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Background: In recent years, plasma fibrinogen has been ascribed an important role in the pathophysiology of tumour cell
invasion and metastases. A relatively small-scale study has indicated that plasma fibrinogen levels may serve as a prognostic
factor for predicting clinical outcomes in non-metastatic renal cell carcinoma (RCC) patients.

Methods: Data from 994 consecutive non-metastatic RCC patients, operated between 2000 and 2010 at a single, tertiary academic
centre, were evaluated. Analyses of plasma fibrinogen levels were performed one day before the surgical interventions. Patients
were categorised using a cut-off value of 466mgdl� 1 according to a calculation by receiver-operating curve analysis.
Cancer-specific (CSS), metastasis-free (MFS), as well as overall survival (OS) were assessed using the Kaplan–Meier method.
To evaluate the independent prognostic impact of plasma fibrinogen level, a multivariable Cox regression model was performed
for all three different endpoints.

Results: High plasma fibrinogen levels were associated with various well-established prognostic factors, including age, advanced
tumour stage, tumour grade and histologic tumour necrosis (all Po0.05). Furthermore, in multivariable analysis, a high plasma
fibrinogen level was statistically significantly associated with a poor outcome for patients’ CSS (hazard ratio (HR): 2.47,
95% confidence interval (CI): 1.49–4.11, Po0.001), MFS (HR: 2.15, 95% CI: 1.44–3.22, Po0.001) and OS (HR: 2.48, 95% CI: 1.80–3.40,
Po0.001).

Conclusion: A high plasma fibrinogen level seems to represent a strong and independent negative prognostic factor regarding
CSS, MFS and OS in non-metastatic RCC patients. Thus, this easily determinable laboratory value should be considered as an
additional prognostic factor for RCC patients’ individual risk assessment.
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Worldwide, the incidence rates of renal cell carcinoma (RCC) have
slightly increased within the last three decades, and a stage
migration towards small and organ-confined tumours has been
observed (Pichler et al, 2012; Siegel et al, 2012). To identify risk
factors that are able to accurately predict the clinical outcome of
RCC patients is of paramount importance. Such risk factors allow
the assessment of the patient’s individual risk profile and thereby
facilitate the decision whether to perform adjuvant treatment or
not (Crispen et al, 2008; Meskawi et al, 2012). Growing evidence
suggest that an interactive relationship exists between haemostatic
factors and tumour biology (Palumbo, 2008). Of these haemostatic
factors, plasma fibrinogen has been reported to be synthesised and
overexpressed in human tumours (Sahni et al, 2008). Recently
published studies have shown that a high pre-therapeutic plasma
fibrinogen level independently predict adverse events and the
clinical outcome of patients with various cancer types (Polterauer
et al, 2009; Seebacher et al, 2010; Tang et al, 2010; Tanaka et al,
2012). In patients with metastatic RCC, high plasma fibrinogen
levels were found to be independently associated with the patients’
survival and response to interleukin-2 therapy (Casamassima et al,
2005; Tsimafeyeu et al, 2009). However, with regards to patients
with non-metastatic RCC, existing data on the prognostic role of
high plasma fibrinogen levels are based on relatively small cohort
studies (Xiao et al, 2011; Du et al, 2012). Only one study, which
included 286 patients with non-metastatic RCC, found pre-
operative plasma fibrinogen levels to be independently associated
with distant metastases and survival (Du et al, 2012). The
validation of a prognostic parameter using large independent
cohorts of patients is regarded as inevitable before it’s general
applicability (Altman and Royston, 2000; Bleeker et al, 2003).
The aim of the present study was to further clarify the prognostic
value of pre-operative plasma fibrinogen levels in patients with
non-metastatic RCC. For this purpose, we conducted a large
validation study using three different clinical endpoints, analysing
almost 1000 consecutive non-metastatic RCC patients.

MATERIALS AND METHODS

This retrospective analysis included data from 994 consecutive
non-metastatic RCC patients who underwent a curative (open)
partial or radical (open/laparoscopic) nephrectomy and a blood
collection before surgery for RCC at the Department of Urology at
the Medical University of Graz between January 2000 and
December 2010. Lymphadenectomy was done only in the presence
of enlarged nodes. All clinico-pathological data were retrieved from
medical records from the Department of Urology, as well as from
pathology records from the Institute of Pathology at the same
institution. As the TNM classification system for RCC changed
during the study period, pathologic T stages were uniformly
adjusted according to the seventh edition of this system
(Novara et al, 2010). Other documented clinico-pathological
parameters included histological subtype, tumour grade, the
presence or absence (not quantitatively assessed) of histologic
coagulative tumour necrosis (TN), patients’ age and gender.
Analyses of laboratory data, including plasma fibrinogen levels,
were routinely performed 1 day before surgery. Plasma fibrinogen
level was determined by the Clauss method by using reagents,
standards and control plasma from Dade Behring on a BCS
analyser (Dade Behring, Marburg, Germany). The inter-assay
coefficient of variation was o3% and o7.5% for the plasma
control in the normal and pathological range, respectively.

Pre-operative exploration to exclude metastatic disease included
a computed tomography of the chest, abdomen and pelvis.
Pre-operative bone scan or brain magnetic resonance imaging
was only performed in the presence of clinical symptoms. Patients

with metastatic disease at the date of diagnosis were excluded from
this study. Follow-up examination after nephrectomy included
routine clinical and laboratory examination every 3 months within
the first 3 years, every 6 months within the fourth and fifth post-
operative years, and every 12 months between the sixth and ninth
post-operative years. Imaging methods included X-rays of the chest
and abdominal ultrasound in patients with a low relapse risk
(pT-1 and G1–2) every 6 months, whereas computed tomography
or magnetic resonance imaging of the abdomen and chest was
performed every 6 months within the first 3 years in all other
patients, and every 12 months between the fourth and fifth years
thereafter (Pichler et al, 2011). No neoadjuvant or adjuvant
treatment was administered. Dates of death were obtained from the
central registry of the Austrian Bureau of Statistics. Survival data
were mainly retrieved from the electronic patient records of our
institution (i.e., the Medical University of Graz) or by electronic
records of any other accessible hospital in the district of Styria.
Missing data were retrieved using letters and telephone interviews
with patients and/or family doctors involved. Death was assessed as
either cancer related or unrelated. All deaths of patients who
had confirmed metastatic RCC at any time were considered to be
cancer-related. Cancer-specific survival (CSS) was defined as the
time (in months) from the date of surgery to a cancer-related
death. Metastasis-free survival (MFS) was defined as the time
(in months) from the date of surgery to the recurrence of
radiologically or histologically confirmed distant metastases.
Overall survival (OS) was defined as the time (in months) from
the date of surgery to individuals’ death of any cause. The study
was approved by the local ethical committee of the Medical
University of Graz (No. 24-330 ex 11/12).

Statistical analyses. The primary study endpoint was CSS, which
was calculated from the date of diagnosis to the date of cancer-
related death. Secondary endpoints included OS (the time between
diagnosis and death of any cause) and MFS (the time between
diagnosis and occurrence of distant metastases). The optimal
cut-off value for the continuous variable plasma fibrinogen level
was calculated by applying a receiver-operating curve analysis to
test all possible cut-offs that would discriminate between patients’
survival and cancer-related death. The relationship between plasma
fibrinogen level and other clinico-pathological parameters was
studied by non-parametric tests (w2-test and Mann–Whitney’s
U-test). Patients’ clinical endpoints were calculated using the
Kaplan–Meier method and were compared by the log rank test.
Backward stepwise multivariable Cox proportion analysis was
performed to determine the influence of pathologic T stage,
tumour grade, age, gender, as well as histologic TN on CSS, MFS
and OS. Hazard ratios estimated from the Cox analysis were
reported as relative risks with corresponding 95% confidence
intervals. All statistical analyses were performed using the
Statistical Package for Social Sciences version 17.0 (SPSS Inc.,
Chicago, IL, USA). A two-sided Po0.05 was considered
statistically significant.

RESULTS

Patient’s characteristics of the study cohort are shown in Table 1.
Applying the criteria mentioned above, a plasma fibrinogen level
cut-off value of 466mg dl� 1 was optimal for discrimination
between CSS. We used this cut-off value throughout all further
analyses. There were 694 (69.8%) patients with plasma fibrinogen
levels below and 300 (30.2%) patients with plasma fibrinogen levels
above the cut-off value. High plasma fibrinogen levels were
associated with older age (P¼ 0.007), high tumour grade, advanced
tumour stage and the presence of histologic TN (all Po0.001), but
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not with the patients’ gender (P¼ 0.096) or the histological RCC
subtype (P¼ 0.08).

Mean follow-up was 48.1 (range 0–132) months. Of the 994
RCC patients, 117 (11.8%) developed metastatic disease; of these,
79 (7.9%) died due to their advanced disease state. Overall, 180
(18.1%) patients died from any cause. Overall, two patients
(0.2%) died within the post-operative 30-day course. Both
patients belonged to the high plasma fibrinogen level group.
One patient died of myocardial infarction and the other one
because of post-operative sepsis. Among the 994 RCC patients,
metastatic disease was diagnosed in 49 out of 694 (7.1%) patients
with low plasma fibrinogen levels and in 68 out of 300 (22.7%)
patients with high plasma fibrinogen levels (Po0.001). Regar-
ding patients’ survival, cancer-related and overall deaths
occurred in 30 (4.3%) and 91 (13.1%) patients with low plasma
fibrinogen level, and in 49 (16.3%) and 89 (29.7%) patients with
high plasma fibrinogen level (each, Po0.001). Figures 1, 2 and 3
show the Kaplan–Meier curves for CSS, MFS and OS, and reveal
that a high plasma fibrinogen level is a consistent factor for poor
prognosis in RCC patients (Po0.001 for all three tested
endpoints, log-rank test).

Univariable analysis identified age, advanced tumour stage,
high tumour grade, presence of histologic TN and high plasma

fibrinogen levels as poor prognostic parameters for CSS, whereas
gender was not statistically significantly associated with CSS
(Table 2). To determine the prognostic value of pre-operative
plasma fibrinogen levels for CSS, MFS and OS, independent
of other prognostic parameters (older age, high tumour grade,
advanced tumour stage and the presence of histologic TN),
multivariable analyses using a Cox proportional hazard model were
performed. The results of the multivariable analyses revealed high

Table 1. Clinico-pathological parameters of renal cell carcinoma patients
in the study cohort (n¼994)

Parameter Number of patients (%)

Gender

Male 599 (60.3)
Female 395 (39.7)

Age at operation (years)

Mean±s.d. 63.2±11.9

Pre-operative fibrinogen levels (mgdl�1)

Mean±s.d. 423.8±152.9

Pathologic T stage

pT1a 493 (49.6)
pT1b 172 (17.3)
pT2a 43 (4.3)
pT2b 15 (1.5)
pT3a 245 (24.6)
pT3b 20 (2)
pT3c 4 (0.4)
pT4 2 (0.2)

Tumour grade

G1 236 (23.7)
G2 603 (60.7)
G3 146 (14.7)
G4 9 (0.9)

Histologic tumour necrosis

No necrosis 717 (72.1)
Presence of tumour necrosis 277 (27.9)

Histologic subtype

Clear cell 804 (80.9)
Papillary 126 (12.7)
Chromophobe 46 (4.6)
Collecting duct 3 (0.3)
Others 15 (1.5)

Cancer-specific survival

Low fibrinogen level

High fibrinogen level

P < 0.001
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Figure 1. Kaplan–Meier curves for cancer-specific survival groups
categorised by the pre-operative plasma fibrinogen levels.
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Figure 2. Kaplan–Meier curves for metastasis-free survival groups
categorised by the pre-operative plasma fibrinogen levels.
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plasma fibrinogen levels to be associated with CSS, MFS and OS,
independently of other prognostic parameters included in the
analyses (Table 3).

DISCUSSION

Despite recent progress in the identification of genetic and
molecular alterations in RCC, including gene mutations, chromo-
somal aberrations and differential microRNA expression (Al-Ali
et al, 2012; Gerlinger et al, 2012), the routine prognostic risk
assessment of RCC patients currently relies on traditional clinico-
pathological prognostic variables (Ficarra et al, 2010). Routinely
measured blood-based parameters, such as the plasma fibrinogen
level, are established, and reproducibly detectable parameters
without additional laborious efforts, making them attractive
parameters for improved diagnostic or prognostic purposes in
RCC (Zahorec, 2001).

To the best of our knowledge to date, only one study addresses
the prognostic significance of plasma fibrinogen level in localised
RCC using a multivariable Cox proportional analysis. In this study,
Du et al (2012) analysed a cohort of 286 RCC patients and showed
that a high plasma fibrinogen level was statistically significantly
associated with Fuhrman grade, tumour size and pathologic
T stage. In a multivariable analysis, they also demonstrated that
the high plasma fibrinogen level remained an independent
prognostic factor for disease-free survival and OS in their relatively
small cohort (Du et al, 2012). In our large validation study
that included 994 patients with non-metastatic RCC, we were able
to demonstrate that a high plasma fibrinogen level was an
independent negative predictor for all tested clinical endpoints,
including CSS, MFS and OS. To the best of our knowledge, our
study currently represents the most comprehensive one testing the
independent prognostic significance of plasma fibrinogen level in
non-metastatic RCC patients. Our findings corroborate the results
of Du et al (2012), who also found an independent prognostic

Overall survival
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Figure 3. Kaplan–Meier curves for overall survival categorised by the
pre-operative plasma fibrinogen levels.

Table 2. Univariate analyses of various clinico-pathological parameters

CSS MFS OS

Parameter HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age (years)

o65 1 (Reference) 0.001 1 (Reference) 0.102 1 (Reference) o0.001
X65 2.26 (1.41–3.64) 1.35 (0.94–1.95) 2.24 (1.64–3.07)

Gender

Female 1 (Reference) 0.694 1 (Reference) 0.766 1 (Reference) 0.694
Male 1.09 (0.70–1.70) 1.06 (0.73–1.52) 0.85 (0.63–1.16)

Pathologic T-stage

pT1–2 1 (Reference) o0.001 1 (Reference) o0.001 1 (Reference) o0.001
pT3–4 5.95 (3.70–9.57) 5.83 (3.97–8.57) 2.12 (1.58–2.85)

Grade

G1þG2 1 (Reference) o0.001 1 (Reference) o0.001 1 (Reference) o0.001
G3þG4 6.73 (4.30–10.53) 5.59 (3.86–8.08) 2.63 (1.88–3.68)

Necrosis

No 1 (Reference) o0.001 1 (Reference) o0.001 1 (Reference) 0.011
Yes 3.74 (2.40–5.84) 3.15 (2.19–4.53) 1.49 (1.09–2.04)

Fibrinogen

o466mgdl� 1 1 (Reference) o0.001 1 (Reference) o0.001 1 (Reference) o0.001
X466mgdl� 1 5.17 (3.26–8.72) 4.1 (2.83–5.94) 3.14 (2.34–4.22)

Abbreviations: CI¼ confidence interval; CSS¼ cancer-specific survival; HR¼hazard ratio; MFS¼metastasis-free survival; OS¼overall survival. Univariate analyses of various clinico-pathological
parameters including the pre-operative plasma fibrinogen level for the prediction of cancer-specific-, metastasis-free-, and overall survival in renal cell carcinoma patients (n¼ 994).

BRITISH JOURNAL OF CANCER Validation of plasma fibrinogen in non-metastatic RCC

1126 www.bjcancer.com |DOI:10.1038/bjc.2013.443

http://www.bjcancer.com


value for the fibrinogen level in 286 RCC patients with regard to
disease-free survival and OS.

A definitive explanation for this observation remains spec-
ulative. However, several previous experimental and clinical studies
support the observation of our validation study. On the basis of the
results derived from previous findings, fibrinogen may enhance
human tumour progression and development of metastases
through several possible mechanisms. First, the soluble form of
fibrinogen could serve as a bridging molecule between tumour cells
and the surrounding microenvironment. For instance, Zheng et al
(2009) demonstrated that tumour cells prefer to adhere to
fibrinogen and that fibrinogen enhances the adhesion of tumour
cells to platelets. This mechanism is mediated by b3-integrins,
which are expressed on human cancer cells and facilitate the
protection of tumour cells from natural killer cell cytotoxicity
(Zheng et al, 2009). The important influence of the interaction
between cancer cell-expressed integrins and fibrinogen has also
been demonstrated in an inflammation-driven animal cancer
model of colorectal cancer (Steinbrecher et al, 2010). This study
also suggests that therapies targeting fibrinogen-a(M)b(2) integrin
interaction may be useful in preventing and/or treating this
important subset of malignancies (Steinbrecher et al, 2010).
In another study by Roche et al (2003), the authors showed that
cancer cells from bladder cancer express intercellular calcium-
dependent adhesion molecule 1, which facilitates the binding of
extracellular localised fibrinogen. These interaction properties
enable a fibrinogen-dependent migration and invasion of cancer
cells. Second, fibrinogen might also directly influence biological
behaviour of cancer cells. In this context, Sahni et al (2008)
demonstrated that fibrinogen is synthesised by epithelial cancer
cells and that this endogenously synthesised fibrinogen promotes
the growth of lung and prostate cancer cells through interaction

with fibroblast growth factor 2. However, in our retrospective study
we were not able to show a precise causal relationship between
hyperfibrinogenaemia and clinical outcome of RCC patients.
Besides these functions, fibrinogen is also part of the coagulation
cascade, and high pre-operative plasma fibrinogen levels might also
impair patients’ survival by triggering thromboembolism events.
Overall, the post-operative incidence of fatal thromboembolic
events seemed to be low in our study cohort, as only two patients
died in the postoperative 30-day period, due to non-thromboem-
bolic complications. Although we did not systematically prospec-
tively explore the incidence of thromboembolic events in our study
cohort, a prospectively collected data set of 2208 RCC patients
reported by Pettus et al (2006) also reported a low frequency (1%)
of pulmonary embolism after nephrectomy. Several prospective
studies reported about a higher rate of thromboembolic events and
a higher risk of mortality associated with elevated plasma D-dimer
levels in cancer patients (Ay et al, 2009, 2012; Stender et al, 2012;
Yang et al, 2012). However, whether high plasma fibrinogen levels
are invariably associated with a higher risk of thromboembolism in
cancer patients, remains controversial. For instance, Tiedje et al
(2011) showed in the prospective Vienna Cancer and Thrombosis
Study that plasma fibrinogen level was not associated with a higher
rate of venous thromboembolic events in their study cohort.
Interestingly, there was also no association between high plasma
fibrinogen levels and venous thromboembolic events in a large
non-cancer-related study population of more than 20 000 patients
(Tsai et al, 2002). In contrast, Song et al (2006) reported a higher
postoperative risk for pulmonary embolism in patients with high
plasma fibrinogen levels.

As with all retrospective studies, the limitations of our study are
inherent to the design, including the retrospective data collection.
Moreover, the patients from this study underwent surgical

Table 3. Multivariate analyses of various clinico-pathological parameters

CSS MFS OS

Parameter HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value

Age (yrs.)

o65 1 (reference) 0.002 1 (reference) 0.290 1 (reference) o0.001
X65 2.09 (1.29–3.37) 1.22 (0.84–1.76) 2.15 (1.57–2.95)

Gender

Female n.i. n.i. n.i. n.i. n.i. n.i.
Male

pT-stage

pT1-2 1 (reference) o0.001 1 (reference) o0.001 1 (reference) 0.004
pT3-4 3.43 (2.07–5.67) 3.61 (2.40–5.43) 1.58 (1.15–2.16)

grade

G1þG2 1 (reference) o0.001 1 (reference) o0.001 1 (reference) 0.011
G3þG4 2.65 (1.60–4.39) 2.43 (1.61–3.67) 1.63 (1.12–2.37)

necrosis

no 1 (reference) 0.006 1 (reference) 0.007 1 (reference) 0.883
yes 1.96 (1.22–3.17) 1.70 (1.15–2.51) 1.02 (0.73–1.42)

fibrinogen

o466mgdl� 1 1 (reference) o0.001 1 (reference) o0.001 1 (reference) o0.001
X466mgdl� 1 2.47 (1.49–4.11) 2.15 (1.44–3.22) 2.48 (1.80–3.40)

Abbreviations: CI¼ confidence interval; CSS¼ cancer-specific survival; HR¼ hazard ratio; MFS¼metastases-free survival; OS¼overall survival. Multivariate analyses of various clinico-
pathological parameters including the pre-operative plasma fibrinogen level for the prediction of cancer-specific-, metastasis-free-, and overall survival in renal cell carcinoma patients (n¼ 994).

Validation of plasma fibrinogen in non-metastatic RCC BRITISH JOURNAL OF CANCER

www.bjcancer.com |DOI:10.1038/bjc.2013.443 1127

http://www.bjcancer.com


treatment by multiple surgeons. In an attempt to control for the
homogeneity of the study population, we excluded patients
with hereditary RCC, patients with metachronous secondary
RCC and those with competitive invasive cancers originating from
other sites if metastatic spread was not assessed through histology.
The incidence of thromboembolic events, which might influence
clinical outcome as a potential confounder, was not prospectively
recorded. However, a simple retrospective analysis of the
occurrence of symptomatic thromboembolic events will probably
not be sufficient to answer the question whether higher fibrinogen
levels are associated with higher thromboembolism-related mor-
tality. As we have previously shown, also asymptomatic thrombosis
might influence survival rates in cancer patients (Gary et al, 2012).
Therefore, a future prospective study will have to systematically
include all patients for duplex sonography/computed tomography
of the chest screening to detect symptomatic as well as
asymptomatic thromboembolic disease, and include this data into
a multivariate analysis. Nonetheless, even considering these
limitations, our data clearly indicate that a high plasma fibrinogen
level is an independent prognostic factor for CSS, MFS and OS in
non-metastatic RCC patients. This parameter should be considered
in future prognostic studies and might enable a better ability
to predict RCC patients’ clinical outcome when integrated into
established prognostic models.

In conclusion, a high plasma fibrinogen level represents an
independent predictor with respect to CSS, MFS and OS in patients
with non-metastatic RCC. This parameter should be considered in
future risk assessment tools and adjuvant trials as a selection
criterion for risk factor-stratified patient management in non-
metastatic RCC.
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