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Abstract.

Background: Introduction of immune checkpoint inhibitors in the standard of care for metastatic renal cell carcinoma
(mRCC) requires robust but yet simple biomarkers to predict efficacy of immunotherapy.

Objective: The aim of this study was to evaluate the association between fibrinogen levels and efficacy of second-line therapy
with nivolumab in mRCC.

Methods: This is a prospective multicenter biomarker study. Fibrinogen levels were measured one week prior to second-line
nivolumab therapy and six times monthly. A high fibrinogen level was defined as >5 g/L. Patients were divided into two
cohorts: high (H) and normal (N) fibrinogen levels. The primary endpoint was overall survival (OS).

Results: The median OS was 31.5 months (95% confidence interval [CI], 27.9 to 35.1) in cohort N vs. 20.9 months (95% CI,
18.1 to 23.7) in cohort H (hazard ratio [HR], 0.39; 98.5% CI, 0.21 to 0.7; P =0.002). The median progression-free survival
was 9.4 months (95% CI, 5.5 to 14.1) in cohort N and 4.0 months (95% CI, 2.9 to 5.1) in cohort H (HR, 0.65; 95% CI, 0.51
to 0.72; P <0.001). The objective response rate was higher in N cohort (33% vs. 17%; P =0.012). No statistically significant
changes of fibrinogen concentration during nivolumab therapy were found.

Conclusions: The study demonstrated an association of hyperfibrinogenemia with worse clinical outcomes of second-line
nivolumab monotherapy in patients with mRCC. Further validation of fibrinogen as a predictive biomarker for immunotherapy
efficacy in patients with mRCC is warranted.
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INTRODUCTION

Currently, there are no validated predictive
biomarkers for efficacy of immunotherapy in patients
with metastatic renal cell carcinoma (mRCC) [1]. At
the same time, checkpoint inhibitors are widely used
in the first and subsequent lines of systemic ther-
apy [2]. Nivolumab was the first checkpoint inhibitor
to be approved for the treatment of patients with
mRCC progressing on prior antiangiogenic therapy
[3]. The choice of therapy is increasingly being
supported by predictive risk models such as the
International Metastatic RCC Database Consortium
(IMDC) model, although these models have not been
designed to predict response to therapy.

It is well known that hyperfibrinogenemia is asso-
ciated with the risk of cardiovascular diseases and
thrombosis [4]. Several studies have found a dose
effect with an increased risk of myocardial infarc-
tion and death in patients with the elevated plasma
fibrinogen levels [5]. Also, other diseases, such as
infections and autoimmune diseases, can lead to an
increase in fibrinogen levels [6-8]. During the sys-
temic inflammatory process, high concentrations of
cytokines appear, which are a trigger for the develop-
ment of coagulopathy.

In a number of coagulation-related studies, ele-
vated fibrinogen levels were found in patients with
renal cell carcinoma (RCC), lung and liver can-
cers [9-11]. Hyperfibrinogenemia correlated with
more advanced disease [9]. The coagulation system
is known to overlap with the immune system. Tis-
sue factor elevation and abnormal coagulability have
previously been shown to be negative predictors of
overall survival (OS) in mRCC patients treated with
cytokines. The impact of hyperfibrinogenemia on the
clinical outcomes in patients with mRCC treated with
checkpoint inhibitors is unknown. It can be assumed
that levels of fibrinogen confer a more inflammatory
environment, which may affect efficacy and safety of
immunotherapy.

In this prospective multicenter biomarker study,
we evaluated the association between fibrinogen lev-
els and the efficacy of second-line therapy with
nivolumab in metastatic clear-cell RCC.

METHODS

Patients

Eligible patients were required to have verified
metastatic clear-cell renal cell carcinoma resistant

to the first-line targeted therapy, measurable disease
according to the Response Evaluation Criteria in
Solid Tumors (RECIST, version 1.1), <3 IMDC risk
factors, ECOG PS 0-2, acceptable blood count (abso-
lute granulocyte count >1500/mm?3, platelets >100
000/mm?3 and <400 000/mm3), adequate renal (mea-
sured or calculated creatinine clearance >60 ml/min)
and hepatic (bilirubin <1.5-fold the upper limit of
normal) functions, no anticoagulation therapy, and
age 40-65 years. Patients with untreated CNS metas-
tases and uncontrolled medical conditions (such as
unstable angina pectoris, recent myocardial infarc-
tion, symptomatic congestive heart failure, acquired
or inherited bleeding disorders, or thrombosis) were
ineligible for this trial. Additionally, patients with a
history of cardiovascular disease, coagulopathy i.e.
blood clots, autoimmune diseases and COVID-19
within the past 6 months were not included in the
study.

The clinical trial protocol and the informed consent
form were approved by the institutional review boards
of participating clinical sites (study approval number:
KCRB112018). The study was done in accordance
with the Declaration of Helsinki, and applicable local
regulatory requirements and laws. Patients provided
written informed consent before study initiation.

Trial design and endpoints

In this prospective multicenter cohort study, fib-
rinogen levels were measured one week prior to
the second-line nivolumab therapy and then monthly
(up to 6 months). High fibrinogen level was defined
as >5g/L. Patients were divided into two cohorts:
high (cohort H) and normal (cohort N) fibrinogen
levels. Matching technique was used to achieve bal-
anced distribution of patient characteristics (number
of IMDC risk factors and ECOG PS). All patients
were treated with nivolumab (intravenously, 240 mg
or 480 mg every 2 or 4 weeks) until disease progres-
sion or unacceptable toxicity.

The primary endpoint was OS in cohorts H and
N. Secondary endpoints included progression-free
survival (PFS), objective response rate (ORR), and
a fibrinogen levels during therapy. Tumor measure-
ments were assessed by computed tomography (CT)
at screening and repeated every 12 weeks. Additional
CT scans were obtained as warranted to confirm
response (no sooner than 4 weeks and no later than
6 weeks after the first observation of response), or
whenever the disease progression was suspected from
clinical evaluation and/or symptoms. ORR and dis-
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ease progression were assessed according to RECIST
version 1.1. This study did not investigate the safety
of standard treatment with nivolumab in both cohorts.

Statistical analysis

The Kaplan-Meier method was used to estimate
the OS and PFS. ORR and corresponding 95% con-
fidence intervals (CIs) were calculated using the
Clopper-Pearson method. A post-hoc analysis of the
effects of clinically relevant baseline features — sex,
ECOG PS, prior nephrectomy, prior targeted agent,
and individual IMDC risk factors — on OS was per-
formed with univariable and multivariable models
sequentially for each intent-to-treat treatment (ITT)
cohort. Each factor was first analyzed individually
in the univariable analysis. Baseline factors associ-
ated with OS at P<0.05 in the univariable model
were entered into a full Cox proportional hazards
multivariable regression model. Descriptive statis-
tics (mean, median, and proportion) were used to
summarize baseline patient characteristics and treat-
ment features. All statistical analyses were carried out
using IBM SPSS Statistics Base v22.0 (SPSS, Inc.,
Chicago, IL, USA).

Sample size was based on the conditional estima-
tion. Based on previously reported 3-year OS rate of
39% in the Checkmate 025 study [12], and assump-
tion that the corresponding rate will be 29% in the
cohort with a high level of fibrinogen and 59% in the
cohort with a normal fibrinogen level, we estimated
a sample size of eighty-four patients to be enrolled in
the study (e =0.05; =0.02).

RESULTS

Patient characteristics

The study design and patient flow are illustrated
in Fig. 1. Eighty-four patients with mRCC sched-
uled for the second-line therapy with nivolumab were
prospectively enrolled between November 2018 and
January 2021. The demographic and clinical char-
acteristics of these subjects were balanced between
the two cohorts (Table 1). The median age at the
time of initiation of therapy with nivolumab was 58
(range, 39-65) and 62 (44-65) years in cohorts H
and L, respectively. The cohorts were predominantly
composed of males (71%, 60 males vs. 24 females).
Seventy-nine (94%) patients had histologic subtype
of clear-cell RCC without sarcomatoid features; five
(6%) patients were not classifiable. The lungs were

the most common sites of metastases (74%) and two
patients had brain metastases treated with stereotac-
tic radiosurgery. Fifteen (18%) patients did not have
previous nephrectomy. All patients received tyro-
sine kinase inhibitors (TKIs) as first-line therapy (46
[55%] sunitinib, 25 [30%] pazopanib, and 13 [15%]
other TKIs). Patient prognosis at nivolumab therapy
start was classified using the IMDC risk model into
intermediate (n=69, 82%) and poor (n=15, 18%).
Mean fibrinogen levels were 6.4 g/ and 2.9 g/L in
cohorts H and L, respectively.

Overall survival

After a median follow-up of 35.7 months, the
median OS was 20.9 months (95% CI, 18.1 to 23.7)
in cohort H and 31.5 months (95% CI, 27.9 to 35.1)
in cohort N (Fig. 2). Death occurred in 29 of the 42
patients (69%) in cohort H and in 23 of the 42 patients
(55%) in cohort N. The hazard ratio (HR) for death
(from any cause) in cohort N versus cohort H was
0.39 (98.5% CI, 0.21 to 0.7; P=0.002). Higher OS
in cohort N was observed across subgroups, includ-
ing sex, ECOG PS, prior nephrectomy, prior targeted
agent, and individual IMDC risk factors. The hetero-
geneity of the treatment effect within each subgroup
was tested with the use of an interaction test in a
Cox proportional-hazards model. None of the inter-
action terms were significant at the 0.05 level. We also
explored the correlation between fibrinogen level and
OS. In cohort H, a below-median fibrinogen level
(<6.4 g/L) was associated with longer observed OS
(median, 23.7 vs. 19.4 months; P=0.03). Table 2
showed the results of multivariate analysis in ITT
population.

Progression-free survival and objective response
rate

The median PFS was 9.4 months (95% CI, 5.5 to
14.1) in cohort N and 4.0 months (95% CI, 2.9 to
5.1) in cohort H (HR, 0.65; 95% CI, 0.51 to 0.72;
P<0.001).

The ORR was higher in patients with a normal
level of fibrinogen (33% vs. 17%; P=0.012). Par-
tial responses were observed in 13 (31%) patients
in cohort N and in 7 (17%) patients in cohort H.
Complete response was observed in 1 (2%) patient in
cohort N; there were no complete responses in cohort
H. The median time to response and the median dura-
tion of response were 3.2 months (range, 3.0 to 18.6)
and 15.4 months (range, 4.5 to 42.0) in cohort N
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Screened patients

=99
(a=99) Excluded

Did not receive first-line therapy (N=2)
First-line therapy with checkpoint inhibitor (N=3)
Mismatch based on late recruitment matching technique (N=9)
Died (N=1)
Included patients
(N=84)

Follow-up

Allocated to nivolumab (N=84)

Discontinued due to disease progression (N=61)
Discontinued due to nivolumab toxicity (N=1)

Other including request to discontinue treatment (N=4)

Analysis
Analyzed for efficacy (N=84)
Fibrinogen analysis during treatment (N=75)

Fig. 1. Diagram of patient flow.

Table 1
Patient characteristics in 2 cohorts (H — high fibrinogen level as >5 g/L; N — normal fibrinogen
level <5 g/L) of patients with mRCC receiving second-line therapy with nivolumab

H cohort, N cohort,
N=42 N=42

Age (years), mean (range) 58.4 (39-65) 62.1 (44-65)
IMDC risk factors, N (%)

2 34 (81) 35(83)

3 8 (19) 7(17)
ECOG PS, N (%)

0-1 30 (71) 30 (71)

2 12 (29) 12 (29)
Site of metastases, N (%)

Lung 29 (69) 33(79)

Liver 8(19) 6 (14)

Bone 10 (23) 9(21)

Other (lymph nodes, adrenal, soft tissues, brain) 15 (36) 18 (43)
History of nephrectomy, N (%)

Yes 35 (83) 34 (81)

No 7(17) 8(19)
First-line TKIs, N (%)

Sunitinib 25(59.5) 21 (50)

Pazopanib 10 (23.8) 15 (36)

Others 7(16.7) 6 (14)
Duration of the first-line therapy, median, months 99 11.3
Fibrinogen (baseline), g/L, mean (range) 6.4 (5.1-8.4) 2.9 (1.8-3.7)

and 4.1 months (range, 3.1 to 19.5) and 11.8 months durable disease control, lasting through the end of

(range, 3.7 to 33.9) in cohort H, respectively Stable the study.
disease was observed in 17 (40.5%) and 28 (67%)
patients in cohorts N and H, respectively. Among sub-
jects with objective response and stable disease, 11
patients (35%) with a normal fibrinogen level and ‘We measured fibrinogen levels in 462 plasma sam-
6 (17%) patients with hyperfibrinogenemia had a ples in a single-blind central laboratory (INVITRO)

Fibrinogen levels during therapy
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Fig. 2. Kaplan—-Meier curve for overall survival (OS).

using a standardized commercial kit (normal range
of fibrinogen level, 2—4 g/L). Twelve (<3%) sam-
ples were excluded from analysis due to technical
issues. Figure 3 shows the change in a median
fibrinogen concentration during nivolumab therapy.
Despite a numerical increase in fibrinogen concen-
tration during nivolumab therapy, especially in cohort
N, no statistically significant changes were found (all
P>0.05).

DISCUSSION

In this study, we explored the association of
fibrinogen with efficacy of nivolumab in mRCC. Col-
lectively, our results indicate that plasma fibrinogen
levels correlated with survival, progression-free inter-
val, and response to treatment with nivolumab. The
coagulation assessment is a simple and inexpensive
test that can be carried out before treatment and can
help to individualize therapy based on the risk factor
assessment.
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Fig. 3. The change in median fibrinogen concentration during
nivolumab therapy.

Atthe screening stage, we found that almost half of
patients with clear-cell mRCC, who had previously
received targeted therapy, had elevated fibrinogen
levels, averaging 6 g/L. with a normal value of up
to 4 g/L. From a biological point of view, it is well
known that malignancy affects the hemostasis sys-
tem. Cancer patients have a number of blood clotting
disorders that increase the likelihood of both throm-
bosis and hemorrhage [13]. As it was shown earlier,
about 40% of mRCC patients have an abnormal
coagulation [14]. The precise mechanism inducing
elevation of fibrinogen level as well as an increased
number of platelets in association with mRCC is
uncertain. Potential factors include overproduction
of factor x activators and cytokines/growth factors
stimulating the tissue factor pathway and megakary-
ocytes in case of thrombocytosis [15, 16]. Tissue
factoris a glycoprotein in charge of initiating extrinsic
pathway of coagulation and contributes to a variety
of pathologic processes, such as thrombosis, metas-
tasis, tumor growth, and tumor angiogenesis [17].
Immunohistochemical studies showed that kidney
cancer cells express tissue factor on their cell surfaces
[18]. Moreover, tissue factor has also been detected
in endothelial cells in RCC [19]. In preclinical stud-
ies tissue factor was assessed as a potential target

Table 2
Results of multivariate analysis in ITT population (N =84)

Parameter Parameter Estimate = SE =~ Hazard Ratio 95% CI P
Fibrinogen level > median 0.85+£0.12 231 1.69t03.80  <0.0001
ECOGPS>2 0.42+0.19 1.39 1.19to 1.73 0.019
Time from diagnosis to treatment <1 year 0.46+0.11 1.47 1.24t0 1.79 0.012
Hemoglobin < LLN 0.62+£0.19 1.83 1.37t02.06  <0.0001
Calcium>ULN 0.48+£0.18 1.51 1.21to0 1.92 0.0097
Neutrophil count>ULN 0.76 £0.20 1.95 1.55t02.66  <0.0001

SE, standard error; ECOG PS, Eastern Cooperative Oncology Group Performance Status; LLN, lower limit of normal;

ULN, upper limit of normal; CI, Confidential interval.
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for CAR-NK cell immunotherapy of triple-negative
breast cancer [20]. At the same time, in vitro stud-
ies showed that interleukins (IL), such as IL-6 and
IL-1 could impact coagulation and plasma levels of
fibrinogen [21, 22]. More than a half of patients
with mRCC have increased levels of circulating IL-6,
which also correlates with increased C-reactive pro-
tein levels [23]. In a study by Walther et al. [24],
IL-6 was found in 19 of 21 (90%) renal cancer cell
lines obtained from 20 patients with mRCC and was
also detected in the serum in 33 of 59 (56%) patients
with mRCC. Elevation of the cytokines was corre-
lated with paraneoplastic manifestations including
coagulation disorders.

More importantly, fibrinogen, which is synthesized
by cancer cells, promotes the proliferation of fibrob-
last growth factor-2 (FGF2) [25]. In turn, activation of
the FGF-FGFR pathway stimulates the pathogenesis
of RCC and is a possible mechanism of resistance to
immunotherapy [26-29]. The studies of fibrinogen-
deficient mice suggest that fibrinogen plays an
important role in spontaneous metastasis, facilitat-
ing the stable adhesion and/or survival of metastatic
emboli after tumor cell intravasation [30]. Fibrin
degradation products have been reported to have
angiogenic, chemoattractant, and anti-inflammatory
activities and these proteolytic derivatives of fibrin
might also be of biologic relevance to tumor progres-
sion.

In our study, the two cohorts were well balanced for
known predictive factors, including the IMDC model.
Two cohorts differed only by the levels of fibrinogen,
which varied on average by 3 times. We excluded
patients with high platelet counts, as well as individ-
uals with cardiovascular diseases and those receiving
anticoagulants to avoid potential strong confounding
factors.

In the cohort of patients with high fibrinogen levels,
the median OS was lower than previously described
in the CheckMate 025 study (20.9 vs. 25.8 months)
[12]. Tt should be noted that in our study, patients
received nivolumab only as a second-line therapy,
therefore, this patient population should have per-
formed better than the population of patients enrolled
on CheckMate 025 trial. Conversely, in the cohort of
patients with normal fibrinogen levels, the median OS
exceeded 31 months. Of interest, subjects in cohort
H with fibrinogen values closer to normal had better
survival than subjects with more pronounced hyper-
fibrinogenemia. The secondary endpoints — PFS and
ORR - were also significantly better in cohort N. The
results of our study do not support that fibrinogen can

be used as a liquid biomarker to monitor and pre-
dict response to nivolumab therapy in patients with
mRCC. Fibrinogen levels did not change significantly
in patients with response or disease progression and
were largely stable over the assessment period of 6
months. Nivolumab did not cause hyperfibrinogene-
mia in any subjects.

The study has a number of limitations. The num-
ber of enrolled subjects was small, although powered
to detect the difference in OS between two cohorts
of subjects. Fibrinogen levels could vary over time
before treatment initiation, thus making subject allo-
cation to 2 cohorts erroneous. Third, we cannot rule
out that hyperfibrinogenemia was a side-effect of pre-
vious targeted therapies. Due to the fact that our trial
was not designed as a biomarker study and, given
the above limitations, it seems premature to state
that fibrinogen is a strong predictor of the effective-
ness of immunotherapy. Therefore, a larger study is
required, preferably in patients receiving first-line
immunotherapy. It would be important to evaluate
the integration of the hyperfibrinogenemia as a risk
factor in the IMDC model. Clinical trials assess-
ing additional methods that affect hypercoagulability,
such as addition of low molecular weight heparins
to checkpoint inhibitors in patients with abnormal
coagulation, should be considered.

In conclusion, our study demonstrated a worse
survival in patients with mRCC and high levels of
fibrinogen treated with second-line nivolumab. Upon
next clinical validation, fibrinogen could be used as
a simple biomarker of response to immunotherapy in
patients with mRCC.
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