Int J Clin Oncol (2013) 18:517-523
DOI 10.1007/s10147-012-0412-x

ORIGINAL ARTICLE

High preoperative plasma fibrinogen is an independent predictor
of distant metastasis and poor prognosis in renal cell carcinoma

Jun Du - Jian-Hua Zheng - Xu-Sheng Chen -
Qing Yang - Yan-Hui Zhang + Lei Zhou -
Xin Yao

Received: 10 February 2012/ Accepted: 10 April 2012 /Published online: 19 May 2012

© Japan Society of Clinical Oncology 2012

Abstract

Background We aimed to evaluate the association of
preoperative plasma fibrinogen levels with the clinico-
pathological parameters, disease-free survival, and overall
survival in patients with renal cell carcinoma.

Methods We retrospectively studied 286 patients with
renal cell carcinoma who underwent radical nephrectomy
from 2000 to 2003 at one center. The plasma fibrinogen
was routinely determined before operation in all patients.
The correlation of preoperative plasma fibrinogen levels
with clinicopathological findings was evaluated by #-test or
analysis of variance (ANOVA) methods. As well, univar-
iate and multivariate analyses were used to determine the
association between the preoperative level of plasma
fibrinogen and survival duration.

Results  An elevated level of plasma fibrinogen was posi-
tively related to the Fuhrman grade (P < 0.001), tumor size
(P <0.001), and T stage (P < 0.001), but it was negatively
related to histologic type (P = 0.266). Univariate analysis
showed that the Fuhrman grade, tumor size, T stage, hemo-
globin, corrected calcium, lactate dehydrogenase, and plasma
fibrinogen level were significantly correlated with disease-
free survival (P < 0.001, P < 0.001, P < 0.001, P < 0.001,
P =0.001, P <0.001, and P < 0.001, respectively) and
overall survival (P < 0.001, P =0.001, P <0.001,
P < 0.001, P = 0.002, P = 0.001, and P < 0.001). Multi-
variate analysis showed that the plasma fibrinogen level
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remained as an independent prognostic factor for disease-free
survival (P = 0.021) and overall survival (P < 0.001).
Conclusions A high preoperative plasma fibrinogen level
is an independent predictor of distant metastasis and sur-
vival prognosis after radical nephrectomy in patients with
renal cell carcinoma.
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RCC Renal cell carcinoma
DFS Disease-free survival
oS Overall survival

CRP  C-reactive protein
LDH Lactate dehydrogenase
Introduction

Renal cell carcinoma (RCC) is the most common cancer of the
kidney. Despite improvements in medical imaging for early
diagnosis, over 40 % of patients with kidney cancer remain
incurable. To identify the patients with a high risk of metas-
tasis would be helpful for active surveillance or adjuvant
therapy after primary surgery. Related clinical parameters
such as the tumor-node-metastasis (TNM) stage, pathologic
Fuhrman’s grade, and performance status have been well
established to predict the patient’s outcome. However, we
have been working on finding available biomarkers from body
fluid to make the prognostic prediction of RCC more accurate.

It has been well demonstrated that coagulation pathways
are often activated during the progression of cancers.
About 50 % of all patients, and up to 95 % of those with
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metastatic lesions have abnormality of hemostatic param-
eters [1]. A persuasive body of evidence shows that he-
mostatic factors can interact with cancer cells and be
involved in tumor growth, progression, and metastasis [2].
Most solid tumors in humans and experimental animals
contain considerable amounts of fibrinogen-related prod-
ucts, mostly cross-linked fibrin, suggesting that fibrinogen
plays an important role during the process of tumor stroma
formation [3, 4].

Fibrinogen is a glycoprotein synthesized by hepatocytes
and it is converted to fibrin by activated thrombin [5].
Fibrinogen is a key protein in the coagulation pathway, clot
formation, and wound healing, and it supports platelet
aggregation, which represents the final step of the coagu-
lation cascade [6, 7]. Fibrin matrices promote the migration
of a substantial number of distinct cell types, including
transformed cells, endothelial cells, macrophages, and
fibroblasts [4, 8, 9]. Fibrin matrices also promote neovas-
cularization, and they facilitate tumor stroma formation by
a mechanism which is analogous to wound repair [10].
Fibrin degradation products (FDPs) have also been shown
to display powerful chemotactic, immune-modulatory, and
angiogenic properties [11-13]. The role of fibrinogen in
carcinogenesis has been suggested previously in several
tumor types [14-16]. The incidence of lung metastasis in
fibrinogen-deficient mice intravenously transplanted with
Lewis lung carcinoma (LLC) [15] or B16 melanoma [17]
was significantly reduced when compared with that in
wild-type mice. Also, when LLC was subcutaneously
inoculated in these transgenic mice the number of metas-
tases in regional lymph nodes and the lungs was markedly
reduced compared with the number in wild-type mice [15].
These results raised the possibility that hyperfibrinogene-
mia might function to enhance metastasis formation, as
compared with a low fibrinogen level. Interestingly, there
was no marked difference in the growth of subcutaneously
transplanted tumors between the fibrinogen-deficient and
wild-type mice, indicating that fibrinogen plays a major
role in the development of metastases but not in the growth
of the primary tumor [15]. It has been suggested that the
formation of platelet—fibrin-oncocyte aggregates may be
causally related to endothelial adhesion and metastatic
potential [18-20]. Furthermore, fibrin/fibrinogen deposi-
tion induces fibrinolytic activity resulting in the degrada-
tion of the extracellular matrix, providing fertile ground for
tumor cell planting; as well, fibrin/fibrinogen deposition
has a direct mitogenic effect [14, 21, 22]. Taken together,
the substantial lines of indirect evidence point to an
important role for fibrinogen in tumor progression.

Recent studies in humans have shown that elevated
fibrinogen plasma levels are a useful prognostic parameter
for several human malignancies, such as gastric cancer,
[23] cervical cancer, [24], and ovarian cancer [25]. The
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purpose of this study was to evaluate the association of
preoperative plasma fibrinogen levels with clinicopatho-
logical parameters, disease-free survival (DFS), and overall
survival (OS) in patients after nephrectomy for RCC.

Patients and methods
Patients

In total, 286 consecutive patients with histopathologically
verified RCC who underwent radical nephrectomy at the
Department of Genitourinary Oncology, Tianjin Medical
University Cancer Institute and Hospital, from January
2000 to December 2003, were enrolled in the present study.
Patients with a history of other types of malignant tumor,
preoperatively existing distant metastasis, lymph node
involvement, or venous tumor thrombus, and patients with
inflammatory disorders were excluded. All patients were
treated with surgery alone. Clinical data were extracted
from patient files.

Of these 286 patients, 185 were male and 101 were
female. Ages ranged between 28 and 77 years, with an
average of 55.72 years. Disease-free survival (DFS) and
cancer-specific survival durations were calculated from the
date of surgery. The median DFS duration for the 59 patients
with postoperative distant metastasis was 36.6 months, and
the DFS for the 227 patients without distant metastasis was
96.5 months. The median follow-up period for the 56
patients who died of an RCC-related cause was 34.6 months,
and this period for the 230 survivors was 94.5 months. The
clinicopathological staging for each patient at the time of
surgery was determined by using the 1997 International
Union Against Cancer (UICC) TNM classification of
malignant tumors. All tissue sections were reevaluated by
one pathologist according to the 2004 WHO classification of
kidney cancer and the Fuhrman grading system. The distri-
bution of pathological subtypes postoperatively was as fol-
lows: 238 patients had clear cell RCC and 48 had non-clear
cell RCC (papillary, chromophobe, collecting duct, and
unclassified RCC).

After nephrectomy, follow up of all patients was carried
out every 3 months for 2 years, then every 6 months
thereafter or until death. The check-up items included
physical examination, ultrasound, chest X-ray, and com-
puted tomographic scan.

Fibrinogen measurement

Peripheral blood samples were collected 4872 h before
the operation, and plasma fibrinogen was measured by the
Clauss clotting method using DADE Thrombin Reagent™
and a Sysmex CA-7000 automated coagulometer (Sysmex,
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Kobe, Japan). Plasma fibrinogen levels between 200 and
400 mg/dl were considered to be normal.

Statistical analysis

Preoperative plasma fibrinogen values are expressed as
means (£SD). The correlation between preoperative
plasma fibrinogen and -clinicopathological factors was
evaluated by unpaired #-test, and one-way analysis of
variance (ANOVA) with the least significant difference
(LSD) multiple comparison, where appropriate.

The DFS rate and 5-year survival rate were calculated
by the Kaplan—-Meier method, and differences between
groups were tested with the log-rank test. Disease-free
survival (DFS) times and cancer-specific survival times of
patients were censored at the last follow-up date. Factors
examined in the univariate analysis were: sex (male vs.
female), age (<50 vs. 50-60 vs. >60 years), histological
type (clear cell vs. non-clear cell), tumor size (<4 vs. 47
vs. 8-10 vs. >10 cm), T stage (T1 vs. T2 vs. T3 vs. T4),
Fuhrman grade (I vs. II vs. III vs. IV), hemoglobin (>
lower limit of normal [LLN] vs. <LLN), corrected calcium
(<11 mg/dl vs. >11 mg/dl), lactate dehydrogenase (LDH,
<1.5 x upper limit of normal [ULN] vs. >1.5 x ULN),
and the preoperative plasma fibrinogen level (per 100 U).
LLN and ULN were the lower and upper limits, respec-
tively, of the laboratory’s normal range. Univariate analy-
ses were performed to identify variables associated with
S5-year DFS and 5-year OS. Variables in the univariate
analysis that had a P value of <0.05 were included in the
multivariate analysis, which was performed by the Cox
proportional hazard model using a forward LR stepwise
procedure for variable selection. All laboratory variables
and tumor size were treated as continuous variables in the
multivariate analysis. The hazard ratios (HRs) and the
corresponding 95 % confidence intervals (CIs) were
obtained, and statistical significance was set at P < 0.05.
Statistical analyses and graphics were performed with the
SPSS 13.0 statistical software package (SPSS, Chicago, IL,
USA).

Results
Correlation analysis

The mean (£SD) preoperative plasma fibrinogen level was
314.4 £ 85.9 mg/dl. The clinicopathological parameters
evaluated included sex, age, Fuhrman grade, histological
type, tumor size, T stage, and the preoperative plasma
fibrinogen level. Correlations between preoperative plasma
fibrinogen levels and clinicopathological parameters are
given in Table 1. Elevated plasma fibrinogen levels were

Table 1 Correlation between preoperative plasma fibrinogen levels
and clinicopathological parameters

Variable Number Mean preoperative plasma P value
of patients fibrinogen levels (mg/dl)

Sex 0.157
Female 101 304.7 £ 75.1
Male 185 319.7 £ 90.9

Age (years) 0.020
<50 85 297.2 £+ 845
50-60 99 3112 £ 765
>60 102 313.8 £ 928

Histological type 0.243
Clear cell 239 3122 + 849
Non-clear cell 47 328.1 £ 89.2

Fuhrman grade <0.001
I 17 261.6 £ 66.5
I 134 2852 £ 679
I 112 328.8 £ 82.8
v 23 4435+ 75.8

Tumor size (cm) <0.001
<4 32 2709 £+ 61.3
4-7 132 301.2 £ 75.2
7-10 84 339.0 £+ 89.5
>10 28 350.0 £ 111.2

T stage <0.001
T, 165 293.7 £ 69.5
T, 55 336.0 + 94.8
T 52 358.8 = 103.6
T, 4 389.6 £ 75.5

associated with age (P = 0.02), tumor size (P < 0.001),
Fuhrman grade (P < 0.001), and T stage (P < 0.001), but
not with histological type (P = 0.243). Patients who had
distant metastasis during follow up had higher preoperative
plasma fibrinogen levels.

Univariate analysis

The 5-year DFS rate was 77.1 % for all 286 patients. In the
univariate analysis, the significant prognostic factors were
tumor size (P < 0.001), Fuhrman grade (P < 0.001), T
stage (P < 0.001), hemoglobin (P < 0.001), corrected
calcium (P < 0.001), LDH (P < 0.001), and preoperative
plasma fibrinogen levels (P < 0.001), as shown in Table 2.
Kaplan—-Meier curves for DFS, stratified for different
plasma fibrinogen levels, are shown in Fig. 1.

The 5-year survival rate was 82.4 % for all 286 patients.
In the univariate analysis, the significant prognostic factors
were tumor size (P < 0.001), Fuhrman grade (P < 0.001),
T stage (P < 0.001), hemoglobin (P < 0.001), corrected
calcium (P = 0.002), LDH (P = 0.001), and preoperative
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Table 2 Relationship between clinicopathological factors and dis-
ease-free survival in renal cell carcinoma

Variable Number S-year disease-free P value
of patients survival rate (%)

Sex 0.147
Female 101 74.0
Male 185 82.9

Age (years) 0.365
<50 85 84.7
50-60 99 76.8
>60 102 76.5

Histological type 0.610
Clear cell 239 79.4
Non-clear cell 47 76.6

Fuhrman grade <0.001
I 17 90.3
I 134 88.2
111 112 68.8
v 23 56.5

Tumor size (cm) <0.001
<4 32 93.8
4-7 132 85.6
7-10 84 72.6
>10 28 62.1

T stage <0.001
T, 165 90.4
T, 55 67.3
T 52 65.4
T, 4 25.0

Hemoglobin <0.001
>LLN 201 90.8
<LLN 67 68.7

Calcium (mg/dl) 0.001
<11 194 84.2
>11 74 66.7

LDH <0.001
<1.5 x ULN 197 86.5
>1.5 x ULN 71 69.1

Fibrinogen (mg/dl) <0.001
<299 150 86.7
300-399 108 74.1
>400 28 57.1

LLN lower limit of laboratory’s normal range, ULN upper limit of
laboratory’s normal range, LDH lactate dehydrogenase

plasma fibrinogen levels (P < 0.001) (Table 3). Kaplan—
Meier curves for OS, stratified by different plasma fibrin-
ogen levels, are shown in Fig. 2. In addition, Kaplan—-Meier
curves for OS, stratified by different plasma fibrinogen
levels, in patients who developed distant metastasis, are
shown in Fig. 3.
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Fig. 1 Kaplan—Meier curves for disease-free survival according to
the preoperative plasma fibrinogen levels. Plasma fibrinogen levels
were significantly correlated with disease-free survival (P < 0.001)

Multivariate analysis

In the multivariate analysis by the Cox proportional hazard
model, preoperative plasma fibrinogen levels were an inde-
pendent prognostic factor for both DFS (HR = 1.423,
P = 0.021) and OS (HR = 1.997, P < 0.001). In addition,
the Fuhrman grade, T stage, hemoglobin, corrected calcium,
and LDH were independent prognostic factors for DFS. The T
stage, hemoglobin, corrected calcium, and LDH were inde-
pendent prognostic factors for OS (Table 4).

Discussion

Renal cell carcinoma (RCC) is an oncological disease with a
biologically heterogeneous phenotype. Wide survival esti-
mates exist for a given stage of disease even with putatively
clinically localized disease. Of the 50,000 patients diag-
nosed with RCC every year, approximately 70 % will
present with localized disease. Although nephrectomy is
potentially curative, metastases will nonetheless develop in
30 % of those with localized disease. Metastases reduce
overall 5-year survival from greater than 90 % to less than
10 % and decrease median overall survival (OS) to less than
1 year. Based on this dramatically decreased survival, in
addition to the classic TNM system, we sought prognostic
markers of DFS and OS, including serum markers such as
hemoglobin, corrected calcium, and LDH.

In the present study, our main findings were as follows:
(1) elevated preoperative plasma fibrinogen levels were
associated with the Fuhrman grade, tumor size, and T
stage. (2) Elevated preoperative plasma fibrinogen levels
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Table 3 Relationship between clinicopathological factors and over-
all survival in renal cell carcinoma

Variable Number 5-Year survival P value
of patients rate (%)

Sex 0.139
Female 101 88.3
Male 185 79.0

Age (years) 0.336
<50 85 90.6
50-60 99 85.9
>60 102 82.4

Histological type 0.215
Clear cell 239 87.0
Non-clear cell 47 80.9

Fuhrman grade <0.001
I 17 94.6
I 134 92.5
I 112 80.4
v 23 65.2

Tumor size (cm) <0.001
<4 32 96.9
4-7 132 88.6
7-10 84 85.7
>10 28 65.5

T stage <0.001
T, 165 934
T, 55 81.8
Ts 52 73.1
Ty 4 25.0

Hemoglobin <0.001
>LLN 219 90.9
<LLN 67 68.5

Calcium (mg/dl) 0.002
<11 227 90.6
>11 59 80.7

LDH 0.001
<1.5 x ULN 197 914
>1.5 x ULN 89 76.8

Fibrinogen (mg/dl) <0.001
<299 150 94.7
300-399 108 81.5
>400 28 57.1

LLN lower limit of laboratory’s normal range, ULN upper limit of
laboratory’s normal range

were a risk factor for postoperative distant metastasis after
nephrectomy for RCC. (3) Preoperative plasma fibrinogen
levels were an independent prognostic factor for the
patients with localized RCC.

Recent studies have shown that thrombin might also be
an important modulator of cancer metastasis in vivo [26].
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Fig. 2 Kaplan—-Meier curves for overall survival according to the
preoperative plasma fibrinogen levels. Plasma fibrinogen levels were
significantly correlated with overall survival (P < 0.001)
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Fig. 3 Kaplan—Meier curves, for overall survival, according to the
preoperative plasma fibrinogen levels, in patients who developed
distant metastasis postoperatively. Plasma fibrinogen levels were
significantly correlated with overall survival (P < 0.001)

In the present study, prothrombin time (PT) and activated
partial thromboplastin time (APTT) were examined in each
patient, but no significant associations with postoperative
distant metastasis, T stage, or plasma fibrinogen levels
were found (data not shown). Of note, Kerlin and co-
workers [27] recently demonstrated that elevated fibrino-
gen levels in hyperfibrinogenemia transgenic mice with

@ Springer



522

Int J Clin Oncol (2013) 18:517-523

Table 4 Multivariate analysis
in 286 patients with renal cell
carcinoma

HR hazard ratio, CI confidence
interval

Variable Disease-free survival Overall survival

HR (95 % CI) P value HR (95 % CI) P value
Fibrinogen (mg/dl) 1.423 (1.055-1.919) 0.021 1.997 (1.408-2.833) <0.001
Hemoglobin (g/1) 0.954 (0.935-0.973) <0.001 0.958 (0.937-0.980) <0.001
Calcium (mg/dl) 1.298 (1.047-1.610) 0.018 1.384 (1.076-1.780) 0.012
LDH (U/N) 1.004 (1.000-1.007) 0.037 1.005 (1.000-1.009) 0.042
T stage 1.652 (1.144-2.386) 0.007 1.800 (1.158-2.797) 0.009
Fuhrman grade 1.647 (1.106-2.454) 0.014 1.464 (0.915-2.343) 0.112
Tumor size 1.213 (0.825-1.783) 0.605 0.974 (0.596-1.591) 0.916

suppressed thrombin activity did not alter the incidence or
extent of thrombus formation. Their findings suggested that
hyperfibrinogenemia is more than a by-product of cardio-
vascular disease, but may—in a positive or negative man-
ner—determine the severity and/or progression of vascular
disease. It therefore seems that high fibrinogen levels are not
associated with systemic thrombin activation and subsequent
enhancement of fibrin formation. This is in accordance with
previous findings in patients with gastric cancer [23].

In our study, the plasma fibrinogen level was a clinically
relevant event related to Fuhrman grade, advanced T stage,
and postoperative distant metastasis, and our results
strongly suggest that fibrinogen is involved in the pro-
gression of RCC during the later phase of the disease. This
is in accordance with previously published data in patients
with other malignancies [23-25], reflecting the fact that the
plasma fibrinogen level seems to rise with tumor progres-
sion and metastasis.

Fibrinogen may enhance metastasis through several pos-
sible mechanisms. Firstly, the soluble form of fibrinogen
could serve as a bridging molecule between tumor cells and
host cells. Fibrinogen is a dimeric molecule with multiple
integrin and non-integrin binding motifs, and malignant cells
often express high levels of fibrinogen receptors, such as 51
and avf3 integrins or intercellular adhesion molecule 1
(ICAM-1). In addition, tumor cells and platelets can form
large aggregates through the binding of fibrinogen, because
platelet oIlbf3 integrin receptors have a high affinity for
fibrinogen. These aggregates effectively form microemboli in
target organs, which can protect tumor cells from the innate
immune system [28, 29]. A study by Palumbo and colleagues
[17] found that the number of tumor cells located in the lung
was markedly decreased in fibrinogen-deficient mice 4-24 h
after tumor inoculation, but at no earlier time points. This
suggests that fibrinogen is essential for the sustained adher-
ence of tumor cells to the endothelia of target organs [17].

Although there is sufficient evidence to suggest that ele-
vated fibrinogen levels might aid the development of meta-
static lesions, we cannot ignore the possibility that this
elevation is simply the result of the tumor mass spreading.
Fibrinogen, which is one of the major acute phase proteins
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produced by the liver, is greatly enhanced in response to
infection or other inflammatory disorders. Indeed, in our
study, the fibrinogen levels in all of the patients with preop-
erative acute inflammatory disorders were high. Inflammatory
proteins, such as interleukin (IL)-6 and C-reactive protein
(CRP), are reported to be higher in cancer patients than in non-
cancer patients. It has already been reported that the CRP level
did not show an independent association with lymphatic
metastasis, although the plasma fibrinogen level did [30],
suggesting that hyperfibrinogenemia, different from high
serum CRP, may not be a simple by-product of the inflam-
matory response caused by tumor progression but might have
some etiologic relevance to tumor metastasis. In addition,
elevated fibrinogen could also be the result of hypercoagula-
tion and/or a hypoxic status caused by tumor growth, through
the production of fibrinogen by the tumor cells themselves. In
the present retrospective study, however, we could not show a
precise causal relationship between hyperfibrinogenemia and
cancer metastasis.

Our results have shown that an elevated preoperative
plasma fibrinogen level is an independent risk factor for
DFS time and OS in patients with RCC in a multivariate
analysis. This is in accordance with findings in other
malignancies [23-25]. This finding supports the assump-
tion that elevated fibrinogen plasma levels are derived from
tumor cells and their microenvironment that exhibit tumor-
promoting effects, rather than being signs of a host-versus-
tumor response.

Conclusions

The present study suggests that the plasma fibrinogen level
is an independent predictor of advanced tumor stage,
postoperative distant metastasis, DFS time, and OS time
after nephrectomy for RCC. The value of monitoring
plasma fibrinogen levels for detecting recurrent disease
after nephrectomy needs to be elucidated in the future.
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