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Purpose: To retrospectively evaluate the prognostic value of preoperative plasma fibrinogen to predict oncolo-
gical outcome and intravesical recurrence in upper urinary tract urothelial carcinoma.

Methods: This retrospective study comprised 130 patients with non-metastatic upper urinary tract urothelial
carcinoma who underwent surgery between June 2009 and June 2017 at a single center. Patients were cate-
gorized base on an optimal value of preoperative plasma fibrinogen. Progression-free and cancer-specific sur-
vival were assessed using Kaplan-Meier method. The associations between plasma fibrinogen and clinical out-
comes were assessed with univariate and Multivariate analysis.

Results: Elevated plasma fibrinogen was associated with advance tumor stage, high tumor grade and tumor size.
No significant association was found between plasma fibrinogen and intravesical recurrence. Multivariate
analysis revealed that plasma fibrinogen =3.602 g/L was an independent prognostic indicator for progression-
free survival (HR = 2.18; 95% CI: 1.17-4.06; p = 0.01) and cancer-specific survival (HR = 2.2; 95% CI:
1.13-4.28; p = 0.02), as well as pathological T stage and tumor grade.

Conclusions: Elevated preoperative plasma fibrinogen is an independent unfavorable prognostic factor for on-
cological outcomes in patients with upper urinary tract urothelial carcinoma. However, there is no association
between preoperative plasma fibrinogen and intravesical recurrence. As an effective and easily accessible bio-
marker, this parameter can be applied in pre-intervention risk stratification of upper urinary tract urothelial
carcinoma.

1. Introduction

Upper urinary tract urothelial carcinoma (UTUC) is relatively un-
common and account for 5-10% of urothelial carcinoma [1]. Radical
nephroureterectomy (RNU) is considered as the standard treatment for
high-risk UTUC, combined with adjuvant bladder instillation [2].
Nevertheless, the rate of intravesical recurrence (IVR) following RNU
for UTUCs is 22%-47% [3,4]. According to the literature, pathological
T stage and tumor grade are prognostic factors for UTUC [5,6]. How-
ever, the available preoperative prognostic factors for UTUC is still
limited.

Increasing evidence have suggested that there is an interactive re-
lationship between hemostatic factors and tumor biology [7-9]. Plasma

fibrinogen is found over expressed in many types of tumors [10]. Sev-
eral studies had proven the prognostic value of plasma fibrinogen in
UTUC [11-13]. However, the potential relationship between pre-
operative plasma and postoperative intravesical recurrence (IVR) has
not been confirmed. Besides, the role of plasma fibrinogen in predicting
patients’ progression-free survival was not examined.

The objective of this study is to validate the prognostic value of
preoperative plasma fibrinogen in a Chinese cohort of patients under-
went radical nephroureterectomy for UTUC.
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2. Material and methods
2.1. Study population

The work has been reported in line with the REMARK criteria. This
retrospective study included a total of 130 patients, who were diag-
nosed with UTUC without signs of metastasis, and subsequently un-
derwent radical nephroureterectomy (RNU) from June 2009 to June
2017 in XXX Hospital, XXX. None of the patients received preoperative
chemotherapy or radiotherapy. All patients underwent routine hema-
tological examination, computed tomography and/or ureteroscopy
with biopsy before RNU. All surgical specimens were processed ac-
cording to standard pathological procedures. The specimens were
confirmed as UTUC based on the International Union against Cancer
TNM classification system. Histological grade was assessed according to
the 1998 World Health Organization/International Society of Urologic
Pathology consensus classification [14]. Medical records of all patients
were reviewed for clinical and pathological information. Patients un-
derwent radical cystectomy simultaneously were excluded. Adjuvant
intravesical instillation and/or postoperative cisplatin-based che-
motherapy was administered by clinician's discretion base on tumor
stage and grade. The plasma fibrinogen levels were measured by col-
lecting 2-3 ml of blood samples in coagulation tube from all patients
before surgical intervention. Plasma fibrinogen levels were determined
via the Clauss method [15] with bovine thrombin (100 NIH U/mL). The
inter-assay coefficient of variation was < 3% and < 7.5% for the
plasma control in the normal and pathological range, respectively.

2.2. Surgical technique

All surgery were performed by several skilled surgeons in this ter-
tiary care center. RNU was performed either open or laparoscopically
based on the surgeon's preference. The kidney, Gerota fascia, peri-
nephric fat, ureter and bladder cuff were removed en bloc. The bladder
cuff was resected through extravesical approach. The bladder was su-
tured in two layers. The hilar and regional lymph nodes were resected,
while extended lymphadenectomy was not routinely performed.

2.3. Follow-up regimen

All patients were followed every 3—-4 months in the first year after
RNU, every 6 months from the second year through the third year, and
annually thereafter. Follow-up consisted of a medical history, physical
examination, routine urine test, chest radiography, ultrasonic evalua-
tion of urinary system and cystoscopy. Elective measures such as bone
scans, computed tomography, or magnetic resonance imaging were
performed when clinically indicated. The median follow-up period was
30 months (range 3-103 months).

The cancer-specific survival (CSS) (time from the initial surgical
treatment to the UTUC specific death) and progression-free survival
(PES) (period from the initial surgical resection to the first recurrence or
metastasis or death) were selected as primary endpoints. Disease re-
currence was define as tumor relapsed in operative field, regional
lymph nodes or metastasis, while IVR was not included. Cause of death
was determined by treating physicians or medical records. All patients
who were categorized as dead of cancer had previous disease recur-
rence.

2.4. Statistical analysis

The optimal cutoff value of plasma fibrinogen was determined using
validated web-based software [16]. Each possible cutoff value was ex-
amined for survival analysis, and the most significant (log-rank test)
cutoff value was selected as the optimal cutoff value. All patients were
categorized into two groups base on the optimal cutoff value of plasma
fibrinogen. Differences in continuous variables across two groups were
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Table 1
Clinical characteristics of all the patients grouped by preoperative plasma fi-
brinogen level.

Overall Plasma Plasma p-value
fibrinogen fibrinogen
>3.602g/L < 3.602g/L
Patients (n, %) 130 35 (26.9%) 95 (73.1%)
Sex (n, %)
Male 90 (69.2%) 26 (74.3%) 64 (67.4%) 0.45
Female 40 (30.8%) 9 (25.7%) 31 (32.6%)
Age (continuous)
Median, IQR 68 (59.75-75) 70 (62-75) 66 (59-75) 0.4
Location (n, %)
Pelvic and PUJ 71 (54.6%) 13 (37.1%) 58 (61.1%) 0.11
Ureter 44 (33.8%) 15 (42.9%) 29 (30.5%)
Both 11 (8.5%) 4 (11.4%) 7 (7.4%)
Missing 4 (3.1%) 3 (8.6%) 1(1.1%)
Hydronephrosis (n, %)
Yes 73 (56.2%) 22 (62.9%) 51 ((53.7%) 0.47
No 42 ((32.3) 10 (28.6%) 32 (33.7%)
Missing 15 (11.5%) 3 (8.6%) 12 (12.6%)
Surgical approach (n, %)
Open 41 (31.5%) 14 (40%) 27 (28.4%) 0.21
Laparoscopic 89 (68.5%) 21 (60%) 68 (71.6%)
Surgical margin (n, %)
Positive 3 (2.3%) 1 (2.9%) 2 (2.1%) 0.8
Negative 127 (97.7%) 34 (97.1%) 93 (97.9%)
Tumor size (n, %)
<2cm 35 (26.9%) 16 (45.7%) 19 (20%) < 0.01
>2cm 95 (73.1%) 19 (54.3%) 76 (80%)
Multifocality (n, %)
Yes 24 (18.5%) 10 (28.6%) 14 (14.7%) 0.07
No 106 (81.5%) 25 (71.4%) 81 (85.3%)
Pathological T stage (n, %)
Ta + T1 48 (36.9%) 8 (22.9%) 40 (42.1%) 0.03
=T2 75 (57.7%) 26 (74.3%) 49 (51.6%)
Missing 7 (5.4%) 1 (2.9%) 6 (6.3%)
Tumor grade (n, %)
Low grade 55 (42.3%) 7 ((20%) 48 (50.5%) < 0.01
High grade 75 (57.7%) 28 (80%) 47 (49.5%)
Lymph node involvement (n, %)
Yes 7 (5.4%) 2 (5.7%) 5 (5.3%) 0.92
No 123 (94.6%) 33 (94.3%) 90 (94.7%)
Previous bladder cancer (n, %)
Yes 10 (7.7%) 3 (8.6%) 7 (7.4%) 0.82
No 120 (92.3%) 32 (91.4%) 88 (92.6%)

Abbreviations: IQR interquartile range; PUJ pelvi-ureteric junction.

assessed using Mann-Whitney test, and categorical variables were as-
sessed with Chi-square test. To evaluate the risk factors for IVR after
surgery, univariate logistic regression was performed to evaluated dif-
ferences between IVR and non-IVR group. Selected variables that
showed significant difference were included in multivariate regression
analysis to identify risk factors for IVR. The impact of variables on PFS
and CSS after RNU was evaluated with univariate and multivariate Cox
proportional hazard models. All reported p value were two-sided, and
statistical significance was set at 0.05. The optimal cutoff value was
determined by software based on R package, and other statistical ana-
lyses were performed with SPSS 20.0 (SPSS Inc., Chicago, IL, USA).

3. Results

A total of 130 patients were enrolled in this study, including 90
males (69.2%) and 40 females (30.8%). Median age was 68 years old
(interquartile range: 59.75-75). The descriptive characteristics of the
patients are shown in Table 1. Of all the patients, 19 (14.6%) suffered
postoperative intravesical recurrence. Base on the software mentioned
previously, the optimal cutoff value of plasma fibrinogen was set as
3.602 g/L (Fig. 1, Fig. 2). Of all the patients, 35 (26.9%) had a pre-
operative plasma fibrinogen level of 3.602 g/L or above, 95 (73.1%)
had a level less than 3.602 g/L. Significant difference was observed in



R. Liu, et al.

a Significant (p<0.05) tests: 9 out of 16 (56.2%)

HR with 95% CI
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Fig. 1. (a) Hazard Ratio (HR) for PFS based on each cutoff value of plasma fibrinogen level. A vertical line indicate the optimal cutoff value (3.602 g/L). (b) The

Kaplan-Meier survival curve of PFS stratified by the optimal cutoff value.
Abbreviation: PFS progression-free survival.

tumor size, pathological T stage and tumor grade between two groups.
However, no significant difference was found in age, gender, tumor
location, previous hydronephrosis, surgical approach, surgical margin
status, multifocality, lymph node status and previous history of bladder
cancer between two groups. Patients with elevated plasma fibrinogen
had higher UTUC specific mortality than patients with levels below
cutoff (15 [42.9%] versus 25 [26.6%]).

Univariate logistic regression was performed to evaluate each
variable between IVR and non-IVR groups (Table 2). Tumor multi-
focality (OR = 3.23, p = 0.03), and tumor size (OR = 7.95, p = 0.04)
were significant factors associated with intravesical recurrence.

Multivariate analysis was performed to adjust for potential factors
associated with intravesical recurrence. Surgical margin status, tumor
grade, pathological T stage, previous history of bladder cancer, plasma
fibrinogen levels and factors significant in univariate analysis were
further adjusted with multivariate logistic regression model (Table 2).
The results suggested that postoperative intravesical recurrence was
associated with tumor multifocality (OR = 4.99, p = 0.02).

Cox regression was performed to evaluate the association between
each factor and oncological outcomes (Table 3). In univariate Cox re-
gression, age, tumor grade, pathological T stage and plasma fibrinogen
were significantly associated with PFS (p < 0.05), while age, tumor
grade, pathological T stage, postoperative intravesical instillation and

Significant (p<0.05) tests: 28 out of 36 (77.8%)

HR with 95% CI
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plasma fibrinogen were significantly associated with CSS (p < 0.05).
Multivariate Cox regression suggested that higher T stage, higher tumor
grade and elevated plasma fibrinogen were independent factors pre-
dicting worse PFS and CSS (p < 0.05). Patents with preoperative
plasma fibrinogen level =3.602 g/L had a higher risk for progression
(p = 0.01) and cancer-specific mortality (p = 0.02) than those with
plasma fibrinogen level < 3.602 g/L.

4. Discussion

The prognosis in UTUC is poor because approximately 60% patients
with UTUC are invasive at diagnosis [17]. Despite the progression in
identifying molecular markers to predict postoperative survival, the
prognostic risk assessment of patients with UTUC still depend on es-
tablished postoperative factors such as pathological T stage and tumor
grade [5,6]. Effective and simple preoperative indicator for predicting
survival after RNU remain to explore.

To date there are three studies revealing the prognostic value in
UTUC [11-13]. These prior studies revealed that elevated preoperative
plasma fibrinogen was associated with poorer survival (CSS and/or OS)
after RNU. Nevertheless, the potential relation between plasma fi-
brinogen and progression of disease was not confirmed in previous
studies. Besides, the association between plasma fibrinogen and IVR
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Fig. 2. (a) Hazard Ratio (HR) for CSS based on each cutoff value of plasma fibrinogen level. A vertical line indicate the optimal cutoff value (3.602 g/L). (b) The

Kaplan-Meier survival curve of CSS stratified by the optimal cutoff value.
Abbreviation: CSS cancer-specific survival.
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Table 2
Univariate and multivariate logistic regression analysis evaluating the risk
factors for intravesical recurrence.

Univariate Multivariate
Factors
OR  95% CI p-value OR  95% CI p-value
Sex 1.38 0.5-3.81 0.54
Age 1.03 0.98-1.08 0.27
Location
Pelvic and PUJ 1 Referent -
Ureter 0.61 0.18-2.08 0.43
Both 3.49 0.86-14.12 0.08
Hydronephrosis 2.25 0.69-7.36  0.18
Surgical approach 1.34 0.45-4.02 0.6
Surgical margin 3.03 0.26-35.15 0.38 4.44 0.20-100.59 0.35
Tumor size 7.95 1.02-61.97 0.04* 7.17 0.82-62.56 0.08
Multifocality 3.23 1.11-936  0.03" 5.14 1.28-20.58  0.02"

Pathological T stage 0.52 0.19-1.39  0.19 0.50 0.13-1.94 0.31

Tumor grade 0.61 0.23-1.63  0.33 0.61 0.15-2.51 0.49

Lymph node 2.49 0.45-139 0.3 4.29 0.55-33.19 0.16
involvement

Previous Bladder 2.79 0.65-11.89 0.16 1.32  0.18-9.79 0.79
Cancer

Intravesical 2.43 0.9-6.56 0.08 2.67 0.88-8.13 0.08
instillation

Adjuvant 1.75 0.34-9.13 0.51 1.43 0.19-10.91 0.73
chemotherapy

Plasma fibrinogen 0.56 0.17-1.79  0.32 0.87 0.19-4.02 0.86

Abbreviation: PUJ pelvi-ureteric junction.
*significant (p < 0.05).

was not examined before.

In our study, plasma fibrinogen =3.602 g/L was associated with pT
stage =2, high tumor grade and tumor size. Meanwhile, plasma fi-
brinogen =3.602g/L was independent unfavorable prognostic in-
dicator for PFS (HR = 2.18; 95% CI: 1.17-4.06; p = 0.01) and CSS
(HR = 2.2; 95% CL: 1.13-4.28; p = 0.02), as well as pathological T
stage and tumor grade. However, no statistically significant relationship
was found between plasma fibrinogen and IVR.

Based on our findings, patients with elevated preoperative fi-
brinogen level have an increasing risk for disease progression and CSM.
Comprehensive intervention should be considered in these patients.

Table 3
Univariate and multivariate Cox regression analysis for PFS and CSS.
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Platinum-based chemotherapy is expected efficacious in UTUC [18].
Meanwhile, the administration of adjuvant chemotherapy may result in
increasing risk for postoperative renal dysfunction owing to ne-
phrotoxicity. Consequently, neoadjuvant chemotherapy may be a pre-
ferable intervention. Extrapolating from the study addressing bladder
cancer, neoadjuvant chemotherapy may have potential survival benefit
for patients with high risk UTUC [19]. The use of neoadjuvant che-
motherapy may bring disease-specific survival benefit with favorable
pathological response rate [20]. However, the evidence is insufficient
without further prospective trial.

According to the literature, the role of plasma fibrinogen in pre-
dicting patients’ survival has been revealed in various malignant tumors
[20-23]. Several possible mechanisms through which fibrinogen pro-
mote tumor growth and invasion were raised. One possible explanation
could be that increased level of coagulation facilitate tumor growth by
the activation of macrophages and secretion of many cytokines and
chemokines, including NF-KB, TNF and macrophage inflammatory
protein-1 [24,25]. In addition, Redman et al. reported that cells trans-
fected with fibrinogen gene showed enhanced lipogenesis, which is an
important metabolic hallmarks of tumor cells [26]. On the other hand,
Palumbo et al. reported that the development of lung metastasis was
strongly diminished in fibrinogen-deficient mice model [27]. Ad-
ditionally, fibrinogen was found to increase metastatic potential in part
by impeding natural killer cell-mediated elimination of tumor cells
[28]. The interaction of fibrinogen and several growth factors (VEGF
and FGF-2) may also play a role in promoting adhesion, proliferation
and migration of tumor cells [10,29].

The present study has some limitations. First, it was a retrospective
and small-sample research, which is a result of rare incidence of UTUC.
Second, no information on inflammatory status of patients was analysed
in our study, which may influence the level of fibrinogen. Third, the
enrolled cohort including patients underwent RNU, in which patients
may harbour more advanced or larger tumor. While the outcomes of
patients treated with endoscopic surgery or segmental resection were
not examined in this study. The effect of comorbidities was not eval-
uated due to incomplete data of medical record.

Factor Progression-free Survival Cancer-specific Survival
Univariate Multivariate Univariate Multivariate
Sex 1.13 (0.62-2.06) p = 0.7 1.03 (0.53-1.99) p = 0.93
Age 1.04 (1.01-1.07) p = 0.02" 1.02 (0.99-1.06) 1.04 (1.01-1.07) p = 0.02" 1.02 (0.99-1.05) p = 0.27
P =0.15

Location

Pelvic and PUJ 1.0(Referent) 1.0(Referent)

Ureter 1.74 (0.96-3.17) p = 0.07 1.67 (0.87-3.21) p = 0.12

Both 0.9 (0.27-3.01) p = 0.86 1.08 (0.32-3.68) p = 0.9
Hydronephrosis 1.34 (0.69-2.59) p = 0.38 1.4 (0.68-2.83) p = 0.35

Surgical approach
Surgical margin

Tumor size
Multifocality

Tumor grade
Pathological T stage
Lymph node involvement
Intravesical instillation
Adjuvant chemotherapy
Previous bladder cancer
IVR

Plasma fibrinogen

1.1 (0.59-2.05) p = 0.76
2.14 (0.52-8.86) p = 0.29
0.9 (0.48-1.68) p = 0.74
1.41 (0.72-2.78) p = 0.32
5.86 (2.7-12.52) p < 0.01"
3.71 (1.71-8.04) p < 0.01"
2.43 (0.86-6.9) p = 0.09
0.45 (0.09-2.54) p = 0.09
0.28 (0.04-2.02) p = 0.21
0.78 (0.28-2.17) p = 0.63
0.99 (0.45-2.23) p = 0.99
2.95 (1.66-5.24) p < 0.01"

3.7 (1.46-9.41) p = 0.01"
2.85 (1.21-6.67) p = 0.02"

2.18 (1.17-4.06) p = 0.01"

1.1 (0.57-2.13) p = 0.78
2.44 (0.59-10.18) p = 0.22
1.03 (0.51-2.06) p = 0.94
1.67 (0.84-3.34) p = 0.15
8.5 (3.44-20.94) p < 0.01"
3.81 (1.67-8.68) p < 0.01*
2.38 (0.83-6.8) p = 0.1
0.41 (0.18-0.92) p = 0.03"
0.35 (0.05-2.51) p = 0.29
0.6 (0.18-1.95) p = 0.39
1.14 (0.51-2.58) p = 0.75
3.53 (1.91-6.55)

P < 0.01"

4.89 (1.70-14.11) p < 0.01"
2.66 (1.08-6.60) p = 0.03"

0.45 (0.19-1.11) p = 0.08

2.2 (1.13-4.28) p = 0.02"

Abbreviations: PUJ pelvi-ureteric junction; PFS progression-free survival; CSS cancer-specific survival; IVR intravesical recurrence.

*significant (p < 0.05).

91



R. Liu, et al.

5. Conclusions

Elevated preoperative plasma fibrinogen is an independent un-
favorable factor of PFS and CSS in patients with UTUC. Additionally, no
statistically significant association was found between plasma fi-
brinogen and IVR. As an effective and easily accessible biomarker, this
parameter can be applied in pre-intervention risk stratification of
UTUC.
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