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Prognostic Impact of Coagulation Activity
in Patients Undergoing Curative Resection
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Abstract. Background/Aim: The aim of this study was to
elucidate the clinical impact of coagulation disorders on
outcomes after curative resection of pancreatic ductal
adenocarcinoma. Patients and Methods: Preoperative
coagulation activity in 135 patients, who had undergone
curative resections for pancreatic ductal adenocarcinoma
was retrospectively evaluated and the impact on survival
outcomes analyzed. Results: A prolonged prothrombin time-
international normalized ratio (PT-INR) (=1.1) was detected
in 23/135 patients (17%). Univariate analysis that showed
prolonged PT-INR was associated with worse relapse-free
(hazard ratio=1.79, p=0.044) and overall (hazard
ratio=2.18, p=0.004) survival. Multivariate analyses showed
prolonged PT-INR, large tumor (>30 mm), and lymph node
metastasis were independent predictors of poor overall
survival. Conclusion: Prolonged PT-INR may be a predictor
of poor prognosis in patients with pancreatic ductal
adenocarcinoma who have undergone curative resection.
Coagulation disorders may be a therapeutic target for
improving outcomes of pancreatic ductal adenocarcinoma.

Pancreatic ductal adenocarcinoma (PDAC) comprises 85% of
pancreatic cancer cases and remains one of the most common
and aggressive malignancies, with a 5-year survival rate of
approximately 20% despite improvements in achieving
macroscopically curative resection with surgical procedures
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and adjuvant chemotherapy (1). Several clinical trials have
shown that neoadjuvant therapies can prolong survival in
patients with PDAC because such therapies can down-stage
PDAC and thus improve the curative resection rate. However,
it remains to be determined which regimen is the most suitable
for PDAC according to each patient’s clinical, genetic, and
performance status (2). To improve selection of treatment
strategies for PDAC and its outcomes, prognostic biomarkers
that can be measured easily and reliably are needed to
optimally evaluate tumor aggressiveness. A close association
between cancer biology and coagulation disorders that has an
impact on tumor progression has been reported (3).
Hypercoagulability is more likely to occur in patients with
pancreatic cancer than in those with other types of cancer (4).
Patients with pancreatic cancer are predisposed to developing
venous thromboembolic events (VTEs) (5). VTEs in patients
with cancer are caused by hypercoagulable states and
associated with a poor prognosis (6). Pancreatic resection is
also associated with VTEs (7). In patients with hepatocellular
carcinoma, coagulation disorders are associated with various
complications and poor prognosis (8). Increased fibrinogen,
fibrin split products, and D-dimer levels have been associated
with worse survival outcomes in patients with breast and
colorectal cancer (9-11). In patients with lung cancer, a
prolonged prothrombin time-international normalized ratio (PT-
INR) was found to be associated with worse survival outcomes
(12). However, the clinical impact of coagulation disorders in
PDAC is still unclear. Therefore, the purpose of this study was
to evaluate the prognostic significance of coagulation disorders
in patients with PDAC who had undergone curative resection.

Patients and Methods

Patients. Between October 2010 and March 2019, 157 consecutive
patients underwent pancreatectomy for pancreatic cancer at the
Department of Gastroenterological Surgery, Kumamoto University.
PDAC was histologically confirmed in 144 of them. Nine of these
144 patients were excluded because they were taking anticoagulant
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Table 1. Patient characteristics (n=135).

Table I1. Preoperative coagulation-related variables in 135 patients who
underwent curative resection of pancreatic ductal carcinoma.

Factor

Subgroup

N (%)

Platelet count

>15.8x10%/ul

111 (82.2%)

Characteristic Value
Age, years Median (range) 68.0 (36-90)
Gender, n (%) Male 81 (60%)
BMI, kg/m2 Median (range) 21.5 (16.0-29.6)
CEA, ng/ml Median (range) 3.5(0.6-18.9)
CA19-9, U/ml Median (range) 56.4 (0.6-7313)
Tumor location, n (%) Head 88 (65.2%)
Body 31 (22.9%)
Tail 16 (11.9%)
T-Stage, n (%) T1 11 (8.1%)
T2 20 (14.8%)
T3 106 (78.5%)
T4 4 (3.0%)
Tumor size, mm Median (range) 28 (3.0-70)
N-Stage, n (%) NO 58 (43.0%)
N1 77 (57.0%)
Operative procedure, n (%) SSPPD 86 (63.7%)
DP 44 (32.6%)
DP-CAR 2 (1.5%)
TP 5 (3.7%)
With PVR 25 (18.5%)

BMI: Body mass index; CEA: carcinoembryonic antigen; CA19-9:
carbohydrate antigen 19-9; SSPPD: subtotal stomach-preserving
pancreaticoduodenectomy; DP: distal pancreatomy; DP-CAR: distal
pancreatomy with en bloc celiac axis resection; PVR: portal vein resection.

therapy. Finally, this study cohort consisted of 135 patients. This
study was approved by the Kumamoto University Hospital Ethics
Committee (2020-No.1291) and informed consent was obtained from
each patient according to the Institutional Review Board protocols.
The enrolled patient’s characteristics are shown in Table I.

Surgical strategy and postoperative follow-up. At our Institution, the
routine surgical strategy for PDAC is pancreatic resection with D2
dissection of the lymph nodes according to tumor location or tumor
size, as described previously (13). Gemcitabine and fluorouracil-
based chemotherapy was administered as adjuvant chemotherapy
from 2004 to 2012, and S-1 after 2013. All patients were monitored
either until January 2020 or their death, whichever came first. They
were followed-up at 3 -monthly intervals by our hospital or affiliated
hospitals. The mean follow-up period was 25 months.

Stage of cancer and cut-off for blood tests. The tumors were staged
according to the seventh edition of the American Joint Committee
on Cancer/International Union Against Cancer staging manual.
Postoperative complications were graded according to the Clavien-
Dindo classification (14). In this report, postoperative complications
were defined as those scoring 3 or more in that classification. Blood
tests were performed within the month before pancreatic resection.
The cut-off value for each clotting factor was based on normal
values used at our Institution. For clinical factors for which normal
values had not been established, median values were used.

Statistical analysis. Comparisons between groups were examined

using the Mann-Whitney U-test for continuous variables, and the chi-
squared or Fisher’s exact test for categorical variables. Continuous
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<15.8x10%/ul 24 (17.8%)
PT >80% 123 (91.1%)
<80% 12 (8.9%)
PT-INR <Il.1 112 (83.0%)
>1.1 23 (17.0%)
APTT >80% 86 (63.7%)
<80% 49 (36.3%)
Supplement (immature data)
Fibrinogen (n=48) <373 mg/dl 8 (16.7%)
>373 mg/dl 40 (83.3%)
AT-IIT (n=39) >90% 34 (87.2%)
<90% 5 (12.8%)
TAT (n=38) <3.0 ng/ml 28 (73.7%)
>3.0 ng/ml 10 (26.3%)
D-Dimer (n=59) <1.0 pg/ml 28 (47.5%)
=>1.0 pg/ml 31 (52.5%)
FDP-E (n=39) <5.0 ng/ml 27 (69.2%)
=5.0 ng/ml 13 (30.8%)
HPT (n=17) <90% 12 (70.6%)
=90% 5(29.4%)

APTT: Activated partial thromboplastin time; AT-III: antithrombin III;
FDP-E: fibrin/fibrinogen degradation products-E; HPT: hepaplastin test;
TAT: thrombin antithrombin III complex; PT: prothrombin time; PT-INR:
prothrombin time-international normalized ratio. The cut-off value for
each clotting factor was based on normal values used at our Institution.

variables are presented as the median with range and categorial
variables as number with percentage. Relapse-free survival (RFS)
rate and overall survival (OS) rate were calculated using the Kaplan-
Meier method and compared using the log-rank test. The prognostic
factors for RFS and OS after pancreatic resection were investigated
using Cox regression models. p-Values are two-sided, and p<0.05
was considered to denote statistical significance. JMP (version 12;
SAS Institute, Cary, NC, USA) was used for all statistical analyses.

Results

Abnormalities in the coagulation-related variables of platelet
count, prothrombin time, PT-INR, and activated partial
thromboplastin time were detected in 17.8%, 8.9%, 17%, and
36.3% of patients, respectively (Table II). According to
univariate Cox regression analysis, male sex [hazard ratio
(HR)=1.89, 95% confidence interval (CI)=1.20-3.08;
p=0.006), high carbohydrate antigen 19-9 (CA19-9)
concentration (HR=1.58, 95% CI=1.02-2.50; p=0.041), T-
stage =3 (HR=2.45, 95% CI=1.21-5.88; p=0.001), large
tumor size (HR=1.57, 95% CI=1.02-2.41; p=0.041), lymph
node metastasis (HR=1.94, 95% CI=1.25-3.05; p=0.003), and
prolonged PT-INR (HR=1.79, 95% CI=1.02-2.99; p=-0.044)
were significantly associated with shorter RFS (Table III).
Survival curve analysis identified that prolonged PT-INR was
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Table III. Results of univariate and multivariate analyses for relapse-free survival in patients who had undergone curative resection for pancreatic

ductal carcinoma.

Variable Univariate analysis Multivariate analysis

HR 95% CI p-Value HR 95% CI p-Value
Age >65 years 122 0.78-1.96 0.381
Male sex 1.89 1.20-3.08 0.006 1.82 1.15-2.96 0.0098
CEA >5.0 ng/ml 1.38 0.85-2.18 0.187
CA19-9 >37 U/ml 1.58 1.02-2.50 0.041 0.3217
Blood loss >700 g 1.42 0.92-2.19 0.105
Operative time >500 min 1.10 0.66-1.76 0.697
T-Stage =3 245 1.21-5.88 0.010 0.0711
Tumor size >30 mm 1.57 1.02-2.41 0.041 0.2808
Lymph node metastasis 1.94 1.25-3.05 0.003 1.87 1.21-2.95 0.0048
Complication, CDC =3 1.03 0.64-1.74 0.903
Platelet count <15.8x104/ul 1.00 0.61-1.78 0.971
PT <80% 1.61 0.71-3.15 0.237
PT-INR =1.1 1.79 1.02-2.99 0.044 0.0956
APTT =80% 1.08 0.69-1.71 0.739

APTT: Activated partial thromboplastin time; CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; CDC: Clavien-Dindo
classification; CI: confidence interval; HR: hazard ratio; PT: prothrombin time; PT-INR: prothrombin time-international normalized ratio. Bold

values indicate statistical significance.
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Figure 1. Kaplan-Meier analysis of relapse-free (A) and overall (B) survival according to prothrombin time-international normalized ratio (PT-
INR) in patients who underwent curative resection for pancreatic ductal adenocarcinoma (PDAC).

significantly associated with worse RFS compared with
normal PT-INR, the median RFS in patients with prolonged
PT-INR being significantly shorter than that in patients with
normal PT-INR (11 and 22 months, respectively; p=0.044)
(Figure 1A).

According to multivariate Cox regression analyses, male
sex (HR=1.86, 95% CI=1.15-2.96, p=0.0098) and lymph
node metastasis (H=1.87,95% CI=1.21-2.95; p=0.0048) were
independent predictors of shorter RFS. For OS, male sex
(HR=1.76, 95% CI=1.06-3.01; p=0.029), high CAI19-9
concentration (HR=1.78, 95% CI=1.07-3.05; p=0.027), T

stage =3 (HR=2.52, 95% CI=1.04-8.30; p=0.041), large
tumor (HR=2.48, 95% CI=1.51-4.16; p<0.001), lymph node
metastasis (HR=2.37, 95% CI=1.42-4.08; p=0.001), and
prolonged PT-INR (HR=2.18, 95% CI=1.26-3.97; p=0.004)
were significantly associated with shorter OS according to
univariate Cox regression analysis (Table IV). According to
multivariate Cox regression analyses, large tumor (HR=2.22,
95% Cl=1.34-3.75; p=0.0018), lymph node metastasis
(HR=2.3, 95% CI=1.36-4.00; p=0.0016), and prolonged PT-
INR (HR=2.65, 95% CI=1.45-4.63; p=0.002) were
independent predictors of worse OS.
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Table IV. Results of univariate and multivariate analyses for overall survival in patients who had undergone curative resection for pancreatic ductal

carcinoma.
Variable Univariate analysis Multivariate analysis

HR 95% C1 p-Value HR 95% CI p-Value
Age >05 years 1.46 0.87-2.53 0.153
Male sex 1.76 1.06-3.01 0.029 0.2608
CEA >5.0 ng/ml 1.58 0.92-2.65 0.097
CA19-9 >37 U/ml 1.78 1.07-3.05 0.027 0.2464
Blood loss >700 g 1.52 0.94-2.49 0.091
Operative time >500 min 1.15 0.65-1.94 0.614
T-Stage =3 2.52 1.04-8.30 0.041 0.1143
Tumor size >30 mm 248 1.51-4.16 <0.001 222 1.34-3.75 0.0018
Lymph node metastasis 2.37 1.42-4.08 0.001 2.30 1.36-4.00 0.0016
Complication (CDC =3) 1.15 0.66-2.16 0.632
Platelet count <15.8x10%/ul 1.28 0.70-2.19 0.401
PT <80% 2.04 0.85-4.20 0.104
PT-INR =1.1 2.18 1.26-3.97 0.004 2.65 1.45-4.63 0.0023
APTT =80% 1.03 0.62-1.74 0.908

APTT: Activated partial thromboplastin time; CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; CDC: Clavien-Dindo
classification; CI: confidence interval; HR: hazard ratio; PT: prothrombin time; PT-INR: prothrombin time-international normalized ratio. Bold

values indicate statistical significance.

Table V. Characteristics of patients according to prothrombin time-international normalized ratio (PT-INR) status.

Variable Normal PT-INR Prolonged PT-INR p-Value
(n=112) (n=23)
Age, years Median (range) 68.5 (40-90) 67 (36-79) 0.361
Gender, n (%) Male 63 (56.2%) 18 (78.2%) 0.042
CEA, ng/ml Median (range) 34 (0.4-112) 3.5(0.2-18.9) 0.856
CA19-9, U/ml Median (range) 56.15 (0.6-1735) 62.5 (0.7-7313) 0.024
Blood loss, g Median (range) 582 (80-13153) 995 (86-3623) 0.868
Operation time, min Median (range) 457.5 (120-802) 472 (248-840) 0476
T-Stage =3, n (%) Median (range) 90 (80.3%) 19 (82.6%) 0.801
Tumor size, mm Median (range) 28 (3-70) 35 (15-65) 0.022
Lymph node metastasis, n (%) Yes 56 (50%) 13 (56.5%) 0.056
Complication (CDC =3), n (%) Total 25 (22.3%) 7 (30.4%) 0.397
Postoperative breeding (%) 3 (2.7%) 3 (13%) 0.056
Postoperative thrombosis (%) 4 (3.6%) 0 (0%) Not available
Postoperative hospital stay, days Median (range) 22 (9-123) 24.5 (9-56) 0.896

CEA: Carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; CDC: Clavien-Dindo classification. Bold values indicate statistical significance.

Patients with prolonged PT-INR had significantly worse OS
than those with normal PT-INR in the survival curve analysis,
the median OS in patients with prolonged PT-INR being
significantly shorter than that of patients with normal PT-INR
(17 vs. 33 months, respectively; p=0.003) (Figure 1B).
Interestingly, when other patient characteristics were
compared between patients with normal and prolonged PT-
INR, male sex, CA19-9, and large tumor size were found to
be significantly associated with prolonged PT-INR (Table V).
However, prolonged PT-INR was not significantly associated
with surgical outcomes such as intraoperative blood loss and
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operative time. Postoperative bleeding events requiring
transfusion of red blood cells such as rupture of a
pseudoaneurysm (n=1), bleeding from drain (n=3), bleeding
from anastomosis (n=1), anemia progression (n=1) occurred
in six patients (three with normal PT-INR and three with
prolonged PT-INR). Postoperative thrombosis was detected in
four patients (portal thrombosis in two, deep venous
thrombosis in one, and renal infarction in one), all of whom
had normal PT-INR. Although prolonged PT-INR was not
significantly associated with postoperative bleeding events and
thrombosis (p=0.056 and p=not available), bleeding
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complications in three patients with prolonged PT-INR,
namely bleeding from a drain, bleeding from anastomosis, and
anemia progression in one patient each, may have been related
to their coagulation disorders (Table V).

Discussion

In this study, coagulation disorders characterized by prolonged
PT-INR were associated with worse outcomes in patients with
PDAC who had undergone curative resection. Thus, we have
here identified prolonged PT-INR as a novel marker of poor
prognosis in patients with PDAC. The coagulation disorders
that are often detected in patients with cancer are usually
subclinical, even when coagulation tests are abnormal (15).
The PT is a simple test for detecting and diagnosing bleeding
or excessive clotting disorders and the international
normalized ratio (INR) is a means of standardizing the PT.
Although coagulation disorders in individuals with cancer are
multifactorial in origin, several studies have reported the
important role of coagulation activity in cancer progression (16,
17). Vitamin K, a fat-soluble vitamin, is necessary for the blood
coagulation cascade. Vitamin K activates coagulation factors II,
VII, IX, X, which promote coagulation. In vitamin K deficiency,
the blood concentration of protein induced by vitamin K
absence II (PIVKA-II), a precursor of factor II, increases (18).
PIVKA-II has been used as a tumor marker, especially for
hepatocellular carcinoma. Although patients with malignant
tumors other than hepatocellular carcinoma rarely have a high
serum PIVKA-II concentration, a high PIVKA-II level has been
reported in association with lung, stomach, colon, and ovarian
cancer (19-22). The serum concentration of PIVKA-II has also
been reported to be higher in patients with pancreatic cancer
than in those with benign pancreatic diseases; thus, it may be
useful as a tumor biomarker (23). Vitamin K deficiency may be
associated with prognosis of patients with pancreatic cancer.
Furthermore, coagulation disorders associated with cancer are
reportedly caused by activation of tissue factor (TF) in tumor
tissue and activation of MET oncogene (4). TF is recognized as
playing an important role in this coagulation process. It is a
transmembrane receptor for factor VII/VIIa (FVII/VIIa). The
TF:FVIla complex is called the ‘extrinsic’ pathway because an
exogenous agent is required for activation of clotting factors in
plasma (24). The TF:FVIIa complex is the key initiator of the
coagulation protease cascade, activating both FIX to FIXa and
FX to FXa (24). The PT is determined by adding exogenous TF
to plasma and is used to assess the activity of the extrinsic
pathway. TF and its ligand FVIIa have been shown to play a role
in tumor metastasis. The TF:FVIIa complex has been reported
to influence tumor metastasis through tumor angiogenesis,
inhibition of apoptosis and induces intracellular changes such as
cell survival (25). The TF:FVIla complex has been shown to be
an independent risk factor for hepatic metastasis in patients with
colon cancer and to play a role in ovarian cancer invasion and

metastasis (26-28). Thus, several studies have recently reported
on the involvement of the TF:FVIla complex in cancer
progression. To our knowledge, although TF is not known to be
associated with progression of pancreatic cancer, TF in patients
with pancreatic cancer may act to contribute to prolonged PT-
INR, leading to worse prognosis. The underlying mechanism for
prolonged PT-INR in patients with PDAC and worse outcomes
requires elucidation by further investigation.

The first limitation of this study is that it was retrospective. A
second limitation is the validity of cut-off values for coagulation
factors. We based the cut-off value for each clotting factor on
normal values for our Institution. Other institutions may have
different cut-off values, which might lead to different results. A
third limitation is that some coagulation factors, such as D-
dimers and fibrinogen, were not measured in all study patients
and are possibly prognostic markers. A large prospective study
is required to further investigate the role of coagulation factors
as prognostic factors and their cut-off values.

In conclusion, a prolonged PT-INR might be a simple and
novel predictor of prognosis in patients who have undergone
curative resection of PDAC. Preoperative normalization of
coagulation activity may be an alternative strategy for
improving the prognosis of patients with PDAC.
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