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Abstract. The purpose of this study was to evaluate the changes 
in plasma soluble fibrin (SF) levels over time in gynecologic 
cancer patients following surgery. Furthermore, we examined 
the duration of the coagulation stage and determined a suitable 
duration for which thromboprophylaxis with anticoagulant 
agents should be administered. We retrospectively studied 
311 patients with invasive gynecologic cancer who underwent 
surgery at Okayama University Hospital, Japan. The plasma 
SF levels were measured serially prior to the operation and on 
postoperative days 0, 1, 3, 5, 7, 10, 14, 21 and 28. The plasma 
SF levels increased rapidly, peaked on postoperative day 1 
and then decreased. The SF levels of patients with venous 
thromboembolism (VTE) were significantly different from 
those of VTE-negative patients on postoperative days 0-10. 
The SF levels on each day did not significantly differ between 
patients treated with chemical anticoagulants and those treated 
mechanically. The plasma SF levels were elevated (≥7.0 µg/ml) 
in 159 of the 311 patients (51.1%) on one of the days when 
these levels were measured. Among the patients with elevated 
plasma SF levels, 110 patients (69.2%) peaked on days 0-3 
and only 9 patients (5.7%) peaked on days 21-28. Although 
only 1 of the 14 patients (7.1%) who showed peak levels on 
day 14 had undergone chemotherapy following surgery, 8 of 
the 9 patients (88.9%) whose levels peaked on days 21-28 had 
undergone chemotherapy following surgery (P=0.0002). In 
conclusion, the plasma SF levels increased rapidly, peaked on 
postoperative day 1 and then decreased. These levels peaked 
within 14 days of surgery in most cases. Therefore, chemical 
thromboprophylaxis may be administered for at least up to 
14 days following surgery.

Introduction

Cancer is widely accepted as a risk factor for venous throm-
boembolism (VTE) and, to a lesser extent, arterial thrombosis. 
This risk is attributable to factors such as the expression of 
prothrombotic factors and compression of the blood vessels by 
tumors, inflammatory response to malignancies by the host, 
immobility, surgery, indwelling central venous catheters, and 
certain antitumor therapies (1). In surgical oncology patients, 
VTE is the predominant cause of mortality during the first 
30 postoperative days (2). VTE is also a common complication 
associated with gynecologic cancer surgery, and patients with 
gynecological malignancies are classified under the highest-
risk group (3). 

Coagulation and fibrinolysis in the blood are complex 
processes, and numerous markers of thrombin and plasmin 
action in patients with VTE have been identified (4). Soluble 
fibrin (SF) and D-dimer are sensitive markers for VTE. D-dimer 
is a stable end-product of fibrin degradation, and D-dimer 
levels increase as a result of fibrin formation and fibrinolysis. 
Conversely, SF reflects thrombi activation and the cleavage of 
fibrinogen during the early stage of disease and is used as an 
indicator of coagulation (5). We recently reported the changes 
in plasma D-dimer levels over time in gynecologic cancer 
patients following surgery (6); however, changes in the SF levels 
in these patients following surgery have not been elucidated. 

The purpose of the present study was to evaluate the 
changes in the plasma SF levels over time in gynecologic 
cancer patients following surgery. Furthermore, we examined 
the duration of the coagulation stage and determined a suit-
able duration for which chemoprophylaxis with anticoagulant 
agents should be administered.

Materials and methods

Study population. We studied 311 patients with invasive 
gynecologic cancer who had undergone surgery at Okayama 
University Hospital between August 2007 and August 2011.  
The study was approved by the ethics committee of Okayama 
University Graduate School of Medicine, Okayama, Japan. 
Informed consent was obtained from each patient prior to 
blood collection. The median age of the patients was 55 years 
(range, 16-81 years). Patients with various types of gynecologic 
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cancers were enrolled: 65 patients with ovarian cancer, 142 with 
endometrial cancer, 103 with cervical cancer, and 1 with vulvar 
cancer. Patients with preoperative VTE were excluded. All 
the patients received general anesthesia. Calf-length external 
sequential compression devices (SCD) were placed on both legs 
of all the patients from the beginning of the surgery until after 
the operation. Chemical anticoagulants were administered to 
215 patients following surgery: 54 patients were treated with 
unfractionated heparin (UFH; 10,000 U/day); 50 patients 
with fondaparinux (FPX; 2.5 mg/day); and 111 patients with 
enoxaparin (ENO; 4,000 U/day). UFH, ENO and FPX were 
administered for a median of 5 days (range, 3-23 days), 10 days 
(range, 1-15 days), and 10 days (range, 3-20 days), respectively. 
UFH was used at the discretion of the surgeon before regu-
latory approval of the other agents was obtained (i.e., before 
2008), and ENO and FPX were routinely used after 2009. In 
the present study population, VTE was detected in 23 patients 
(7.4%).

Measurement of plasma SF levels. The plasma SF levels were 
measured serially prior to surgery and on postoperative days 0, 
1, 3, 5, 7, 10, 14 and 21; these levels were also measured after 
day 28. We used the latex agglutination method to measure 
the SF levels with IATRO SF (Mitsubishi Kagaku Iatron, Inc., 
Tokyo, Japan), which contains the monoclonal antibody IF-43 
as the reagent. IF-43 recognizes a segment of the fibrin Aα 
chain (Aα-17-78 residue segment) exposed in the E region of 
the fibrin monomer (FM) when this FM binds to the D region 
of another FM or fibrinogen. The antibody is coated for the SF 
assay (7). The normal range is <7.0 µg/ml.

Statistical analyses. We used Fisher's exact test or the 
Mann-Whitney U-test to statistically analyze the differences 
between the groups. Probability values of <0.05 were consid-
ered to indicate statistical significance.

Results

Time course of postoperative plasma SF levels. The plasma 
SF levels increased rapidly, peaked on postoperative day 1 

(median, 4.6 µg/ml), and then decreased (Fig. 1). The SF 
levels of VTE-positive patients were significantly different 
from those of VTE-negative patients on postoperative day 0 
(medians 8.5 µg/ml and 4.3 µg/ml, respectively; P<0.0001), 
day 1 (medians 11.3 µg/ml and 4.9 µg/ml, respectively; 
P=0.002), day 3 (medians 4.4 µg/ml and 4.0 µg/ml, 
respectively; P=0.02), day 5 (medians 5.6 µg/ml and 
3.5 µg/ml, respectively; P=0.003), day 7 (medians 5.8 µg/ml 
and 3.6 µg/ml, respectively; P=0.003), and day 10 (medians 
6.1 µg/ml and 3.6 µg/ml, respectively; P<0.0001) (Fig. 2). The 
SF levels on each day did not significantly differ between the 
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Figure 1. Course of plasma soluble fibrin (SF) levels in patients with gyne-
cologic cancer (n=311). The median is indicated within the boxplot by a 
horizontal line inside the box. The lower edge of the whisker, the lower end of 
the box, the upper end of the box, and the upper edge of the whisker represent 
the 10th, 25th, 75th and 90th percentiles, respectively.

Figure 2. (A) Course of plasma soluble fibrin (SF) levels in patients without 
VTE (n=288). (B) Course of plasma SF levels in patients with VTE (n=23). 
*P<0.0001, **P=0.002, ***P=0.02, ****P=0.003. VTE, venous thromboembolism.

Figure 3. The peak day of plasma soluble fibrin (SF) levels in patients with 
gynecologic cancer (n=159).
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patients treated with chemical anticoagulants and those treated 
mechanically (data not shown).

Incidence and peak day of elevated plasma SF. The plasma SF 
levels were elevated (≥7.0 µg/ml) in 159 of the 311 patients 
(51.1%) on one of the days when the levels were measured. 
The days on which the plasma SF levels peaked are shown in 
Fig. 3. The plasma SF levels of 67 patients (42.1%) peaked on 
day 1, 23 patients (14.5%) on day 0, and 20 patients (12.6%) on 
day 3. However, in 14 patients (8.8%), these levels peaked on 
day 14 and in 9 patients (5.7%) on days 21-28. We observed that 
only 1 of the 14 patients (7.1%) whose levels peaked on day 14 
had undergone chemotherapy following surgery. However, 
chemotherapy had been administered to 8 of the 9 (88.9%) 
patients whose levels peaked on days 21-28 (P=0.0002). 

Discussion

The SF levels reflect the changes that occur during the early 
phase of a thrombotic event, while D-dimer levels reflect 
secondary fibrinolysis after clot formation (8). Elevated levels 
of circulating plasma SF indicate the conversion of fibrinogen 
to fibrin by thrombin. Plasma SF levels rapidly increase and 
then decrease relatively soon following orthopedic surgery 
(9,10). In a previous study, we reported that plasma D-dimer 
levels gradually increased, peaked on postoperative days 7-10, 
and then decreased (6). To the best of our knowledge, changes 
in the plasma SF levels in gynecologic cancer patients have 
not yet been described. In the present study, we measured the 
plasma SF levels longitudinally and demonstrated that these 
levels increased rapidly following surgery, peaked on postop-
erative day 1, and then decreased. This observation suggests 
that increased intravascular fibrin formation had already 
occurred during perisurgery. High plasma levels of D-dimer 
are maintained for longer periods than those of SF because the 
half-life of plasma D-dimer is relatively long. Furthermore, we 
demonstrated that the SF levels in the VTE-positive patients 
were significantly higher than those in the VTE-negative 
patients on postoperative days 0-10. Therefore, hypercoagula-
tion may exist from surgery to at least 10 days after surgery in 
certain cases. It is reported that the plasma concentration of SF 
following orthopedic surgery is significantly higher in patients 
with VTE than in those without VTE on days 1, 4 and 14 (10).

In approximately 70% of the patients, the plasma SF levels 
peaked within 3 days of surgery. Kearon reported that in a 
large number of cases, VTE occurred between the intraopera-
tive period and postoperative day 3 (11). The findings of the 
present study support this finding. In approximately 95% of 
the patients, the plasma SF levels peaked within 14 days of 
surgery. This finding suggests that the risk of symptomatic 
VTE is generally highest during the 2 weeks following surgery, 
and therefore, prophylaxis should be administered to patients 
with gynecologic cancer for at least 2 weeks postoperatively. 

In the ENOXACAN II study, a double-blind, multicenter 
clinical trial involving patients undergoing open abdominal or 
pelvic cancer surgery, the incidence of VTE decreased signifi-
cantly from 12 to 4.8% when inpatient thromboprophylaxis 
was continued for 27-31 days (12). Most guidelines recommend 
that cancer patients undergoing elective major abdominal or 
pelvic surgery should receive prophylaxis in the hospital and 

after discharge for up to 1 month after surgery (13). However, 
the exact indications for such extended prophylaxis have not 
been defined. In fact, findings of a systematic review showed 
that extended prophylaxis reduced asymptomatic VTE without 
decreasing the mortality rate at 3 months, and that the evidence 
for extended regimens was limited and of poor quality (13). 
Notably, approximately 90% of the patients whose plasma 
SF levels peaked on days 21-28 had undergone chemotherapy 
following surgery. Therefore, the elevated plasma SF levels were 
probably not due to surgery, but instead associated with chemo-
therapy. Peedicayil et al reported that 75% of VTE events occur 
more than a week after surgery and 36% occur after 4 weeks 
(14). They believed that early VTE was due to the surgery, while 
late VTE reflected changes during the period of recovery and 
initiation of adjuvant treatments such as chemotherapy.

Our current findings proved that the plasma SF levels 
increased rapidly, peaked on postoperative day 1, and then 
decreased. Furthermore, we showed that the levels peaked before 
postoperative day 14 in most cases. Therefore, postoperative 
chemical thromboprophylaxis may be administered for at least 
up to 14 days after surgery. Further study is required to determine 
which patients should be considered for extended prophylaxis.
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