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Introduction
Venous thromboembolism (VTE) is a multifactorial disease. Two main clinical entities are 
associated with morbidity and mortality, for example, deep vein thrombosis (DVT) and pulmonary 
embolism (PE).1 Venous thromboembolism carries a significant burden and has been observed as 
a common and frequent complication in patients with active cancer. Its overall 12-month incidence 
is estimated to be approximately 6% – 8% although it varies widely across cancer types.2 Venous 
thromboembolism is associated with significant morbidity and mortality and reduces the quality 
of life in patients. Both PE and DVT are commonly detected with the aid of CT scan and ultrasound 
scan preoperatively in cancer patients with 11.8% DVT and 4.7% PE. In asymptomatic patients, 
screening with radiology (computerised tomography and ultrasound) revealed as much as 86.7% 
DVT and 30.8% PE. These figures show how common these diseases can be in cancer patients.3

Literature review
The incidence of VTE is spread equally across the demographics with no significant difference in 
terms of mean age, mean body mass index (BMI), comorbidities (i.e. hypertension and diabetes), 
mean tumour diameter, histological type of cancer, or operative time for those who are 
postoperative. However, the incidence of DVT is significantly higher in patients who developed 
previous cancer (p = 0.047), who were in advanced stage (p = 0.001), received radiotherapy 
(p < 0.001), received chemotherapy (p < 0.001), underwent lymphadenectomy (p = 0.014) and 
those who had a massive operative blood loss ≥1500 mL (p = 0.003). The median time for occurrence 
of DVT after diagnosis of cancer is 4 months (interquartile range [IQR]: 2–12) with the majority 
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(78.2%) occurring within the first 12 months of cancer 
diagnosis. The incidence also peaks at periods 1–2 years after 
diagnosis of cancer.4

The Khorana Score is the most used risk assessment model 
(RAM) designed to stratify cancer outpatients before the start 
of chemotherapy. It is believed to be a simple and user-
friendly tool that combines routinely available parameters to 
assign patients to different classes of VTE risk. The Khorana 
score of 3 was initially proposed in a thromboprophylaxis 
guidance statement but later studies showed its low 
sensitivity for certain tumour types.1 To improve its 
predictive performance, the original Khorana score was 
modified by adding either chemotherapy agents, such as 
platinum-based regimens and gemcitabine, as in the case of 
the PROTECT score, which resulted in an improved ability to 
identify patients at higher risk for VTE, or biomarkers.1

In the meta-analysis, Mulder et al. found that the incidence of 
VTE in the first 6-month period was 5.0% (95% CI: 3.9–6.5) in 
patients with a low-risk Khorana score (0 points), 6.6% (95% 
CI: 5.6–7.7) in those with an intermediate-risk Khorana score 
(1 or 2 points) and 11.0% (95% CI: 8.8–13.8) in those with a 
high-risk Khorana score (3 points or higher). (7) The summary 
incidence of VTE was 5.7% (95% CI: 4.2–7.9) in patients with 
a low-risk Khorana score (0 points), 8.6% (95% CI: 7.3–10.2) in 
those with an intermediate-risk Khorana score (1 or 2 points) 
and 14.0% (95% CI:11.7–16.7) in those with a high-risk 
Khorana score (3 points or higher).2 The Khorana score 
appears to be less informative for lung and haematological 
malignancies. This score is of limited use in ruling out a 
future venous thromboembolic event. Lastly, the Khorana 
score is designed to select patients in the high-risk group for 
thromboprophylaxis.2

The risk scores of VTE patients were significantly higher than 
those of non-VTE patients based on both the Caprini and 
Padua RAMs (both p < 0.01). The Caprini RAM found that 
the majority of the VTE patients (70.9%) were classified to be 
high–superhigh risk level, whereas most of non-VTE patients 
(73.4%) were classified as low–moderate risk level (p = 0.001). 
The Padua RAM found only 23.4% of VTE patients and 14.4% 
of non-VTE patients to be at high risk for VTE (p = 0.003). The 
sensitivity and positive and negative predictive values 
(NPVs) of the Caprini RAM were also higher than that of the 
Padua RAM (all p < 0.05) although the specificity was lower 

than that of the Padua RAM (p = 0.001).5 These calculations 
were based on hospitalised medical patients. The study 
concluded that the implementation of Caprini RAM may 
improve the efficiency of prophylaxis and decrease the 
incidence of VTE in the clinical setting.5 

The VTE risk increased significantly with an increase in the 
cumulative Padua Prediction Score (PPS) or Caprini RAM 
score. A PPS and Caprini RAM ‘high risk’ classification was 
associated with a 5.01-fold and 4.10-fold increased VTE risk, 
respectively. The Caprini RAM could identify 84.3% of the 
VTE cases to receive prophylaxis according to American 
College of Chest Physicians guidelines, and the PPS could 
only identify 49.1% of the VTE cases.6

Both models can be used to stratify the VTE risk in medical 
inpatients effectively, but the Caprini RAM may be 
considered as the first choice in a general hospital because it 
incorporates comprehensive risk factors, higher sensitivity 
and potential for prediction of mortality.6

The study aimed to compare the three RAMs, Khorana, 
Caprini and Padua in terms of predicting the VTE in 
gynaecologic oncology patients.

Methods
Files from gynaecological department for hospitalised patients 
were retrieved dating from 01 January 2017 to 31 December 
2019. Patients were randomly sampled. Descriptive analyses 
were conducted using frequencies and percentages for 
categorical variables. Continuous variables were analysed by 
measures of central tendency (means with standard deviations 
and medians with IQR). Patients were then scored in retrospect 
according to Caprini, Padua and Khorana scoring models to 
assess the risk for VTE. Accuracy analysis of RAMs was 
performed using sensitivity, specificity, positive (PPV) and 
negative predictive value (NPV) of each model per patient. For 
the purposes of this analysis, the following cut-off scores were 
used: ≥ 5 for the Caprini RAM, ≥ 4 for the Padua score and ≥ 2 
for the Khorana RAM. Receiver operator characteristics (ROC) 
curves were also plotted (see Figure 1) and area under the 
curve was used to determine the overall discriminating power 
of a screening test. Factors associated with VTE were explored 
using logistic regression models. Data analyses were 
conducted in Stata 15.0® (StataCorp, 4905 Lakeway Drive, 
College Station, Texas 77845 USA). 

FIGURE 1: Receiver operating characteristics curves: (a) Caprini (b) Khorana (c) Padua.
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Ethical considerations
Ethical clearance to conduct this study was obtained from the 
University of the Witwatersrand Human Research Ethics 
Committee (WHREC) (M123450) and was registered with the 
National Health Research Database (Reference: 123450).

Results
The study retrospectively recruited 146 gynaecologic oncology 
patients who were admitted over the period of 2  years in an 
academic centre in Johannesburg, South Africa. Of these, 10 
were confirmed to have VTE diseases while 1 patient was treated 
for VTE but then later excluded on radiology. The VTE risk 
scoring tools were retrospectively applied to assess if they would 
have predicted the disease and their sensitivity, specificity, NPV, 
and PPV were calculated. Other variables were also described.

Caprini score
For the Caprini RAM, a cut-off score of greater than or equal 
to 5 had a sensitivity of 80%, a specificity of 24%, a PPV of 7% 
and a NPV of 94% (Table 1).

Khorana score
For the Khorana RAM, a cut-off score of greater than or equal 
to 2 had a sensitivity of 30%, a specificity of 62%, a PPV of 5% 
and a NPV of 92% (Table 2).

Padua score
For the Padua RAM, a cut-off score of greater than or equal to 
4 had a sensitivity of 60%, a specificity of 42%, a PPV of 7% 
and a NPV of 93% (Table 3).

The ROC curve analysis shows that a score of 7 and above gives 
the best performance with 60% sensitivity and 85% specificity 
for Caprini RAM while a Padua RAM score of 4 or more gives 
the best balance between sensitivity (60%) and specificity (38%). 
Overall, the ROC analysis showed that Khorana RAM was a 
poor predictor of VTE with AUC less than 0.5.

Demographic, clinical factors and risks for venous 
thromboembolism (above the cancer diagnosis)
Most of the patients in our cohort were of African ethnicity 
and postmenopausal. Few patients did not have a confirmed 
comorbid condition and those who had, were well controlled 
(Table 4 and Table 5).

The majority of confirmed VTEs were DVTs diagnosed 
through the Doppler scan on patients who presented with a 
swollen leg (Table 6).

TABLE 1: Performance of Caprini score in predicting venous thromboembolism.
Diagnosis Caprini score Total Sensitivity Specificity Positive predictive value Negative predictive value AUC

≥ 5 < 5 Score 95% CI Score 95% CI Score 95% CI Score 95% CI Score 95% CI

VTE diagnosis - - - 80.0 44.4–97.5 24.3 17.3–32.4 7.2 3.2–13.7 94.3 80.8–99.3 0.52 0.39–0.66

Positive 8 2 10 - - - - - - - - - -

Negative 103 33 136 - - - - - - - - - -

Total 111 35 146 - - - - - - - - - -

VTE, Venous thromboembolism; AUC, area under the curve.

TABLE 2: Performance of Khorana Score in predicting venous thromboembolism.
Diagnosis Khorana score Total Sensitivity Specificity Positive predictive value Negative predictive value AUC

≥ 2 < 2 Score 95% CI Score 95% CI Score 95% CI Score 95% CI Score 95% CI

VTE diagnosis - - - 30.0 6.7–65.2 62.5 53.8–70.6 5.6 1.2–15.4 92.4 84.9–96.9 0.46 0.31–0.62

Positive 3 7 10 - - - - - - - - - -

Negative 51 85 136 - - - - - - - - - -

Total 54 92 146 - - - - - - - - - -

VTE, Venous thromboembolism; AUC, area under the curve.

TABLE 3: Performance of Padua Score in predicting venous thromboembolism.
Diagnosis Padua score Total Sensitivity Specificity Positive predictive value Negative predictive value AUC

≥ 4 < 4 Score 95% CI Score 95% CI Score 95% CI Score 95% CI Score 95% CI

VTE diagnosis - - - 60.0 26.2–87.8 42.6 34.2–51.4 7.1 2.7–14.9 93.5 84.3–98.2 0.51 0.35–0.51

Positive 6 4 10 - - - - - - - - - -

Negative 78 58 136 - - - - - - - - - -

Total 84 62 146 - - - - - - - - - -

VTE, venous thromboembolism; AUC, area under the curve.

TABLE 4: Baseline demographic factors (N = 146).
Description n % Mean s.d.

Age† 52.6 13.9 - -
Ethnicity
Black people 103 89.6 - -
White people 1 0.9 - -
Coloured people 11 9.6 - -
Parity‡ - - 2.4 1.7
Parity category
0–1 42 28.9 - -
2+ 103 71.0 - -
Menopausal status
Pre 42 28.9 - -
Post 103 71.0 - -
Unknown 53 36.3 - -

IQR, interquartile range.
†, Median = 51.5; IQR, range = 42–64, 19–91; ‡, Median = 2; IQR, range = 1–3, 0–9.
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Venous thromboembolism was confirmed in 10 patients out 
of the 11 patients who were treated for VTE. There was 1 
incidental VTE diagnosed at staging CT scan.

Discussion
Venous thromboembolism is a disease involving a variety of 
contributory factors. There are two main clinical subtypes that 
are associated with morbidity and mortality, DVT and PE.1

Venous thromboembolism carries a substantial burden and 
has been observed as a common complication in patients 
with active cancer. Its overall yearly rate is estimated to be 
roughly 6% – 8% although it differs across cancer types.2 In 
our study, the prevalence of VTE was 6.86%. Despite the 
difference in demographics and presence of medical 
conditions in the studies conducted before, the prevalence 
remains within range in our study. Venous thromboembolism 
is associated with major morbidity and mortality as well as a 
reduction in the well-being of patients.

Studies identified human immunodeficiency virus (HIV) and 
tuberculosis (TB) as risk factors for the development of VTE. 
In our study, 40% of those with VTE had HIV and they were 
all virally suppressed. TB was not observed in our study. In a 
study by P Moodley, et al.,7 the prevalence of HIV and TB 
were 53.0% and 21.2%, respectively.

Some studies8,9 have reported that smoking is a risk factor for 
VTE while in all our patients who had VTE, they were all 
non-smokers. Perhaps this is because our study was not 
population-based but of a small cohort of patients with a 
diagnosis of female gynaecological malignancies.

Moreover, 40% of patients who had VTE were above 51 years 
while 60% were already in menopause. Menopause had 
proven to be a contributory risk factor with a crude odd ratio 
of 0.81. A Korean study conducted by Yuk JS reported that 
older patients are at risk of DVT more than younger ones.9 
Most of the patients (80%) with VTE had cervical cancer 
which is one of the common gynaecological cancer types in 
our setting. The cancer staging did not show a significant 
impact on the risk for VTE but fewer patients (10%) had 
cancer stage 2 while the other stages were all 30%.9 Matsou 
et  al.10 reported a cumulative incidence of VTE in cervical 
cancer of 11.3% but in our study sample it was 44.8%. However, 
their study design and population was not like ours.

According to this study, 71% of the patients with VTE were 
postoperative which is a significant contributor to the 
development of VTE. Chemotherapy exposure did not 
increase the risk of VTE development in our study; only one 
patient was post-chemotherapy. Of the medical disorders, 
only 2 patients out of 10 were hypertensive and all the 
patients did not have any other comorbidities such as 
diabetes mellitus, hypercholesterolemia and cardiac diseases 
which are a risk in some of the RAMs.

TABLE 5: Baseline risk factors and comorbid diseases (N = 146).
Description n % Mean s.d.

HPT (n = 145)
Yes 61 42.1 - -
No 84 57.9 - -
HPT control status (n = 61)
Yes 48 78.7 - -
No 13 21.3 - -
DM (n = 145) 
Yes 18 12.4 - -
No 127 87.6 - -
DM control status (n = 18) 
Yes 15 83.3 - -
No 3 16.7 - -
Cardiac disease (n = 146)
Yes 6 4.1 - -
No 140 95.9 - -
Cardiac disease control status (n = 6) 
Yes 2 33.3 - -
No 6 66.7 - -
Hypercholesterolaemia (n = 145)
Yes 11 7.6 - -
No 134 92.4 - -
Hypercholesterolaemia control status (n = 11)
Yes 11 100.0 - -
No 0 0.0 - -
HIV 
Positive - - 47.0 31.2
Negative - - 99.0 67.8
CD4+ count 
(n = 42)†

- - 417.1 249.0

HIV VL 
undetectable 
(n = 40)

- - 31.0 77.5

IQR, interquartile range; VL, viral load.
†, Median = 401; IQR, range = 222–510, 42–1200.

TABLE 6: Venous thromboembolism treatment (N = 11) and venous 
thromboembolism diagnosis (N = 10).
Description n %

Anti-coagulation before diagnosis
Yes 7 63.6
No 4 36.4
Type of drug (n = 7)
LMWH 7 100.0
Type of dosing (n = 7)
Therapeutic 7 0.0
Duration of pre-diagnosis treatment (weeks)† 1 0.0
VTE type (n = 10)
DVT 7 70.0
PE 2 20.0
Prehepatic VTE (incidental on staging CT) 1 10.0
Method of diagnosing VTE
Doppler Scan 6 54.5
CT Scan 4 36.4
CTPA 1 9.1
Reasons for investigating the VTE
Swollen leg 8 -
SOB 1 -
Chest pain 0 -
Tachycardia 0 -
Abnormal ECG 0 -
Hypoxaemia 0 -
Myocardial infarct 0 -
Stroke 0 -

VTE, Venous thromboembolism; DVT, deep vein thrombosis; PE, pulmonary embolism; IQR, 
interquartile range; LMWH, Low molecular weight heparin; CTPA, Computed tomography 
pulmonary angiogram.
†, Median = 1; IQR, range = 1–1, 1–1.
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In this study, most patients presented with unilateral leg 
swelling (70%) which is higher than in the study conducted by 
Snyman in South Africa. The clinical presentation was both 
pain and swelling of the limb in 60 participants (60.1%). 
Venous thromboembolism was mainly diagnosed with 
Doppler ultrasound (54.5%).11 One patient presented with 
shortness of breath and CTPA was performed, and it positively 
diagnosed VTE. Computed tomography scan was performed 
in 36.4% of the patients with positive VTE diagnosed. All 
patients for whom PE was suspected were put on therapeutic 
dosage of LMWH (1 mg/kg BD) which is the correct use of 
anticoagulants. In a South African study by Snyman, there 
was incorrect use of thromboprophylaxis and inadequate use 
of RAMs. In our population group, the RAMs were not 
compared before and in this study; it showed the Caprini score 
performing better than the other RAMs. This is mainly because 
in our population, less patients have cardiopulmonary 
diseases. Also, lifestyle habits such as smoking are mainly for 
men and a small fraction of women, as proven in our study 
that none of the patients with malignancy were smokers.

To our knowledge, this study is unique in our setting in 
terms of comparing the performance of the three RAMs 
with regard to risk scoring for VTE and the need for 
thromboprophylaxis in gynaecologic oncology patients.

These RAMs were all tested on patients who are high risk, 
and sensitivity, specificity, PPV and NPV were tested on 
patients who were diagnosed radiologically for any form of 
VTE. This biased selection was opted to enable an almost 
equal comparison. The study by Wang et al., even though it 
was specific to hepatocellular cancer patients, showed that 
the sensitivity of Khorana is low.12 A systematic review and 
meta-analysis reported the Khorana score to be superior for 
prediction of VTE in overall cancer patients.2

However, the Khorona score is known to perform well on 
patients who had received chemotherapy where the variable 
for treatment improves the sensitivity. In our cohort, there 
were no patients who had received chemotherapy as these 
would have been referred to the medical oncology unit for 
takeover. Therefore, it best compares the original Khorana 
with the other two RAMs.

The 80% sensitivity of the Caprini (the best-performing RAM 
of the three) means that in a clinical setting, there will only be 
20% of those patients who have VTE that would be missed. 
Venous thromboembolism is a lethal condition in general, 
and in patients with malignancy and other comorbid 
diseases, it is even more lethal. The perfect test would be the 
one with 100% or closest to 100% sensitivity. The sensitivity 
and positive and NPVs of the Caprini RAM are known to be 
higher than that of the Padua RAM (all p < 0.05) although the 
specificity was lower than that of the Padua RAM (p = 0.001).5 
In most studies conducted outside of African populations, 
Caprini RAM does not have a good sensitivity. In hospitalised 
patients, the Caprini RAM may improve the efficacy of 
prophylaxis and as a result, reduce the risk of VTE and death 
associated with it.

Although the study was not designed to report on patients 
of African race and ethnicity, it is worth reporting that 
most patients seen during the study period with 
gynaecological malignancies were African/black and 
those with VTE. Therefore, although the different RAMs 
were not compared among the different races, it can be 
reported that Caprini was most sensitive in this 
predominantly African race. A South African study 
conducted in Cape Town reported that the majority of 
patient sample (97.1%) were determined to be at moderate 
or higher risk of VTE following objective risk assessment 
with the Caprini RAM.13

Conclusion
We have identified that there is no perfect tool which is the 
most predictive (sensitive and specific with good NPV) 
risk assessment tool in our population that correctly 
assesses risk and informs the plan for prophylactic 
thrombolytics. However, the Caprini score performed 
better and proved to be the most ideal scoring system to be 
used in this clinical setting. It has the potential to reduce 
mortality associated with VTE in gynaecological cancer 
patients. Currently, the best-known risk stratification tool 
tested outside the African continent is the Khorana score, 
which assigns points to five clinical and pre-chemotherapy 
laboratory parameters. The Caprini score needs to be 
tested in the same population on a prospective and 
perhaps multicentre South African study.
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