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Abstract
Background: Gynecologic cancers are associated with high rates of venous thrombo-
embolism (VTE), which is exacerbated by pelvic surgery and chemotherapy.
Objectives: The aim of this study was to develop and validate a risk score for VTE in 
patients with gynecologic cancer and to test the predictive ability of the score follow-
ing addition of procoagulant biomarker data.
Patients and methods: Clinical and laboratory variables were used to develop a risk 
score for the prediction of VTE in patients with gynecological cancer (n = 616), which 
was validated in a separate cohort of patients (n = 406). Endogenous thrombin poten-
tial and D-dimer levels were determined in a subset (n = 290) of patients and used to 
produce an extended score in the validation cohort.
Results: Multivariable regression analysis identified BMI >30, hemoglobin <11.5 g/dL 
and chemotherapy as independent predictors of VTE, which formed the Thrombogyn 
score. Following competing risk regression analysis, subdistribution hazard ratios 
(SHRs), adjusted for cancer stage, were 8.16 (95% confidence interval [CI], 1.69-
43.77) in the high-risk group (score = 2-3) and 4.12 (95% CI, 0.85-20.15) in the inter-
mediate-risk group (score = 1) compared with the low-risk group (score = 0). SHRs for 
the validation cohort were 6.26 (95% CI, 1.24-31.39) and 3.00 (95% CI, 0.67-13.32), 
respectively. Cumulative incidence of VTE in the validation cohort high-risk group 
was 10.34% (95% CI, 6.51-16.41) per women-years compared with 1.06% (95% CI, 
0.26-4.26) in the low-risk group. Using the extended Thrombogyn score, adjusted 
SHRs were 16.83 (95% CI, 4.20-67.37) in the high-risk group with a cumulative inci-
dence of 21.15% (95% CI, 10.32-45.24). External validation of the score is required.
Conclusions: The Thrombogyn score identifies patients with gynecologic cancer at 
high and low risk of VTE. Addition of biomarker data improves the predictive power 
of the score.
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Essentials

• Patients with gynecologic cancer are at high risk of venous thromboembolism (VTE).
• Thrombogyn risk score for VTE was derived and validated in 1022 patients with gynecologic cancer.
• The addition of procoagulant biomarkers increases the predictive power of the Thrombogyn score.

1  | INTRODUCTION

Gynecologic cancers are associated with a high risk of venous 
thromboembolism (VTE).1-3 Patients are particularly at risk during 
the postoperative period, where VTE occurs in 6%-7% of patients 
with gynecologic cancer after surgery despite prophylaxis.1 The 
risk of pulmonary embolism (PE) is increased 14-fold in patients 
undergoing gynecologic cancer surgery compared with those who 
had similar surgery for benign disease.4 In line with these findings, 
guidelines advise extended low-molecular-weight heparin (LMWH) 
prophylaxis following surgery for gynecologic cancers beyond the 
patient’s hospital stay.5,6 Although extended prophylaxis is ef-
fective,7 the optimal duration of prophylaxis is unclear.8,9 Several 
groups have suggested that extended prophylaxis is not necessary 
in all patients with gynecologic cancer, particularly those under-
going minimally invasive surgery.10-12 In addition, we and oth-
ers have shown that use of extended prophylaxis is low in many 
centers.2,13-15

Thrombosis is also a common complication of chemotherapy, 
particularly among patients with ovarian cancer.16,17 Two recent 
randomized trials showed that chemotherapy-associated VTE can 
be reduced using prophylaxis with direct oral anticoagulants in in-
termediate to high-risk patients.18,19 For optimal prevention of VTE 
in patients with cancer, effective risk assessment strategies are 
required.20

Several models have been developed to identify patients with 
cancer at high risk of VTE. The most widely used and externally val-
idated of these, the Khorana risk score, was developed to identify 
patients who are at increased risk of VTE during chemotherapy.21 
Similar risk models using a combination of clinical risk factors and 
biomarkers have been published, although few have been val-
idated.22-25 The major determinant of the Khorana score, and the 
most recent score from the Vienna Cancer Associated Thrombosis 
cohort,26 is cancer site, which places all patients with gynecologic 
cancer in an intermediate-risk category prior to the addition of other 
risk determinants. Hence, this approach lacks stratification power 
among cohorts of a single cancer type, as has been shown in studies 
of patients with lung cancer.27,28 Patients with gynecologic cancer 
are poorly represented in these studies, which limits the applicability 
of the scores to these patients.

In this study, we have developed and validated the Thrombogyn 
score, a risk score for VTE in patients with gynecologic cancer 

undergoing surgery and chemotherapy. The predictive ability of ex-
tending the Thrombogyn score with procoagulant-based biomarkers 
was also determined.

2  | STUDY DESIGN

Patients who underwent surgery for gynecologic cancer from 
January 2006 to June 2016 in St. James Hospital gynecology-on-
cology unit (a large tertiary referral center) in Dublin were included 
in the study. Patients who were on LMWH treatment for VTE (in-
cluding cancer-related VTE) at the time of surgery were excluded. 
Patients were not screened for thrombophilia, but patients with 
known thrombophilia requiring additional prophylaxis were ex-
cluded. Patients on long-term anticoagulant therapy for other condi-
tions were also excluded. All patients were treatment naïve except 
for patients who had neoadjuvant therapy or patients who under-
went surgery for recurrence. All patients received antithrombotic 
prophylaxis following surgery. This included early mobilization, 
hydration, compression stockings, and LMWH (4500 IU tinzaparin 
once daily (body mass index [BMI],  < 40 kg/m2) and 75 IU/kg tin-
zaparin once daily for BMI > 40 kg/m2. Patients were followed for a 
minimum of 24 months or until VTE occurrence or death. The study 
had the approval of the local ethics committee.

The primary end point was objectively confirmed VTE, includ-
ing deep vein thrombosis (DVT), PE, or both (DVT and PE) following 
cancer surgery. Only events that were confirmed by documented 
objective testing such as compression ultrasonography, venography, 
or computed tomography and pulmonary angiogram in the case of 
PE, were included. Although the majority of events were symptom-
atic, asymptomatic thrombotic events (eg, PE detected in a routine 
computed tomography), were also included when these events re-
quired treatment. Sample size was determined based on the rule of 
thumb that 10 events per predictor are required for a valid analy-
sis.29 Assuming an average VTE rate for gynecologic patients of 7%,1 
a sample size of 700 patients (50 VTE events) would be enough for a 
risk score with up to 5 predictors.

The derivation cohort consisted of all patients who underwent 
surgery between January 2006 and June 2012 and who fulfilled 
the inclusion/exclusion criteria. Data were extracted retrospec-
tively from the gynecologic cancer database, with follow-up data 
obtained from hospital and general practitioner records. Patients in 
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the derivation cohort received LMWH prophylaxis for the duration 
of their hospital stay.

The validation cohort consisted of patients with gynecologic 
cancer who underwent surgery between May 2012 and June 2016 
and who donated samples prospectively to the Trinity College Dublin 
(TCD) gynecologic cancer bioresource, a prospectively collected da-
tabase and biobank of tissue, serum, and plasma from ovarian, endo-
metrial, and other gynecologic cancers. All patients were prescribed 
LMWH prophylaxis for 4 weeks after surgery in accordance with the 
guidelines.5,6 All patients gave full and informed written consent.

For both cohorts, patient age, BMI, final histologic diagnosis, 
tumor origin, International Federation of Gynecology and Obstetrics 
stage and grade of cancer30,31 surgical approach (open/laparo-
scopic), surgical complexity, duration of hospital stay, chemother-
apy and radiotherapy treatment, and survival data were recorded. 
Preoperative hemoglobin (Hb), white cell, neutrophil, lymphocyte, 
and platelet counts were determined 24-48 hours prior to surgery 
by the hospital laboratory using standard procedures. Surgical pro-
cedures were classified according to complexity of surgery using a 
modification of a previously described classification system32 (Table 
S1). Duration of follow-up was calculated from date of surgery to 
date of last follow-up, VTE, or death.

2.1 | Derivation and validation of the 
Thrombogyn score

The Thrombogyn score was developed based on data from the deri-
vation cohort only. Variables included were age; BMI; tumor origin, 
stage and grade of cancer, histology, chemotherapy treatment, radi-
otherapy treatment, and surgical complexity and approach; and Hb, 
white cell, lymphocyte, neutrophil, and platelet count. Categorical 
variables were evaluated in univariate analysis using a chi-squared 
test, and continuous variables were analyzed using a Student t test. 
Variables associated with an increased risk of VTE in univariate anal-
ysis (P < .2) as well as continuous variables that showed a significant 
difference between VTE and non-VTE groups were selected for 
inclusion in the multivariable analysis. Stepwise forward multivari-
able binary logistic regression was used with VTE occurrence during 
follow-up set as the dependent variable. A risk score was developed 
based on the regression coefficients (β) of the independent predic-
tors rounded to the nearest integer. Each patient was scored using 
the derived score; smaller score groups were combined to produce 3 
categories: low, medium, and high risk. The score was validated using 
a separate cohort from the TCD gynecologic cancer bioresource (de-
scribed above).

2.2 | Laboratory analysis

Platelet-poor plasma prepared as previously described33 was ob-
tained from the TCD gynecologic cancer bioresource. Blood samples 
were taken 24-48 hours prior to surgery. D-dimer was measured 

using a 2-step procedure in the hospital laboratory (Vidas D-dimer 
Exclusion II). Thrombin generation (Thrombinoscope, Synapse BV), 
was measured as previously described using 5 PM Tissue Factor.33 
Area under the thrombin generation curve (ETP) was reported for 
each sample.

2.3 | Extension of the Thrombogyn score with 
addition of biomarker data

The score was extended in the validation cohort with the addition of 
procoagulant biomarkers (ETP) and D-dimer. ETP and D-dimer levels 
were determined in all available samples. A predefined cutoff of the 
75th percentile for each biomarker was calculated, which reflected 
the upper quartile of the total biobank study population. Values 
above the 75th percentile were assigned a score of 1 point for each 
biomarker and added to the Thrombogyn score, creating a 5-point 
extended Thrombogyn score. Smaller score groups were combined 
to produce a low-, intermediate-, and high-risk group.

2.4 | Statistical analysis

Model discrimination performance was evaluated using the standard 
measures of sensitivity, specificity, and predictive value. For over-
all assessment, discrimination was evaluated using the area under 
the receiver operating characteristic curve (AUC) with larger values 
indicating better discrimination. Calibration was assessed by plot-
ting observed versus predicted probability of VTE in each cohort. 
The cumulative VTE incidence rate was estimated using a compet-
ing risk time-to-event analysis in which death was treated as a com-
peting event for VTE. Subdistribution hazard ratios (SHRs) adjusted 
for competing risk of death were calculated with the Thrombogyn 
score as a continuous variable. SHRs (adjusted for cancer stage) 
were also calculated for each risk category, with the low-risk cat-
egory as a reference. Kaplan-Meier curves were used to determine 
thrombosis-free survival for each risk category. In all cases, P < .05 
was considered significant. Data were analyzed using SPSS ver-
sion 23(IBM Corporation, Armonk, NY, USA) and Stata version 13.1 
(Stata Corporation, College Station, TX, USA).

3  | RESULTS

3.1 | Derivation of the Thrombogyn score

A total of 802 patients were reviewed, and 620 patients met the 
inclusion criteria. Reasons for exclusion included preoperative VTE, 
long-term anticoagulation, no surgery, or surgery in another hospi-
tal (Figure 1). Four patients were lost to follow-up. Ovarian cancer 
(51.8%), endometrial cancer (28.4%), and cervical cancer (13.8%) 
were the main cancer sites. A total of 554 (89.9%) patients were 
treatment naïve at inclusion; 229 (37.2%) patients had adjuvant 
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chemotherapy during the follow-up period (full demographic details 
are given in Table 1).

VTE occurred in 53 patients in the derivation cohort (3 patients 
were asymptomatic). VTE events were PE (n = 21), DVT (n = 23), 
DVT and PE (n = 7), peripherally inserted central catheter (PICC) 
line thrombosis (n = 1), and subclavian and axillary vein thrombosis 
(n = 1). Eleven (20.7%) VTEs occurred during chemotherapy treat-
ment. The median time to VTE event from surgery was 104 (1-720) 
days. Twenty-three (43.4%) events occurred within 1 month of sur-
gery, including 12 (22.6%) VTE events that occurred during hospital 
stay while patients were on LMWH prophylaxis. Two patients who 
had a VTE within 30 days of surgery had an intraoperative bleed 
requiring transfusion.

Univariate analysis of potential risk factors is summarized in 
Table S2. The following variables were included in the multivariable 

analysis: tumor histology, stage, and grade; BMI; surgical complexity; 
duration of hospital stay; chemotherapy treatment; and Hb (<11.5 g/
dL). Multivariable regression analysis showed that BMI > 30, chemo-
therapy treatment, and Hb < 11.5 g/dL were independently associ-
ated with VTE. The analysis was repeated for VTE events occurring 
within 12 months of surgery, and the same independent predictors 
were identified. Regression coefficients and odds ratios for each 
predictor are shown in Table 2 and Table S3.

A total of 598 patients had complete data for scoring and were 
divided into 3 categories based on their scores: low risk (score = 0; 
n = 152), intermediate risk (score = 1; n = 264), high risk (score = 2-3; 
n = 182). In the low-risk group, 1.3% of patients suffered a VTE 
compared with 17.6% of patients in the high-risk group (P < .0001) 
(Figure 2). Competing risk regression analysis showed that the cu-
mulative incidence rate was 11.10% (95% confidence interval [CI], 

F I G U R E  1   Flow diagram showing inclusion of patients into the study

Derivation cohort Validation cohort
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TA B L E  1   Demographics of the population

 Derivation cohort (n = 616) Validation cohort (n = 406) P value

Age, y, median (IQR)  57 (46-66.0) 59 (50-66) < .02

Tumor site, n (%) Ovary 319 (51.8) 135 (33.3) < .001

Endometrium 175 (28.4) 187 (46.1)  

Cervix 85 (13.8) 66 (16.3)  

Other 37 (6.0) 18 (4.4)  

Histology, n (%) Clear cell 22 (3.6) 13 (3.2) < .001

Serous 181 (29.4) 109 (26.9)  

Mucinous 17 (2.8) 12 (3.0)  

Endometrioid (ovarian) 19 (3.1) 16 (3.1)  

Endometrial

Adenocarcinoma 131 (21.3) 146 (36.0)  

Squamous 90 (14.6) 47 (11.6)  

Sarcomas 16 (2.6) 20 (4.9)  

Mixed 25 (4.1) 19 (4.7)  

Borderline 67 (10.9) 0  

Other 48 (7.8) 24 (5.9)  

Stage, n (%) I 287 (46.6) 224 (55.2) < .001

II 43 (7.0) 32 (7.9)  

III 175 (28.4) 90 (22.2)  

IV 41 (6.6) 48 (11.8)  

Recurrent 3 (0.5) 12 (3.0)  

N/A 67 (10.8) 0  

Grade, n (%) I 149 (24.1) 125 (30.8) < .001

II 137 (22.2) 108 (26.6)  

III 254 (41.2) 161 (39.7)  

Recurrent 3 (0.5) 12 (3.0)  

N/A 73 (11.8) 0  

BMI, n (%) >30 kg/m2 187 (30.3) 174 (42.8) < .001

<30 kg/m2 411 (66.7) 214 (52.7)  

N/A 18 (2.9) 18 (4.4)  

Chemotherapy, n (%) Neoadjuvant 62 (10.1) 44 (10.8) .543

Adjuvant 229 (37.2) 139 (34.2)  

No chemotherapy 325 (52.8) 223 (54.9)  

Radiotherapy, n (%) Yes 135 (21.9) 131 (32.3) < .001

No 367 (59.6) 264 (65.0)  

N/A 38 (6.2) 57 (14.0)  

Surgical complexity, n (%) Low 211 (34.3) 131 (32.3) < .0001

Intermediate 367 (59.6) 218 (53.7)  

High 38 (6.2) 57 (14.0)  

Duration of hospital stay, days 
(median (range))

 10 (7-14) 7 (5-9) < .0001

VTE, n (%)  53 (8.6) 34 (8.4) .753

Surgical approach, n (%) Open 540 (87.6) 226 (55.7) < .0001

Laparoscopic 76 (12.3) 180 (44.3)  

White cell count (×103/μL), median (IQR)  7.5 (6.1-9.2) 7.3 (5.8-8.9) .836

(Continues)
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7.85-15.69 in the high-risk group, compared with 0.65% (95% CI, 
0.16-2.62) in the low-risk group (Table 3). The SHR per 1-point in-
crease in Thrombogyn score was 1.71 (95% CI, 0.92-3.14), and 
following adjustment for cancer stage, SHR was 8.16 (95% CI, 1.69-
43.77) in the high-risk group and 4.12 (95% CI, 0.85-20.15) in the 
intermediate-risk group (Table 3) with the low-risk group as refer-
ence. Thrombosis-free survival was reduced in the intermediate- and 
high-risk groups (Figure 3A) (P < .0001).

3.2 | Validation of the score

The validation cohort contained 425 patients who met the inclusion 
criteria, of which 406 completed follow-up and were included in the 
study; 34 of these patients suffered a VTE. Endometrial cancer was 
the predominant cancer site (46.1%), ovarian cancers comprised 33% 
of the cohort while 16% were cervical cancers. At entry to the study, 
362(89.1%) patients were treatment naïve; 223 (54.9%) patients had 

chemotherapy during the follow-up period. Full demographic details 
are given in Table 1.

Thirty-four VTE events (5 asymptomatic) occurred during the 
follow-up period (PE = 17; DVT = 15; PICC line thrombosis = 1; inter-
nal jugular vein thrombosis = 1). Eight (23.4%) VTEs occurred during 
chemotherapy treatment. The majority of events (82%) occurred 
within 12 months of follow-up (median time to event, 68 days [range, 
2-582]). Twelve (35.2%) events occurred within 1 month of surgery 
(9 events during hospital stay) while on LMWH prophylaxis. Of those 
who suffered a VTE within 30 days of surgery, 2 patients suffered 
an intraoperative bleed, and 1 patient was transfused due to a low 
preoperative hemoglobin level.

A total of 388 patients had data available for Thrombogyn score. 
VTE in the high-risk group (n = 102) was 17.6% compared with 
2.2% in the low-risk category (n = 91; P < .001) (Figure 2). VTE risk 
was significantly associated with Thrombogyn score with an SHR 
per 1-point increase in score of 2.47 (95% CI, 1.70-3.57) (Table 3). 
The adjusted cumulative incidence rates were significantly higher 

 Derivation cohort (n = 616) Validation cohort (n = 406) P value

Neutrophils (×103/μL), median (IQR)  4.7 (3.5-6.4) 4.5 (3.5-6.1) .384

Lymphocytes (×103/μL), median (IQR)  1.8 (1.3-2.3) 1.8 (1.4-2.3) .358

Hemoglobin (g/dL), median (IQR)  12.5 (11.1-13.4) 13.0 (11.7-13.9) < .001

Platelets (×103/μL), median (IQR)  281 (235-345) 287 (239-347) .832

TA B L E  1   (Continued)

 Beta SE df
P 
value OR 95% CI

No. of 
points 
assigned

Hemoglobin < 11.5 0.941 0.308 1 .002 2.56 1.41-4.67 1

BMI > 30 0.652 0.318 1 .04 1.92 1.03-3.57 1

Chemotherapy 1.316 0.344 1 .0001 3.73 1.90-7.32 1

Note: Points are assigned based on the rounding of the regression coefficient to the nearest 
integer.
BMI, body mass index; CI, confidence interval; df, degrees of freedom; OR, odds ratios; SE, 
standard error.

TA B L E  2   Multivariable analysis 
results for the derivation cohort (n = 616) 
showing independent predictors that 
comprise the Thrombogyn score

F I G U R E  2   VTE rate (%) according 
to Thrombogyn risk score group in the 
derivation cohort (n = 598) and the 
validation cohort (n = 388). Risk groups 
in the biobank cohort (n = 290) are based 
on the extended Thrombogyn score. VTE, 
venous thromboembolism
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in both the intermediate- (3.72%; 95% CI, 2.20-6.28) and high-risk 
group (10.34%; 95%CI, 6.51-16.41). Thrombosis-free survival was 
reduced in the intermediate- and high-risk groups, respectively, 
compared with the low-risk group (P < .0001) (Figure 3B).

3.3 | Addition of biomarker data to generate the 
extended Thrombogyn score

A total of 290 patients from the validation cohort had data avail-
able for both biomarkers (ETP and D-dimer). Ovarian tumor site and 
chemotherapy were significantly less common in patients (n = 98) 
with missing biomarker data in the validation cohort (P < .008 and 
P < .014, respectively). The 75th percentile cutoff for ETP and 
D-dimer in the whole population was 2475 nm thrombin/min and 
1274 ng/mL, respectively (Figure S1). For values above this cutoff, 
1 point was added (per biomarker) to create the 5-point extended 
Thrombogyn score. D-dimer levels above the cutoff were associated 
with a 3.29-fold (95% CI, 1.27-8.26) increased risk of VTE, whereas 
ETP was associated with a 2.19-fold (95% CI, 0.89-5.37) increased 
risk.

Forty-two percent of patients in the high-risk group (score = 4-5; 
n = 19) suffered a VTE compared with 2.6% in the low-risk group 
(score = 0-2; n = 151) (P < .0001) (Figure 2). Cumulative incidence 
rate for the extended score was 21.15% (95% CI, 10.32-45.24) wom-
en-years in the high-risk group compared with 1.08 (95% CI, 0.35-
3.37) in the low-risk group. SHR per 1-point increase in the extended 
Thrombogyn score, showed a significant association with VTE risk 
(SHR = 2.17 [1.63-2.88]) (Table 3). Thrombosis-free survival was sig-
nificantly shorter in the high-risk group compared with the low-risk 
group (P < .001) (Figure 3C).

3.4 | Accuracy and sensitivity of the score

AUC for the Thrombogyn score in the derivation and validation co-
horts were similar, at 0.714 (95% CI, 0.645-0.780) and 0.699 (95% 
CI, 0.605-0.780), respectively (Table 4; Figure S2A,B). The sen-
sitivity and negative predictive value (NPV) of the Thrombogyn 
score in the intermediate-/high-risk group combined (score ≥ 1) 
was >90% in both derivation and calibration cohorts. In the bio-
marker cohort, the extended Thrombogyn score had a higher 
AUC (0.784; 95% CI, 0.681-0.886), higher specificity, and  posi-
tive predictive value for the high-risk group compared with the 
Thrombogyn score in the same patient cohort; however, sensitiv-
ity was lower (Table 5; Figure S2C). Calibration plots of observed 
versus predicted probability of VTE showed good agreement be-
tween observed and predicted probabilities in each cohort (Figure 
S2D-F).

4  | DISCUSSION

VTE is a significant problem for patients with gynecologic cancer 
occurring on average in 10% of patients over the course of their can-
cer journey.1 The postoperative period is particularly high risk,1,6,7 
and for many patients, this is followed by adjuvant chemotherapy, 
which further increases VTE risk.16,17 Although LMWH prophylaxis 
reduces VTE after surgery, a considerable number of patients still 
suffer a thrombosis despite compliance with the recommended 
thromboprophylaxis.9,11 In this study, we have developed and vali-
dated a risk score, which can predict VTE occurrence in patients 
with gynecologic cancer in the 24 months following cancer staging 
surgery. The performance of this score was enhanced by extending 

TA B L E  3   Cumulative incidence and subdistribution hazard ratios (SHRs) for VTE following competing risk regression analysis

 Derivation cohort Validation cohort Extended thrombogyn cohort

Number of scored patients 598 388 290

SHR (per point increase) 1.71 (0.92-3.14) 2.47 (1.70-3.57) 2.17 (1.63-2.88)

No. of deaths 78 35 27

Risk group Low Intermediate High Low Intermediate High Low Intermediate High

n= 152 265 182 91 195 102 151 120 19

SHR (risk 
category)(95% 
CI)

REF 5.79 
(1.35-24.86)

14.85 
(3.56-61.70)

REF 3.49 
(0.81-15.15)

9.16 
(2.16-38.81)

REF 4.87 
(1.38-17.17)

20.81 
(5.56-77.85)

SHR(adjusted 
for stage)
(95%CI)

REF 4.12 
(0.85-20.15)

8.16 
(1.69-43.77)

REF 3.00 
(0.67-13.32)

6.26 
(1.24-31.39)

REF 4.15 
(1.13-15.22)

16.83 
(4.20-67.37)

Cumulative 
incidence (per 
women years) 
(95% CI)

0.65 
(0.16-2.62)

3.99 
(2.54-6.26)

11.10 
(7.85-15.69)

1.06 
(0.26-4.27)

3.72 
(2.30-6.28)

10.34 
(6.51-16.41)

1.08 
(0.35-
3.37)

5.54 
(3.14-9.76)

21.1 
(10.3-45.2)

Note: P values represent the comparison for VTE in the High and Intermediate risk category compared with the Low risk category. Cumulative 
incidence is adjusted for competing risk of death.
CI, confidence interval; VTE, venous thromboembolism.
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the score to include 2 biomarkers (ETP and D-dimer), known to be 
associated with VTE.

The postoperative period is a high-risk period in patients with 
gynecologic cancer. Although further validation and randomized tri-
als are required, the Thrombogyn score may enable clinicians to per-
sonalize the dose and duration of LMWH prophylaxis; maximizing 
the effectiveness of prophylaxis in high-risk groups and identifying 
low-risk patients who may be able to avoid extension of LMWH pro-
phylaxis. The strength of this approach was recently demonstrated 
in 2 randomized trials where the Khorana score was used to identify 
high-risk cancer patients who underwent thromboprophylaxis with 
direct oral anticoagulants during chemotherapy, with a significant 
reduction in chemotherapy-associated VTE.18,19

Several models exist for prediction of VTE in cancer; however, 
none are appropriate for patients with gynecologic cancer following 
surgery. Guidelines recommend the Caprini score to assess throm-
botic risk in surgical patients; however, when this is used in gyneco-
logic cancer surgery, >90% of patients are assessed as high risk even 
though only a small proportion of these developed VTE.34,35 Existing 
scores for patients with cancer were derived based on patient co-
horts that lack data on patients with gynecologic cancer.21,23,36 The 
Khorana score places all patients with gynecologic cancer in the in-
termediate-risk category and hence lacks the stratification required 
to identify lower-risk patients. The COMPASS-CAT risk assessment 
model included patients with ovarian cancer, but the majority of pa-
tients were on active treatment when assessed.24 This limits its ap-
plicability to our patient group where approximately 90% of patients 
in both cohorts were treatment naïve.

In our derivation cohort, 3 risk factors emerged as independent 
predictors following multivariable analysis (BMI > 30, Hb < 11.5, 
and chemotherapy treatment) and were used to construct the 
Thrombogyn score. These risk factors are known to be associated 
with VTE in both the cancer and the noncancer population.17,37

We validated our score in a separate prospective cohort from our 
gynecologic cancer biobank. Although the patients were from the 
same center, the validation cohort was significantly different from 
the derivation cohort (Table 1). Despite differences between the 2 
cohorts and extended LMWH prophylaxis in the validation cohort, 
SHRs in each risk category were similar in both cohorts, which vali-
dates the Thrombogyn score.

Although our study was not designed to investigate the effects 
of extended prophylaxis, we found a similar incidence of VTE in the 
validation cohort patients (who underwent extended thromboprophy-
laxis) and the derivation cohort patients. Differences in risk factors 
between the 2 cohorts may have masked the effects of extended pro-
phylaxis in the validation cohort. Further studies are under way in our 
center to investigate this in our gynecologic cancer population.

D-dimer has been identified as the strongest prognostic bio-
marker for VTE in patients with cancer compared with previously 
tested biomarkers.26 D-dimer is frequently raised in ovarian can-
cer and has been proposed as a diagnostic marker useful in triaging 

F I G U R E  3   Thrombosis-free survival according to Thrombogyn 
risk group in (A) derivation cohort and (B) validation cohort. (C) 
Thrombosis-free survival according to extended Thrombogyn risk 
group in the extended Thrombogyn cohort
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patients; hence, the specificity of D-dimer as a biomarker for VTE 
in this population is low.38 Our group and others have shown that 
increased thrombin production as measured by the thrombin gener-
ation assay is associated with malignancy and is a predictive marker 
for VTE.25,38,39,40 The thrombin generation assay has not been uni-
versally accepted as a biomarker in clinical settings41,42 however, a 
recent thrombin generation standardization study showed that the 
standard thrombin generation assay provides good reproducibility in 
hypercoagulable plasma.43

When D-dimer and ETP are combined with the Thrombogyn 
score, the predictive ability of the Thrombogyn score was enhanced. 
The score also had improved discriminatory ability with an AUC of 
0.78. This compares favorably with a similar score combining the 
Khorana score with D-dimer and P-selectin levels, which had a lower 
sensitivity to our score but had similar specificity and negative and 
positive predictive values in a mixed cancer population.22 Similarly, 
addition of 2 procoagulant biomarkers to the COMPASS-CAT score 
greatly improved the predictive accuracy of the score in a small co-
hort of mixed cancer patients.24,25

Our study shows a low rate of VTE in our low-risk group with a 
complete absence of VTE during the first 30 days after surgery in 
both validation and derivation cohorts regardless of extended pro-
phylaxis. Our data suggest that extended prophylaxis may not be 
required in all patients and could be limited to a subset of patients 
with additional risk factors.10,11 The Thrombogyn score may pro-
vide an effective tool to identify these lower-risk patients where 
extended thromboprophylaxis may be avoided. This may be partic-
ularly useful for patients undergoing minimal access surgery. In ad-
dition to external validation of the Thrombogyn score, randomized 
trials are required to determine the effectiveness of this approach.

VTE occurred when patients were on LMWH prophylaxis (22% 
of VTE in the derivation cohort and 35.2% of VTE in the validation 
cohort). These patients were all classified by our scores as inter-
mediate or high risk. Using the extended Thrombogyn score, the 
unadjusted cumulative incidence of VTE in the first 50 days after 
surgery in the high-risk group was approximately 20% compared 
with 1% in the low-risk group (data not shown). Forty-two percent 
of patients who scored as high risk developed VTE despite extended 

TA B L E  4   Sensitivity, specificity, and positive and negative predictive values of the Thrombogyn score in the derivation and validation 
cohorts

 
Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

Positive predictive value 
(%)
(95% CI)

Negative predictive value 
(%)
(95% CI)

Area under 
curve
(95% CI)

Derivation cohort

High risk
(Thrombogyn score ≥ 2)

60.4
(46-73.5)

72.4
(68.2-76.4)

17.6
(12.5-24.0)

94.9
(92.2-96.7)

0.714
(0.645-0.780)

Intermediate/high risk 
(Thrombogyn score ≥ 1)

96.2
(87.0-99.5)

27.9
(24.2-31.9)

11.4
(10.7-12.2)

98.7
(95.1-99.7)
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High risk
(Thrombogyn score ≥ 2)
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(35.4-69.8)
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17.6
(11.0-26.7)

94.1
(90.8-96.6)
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(0.605-0.792)

Intermediate/high risk 
(Thrombogyn score ≥ 1)

94.1
(80.3-99.3)

25.8
(21.4-30.6)

9.9
(9.0-10.9)

98.1
(92.9-99.5)

 

TA B L E  5   Sensitivity, specificity, and positive and negative predictive values of the Thrombogyn and extended Thrombogyn score in the 
biomarker cohort (n = 290)
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(95% CI)

Specificity (%)
(95% CI)

Positive predictive value 
(%)
(95% CI)
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(%)
(95% CI)

Area under 
curve
(95% CI)
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High risk
(score ≥ 2))
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(score ≥ 1)
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High risk
(score ≥ 4))

36.3
(18.0-59.2)

95.7
(92.5-97.8)

42.1
(21.1-66.0)

94.8
(91.2-97.0)

0.784
(0.681-0.886)

Intermediate/high risk
(score ≥ 2)

81.8
(59.7-94.8)

54.6
(48.3-60.5)

12.8
(10.4-15.7)

97.3
(93.7-98.9)

 



     |  857NORRIS et al.

prophylaxis. For these high-risk patients, the recommended prophy-
laxis does not appear to be adequate and an alternative prophylactic 
strategy may be required. Although our score requires extensive ex-
ternal validation, the extended Thrombogyn score may be a useful 
tool to select these patients for additional prophylactic measures.

In patients with gynecologic cancer, the risk of VTE persists 
during adjuvant chemotherapy following surgery. One fifth of the 
VTE in our study occurred during chemotherapy treatment and all 
patients were in the intermediate/high-risk group, with the major-
ity scoring as high risk. The Thrombogyn score was not designed to 
determine the risk of thrombosis in ambulatory patients undergoing 
chemotherapy and larger prospective studies are required to investi-
gate whether the Thrombogyn score is valid in this setting.

4.1 | Limitations

Our study has certain limitations. Although there were significant 
differences between the derivation and validation cohorts in our 
study, the Thrombogyn score was derived from a single center and 
requires external validation. The Thrombogyn score was derived 
from a retrospective study and is limited by the accuracy of docu-
mentation from hospital and general practitioner records; the score 
is validated, however, in a prospectively collected cohort that mir-
rored the findings of the derivation cohort.

Our multivariable analysis did not meet the rule of thumb of 10 
events per predictor, and hence our results have to be interpreted 
with caution; however, the derived score contains only 3 predictors 
and was validated in a separate cohort, which provides confidence 
in the derivation model.

Histologic subtypes such as clear cell cancer, which are asso-
ciated with a high rate of VTE, are underrepresented in the study, 
as they frequently present with VTE prior to cancer diagnosis and 
hence would be excluded. Similarly, patients who developed VTE 
during neoadjuvant chemotherapy are not captured in this study.

The thrombin-generation assay is not routinely available; how-
ever, a recent study has shown that, when normalized, the throm-
bin-generation assay has similar reproducibility to many standard 
coagulation assays used in the clinic.43 Near-patient testing has been 
described for the thrombin-generation assay; hence, it has the po-
tential to become a more accessible assay in the future.44

Due to the lack of available plasma, we did not include the bio-
markers in the original derivation model, and our biomarkers were 
selected based on previous evidence.39,40 We cannot exclude the 
possibility that had they been included in the derivation model, they 
may not have been shown to be independent predictors. However, a 
large predictive study of a mixed cancer population has shown that 
D-dimer is an independent predictor of VTE in a mixed cancer pop-
ulation.26 The extended Thrombogyn score would require extensive 
validation before implementation could be considered.

Our follow-up period was 24 months, and we acknowledge that 
the effects of additional hospitalizations and disease recurrence 
may modify VTE risk over time. In addition, our biomarker values are 

based on a single sample; repeated sampling during the follow-up 
period may have been more powerful. However, the majority of VTE 
events occurred early in the follow-up period, and our score was de-
rived from a multivariable model that did include the variables asso-
ciated with initial treatment, surgery, and hospital stay.

A strength of our study is that the majority or our patients were 
treatment naïve and underwent similar documented LMWH prophy-
lactic regimens. Both the derivation and validation cohort contained 
significant numbers of both early-stage and advanced cancers re-
flective of real-life gynecologic cancer populations.

5  | CONCLUSION

In conclusion, we have developed and validated the Thrombogyn score, 
a risk score for VTE in gynecologic cancer, which can successfully iden-
tify both high-risk and low-risk groups. Addition of ETP and D-dimer val-
ues as biomarkers improves the predictive power of the score. Although 
external validation and ultimately randomized trials are required before 
the Thrombogyn score can be used in practice, the Thrombogyn score 
may offer a method to tailor prophylaxis in patients with gynecologic 
cancer at high risk for VTE, while reducing the need for extended throm-
boprophylaxis following surgery in low-risk patients.
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