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Clinical association between pre-treatment levels of plasma
fibrinogen and bone metastatic burden in newly diagnosed
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Abstract

Background: Due to the different treatments for low-volume metastatic prostate cancer (PCa) as well as high-volume OQ
evaluation of bone metastatic status is clinically significant. In this study, we evaluated the correlation between pre-treatment plasma
fibrinogen and the burden of bone metastasis in newly diagnosed PCa patients.

Methods: A single-center retrospective analysis, focusing on prostate biopsies of newly diagnosed PCa patients, was performed. A
total of 261 patients were enrolled in this study in a 4-year period. All subjects were submitted to single-photon emission
computerized tomography-computed tomography to confirm the status of bone metastasis and, if present, the number of metastatic
lesions would then be calculated. Clinical information such as age, prostate-specific antigen (PSA), fibrinogen, clinical T stage, and
Gleason score were collected. Patients were divided into three groups: (i) a non-metastatic group, (ii) a high volume disease (HVD)
group (>3 metastases with at least one lesion outside the spine), and (iii) a low volume disease (LVD) group (metastatic patients
excluding HVD ones). The main statistical methods included non-parametric Mann-Whitney test, Spearman correlation, receiver
operating characteristic (ROC) curves, and logistic regression.

Results: Fibrinogen positively correlated with Gleason score (r=0.180, P =0.003), PSA levels (r=0.216, P < 0.001), and number
of metastatic lesions (r=0.296, P < 0.001). Compared with the non-metastatic and LVD groups, the HVD group showed the
highest PSA (104.98 ng/mL, median) and fibrinogen levels (3.39 g/L, median), as well as the largest proportion of Gleason score
>7 (86.8%). Both univariate (odds ratio [OR] =2.16, 95% confidential interval [CI]: 1.536-3.038, P < 0.001) and multivariate
(OR =1.726, 95% CI: 1.206-2.472, P =0.003) logistic regressions showed that fibrinogen was independently associated with
HVD. The ROC curve suggested that fibrinogen acts as a predictor of HVD patients, yielding a cut-off of 3.08 g/L, with a sensitivity
of 0.684 and a specificity of 0.760 (area under the curve =0.739, 95% CI: 0.644-0.833, P < 0.001).

Conclusions: Pre-treatment plasma fibrinogen is positively associated with bone metastatic burden in PCa patients. Our results
indicate that fibrinogen might be a potential predictor of HVD.
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Introduction

A number of studies have indicated an association between
cancer and hemostasis, with the detection of high levels of
coagulation markers in cancer patients.'"! Fibrinogen is a
340,000 Da glycoprotein that is mainly synthesized in
hepatocytes. It intensively participates in the coagulation
cascade, where it can be converted to insoluble fibrin by
activated thrombin.?! Typically, plasma fibrinogen levels
increase in certain malignant states and systemic inflam-
mation. Fibrinogen has also been considered an unfavor-
able prognostic factor in some malignancies, such as
cancers of digestive system, gynecolo%ic and urologic
neoplasms, and soft tissue sarcomas.”! A significant
association between fibrinogen levels and prostate carci-
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nogenesis has also been reported.*! Interestingly, prostate
cancer (PCa) patients with hyperfibrinogenemia are more
likely to have higher prostate-specific antigen (PSA) levels,
Gleason score, risk stratification, and incidence of
metastasis.”*®! Thurner et al”) demonstrated a significant
association between elevated plasma fibrinogen levels and
poor prognosis of PCa patients who underwent radiother-
apy. Moreover, Ziaran et al'®' detected a significant increase
in fibrinogen levels in PCa patients, after 12 months of
androgen deprivation therapy (ADT), which was associated
with tolerance of ADT and a poor prognosis. Wang et all®
also reported that the pre-treatment levels of plasma
fibrinogen are positively associated with cancer progression
in PCa patients treated with ADT.
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Currently, many advances in metastatic PCa treatment
have been accomplished. It has been proved that the
combination of chemotherapy, abiraterone, and radio-
therapy with ADT can lead to more survival benefits than
ADT treatment only.”"' However, a proper evaluation of
patients’ metastatic burden, before treatment, is still
necessary since it helps to guide the choice of treatment
plan and prognosis.””"'!! So far, rare studies have focused
on the association between pre-treatment fibrinogen level
and the metastatic burden in PCa. Therefore, here we
designed a retrospective study to characterize this potential
association.

Methods

Ethics approval

This study was conducted in accordance with the
Declaration of Helsinki. It was approved by the Ethics
Committee of the First Affiliated Hospital of the Soochow
University ([2019] No. 531). All participants signed an
informed written consent to participate in this study.

Patients

Data from 289 PCa patients, diagnosed by prostate biopsy
in the Urology Department of our hospital, from January
2014 to January 2018, were retrospectively collected and
analyzed. The inclusion criteria of the study are the
following: (i) pathological diagnosis of prostatic adenocar-
cinoma; (ii) no history of stroke or myocardial infarction;
(iii) single-photon emission computed tomography-com-
puted tomography (SPECT-CT) performed shortly after
diagnosis of PC (within 2 weeks); (iv) acquisition of multi-
parameter contrast pelvic magnetic resonance imaging
(MRI) before prostate biopsy (within 1 month); (v) plasma
PSA and fibrinogen results/data available before prostate
biopsy (within 2 weeks). A total of 261 patients met these
criteria and were further enrolled in the study.

Clinical and pathological evaluation

All prostate biopsies were guided by ultrasound sonogra-
phy and performed by the same urologist. A total of 211
patients underwent transrectal biopsy, while the remaining
50 cases underwent transperineal ultrasound-MRI fusion
biopsy. Both methods included systemic 12-core puncture,
where 1 to 2 needles were added if a suspicious nodule
or area was found. Gleason scores were retrieved
from respective pathological records. Clinical T staging
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(cT stage) was evaluated based on MRI, according to the
2002 American Joint Committee on Cancer Tumor, Node,
Metastasis staging system. Clinical characteristics includ-
ing age, plasma PSA, and fibrinogen levels at the time of
diagnosis, were collected from our databases.

Bone metastasis was evaluated based on the SPECT-CT
results, which were properly reviewed by one selected
urologist. In the case of positive detection, the number
and location of metastatic lesions were recorded. An
isolated condensed radionuclide spot was regarded as one
metastatic lesion.

Measurement of blood markers

Plasma PSA and fibrinogen levels were measured shortly
before prostate biopsy. After 8-h fasting, patients were
submitted to blood drawing. Blood samples (about
3.5mL) were collected for PSA and fibrinogen analysis.
Blood samples for PSA analysis were collected into plastic
tubes containing coagulant/separating glue, while fibrino-
gen detection was performed using blood samples collected
into plastic tubes containing 3.8 % sodium citrate. PSA was
measured using an electrochemiluminescence immunoas-
say kit (Yuande Bio-Medical Engineering Co. Ltd., Beijing,
China), with a normal range of 0 to 4 ng/mL. Fibrinogen
was measured by a freezing method, using CS1500coa-
gulation analysis meter (Sysmex Corporation, Kobe,
Japan), with a normal range 1.8 to 3.5 g/L.

Group of subjects

According to the burden of bone metastatis, subjects were
divided into three groups: non-metastatic group (meta-
static lesion =0), high volume disease (HVD) group
(patients with more than three bone metastases and at
least one lesion outside spine), and low volume disease
(LVD) group (metastatic patients excluding HVD ones).
The definitions of HVD and LVD were adopted from the
Chemohormonal Therapy Versus Androgen Ablation
Randomized Trial for Extensive Disease in Prostate Cancer
(CHAARTED) trial."?! In the study, subjects could be
also divided into two groups according to distinct ranges
of fibrinogen levels (<3.5¢g/L vs. >3.5¢g/L, ie, normal
plasma fibrinogen vs. hyperfibrinogenemia) [Table 1].

Statistical analysis

Due to the non-normal distribution of PSA and fibrinogen
levels by frequency analysis, median (percentile) was used.

Table 1: Comparison of clinical parameters between groups presenting distinct ranges of fibrinogen levels (<3.5 g/L vs. >3.5 g/L).

Parameters Fibrinogen <3.5 g/L (n=215) Fibrinogen >3.5 g/L (n = 46) Statistics P

Age (years) 70 (66, 75) 71 (65, 76) -0.46" 0.647
PSA (ng/mL) 20.14 (11.75, 59.70) 65.21 (23.50, 121.37) -3.91" <0.001
T stage (T1-2/T3-4) 164/51 21725 207.39° <0.001
Gleason score (<7/>7) 114/101 14/32 113.217 <0.001
Metastatic patients 57 (26.5) 25 (54.3) 187.727 <0.001
HVD patients 21 (9.8) 17 (40.0) 339.87° <0.001

Data are presented as median (P25, P75), n/n, or n (%). *Z values. T ¥ values. HVD: High volume disease; PSA: Prostate-specific antigen; T: Tumor.
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The non-parametric Mann-Whitney test was used to
compare group parameters. Dual-parameter correlation
was analyzed by the Spearman method. Categorical
variables were counted as numbers (percentage), and
Chi-square was used for comparison between groups.
Univariate and multivariate logistic regression analysis
were performed to evaluate the association between each
parameter with the status of bone metastasis. To establish
fibrinogen cut-off values, a receiver operating characteris-
tic (ROC) curve was plotted and the resulting area under
the curve (AUC) was calculated. The value with the largest
Youden index [calculated as (sensitivity + specificity) — 1]
was defined as the optimal cut-off value. All tests were two-
sided. Differences were considered to be statistically
significant if P < 0.05. Statistical analysis was performed
using the Statistical Package for Social Sciences (SPSS)
software version 17.0 (SPSS, Inc., Chicago, IL, USA).

Results

The basic characteristics of the patient cohort are given in
Table 2. Since only a few patients in this study underwent
positron emission tomography (PET-CT) or whole-body
CT and, consequently, visceral metastases could not be
assessed, we solely evaluated bone metastases. A total of
82 patients presented bone metastasis (metastatic lesion
number ranged from 1 to 33).

Association between fibrinogen and clinical characteristics

A significant positive correlation between fibrinogen and
Gleason score (r=0.180, P=0.003), PSA (r=0.216,
P < 0.001), or the number of metastatic lesions (r =0.296,
P <0.001) was observed. No significant correlation
between fibrinogen and age (r=0.042, P=0.503), ¢T
stage (r=0.104, P=0.093), or positive cores (r=0.065,
P =0.308) was detected. A higher PSA level (P < 0.001),
more high-risk cancers (ie, cT3—4 stage or Gleason score
>7; P <0.001), and more HVD (P < 0.001) were identi-
fied in the patients with fibrinogen >3.5 g/l when
compared with the ones with fibrinogen <3.5 g/L [Table 1].

Comparative analysis of plasma fibrinogen according to
patient metastatic status

A parameter comparison between all groups is shown in
Table 3. No statistical difference in age was observed
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between any two groups. Compared with the non-
metastatic and LVD groups, HVD patients had higher
levels of PSA and fibrinogen, increased Gleason score, and
more T3-4 stage cancers (P <0.05). However, no
statistical difference in fibrinogen levels when comparing
the non-metastatic and the LVD groups was detected
(P=0.076). Furthermore, we verified that patients with
more bone metastases had a higher incidence of fibrinogen
levels above 3.5 g/L (P < 0.001).

Association between fibrinogen levels and HVD

Since PSA was distributed in a large range with a non-
normal distribution, respective data were transformed to
natural logarithm before analysis. Both univariate and
multivariate logistic regressions showed that, with statistical
significance, fibrinogen is independently associated with
HVD [Table 4]. The ROC curve could demonstrate that the
sensitivity and specificity were 0.684 and 0.760, respective-
ly, when fibrinogen was 3.08 g/ (AUC=0.739; 95%
confidential interval: 0.644-0.833; P < 0.001) [Figure 1].

Table 2: Clinical characteristics of selected PCa patients (7= 261).

Parameters Values
Age (years) 66, 75)
PSA (ng/mL) 27. 06 12.42, 78.72)

Fibrinogen (g/L)
Positive cores
Gleason score

0 (
(

2.62 (2.20, 3.24)
7 (3, 11)

<7 42 (16.1)
7 86 (33.0)
>7 133 (50.9)
No. of bone metastasis
0 179 (68.6)
1-3 44 (16.9)
>3 38 (14.5)
Clinical stage
T1 6 (9.9)
T2 160 (61.3)
T3 0(19.2)
T4 5(9.6)

Data are presented as median (P25, P75) or 7 (%). PCa: Prostate cancer;
PSA: Prostate-specific antigen; T: Tumor.

Table 3: Comparison of clinical parameters among non-metastatic (Group 1), LVD (Group 2), and HVD group (Group 3).

Group 1 Group 2 Group 3 P3 (sta)

Parameters (n=179) (n=44) (n=38) P1 (sta) P2 (sta)

Age (years) 70 (65, 75) 71 (68, 75) 71.5 (66, 77) 0.248 (—1.16’?) 0.193 (-1.30") 0.759 (-0.317)
PSA (ng/mL) 19.84 47.80 104.98 0.003 (-2.93")  <0.001 (-6.64) <0.001 (=3.71")

(10.47,47.37) (16.41, 92.00) (73.64, 177.26)
Fibrinogen (g/L) 2.50 2.67 3.39 0.076 (-1.78")  <0.001 (-4.82") 0.002 (-3.03")
(2.07,2.97) (2.36, 3.29) (2.68, 4.39)

T stage (T1-2/T3-4) 145/34 30/14 11727 <0.001 (194.53") <0.001 (207.547)  0.005 (12.93%)
Gleason score (<7/>7) 106/73 17127 5/33 <0.001 (92.39%)  <0.001 (108.88")  0.001 (22.00%)
Fibrinogen >3.5 g/L 21 (11.7) 9 (20.5) 17 (44.7) <0.001 (256.12) <0.001 (264.75")  0.001 (17.32%)

Data are presented as median (P25, P75), n/n, or n (%). *Z values; "x2

values. LVD: Low volume disease; HVD: High volume disease; P1: Group 1 vs.

group 2; P2: Group 1 vs. group 3; P3: Group 2 vs. group 3; sta: Statistics; PSA: Prostate-specific antigen; T: Tumor.
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Table 4: Univariate and multivariate logistic regression analysis of selected parameters in HVD patients.

Univariate regression

Multivariate regression

Parameters P OR 95% Cl of OR P OR 95% Cl of OR
PSA logarithm <0.001 2.009 1.620-2.492 0.018 1.808 1.109-2.946
Fibrinogen <0.001 2.160 1.536-3.038 0.003 1.726 1.206-2.472
T stage <0.001 3.003 1.832-4.922 0.001 2.334 1.390-3.918
Gleason score <0.001 2.369 1.631-3.441 0.036 1.592 1.030-2.460

HVD: High volume disease; OR: Odds ratio; CI: Confidential interval; PSA: Prostate-specific antigen; T: Tumor.
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Figure 1: ROC curve of fibrinogen in HVD patients. The ROC curve could assess fibrinogen
as a satisfying marker of HVD diagnosis, yielding a cut-off of 3.08 g/L, with a sensitivity of
0.684 and a specificity of 0.760 (AUC = 0.739, 95% Cl: 0.644-0.833, P< 0.001). AUC:

Area under curve; Cl: Confidential interval; HVD: High volume disease; ROC: Receiver
operating characteristic.

Discussion

As an acute-phase protein, the yields of plasma fibrinogen
typically increase during cancer progression, systemic
inflammation, trauma, surgery, and blood vessel throm-
boembolism.!"3! Previous studies have reported that
fibrinogen levels are positively correlated with T staging,
Gleason score, risk stratification, and metastasis in
PCa.l®! Moreover, increase in plasma fibrinogen levels
has been considered an unfavorable prognostic indicator in
both radiotherapy and ADT. Nevertheless, no major
research that could strengthen the relationship between
fibrinogen levels and bone metastatic status has been
developed, up to now. Therefore, here we present the
association analysis between fibrinogen and metastatic
burden, in the context of PCa.

In PCa, the distinction between HVD and LVD is clinically
significant. LVD has been named oligo-metastasis in a
number of studies. Many clinical trials have found that the
number of metastatic lesions is associated with cancer

prognosis. Patients with metastases, including less than five
lesions, have a significantly better cancer-specific survival
than those with more metastatic lesions.!'*' Therefore,
local therapy for patients with primary cancer and limited
number of metastatic lesions, in combination with ADT
has been largely recommended.""’! Heidenreich ez alltél
have reported that radical prostatectomy provides a better
clinical progression-free survival (38.6 vs. 26.5 months,
P=0.032) and cancer-specific survival rates (95.6% uvs.
84.2%, P =0.043) in PCa patients with no more than three
bone metastases. The CHAARTED trial has shown that
docetaxel-based chemotherapy had survival benefits for
HVD patients.”) On the other hand, radiotherapy
improved the survival of LVD patients in the Systemic
Therapy in Advanced or Metastatic Prostate Cancer:
Evaluation of Drug Efficacy: a multi-stage multi-arm
randomised control trial (STAMPEDE) trial.l'!

Still, there is not a current widely-accepted definition for
HVD and LVD. According to former clinical trials, the cut-
off of 3 to 5 lesions has been used to distinguish these
categories.'”?°! However, these differences do not affect
clinical applications. In this regard, the definitions of
CHAARTED and LATITUDE trials are consistent, and
both trials have added si[%niﬁcant prognostic value for
predicting overall survival.* In this study, we adopted the
definition of CHAARTED trial.

SPECT-CT is the most commonly used radiological method
to diagnose PCa bone metastasis. A meta-analysis has
reported that its sensitivity and specificity can reach 79%
and 82%, respectively.**! Multi-parameter MRI (mpMRI)
is also clinically available. Another meta-analysis has
indicated that the diagnostic sensitivity and specificity of
mpMRI for bone metastasis, durin§ initial PCa diagnosis,
were 0.93 and 0.99, respectively.”®! In contrast, fluoro-
deoxyglucose (FDG) -PET/CT has not been routinely used
to diagnose bone metastasis, since it has a relatively poorer
accuracy when compared with SPECT-CT or MRLP¥
However, new radiotracers may provide a more efficient
and sensitive imaging, such as prostate-specific membrane
antigen (PSMAQ.[ 3 Indeed, a systemic review has recently
indicated that ®®Ga-PSMA PET/CT could more efficiently
detect osseous metastases than SPECT-CT.!>¢!

Our research has revealed that plasma fibrinogen levels
are significantly higher in HVD patients than in non-
metastatic or LVD ones. Multivariate regression analysis
has proven that fibrinogen is independently associated
with HVD.
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There are several hypothetical mechanisms of how
fibrinogen may enhance the progression and metastatic
potential of PCa. First, fibrinogen may gather around
tumors to provide a framework for tumor cell prolifera-
tion. Fibrinogen can serve as a scaffold to support certain
growth factors, such as vascular endothelial growth factor
and fibroblast growth factor, to promote tumor angiogen-
esis.'"*! Second, tumor cells contain fibrinogen receptors,
which play a role in bridging fibrinogen molecules to
tumor cells, thus enhancing the endothelial adhesion of
tumor cell emboli in the vasculature of target organs. This
event will lead to the occurrence of metastasis and
potentially increase the survival rates of early metastatic
cells.*”! Third, fibrinogen can enhance the adhesion of
platelets into tumor cells, mediated by B3-integrin
(expressed by tumor cells). Platelets can promote the
aggregation of fibrinogen around the tumor cell environ-
ment. As a result, a dense fibrin layer may be formed to
provide protection to tumor cells against natural killer
cells, leading to a higher probability of remote metasta-
sis.l?) Moreover, PCa cells can synthesize fibrinogen
endogenously which may lead to a proliferative and
angiogenic effect, driven by fibroblast growth factor-2, and
the induction of PCa progression and metastasis.

It is worth noting that HVD patients typically display
higher fibrinogen levels in the blood. In fact, we presently
observed that 44.7% of HVD patients showed levels
higher than 3.5 g/L. A high fibrinogen level is a known risk
factor for many cardiovascular conditions, particularly in
coronary heart disease.?%*!! Therefore, a prophylactic
anti-coagulation treatment is highly advisable for these
patients.

Nevertheless, a few limitations should be considered in this
study. First, our work corresponds to a single-center
retrospective study, so some statistically selective bias may
be assumed. Second, despite our strict enrollment criteria,
we were unable to completely exclude other conditions
that might affect plasma fibrinogen levels, such as varicose
vein of lower limb, atherosclerosis, and others. Third,
although SPECT-CT is regarded as the “gold standard” for
the detection of skeletal metastases in PCa patients, this
platform could still lead an incorrect diagnosis. Fourth,
since our focus was mainly to determine the number and
location of bone metastatic lesions displayed by SPECT-
CT, we did not calculate the size or the dimension of
affected areas. Bone scan index!*?! as a means of estimating
the percentage of tumors along the whole skeleton could be
considered to better distinguish PCa-related metastatic
conditions. Lastly, visceral metastasis was not assessed,
and this condition may have been missed in some HVD
patients. Multi-center prospective studies, including larger
sample sizes, will be further required to confirm the results
of this study.

In conclusion, pre-treatment plasma fibrinogen levels are
positively correlated with bone metastatic numbers, but it
is independently associated with HVD. These results
validate an alternate route of assessment (ie, fibrinogen
levels in the blood) as a putative marker for more precise
diagnosis and treatment of advanced PCa.
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