseline blood values, including CRP, were collected 115 days
before first nivolumab infusion. On-treatment CRP value was
determined as the lowest CRP value within 12weeks of treat-
ment initiation. A CRP level of >10mg/l was considered ele-
vated according to standard hospital cutoff level.

Statistics

The study population consisted of 96 consecutive patients.
Patient characteristics were described overall and by baseline
CRP status. Median follow-up time for patients alive was
assessed using Schemper’s method. The association of CRP
values, irAEs and other clinical variables was assessed using

Table 1. Frequency of immune related adverse events.

Grade 1-2
N¼ 26 (27.1%)

Grade 3-4
N¼ 10 (10.1%)

Total
N¼ 56 (58,5%)

Cutaneous 14 (14.6) 1 (1.0) 14 (14.6)
Pneumonitis 8 (8.4) 1 (1.0) 9 (9.4)
Diarrhea/colitis 4 (4.2) 3 (3.1) 7 (7.3)
Hepatic 6 (6.3) 1 (1.0) 6 (6.3)
Endocrinopathies 7 (7.3) 6 (6.3)
Pancreatitis 3 (3.1) 1 (1.0) 4 (4.2)
Arthritis 2 (2.1) 2 (2.1)
Cardiac toxicity 1 (1.0) 1 (1.0) 2 (2.1)
Neurological toxicity 1 (1.0) 1 (1.0) 2 (2.1)
Stomatitis 2 (2.1) 2 (2.1)
Gastritis 1 (1.0) 1 (1.0)

ACTA ONCOLOGICA 1241



the Mann–Whitney U test for continuous data and the Chi-
squared test for categorical data. The primary endpoint in
the study was (i) overall survival defined as the time from
treatment initiation to death, whatever the cause. Secondary
endpoints were (ii) progression-free survival defined as the
time from treatment initiation to the first event (tumor pro-
gression or death from any cause) and (iii) clinical benefit
rate defined as complete response (CR), partial response (PR)
or stable disease (SD) as overall best response according to
RECIST 1.1. The Kaplan–Meier method was used to estimate
the median survival times with 95% confidence intervals (CI)
for both OS and PFS, censoring the patients who were alive
or had no disease progression at the last follow-up visit. Log-
rank test was used to demonstrate p-values.

Univariate Cox proportional hazard model was used to
assess the association between clinical variables and OS and
PFS. Multivariate analyses for OS and PFS were performed
using Cox proportional hazards models adjusted for age,
IMDC risk classification, irAEs and baseline, and on-treatment
CRP values. Due to a strong correlation of irAE, baseline, and
on-treatment CRP values, multivariate analyses were per-
formed separately. The proportional hazards assumption was
assessed graphically obtaining plots of (log(-logS(t)) versus
time and Schoenfeld residuals versus time.

A multivariate logistic regression model was used to
investigate the effects of age, IMDC risk classification, and
on-treatment-CRP and irAEs on the CBR. The results are
expressed as ORs with 95% confidence interval.

A landmark survival analysis was made to avoid bias from
longer treatment. Landmark was set at threemonths (n¼ 84
patients at 3months) after the first initiation. Patients were
excluded (n¼ 12) if the treatment time was shorter than
threemonths.

Concordance index (c-index) was computed to demon-
strate the discrimination power of baseline CRP and on-
treatment CRP for both OS and PFS. Also, to show the
improvement of accuracy when baseline CRP or on-treat-
ment CRP was added in IMDC risk classification. C-index was
expressed with standard error (SE).

All statistical tests were two-sided and p-values < .05
were considered as statistically significant. Analysis was per-
formed using IBM SPSS Statistics for Windows (version 25.0,

Armonk, NY, USA, IBM Corp.), excluding c-index, which was
calculated using Statistical Analysis Software SAS/STAT.

Results

Patient characteristics

A total of 51 patients (53.1%) received nivolumab as second,
27 patients (28.1%) as third and 18 patients (18.7%) as fourth
or later treatment line. Patients received nivolumab therapy
after one to eight lines of previous TKI therapy. Mammalian
target of rapamycin inhibitor everolimus was given to 15.6%
of patients before nivolumab. After nivolumab treatment,
56.3% received another systemic anti-cancer therapy. Median
follow-up time of patients alive was 35.2months and the
median duration on nivolumab treatment was 12weeks (range
1–212weeks). At the time of data cutoff, nine (9.4%) patients
continued nivolumab treatment. A total of 61 (63.5%) patients
stopped treatment due to progression and 26 (27.1%) patients
without progression (18 due to irAEs, eight for other reasons).
Patient characteristics are depicted in Table 2.

The median OS and PFS for the whole patient cohort
were 21.5months (95% CI 12.8–30.2) and 3.3months (95% CI
1.6–5.0), respectively. According to IMDC risk groups, median
OS was 21.6months (95% CI 11.3–31.9) and 11.9months
(95% CI 7.3–16.5) for intermediate and poor risk groups,
respectively. For patients in the favorable risk group, OS was
not reached (NR). The median PFS was 4.6months (95% CI
1.3–7.9), 1.5months (95% CI 0.6–6.7), and 0.3months (95% CI
1.5–2.6) for favorable, intermediate, and poor IMDC risk
groups, respectively.

The overall response rate per RECIST criteria was 22.9%
(n¼ 22). A total of 46 (47.9%) patients had PD as their best
overall response. The clinical benefit rate (CBR) was 52.1%,
consisting of 28 stable disease (SD) and 20 partial response
(PR) and two complete response (CR) who remained in
remission at the time of data cutoff.

CRP and outcome

In our study, 42 patients had elevated baseline CRP. Of these
patients, 59.3% received nivolumab as second, 25.9% as

Table 2. Patients’ characteristics overall and by baseline CRP status.

Baseline CRP

�10mmol/L
N¼ 54 (56,3%)

>10mmol/L
N¼ 42 (43,8%)

Total
N¼ 96

Gender Male 29 (53,7) 33 (78,6) 62 (64,6) p¼ .011
Female 25 (46,3) 9 (21,4) 34 (35,4)

Age Median 68.0 64.0 65.0
Range 36-82 22-82 22-82

Karnofsky< 80% Yes 1 (1,9) 3 (7,1) 4 (4,2) p¼ .198
No 53 (98,1) 39 (92,9) 93 (95,8)

Prior nephrectomy Yes 48 (88,9) 35 (83,3) 83 (86,5) p¼ .430
No 6 (11,1) 7 (16,7) 13 (13,5)

Histology Clear cell 53 (98,1) 36 (90,0) 89 (94,7) p¼ .082
Non clear cell 1 (1,9) 4 (10,0) 5 (5,3)
Missing 2 0 2

IMDC classification Favorable 8 (14.8) 2 (4,8) 10 (10,4) p¼ .000
Intermediate 41 (75,9) 19 (45,2) 60 (62,5)
Poor 5 (9,3) 21 (50,0) 26 (27,1)

CRP: C-reactive protein; IMDC: all International Metastatic Database Consortium.
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third, and 14.9% as fourth or later line treatment.
Significantly more males had elevated baseline CRP as com-
pared with females (Table 2) and baseline CRP was statistic-
ally significantly associated with IMDC risk groups. There
were no statistically significant associations with other
patient characteristics.

In univariate analysis (Table 2), patients with elevated
baseline CRP had worse OS when compared with normal
baseline CRP 13.2months (95% CI 7.8–18.7) versus
32.7months (95% CI 13.6–51.8), p< .001 as well as PFS:
2.5months (95% CI 2.4–2.6) versus 7.2months (95% CI
4.1–10.3), p¼ .005, respectively; Figure 1(a,b).

Patients with elevated on-treatment CRP also had both
worse OS and PFS than patients with normal on-treatment
CRP: OS 13.2months (95% CI 8.2–18.3) versus 32.7months
(95% CI 16.7–48.6), p< .001 and PFS 2.4months (95% CI
1.9–2.8) versus 7.2months (95% CI 4.5–10.0), p¼ .005.

A landmark analysis was utilized, and landmark was set at
threemonths after the first initiation. Patients with normal
on-treatment CRP values had improved OS than patients
with elevated on-treatment CRP values: median of
29.7months (95% CI 13.0–46.4) versus 10months (95% CI
8.5–13.2), p¼ .001. For PFS the landmark analysis results did
not remain significant.

irAE and outcome

Altogether, 34 (35.4%) patients reported any (grade 1–4)
irAEs and 18 (18.8%) patients had to discontinue the treat-
ment due to irAEs. Altogether, nine (9.4%) patients reported
grade �3 irAEs. All of these patients were treated with either
oral or intravenous corticosteroid to resolve the irAEs. The
most frequent irAE was cutaneous toxicity (14.6%; Table 1).

The CBR among patients with any irAEs was 70.6% versus
41.9% among patients without irAEs (p¼ .010).

In univariate survival analysis, we found that patients
without irAEs during treatment had significantly worse OS
and PFS as compared with patients with irAEs: OS
17.2months (95% CI 10.9–23.5) versus 31.5months (95% CI
26.0–36.9), p¼ .046 and PFS 2.6months (95% CI 2.4–2.7) ver-
sus 7.5months (95% CI 4.1–10.8) p¼ .033, respectively;
Figure 2(a,b).

Since irAE is a time-varying covariate, landmark analysis
was made to avoid immortal time bias. However, these
results did not remain statistically significant. To demonstrate
patients’ risk of dying and association with experienced irAE
without time dependency, we used Fisher’s exact test at
threemonths and sixmonths. It demonstrated that all
patients who had irAE were alive, but 87.9% of patients who
did not have any irAEs were alive after threemonths of initi-
ation (p¼ .046). Also, 96.9% of patient, who experienced irAE
were alive, but 82.7% of patients who did not have any irAE
were alive after sixmonths of first initiation (p¼ .081).

Multivariate analyses

In a multivariate model adjusted for IMDC classification and
age >65 years, elevated baseline CRP was associated with
shorter OS (HR 2.84 95% CI 1.48–5.42) and PFS (HR 1.77 95%
CI 1.06–2.97). Elevated on-treatment CRP was associated with
shorter OS (HR 3.68 95% CI 1.92–7.03) and PFS (HR 2.88 95%
CI 1.75–4.73). Patients without irAE during treatment were
associated with shorter OS (HR 1.93 95% CI 1.03–3.62), but
there was no significant association with PFS (p¼ .082).
Baseline CRP and on-treatment CRP value had a strong cor-
relation (Cramer’s V¼ 0.64). Baseline and on-treatment CRP
had a weaker correlation with irAE (Cramer’s V¼ 0.30, 0.23),
but this was statistically significant (p¼ .005, 0.030), therefore
Cox regression multivariate analyses were made separately.
The results of these multivariate PFS and OS survival analyses
are shown in Table 3.

Figure 1. Overall survival (a) and progression-free survival (b) for baseline CRP.
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A multivariate logistic regression analysis was performed
to determine the adjusted effects of irAEs and on-treatment
CRP on CBR of univariate analyses. Logistic regression was
not determined for baseline CRP, since there was no signifi-
cant correlation between baseline CRP and CBR (p¼ .150). In
a model adjusted for age, gender, BMI >25 kg/m2, and IMDC
prognostic group, patients without irAEs were three times
more likely to have PD as their best response when com-
pared with patients with any irAEs during treatment (OR 3.47
95% CI 1.25–9.66). Patients with elevated on-treatment CRP
were three times more likely to have PD as their best
response when compared with patients with normal on-
treatment CRP (OR 3.62 95% CI 1.34–9.80).

Concordance index

To ascertain the accuracy in discriminating patient risk, the
concordance index (c-index) was computed for baseline CRP
and on-treatment CRP for OS: 0.65 (SE 0.059) and 0.65 (SE
0.027) and for PFS: 0.60 (SE 0.032) and 0.64 (SE 0.027),
respectively. The c-index improved when on-treatment CRP
or baseline CRP were added to IMDC risk classification com-
pared with IMDC risk classification alone for OS: 0.71 (SE
0.051), 0.70 (SE 0.05) versus 0.63 (SE 0.04), respectively, and
for PFS on-treatment CRP 0.66 (SE 0.03), baseline CRP 0.62
(SE 0.05) versus 0.57 (SE 0.03), respectively showing increased
prognostic accuracy.

Table 3. Multivariate survival analysis.

Overall Survival Progression-free Survival

adjusted HR 95%CI adjusted HR 95%CI

(A)
Age> 65

IMDC classification
1.42 0.81–2.48 1.04 0.66–1.65

Intermediate 7.22 1.00–53.27 0.84 0.39–1.79
Poor 8.65 1.13–66.29 1.06 0.45–2.49
Baseline CRP 2.84 1.48–5.42 1.77 1.06–2.97

(B)
Age> 65

IMDC classification
1.52 0.87–2.65 1.10 0.69–1.75

Intermediate 6.45 0.87–47.64 0.77 0.36–1.66
Poor 8.67 1.13–66.32 1.01 0.43–2.33
On-treatment CRP 3.68 1.92–7.03 2.88 1.75–4.73

(C)
Age> 65

IMDC classification
1.27 0.73–2.21 0.97 0.62–1.52

Intermediate 9.36 1.25–69.93 1.05 0.48–2.28
Poor 15.51 2.07–16.26 1.53 0.68–3.44
Immune related adverse event during treatment 1.93 1.03–3.62 1.55 0.95–2.55

CRP: C-reactive protein; IMDC: all International Metastatic Database Consortium; HR: hazard ratio; CI: confidence interval.

Figure 2. Overall survival (a) and progression-free survival (b) for irAEs.
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Subgroup analyses

To evaluate the relationship of baseline and on-treatment
CRP values in further detail, we performed a subgroup ana-
lysis among patients with normal and elevated CRP values at
baseline and during treatment. Patients with normal CRP val-
ues throughout treatment had significantly longer OS and
PFS as compared with persistently elevated CRP values; OS
42.7months (95% CI 26.8–58.7) versus 10.0months (95% CI
4.8–15.2) p< .001) and PFS 7.6months, (95% CI 3.8–11.4) ver-
sus 2.4months (95% CI 1.9–2.8), p< .001.

In addition, a shift from elevated baseline CRP values to
normal on-treatment values was associated with better OS as
compared to patients with persistently elevated CRP values:
OS 19.4months (95% CI 2.5–36.3) versus 10.0months (95% CI
4.8–15.2), p< .001.

Discussion

ICI treatments have an established role in standard treatment
of mRCC both in first and second line. Despite profound
efforts to find biomarkers for treatment selection, good ones
still have not been identified, even though data from pro-
spective settings exist. As an example, Motzer et al. sought
to distinguish patients benefitting from ICI-TKI combination
as first-line therapy by analyzing immune cell distributions
and genetic alterations. Although they could not identify a
significant interaction with PFS and CD8þ T cells or PD-L1
expression in ICI-TKI-treated patients, this does not necessar-
ily mean that they are irrelevant but instead that other con-
tributing factors exist [25].

Furthermore, in a prospective follow-up study of nivolu-
mab plus ipilimumab versus sunitinib, a positive trend was
seen between irAEs and OS in nivolumab plus ipilimumab-
treated patients [26]. The potential mechanisms and associ-
ation between irAEs and anti-tumor reaction have been
studied previously in different malignancies treated with ICIs
[11]. However, it is still unclear whether it is the same
immune reaction causing irAEs that also targets the tumor.
In a case report where a severe fatal myocarditis developed
after nivolumb plus ipilimumb treatment, a robust accumula-
tion of T-cells and macrophages were found in the myocar-
dium, identical to those in the patient’s tumor. Theories
suggest that there is a low selectivity among tumor-reactive
T-cells resulting in targeting normal tissue as well. This in
turn leads to development of both irAEs and anti-tumor
reactions [27]. Another pathway suggested is that preexisting
tolerated self-reactive T-cells are deregulated in the periph-
ery, leading to activation and upregulation of both the anti-
tumor and an autoimmune reaction [28].

Our study is in line with previous studies with ICI-treated
melanoma [29] and small cell lung cancer [30], where
immune reaction and irAEs are seen to correlate with better
outcome. Interestingly, different malignancies have reported
to have different irAE profiles even when treated with the
same ICI. For example, melanoma patients treated with nivo-
lumab developing a cutaneous irAE, vitiligo, were associated
with better OS [31], but this same correlation or occurrence

has not been reported in nivolumab-treated mRCC or small
cell lung cancer patients. This histology-specific reaction of
ICIs may be explained by different tumor microenvironments
and cell activities enhanced by nivolumab. As Choueiri et al.
showed in prospective setting that nivolumab has immuno-
modulatory effects in tumor microenvironment, as tumor-
associated lymphocytes, CD3 and CD8 levels increased
significantly during treatment. This suggests that nivolumab
reverses T-cell exhaustion and boosts T-cell-mediated antitu-
mor immune activity in tumor microenvironment, which
might be causing different adverse events [32]. Higher
understanding regarding ICIs’ immune activation in tumor
microenvironment and in circulation is needed to find out
the relations between different irAE pathways and bio-
logical response.

Our results demonstrate that both baseline and on-treat-
ment CRP values are independently associated with out-
come. CRP also acts as a dynamic biomarker; normalization
of CRP values during treatment indicated prolonged OS as
compared with patients with persistently elevated CRP val-
ues. Although the association between systemic inflamma-
tion, innate immunity, and cancer is well established, the
intricate mechanisms behind these connections remain
unclear [33]. Circulating blood cells like neutrophils, platelets,
and hemoglobin as well as CRP are associated with systemic
inflammation. Neutrophils, platelets, and hemoglobin are
included in the widely used prognostic IMDC (Heng) risk
classification for mRCC [34]. Our findings demonstrate that in
addition to IMDC risk classification, baseline, and on-treat-
ment CRP, a readily available, inexpensive, and reproducible
laboratory parameter could be utilized to improve prognosti-
cation among mRCC patients. This study also adds to the
growing evidence of irAEs as biomarkers for immune activity
and treatment response and in ICI-treated patients.

In conclusion, our real-life retrospective data from a large
Nordic comprehensive cancer center show that baseline and
on-treatment CRP values are independent prognostic bio-
markers for overall survival as well as for progression-free
survival and that irAEs were associated with response to
treatment among mRCC patients treated with nivolumab. In
addition to the potential application of baseline CRP as a
prognostic biomarker, these results suggest that monitoring
CRP values as well as potential irAEs during treatment may
be of use in clinical decision making.

Limitations

Our study was a single center design with relatively small
number of patients treated with �2nd line nivolumab.
Potential limitations were also its exploratory and retrospect-
ive nature. Our cohort represents a heterogeneous group of
mRCC patients including different histology and several pre-
vious treatment lines. IrAEs were collected from patient his-
tory retrospectively so mild or transient irAEs might
not been reported. Events were individually physician –
determined and reporting can vary in between patients and
physicians. Multiple adverse events were reported in a single
patient which makes interpreting the data more complex.
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The timing onset of irAEs varies widely and it may be diffi-
cult to distinguish irAEs from other symptoms caused by
cancer itself. As irAE and on-treatment CRP are time-varying
covariates and are affected by immortal bias, three-month
landmark analyses were made. Results for irAE and on-treat-
ment PFS did not remain statistically significant which is
probably due to the small size of our cohort.
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