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Abstract

Purpose  Fibrinogen plays an important role in the patho-
physiology of tumour cell invasion and metastases. In
recent studies, an elevated plasma fibrinogen level has been
associated with poor prognosis in different types of cancer.
The present study was performed to analyse the prognos-
tic impact of an elevated fibrinogen level in prostate cancer
patients.

Methods We evaluated data from 268 prostate can-
cer patients who underwent 3D conformal radiotherapy
between 1999 and 2006 at a single tertiary academic center.
Cancer-specific survival (CSS), overall survival (OS), and
clinical disease-free survival (DFS) were assessed using the
Kaplan—Meier method. Univariable and multivariable Cox
regression models were performed for each endpoint.
Results Applying receiver operating characteristics
(ROC) curve analysis, the optimal cut-off level for the
plasma fibrinogen level was 530 mg d1~!, respectively. Uni-
variable (HR 3.638, 95 % CI 1.15-11.47, p = 0.027) and
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multivariable analyses (HR 3.964, 95 % CI 1.06-14.87,
p = 0.041) revealed a significant correlation between
increased plasma fibrinogen and CSS. Univariable analy-
sis also showed a significant association between the ele-
vated plasma fibrinogen level and decreased OS (HR 3.242,
95 % CI 1.53-6.89, p = 0.002), that remained significant
in multivariable analysis (HR 3.215, 95 % CI 1.44-7.19,
p = 0.004). No significant associations were found for clin-
ical DFS.

Conclusion Although our data show a significant associa-
tion between an elevated plasma fibrinogen level and poor
prostate cancer prognosis, they have to be interpreted cau-
tiously. Limitations of the present study are caused by its
retrospective design, the limited accuracy obtained using
ROC curve analysis, and potential confounding factors like
cardiovascular disease and inflammatory diseases that have
not been accounted for.
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Introduction

Prostate cancer is the second most common cancer in men
worldwide [1]. The routine diagnostic and prognostic
assessment currently relies on clinicopathological prog-
nostic variables such as Gleason score, clinical tumour
stage, and prostate-specific antigen (PSA) level at the time
of diagnosis that are used for the patients’ assignment into
the low-, intermediate-, or high-risk group. The accuracy of
traditional prognostic models might be further improved by
the incorporation of prognostic biomarkers.

There is rising evidence that supports an interactive rela-
tionship between haemostatic factors and tumour biology
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[2]. Procoagulant factors are overexpressed in several
tumours and have been found to influence tumour growth
and progression, angiogenesis, and metastatic spread of
malignant cells [3-8].

Fibrinogen, a 340-kDa glycoprotein, is one of the most
important coagulation factors and has previously been eval-
uated in several types of cancer. It has been shown to be a
critical determinant of the metastatic potential of circulat-
ing tumour cells in lung carcinoma and melanoma [9]. Fur-
thermore, elevated pre-treatment plasma fibrinogen levels
have been associated with poor clinical outcome in various
malignancies [10-18].

However, data regarding the prognostic significance of
the plasma fibrinogen levels in prostate cancer are sparse.
The aim of the present study was to investigate the prog-
nostic value of fibrinogen levels on CSS, OS, and clinical
DFS in a cohort in European prostate cancer patients.

Materials and methods
Subjects

An institutional database of more than 700 patients with
histologically confirmed prostate cancer who attended
the Department of Therapeutic Radiology and Oncology,
Medical University of Graz, during the years 1999 through
2006 was analysed. Eligible for inclusion in the present
analysis were male patients with histologically confirmed
prostate cancers who had fibrinogen levels recorded for any
reason and underwent radiation therapy for prostate cancer.

Applying the criteria mentioned above, a total of 268
patients were included in the present analysis. Data on
clinical characteristics including prostate-specific anti-
gen (PSA) at the time of diagnosis, tumour node metas-
tasis (TNM) stage, histological grade, age at diagnosis,
and causes of death were retrieved from electronic patient
records of our institution.

Eligible patients were treated with three-dimensional
conformal radiation therapy using high-energy photons
(18 MV). The median total dose was 70 Gy (range 66—
74 Gy) delivered in 1.8-2.0 Gy per fraction. A total of 165
patients (61.6 %) received neoadjuvant androgen depriva-
tion, and 56 patients (20.9 %) received adjuvant hormo-
nal therapy, respectively. Prostate cancer patients were
stratified into low-, intermediate-, and high-risk groups
on the basis of pre-treatment PSA level, Gleason score
(GS), and T-stage. The patients were classified as high
risk if they met any of the following criteria: T3—4, or GS
8-10, or PSA > 20 ng ml~!. The intermediate-risk group
included stages T2b—2c, GS 7, or PSA 10-20 ng ml™!;
the low-risk group contained stages T1-T2a, GS < 6, and
PSA <10 ng ml~L.
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Fig. 1 ROC analysis of optimal fibrinogen cut-off level

Fibrinogen levels were usually measured as part of rou-
tine clinical evaluation prior to the start of radiotherapy. In
case of neoadjuvant androgen derivation therapy, fibrino-
gen levels obtained prior to the start of androgen depriva-
tion have been used for analysis. Plasma fibrinogen levels
were determined at a certified center by the Clauss method
by using reagents, standards, and control plasma from
Dade Behring on a BCS analyzer (Dade Behring, Marburg,
Germany). The inter-assay coefficient of variation was <3
and <7.5 % for the plasma control in the normal and patho-
logical range, respectively.

Follow-up examinations included PSA measurements
and digital rectal examinations (3 months interval in years
1-3, 6 months interval in years 4-5, and 12 months interval
in years 6-15 after diagnosis). Patients with PSA relapse,
defined as a rise by >2 ng ml~! above the nadir PSA, were
regularly checked through diagnostic tests, comprising
isotope bone scan, chest X-ray, and abdominal and pel-
vic computed tomography as well as magnetic resonance
imaging studies to detect local recurrences and/or distant
metastases.

Statistical analysis

The primary study endpoint was CSS, defined as the time
from prostate cancer diagnosis to prostate cancer-related
death. The secondary endpoints included OS, calculated
from date of diagnosis to death of any cause, and clinical
DFS, which was defined as the time from prostate cancer
diagnosis to the occurrence of local recurrence and/or dis-
tant metastases. The cut-off value for the continuous vari-
able plasma fibrinogen level was determined by applying
a receiver operating characteristics (ROC) curve analysis
to test all possible cut-offs that would separate between
patients’ survival and cancer-related death (Fig. 1).
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Nonparametric tests (Chi-square tests) were used to
analyse the relationship between plasma fibrinogen levels
and other clinicpathological features. Clinical endpoints
were analysed using the Kaplan—-Meier method and were
compared by the log-rank test. Multivariable Cox propor-
tion analysis was performed to determine the influence of
potential confounders such as age, additional hormonal
therapy, risk group based on T-stage, PSA level at diag-
nosis, and Gleason score on CSS, OS and clinical DFS.
Hazard ratios (HRs) estimated from the Cox analysis were
reported as relative risks with corresponding 95 % confi-
dence intervals (CIs). Statistical analyses were performed
using the IBM SPSS Statistic software package version
20.0 (SPSS Inc., Chicago, IL, USA). A two-sided p < 0.05
was considered to be significant.

Results

Details on patient characteristics are shown in Table 1.
Applying the criteria mentioned above, a plasma fibrinogen
cut-off value of 530 mg dl~! was optimal for the discrimi-
nation between patients’ CSS and for all further analyses
this cut-off value was used to differentiate between low
(<530) and high (>530) fibrinogen levels. A high fibrino-
gen level did not significantly correlate with age at diagno-
sis, tumour stage, Gleason score, PSA level at first diagno-
sis, and risk group (all p > 0.05, data not shown).

Mean follow-up time was 88 months (95 % CI 83.3—
92.7 months). Of the 268 prostate cancer patients, 42
(15.7 %) developed clinical recurrences. Death from pros-
tate cancer occurred in 15 patients (5.6 %) who had devel-
oped extensive metastases. In all of them, tumour burden
was judged as the immediate cause of death. Overall, 37
patients (13.8 %) died from any cause.

In Kaplan—Meier analysis, high plasma fibrinogen lev-
els were significantly associated with poor CSS (p = 0.018;
Fig. 2) and OS (p = 0.001; Fig. 3), but not with clinical
DFS (p = 0.139).

In univariable analysis, a high plasma fibrinogen level
was a poor prognostic marker for CSS (HR 3.638, 95 %
CI 1.15-11.47, p = 0.027; Table 2) and in a subsequent
multivariable analysis including age, risk group, and anti-
hormonal treatment as potential confounders, a high fibrin-
ogen level remained a significant prognostic factor (HR
3.964, 95 % CI 1.06-14.87, p = 0.041; Table 2). Moreover,
we observed a significant correlation between increased
plasma fibrinogen and OS in univariable (HR 3.242,
95 % CI 1.53-6.89, p = 0.002; Table 3) and in multivari-
able analysis (HR 3.215, 95 % CI 1.44-7.19, p = 0.004;
Table 3). No significant associations were found for the
secondary endpoint clinical DFS in univariable (HR 1.910,

Table 1 Patient characteristics

Patient characteristics

n 268
Age at diagnosis, years (mean £ SD) 66.9 £ 7.5

PSA at first diagnosis (ng ml~")

0-10 129 (48.1 %)
10-20 71 (26.5 %)
>20 56 (20.9 %)
Missing data 12 (4.6 %)
Tumour stage

T1/2 139 (51.9 %)
T3/4 116 (43.3 %)
Missing data 13 (4.9 %)

Gleason score

Gleason <7 166 (61.9 %)

Gleason >7 102 (38.1 %)
Risk group

Low risk 52 (19.4 %)

Intermediate risk 62 (23.1 %)

High risk 154 (57.5 %)
Neoadjuvant androgen deprivation

Yes 165 (61.6 %)

No 103 (38.4 %)
Adjuvant androgen deprivation

Yes 56 (20.9 %)

No 212 (79.1 %)
Fibrinogen plasma level (mg d1~")

<530 236 (88 %)

>530 32 (12 %)

n number of patients, SD standard deviation

95 % CI 0.780-4.57, p = 0.147) as well as in multivariable
analysis (HR 2.418, 95 % CI 0.92-6.38, p = 0.074).

Discussion

The data from the present study show a significant associa-
tion between an elevated plasma fibrinogen level and poor
CSS and OS in prostate cancer patients that was independ-
ent of patient age, adjuvant and neoadjuvant androgen dep-
rivation, and risk group that is based on tumour stage, grad-
ing, and PSA level at diagnosis.

In cancer patients, elevated fibrinogen levels may be
caused by tumour-associated cytokines or by an increased
synthesis of fibrinogen by tumour cells themselves. The
endogenously produced fibrinogen has been found to pro-
mote the growth of lung and prostate cancer cells through
interaction with fibroblast growth factor 2 [5].
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Fibrinogen has also been shown to act as a bridging
molecule between tumour cells and the surrounding micro-
environment. Zheng et al. demonstrated that fibrinogen
enhances the adhesion of platelets to tumour cells mediated
by B3-integrins that are expressed on human cancer cells. In
turn, platelets promote the aggregation of fibrinogen around
tumour cells leading to the formation of dense fibrin layers
that facilitate the protection of tumour cells from natural
killer cell elimination [19]. The importance of the interaction
between cancer cell-expressed integrins and fibrinogen has
also been demonstrated in an inflammation-driven animal
cancer model of colorectal cancer by Steinbrecher et al. [20].

Two previous studies have previously addressed the role
of hyperfibrinogenemia in prostate cancer. Ziaran et al. [21]
demonstrated a significant increase of fibrinogen levels in
prostate cancer patients after 12 months of androgen dep-
rivation therapy. In contrast, Seal and colleagues showed
a significant decrease of fibrinogen levels after treatment
with estrogens in patients stage III and IV prostate cancer.
Additionally, the authors reported a significant correlation
of elevated pre-treatment fibrinogen levels with overall
mortality and a trend for an association between elevated
fibrinogen levels and prostate cancer mortality [22].

McDonald and colleagues have analysed the association
between fibrinogen and serum PSA levels in men without

@ Springer

clinical prostate disease. The authors reported a positive
relationship between fibrinogen and elevated serum PSA
level suggesting that an elevated fibrinogen level may
contribute to the characterisation of a subgroup of men at
higher risk for prostate cancer [23].

The findings from the present study are in line with
data from recent studies showing a poor outcome in cancer
patients with increased plasma fibrinogen levels [10-18].
Cancer patients with an elevated plasma fibrinogen level
might be considered as candidates for additional, more
aggressive treatment approaches or more stringent follow-
up schedules.

However, our data have to be regarded as preliminary
and have to be interpreted cautiously.

There are some limitations that have to be taken into
account. Using ROC curve analysis, we determined a cut-
off value of 530 mg dl~! for the plasma fibrinogen level
to be optimal to discriminate between the patients’ CSS.
However, the generated ROC curve suggests a limited abil-
ity of our test to correctly classify patients with and without
cancer-related death. It is therefore questionable if a cut-off
value of 530 will be a useful predictor of the patients” out-
come and its validation in additional studies is necessary.

Furthermore, because of the retrospective study design,
we are unable to exclude the possibility that an unequal



World J Urol (2015) 33:1467-1473 1471
Fig. 3 Kaplan—Meier curves Overall survival
for overall survival of prostate
cancer patients categorised by 100 =
the plasma fibrinogen level
80
9
e
©
2
& 607
=3
"
Y
(-]
g
i 40
[}
-]
2]
L=
o
20 ~Low fibrinogen
~IIHigh fibrinogen
P =0.001
0 -
T T T T T T T
0 20 40 60 80 100 120
Time (months)
Patients at risk 268 257 24 220 158 85 48
Number of events 0 1 10 19 28 33 a7

Table 2 Univariable and multivariable Cox proportional analysis of clinical parameters for the prediction of cancer-specific survival in prostate

cancer patients

Parameter Univariable analysis Multivariable analysis*

HR (95 % CI) p value HR (95 % CI) p value
Age at diagnosis (years) 0.988 (0.92-1.06) 0.733 0.982 (0.90-1.07) 0.677
Risk group (high vs. intermediate vs. low) 6.727 (1.08-41.9) 0.041 6.327 (0.99-40.37) 0.051
(Neo)adjuvant androgen deprivation (yes vs. no) 1.733 (0.47-6.45) 0.412 6.327 (0.55-9.46) 0.253
Fibrinogen plasma level (mg dI~") (=530 vs. <530) 3.638 (1.15-11.47) 0.027 3.964 (1.06-14.87) 0.041

CI confidence interval, HR hazard ratio

* Adjustment for all factors listed in the table

Table 3 Univariable and multivariable Cox proportional analysis of clinical parameters for the prediction of overall survival in prostate cancer

patients
Parameter Univariable analysis Multivariable analysis®

HR (95 % CI) p value HR (95 % CI) p value
Age at diagnosis (years) 1.027 (0.98-1.07) 0.235 1.02 (0.97-1.08) 0.474
Risk group (high vs. intermediate vs. low) 1.328 (0.85-2.08) 0.216 1.456 (0.91-2.34) 0.121
(Neo)adjuvant androgen deprivation (yes vs. no) 1.862 (0.84-4.13) 0.126 1.829 (0.80-4.21) 0.156
Fibrinogen plasma level (mg d1™") (=530 vs. <530) 3.242 (1.53-6.89) 0.002 3.215 (1.44-7.19) 0.004

CI confidence interval, HR hazard ratio

% Adjustment for all factors listed in the table
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distribution of unidentified clinicopathologic parameters
in our patient cohort may have biased the observed results.
As fibrinogen is an important player in the coagulation
cascade, high plasma fibrinogen levels might also impair
patients’ survival by triggering thromboembolism events.
The association between high plasma fibrinogen levels
and a higher risk of thromboembolism in cancer patients
is currently discussed controversially [24, 25]. In our study
cohort, only one patient has developed a thromboembolic
event; therefore, a significant influence of high plasma
fibrinogen levels on patient survival by triggering thrombo-
embolic events can be excluded.

The median follow-up time of our study was 88 months.
Prostate cancer recurrences may occur 10-15 years after
successful primary treatment; therefore, long-term follow-
up of prostate cancer patients is necessary to assess treat-
ment efficacy and survival rates and conclusions from
studies with <15 years of follow-up should be viewed as
preliminary.

Another limitation might be caused by the radiation dose
administered to the patients. At the time of the patients”
treatment, the total dose recommended for prostate can-
cer radiotherapy was 70 Gy. In more recently published
randomised controlled studies, an improved biochemical
recurrence-free survival has been found for dose-escalated
radiotherapy. However, a clear impact on cancer-specific
or overall survival (OS) has not yet been demonstrated for
dose-escalated radiotherapy. It is therefore unlikely that a
total dose of 70 Gy administered in our patient cohort has a
significant negative impact on the cancer-specific and OS.

Differences in the administration of hormonal therapy
might also have had a significant impact on outcome. In
our cohort, 61.6 % of men received neoadjuvant androgen
deprivation and 20.9 % of patients underwent adjuvant hor-
monal therapy. We therefore included the administration of
androgen deprivation as potential confounder in multivari-
ate analyses that showed that plasma fibrinogen levels were
independent predictors of survival.

A further limitation might be caused by other potential
confounding factors like cardiovascular disease, systemic
inflammatory diseases that may independently influence
plasma fibrinogen levels. Elderly men and those with
comorbid conditions more often undergo radiation therapy
compared to younger patients and men without comorbidi-
ties. Because of the retrospective design of our study, we
were unfortunately unable to apply validated tools for the
assessment of comorbidities. There is the possibility that
the patients in our cohort might have had concurrent mor-
bidity that could have had a significant impact on OS; how-
ever, a major effect of comorbidities on the primary end-
point CSS seems to be unlikely.

In conclusion, although we have found a significant
association of an increased plasma fibrinogen level with an

@ Springer

impaired CSS and OS, our data have to be interpreted cau-
tiously. Major limitations of our study are caused by its ret-
rospective design and the limited accuracy obtained using
ROC curve analysis that was performed to determine the
optimal cut-off level for the plasma fibrinogen. Therefore,
the present findings have to be regarded as preliminary
until validated by additional studies.
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