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Objective: Gynecologic cancers are associated with a high risk of venous thromboembolism (VTE). The Khorana
score is a validated tool to assess risk of VTE in cancer patients. The purpose of this study is to determine if the
Khorana score can be used as a risk stratification tool for VTE in patients with uterine cancer undergoing
chemotherapy.

Methods: A retrospective cohort study of patients with newly diagnosed uterine cancer receiving chemotherapy
over a 4-year period was conducted. The patients were stratified based on their Khorana score as well as their
chemotherapy sequence, neoadjuvant or definitive versus adjuvant.

Results: A total of 276 patients were included: 40 received neoadjuvant or definitive, 236 adjuvant chemo-
therapy. Most patients had advanced stage disease (64.5%). 18 (6.5%) patients developed VTE within 180 days
of initiating chemotherapy. High Khorana score was associated with a non-significant increase in VTE (K > 2 OR
1.17, C10.40-3.39, K > 3 OR 1.69, CI 0.61-4.69) but had poor predictive accuracy based on area under the curve
(K >20.51,K > 30.55). The VTE rate was higher in the neoadjuvant/definitive chemotherapy group to adjuvant
(12.5% vs 5.5%, p = 0.11). While the former group had a higher average Khorana score (2.35 vs 1.93, p =
0.0048), this was not predictive of VTE.

Conclusions: While validated in other cancer types, the Khorana score was found to be a poor predictor of VTE in
patients with uterine cancer. The use of the Khorana score to guide routine thromboprophylaxis in these patients
should be used with caution and further investigation is warranted.

1. Introduction

Gynecologic cancers are associated with a high risk of venous
thromboembolism (VTE) with rates ranging between 3 and 25% (Barber
and Clarke-Pearson, 2016; Cohen et al., 2017). Patients who develop
VTE, diagnosed as either pulmonary embolism (PE) or deep vein
thrombosis (DVT), have significant risk of morbidity and mortality,
particularly when associated with malignancy (Khorana, 2010; Zhan
and Miller, 2003; Rodriguez et al., 2011). Patients with uterine cancer
often have comorbid conditions, such as obesity, further increasing the
risk of VTE (Anderson and Spencer, 2003; Ageno et al., 2006). There-
fore, risk stratification of patients is a key component when determining

the appropriateness of VTE prophylaxis.

The Khorana score is a clinically validated tool to assess the risk of
VTE in ambulatory cancer patients by utilizing the disease site, body
mass index (BMI) and pre-chemotherapy blood counts (platelets, he-
moglobin and WBC) (Khorana et al., 2008). The Khorana risk assessment
model has been used by practice guidelines and clinical trials for over 10
years to determine which patients should receive primary VTE pro-
phylaxis (Carrier et al., 2019; Khorana et al., 2019; Di Nisio et al., 2016).
The 2019 American Society of Clinical Oncology (ASCO) Clinical Prac-
tice Guidelines updated their recommendations to include that patients
with a Khorana score of >2 be offered pharmacologic thromboprophy-
laxis during systemic chemotherapy (Key et al., 2020). It is noted,
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however, that the Khorana score threshold of 2 is considered interme-
diate risk based on the original derivation and validation studies by
Khorana et al. In those studies, the authors concluded patients in this
intermediate group would be unlikely to benefit from thromboprophy-
laxis (Khorana et al., 2008). While patients with uterine cancer were
included in the study, they were aggregated with other gynecologic
malignancies and represented a relatively small portion of the study
cohort. Furthermore, most available data regarding VTE in women with
uterine cancer are focused on the perioperative setting due to the high
rate of surgical treatment and minority receiving chemotherapy (Barber
and Clarke-Pearson, 2016). Yet, it is well established that patients with
advanced stage uterine cancer requiring chemotherapy are at the
highest risk for VTE (Rodriguez et al., 2011; Ohashi et al., 2020), and the
utility of primary thromboprophylaxis in this population is under-
investigated. Our hypothesis is that the Khorana score will be able to
predict the patients at highest risk for VTE. The purpose of this study is
to determine if the Khorana score can be used as a risk stratification tool
for VTE in ambulatory patients with newly diagnosed uterine cancer
undergoing chemotherapy.

2. Methods

Following Institutional Review Board (IRB) approval, a single insti-
tution retrospective cohort study was performed. All patients with newly
diagnosed uterine cancer treated at The Ohio State Wexner Medical
Center from January 2016 to January 2020 were screened. Patients with
complete clinical data and at least 180 days of follow up, receiving either
adjuvant (ACT) chemotherapy or chemotherapy as a neoadjuvant or
definitive treatment (NA/DCT) were included in the study. Patients
receiving chemotherapy for recurrent disease were excluded. See Fig. 1
for STROBE diagram. A histologic diagnosis was confirmed by endo-
metrial biopsy or surgical staging; all histologic subtypes, including
carcinosarcomas and sarcomas, were included. Baseline demographic
and clinical data were extracted from the medical chart including age,
body mass index (BMI), race/ethnicity, smoking status, pathologic data
including histology, International Federation of Gynecology and Ob-
stetrics (FIGO) grade, FIGO stage, treatment details, as well as blood
counts (platelet count, hemoglobin level and white blood cell count)
within 2 weeks prior to initiation of chemotherapy. VTE events were
recorded if documented by radiologic test or clinician report. The pri-
mary outcome of this study was the incidence of VTE within 180 days of
initiation of chemotherapy. The duration of 180 days is based on it’s use
in prospective VTE clinical trials in ambulatory cancer patients (Khorana
et al., 2019) and similar retrospective studies. Due to concern for con-
founding postoperative VTE risk, patient’s with VTE within 30 days of
surgery were excluded. During this time at the institution, routine
chemoprophylaxis was not given for ambulatory patients undergoing
chemotherapy.

The Khorana score was derived from the ASCO Clinical Practice
Guideline (Key et al., 2020). The model includes five risk factors, each
worth one point, consisting of: primary tumor site, platelet count >350
X 109/L, hemoglobin levels <100 g/L, white blood cell count >11 x
10°/L and BMI > 35 kg/mz. The Khorana score was calculated for each
patient and the model performance for high-risk patients was compared
between a score of >2 and >3. The patients were further stratified based
on the sequence of chemotherapy (NA/DCT or ACT).

Descriptive statistics were reported for patient demographic and
clinical data, stratified by NA/DCT vs ACT. In order to determine the
prognostic utility of the Khorana score as well as other clinico-
pathologic criteria on development of VTE, univariate analysis was
performed using independent ¢ test, chi-square test or Fisher’s exact test
when appropriate. Measures of validity were also measured and
compared including sensitive, specificity, positive predictive value
(PPV), negative predictive value (NPV), area under the curve of the
receiver-operator characteristic curve (AUC) and the positive likelihood
ratio. All of the variables from the univariate analysis were then further
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Total number of patients with
uterine cancer between
01/01/2016.and 01/01/2022

N=1050

Patients with incomplete data
available to calculate Khorana
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follow up
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chemotherapy in the upfront
treatment setting
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Patients who had VTE prior to
chemotherapy or within 30 days
of surgery

N=4

Patients eligible for study inclusion
N=276
— 40 (14.5%) Neoadjuvant or definitive
chemotherapy
236 (85.5%) Adjuvant chemothearpy

Fig. 1. STROBE diagram to illustrate patient eligibility for study inclusion.

assessed in a forward stepwise multivariate logistic regression model to
evaluate which variables remained statistically significant when
adjusting for other factors. A p-value of 0.05 was considered statistically
significant in both the univariate analysis and as an inclusion threshold
for the stepwise model. Data analysis was performed using SAS software.
With 276 patients we calculated 80% power to detect a difference in risk
groups with an estimated VTE rate of 10% in the high risk group and 2%
in the low risk group with a 1:4 sampling ratio (high to low) and alpha
set to 0.05 (estimates based on prior studies (Khorana et al., 2008;
Austin et al., 2019).

3. Results

A total of 276 patients were included, 40 (14.5%) patients received
NA/DCT, 236 (85.5%) ACT. Patient characteristics can be found in
Table 1. The majority of patients were obese (BMI > 30 kg/mz) 171,
61.9%) and 60 years or older (195, 70.6%). The most common histology
was endometrioid (116, 42.0%) followed by serous (72, 26.1%). Most
women had advanced-stage (stage 3-4) disease (178, 64.5%) and most
underwent hysterectomy during treatment (253, 91.7%). Half of the
patients in the NA/DCT subgroup underwent hysterectomy.

A total of 18 (6.5%) patients developed a VTE within 180 days of
initiating chemotherapy. Of the patients with VTE, 8 were diagnosed
with DVT, 9 with PE, and 1 patient with both DVT and PE. No patients
died from VTE during the study period nor had a significant change to
their treatment plan. Following VTE diagnosis, patients spent a mean
time of 3.3 days in the hospital (range 0-21). The average Khorana score
in the patients who had VTE was 2.28 compared to 1.97 for those
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Table 1

Baseline characteristics of the study population stratified by chemotherapy type.
Variable NA/DCT ACT All
Patients, n (%) 40 (14.5) 236 (85.5) 276 (100)
VTE, n (%) 5(12.5) 13 (5.5) 18 (6.5)
Age (years)
Median 62 65 64
Range 47-86 34-89 34-89
BMI (kg/m?)
>30, n (%) 23 (57.5) 148 (53.6) 171 (61.9)
Median 31.3 32.3 32.1
Range 16.6-55.3 16.8-70.5 16.6-70.5
Race/Ethnicity, n (%)
White 32 (80) 221 (93.6) 256 (92.7)
Black 6 (15) 12 (5.1) 18 (6.5)
Hispanic/Latino 2(5) 1 (0.4) 3(1.1)
Other 0 (0) 2(0.8) 3(1.1)
Current Smoker, n (%) 1(2.5) 8 (3.4 9(3.2)
Histology, n (%)
Endometrioid 15 (37.5) 101 (42.8) 116 (42.0)
Serous 13 (32.5) 59 (25.0) 72 (26.1)
Clear cell 3(7.5) 3(1.3) 6 (2.2)
Mixed 3(7.5) 35 (14.8) 38 (13.8)
Carcinosarcoma 2(5) 31(13.1) 33(12.0)
Sarcoma 1(2.5) 4(11.7) 5(1.8)
Other* 3(7.5) 3(1.3) 6(2.2)
FIGO Grade, n (%)
1 7 (17.5) 52 (22.0) 59 (21.3)
2 3(7.5) 33 (14.0) 36 (13.0)
3 28 (70) 148 (62.7) 176 (63.8)
X 2(5) 3(1.3) 5(1.8)
FIGO Stage, n (%)
1 2(5) 88 (37.3) 90 (32.6)
2 0 (0) 8(3.4) 8(2.9)
3 4 (10) 110 (46.6) 114 (41.3)
4 34 (85) 30 (12.7) 64 (23.2)
Hysterectomy, n (%) 20 (50) 233 (98.7) 253 (91.7)
Residual Disease, n (%) 25 (62.5) 20 (8.5) 45 (16.3)
Radiation, n (%) 13 (32.5) 146 (61.9) 159 (57.6)
Blood Counts, n (%)
Platelet > 350 x10°/L 18 (45) 60 (25.4) 78 (28.3)
Hgb <10 g/L 14 (35) 45 (19.1) 59 (21.4)
WBC > 11 10°/L 11 (27.5) 23(9.7) 34 (12.3)
Khorana Score > 2, n (%) 30 (75) 161 (68.2) 191 (69.2)
Khorana Score > 3, n (%) 18 (45) 47 (19.9) 65 (23.5)

NA/DCT = neoadjuvant/definitive chemotherapy, ACT = adjuvant chemo-
therapy, FIGO = International Federation of Gynecology and Obstetrics.
*Other histologies includes dedifferentiated, undifferentiated and mucinous.

without VTE, this difference was not statistically significant (p = 0.15,
95%CI —0.11-0.72) (Fig. 2). VTE rate was higher in the NA/DCT group
(5, 12.5%) compared to ACT (13, 5.5%), but the difference was, again,
not statistically significant (OR = 2.45, 95%CI 0.82-7.30, p = 0.11). The
majority of patients (69.2%) had a Khorana score of >2 whereas only
23.5% had a score > 3. Significantly more patients in the NA/DCT
cohort had high risk Khorana scores (K > 3, OR = 3.27, 95%CI
1.63-6.58, p = 0.001; K > 2 OR = 1.40, 95%CI 0.65-3.01, p = 0.39)
with an average score of 2.35 compared to an average score of 1.93 in
the ACT group (p = 0.0048, 95%CI 0.13-0.71) (Fig. 2).

A high Khorana score (defined with threshold at either >2 or >3),
was not able to significantly predict VTE (p > 0.05) in either the full
chemotherapy cohort, or when analyzing the NA/DCT and ACT sub-
groups (the study was not powered to evaluate the subgroups). A high
Khorana score was associated with a non-statistically significant
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elevated odds ratio of VTE (this association held in all subgroups except
in the neoadjuvant group when the cutoff was >3). As expected, using a
higher Khorana score cutoff for the high-risk group increased the spec-
ificity for predicting VTE at the expense of the sensitivity of the risk
assessment. The negative predictive value of the Khorana score was
>80% in all models however the positive predictive value was quite
poor (<15%). This led to an overall poor predictive accuracy for VTE as
measured by area under the curve of the receiver operating character-
istic curve (AUC range between 0.51 and 0.60). A complete overview of
screening validity tests for each group/subgroup is outlined in Table 2.

When analyzing risk factors for development of VTE within 180 days
of chemotherapy, univariate analysis was performed on patient de-
mographics, treatment factors, pathologic factors and patient blood
counts. Of these factors, only residual or measurable disease and he-
moglobin were found to be significantly correlated with VTE (p < 0.05)
as outlined in Table 3. Only residual or measurable disease was found to
be an independent risk factor in a forward stepwise multivariate logistic
regression model.

4. Discussion

VTE is a significant problem for women undergoing chemotherapy
for uterine cancer with a rate of almost 7% in this population during the
study period. At the highest risk, patients receiving either neoadjuvant
or definitive chemotherapy had a >12% rate of VTE. Although no pa-
tients died from VTE in the study population, there was significant cost
to the health care system and morbidity to the patients with an average
hospital admission of 3 days attributable to VTE. The financial total “all-
cause” inpatient and outpatient cost is cited between $36,000 to
$82,000 per VTE per year in 2015 (Fernandez et al., 2015), which does
not include additional complications for the patient. Furthermore, there
are worse overall oncologic outcomes for patients that suffer VTE during
treatment (Rodriguez et al., 2011; Wang et al., 2019; Matsuo et al.,
2013).

Although validated in other cancer patient cohorts to predict
chemotherapy-associated VTE (Khorana et al., 2008), the Khorana score
was found to be non-statistically significant in the prediction of
chemotherapy-associated VTE in this uterine cancer-specific cohort.
Neither a high-risk Khorana score threshold of >2 (as recommended in
ASCO guidelines) or >3 (as defined in the original Khorana model) was
able to significantly predict VTE and had poor accuracy based on AUC.
This held true when the cohort was subdivided by neoadjuvant/defini-
tive and adjuvant chemotherapy (although the study was not powered
for subgroups). A large majority of patients (69%) had a Khorana score
>2, and, as expected, this translated to relatively low positive predictive
value (7%) but high negative predictive value (94%). When we raised
the threshold to >3, the negative predictive value remained stable
(94%) and the positive predictive value was marginally improved,
although still quite low (9%). The weak discrimination between those
with and without VTE translates to poor clinical utility of the Khorana
score in patients with uterine cancer.

Although In a similar retrospective study by Austin et al, the Khorana
score was found to be predictive of VTE in an endometrial cancer pop-
ulation, there are some key differences between that study population
and the current including that it was not a chemotherapy specific group
and therefore a lower risk population (68.8% early stage and only 15.6%
with Khorana >3) and the main outcome was VTE within a year of
diagnosis (Austin et al., 2019). Additionally, the main conclusion of the
study is the Khorana score was not predictive of VTE in most cancers.
Lastly, these findings are mirrored in the recently presented data that the
Khorana score does not accurately predict VTE in ovarian cancer pa-
tients undergoing chemotherapy (Fleming et al., 2020), strengthening
the argument that alternative prediction tools are needed for gyneco-
logic cancers.

Independent of Khorana score, patients having residual or measur-
able disease and hemoglobin level (<10 g/L) were the only variables
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Fig. 2. (A) Independent t test of the Khorana score between patients without venous thromboembolism (No VTE) and patients that were diagnosed with venous
thromboembolism (VTE). (B) Independent t test of the Khorana score between the neoadjuvant/definitive chemotherapy (NA/DCT) subgroup and adjuvant

chemotherapy (ACT) subgroup.

Table 2
Odds ratio and measures of validity for each group/subgroup at both Khorana score cutoff of >2 and >3.
Group/Subgroup Khorana Cutoff Odds Ratio Confidence Interval p Value Sensitivity Specificity PPV NPV AUC Likelihood Ratio (+)
All K>2 1.17 0.40-3.39 0.77 0.72 0.31 0.068 0.94 0.51 1.05
All K>3 1.69 0.61-4.69 0.35 0.33 0.77 0.092 0.94 0.55 1.46
ACT K>2 1.05 0.31-3.53 0.94 0.69 0.32 0.056 0.95 0.51 1.02
ACT K>3 2.69 0.84-8.65 0.09 0.38 0.81 0.11 0.96 0.60 2.04
NA/DCT K>2 1.38 0.14-14.07 0.78 0.80 0.26 0.13 0.90 0.53 1.08
NA/DCT K>3 0.27 0.027-2.61 0.25 0.20 0.51 0.056 0.82 0.64 0.41
ACT = adjuvant chemotherapy, K = Khorana score, NA/DCT = neoadjuvant/definitive chemotherapy, NPV = negative predictive value, PPV = positive predictive
value,
bl established as a risk factor for VTE in the prospective study that led to
Table 3

Univariate logistic regression analysis of variables potentially associated with
venous thromboembolism.

Parameter Odds pValue  Confidence
Ratio Interval
Age (Continuous) 1.01 0.60 0.96-1.07
BMI (Continuous) 1.01 0.73 0.96-1.06
Race (Nonwhite vs White) 1.34 0.71 0.29-6.22
Current Smoker (Yes vs No) 1.84 0.58 0.22-15.56
Non-endometrioid Histology (vs 1.15 0.78 0.43-3.06
Endometrioid)
FIGO Grade (High vs Low) 0.89 0.81 0.33-2.36
FIGO Stage (III-IV vs I-1I) 2.01 0.23 0.64-6.27
Radiation (Yes vs No) 0.44 0.10 0.17-1.18
NA/DCT (vs ACT) 2.45 0.11 0.82-7.30
Surgery with Laparotomy (Yes vs No) 2.48 0.07 0.94-6.55
Residual or Measurable Disease (Yes 4.78 0.002* 1.77-12.90
vs No)
Platelet > 350 x 10%/L (Yes vs No) 1.29 0.62 0.47-3.57
Hemoglobin < 10 g/L (Yes vs No) 3.25 0.02* 1.22-8.64
WBC > 11 x 10%/L (Yes vs No) 1.47 0.56 0.40-5.35

FIGO = International Federation of Gynecology and Obstetrics, NA/DCT =
neoadjuvant/definitive chemotherapy, ACT = adjuvant chemotherapy.
*Denotes statistically significant (p < 0.05).

found to correlate with VTE in this population. Residual or measurable
disease is likely a surrogate for the most advanced stage patients and the
NA/DCT subgroup enriched for these patients. Advanced disease has
previously been shown to have a significant impact on the prevalence of
VTE in gynecologic malignancies (Ohashi et al., 2020), and anemia was

development of the Khorana score (Khorana et al., 2008). The remaining
patient demographics, treatment factors, additional blood counts and
pathologic data were poor predictors of VTE in this study. This is in
contrast to several studies which have found a variety of risk factors
significantly associated with VTE including histology, platelets, WBC,
coagulation factors and indwelling lines (Wang et al., 2019; Matsuo
etal., 2013; Austin et al., 2019). Although some studies evaluating VTE
in cancer patients have included uterine cancer patients as part of a
larger cohort, this is one of few to look specifically at ambulatory pa-
tients with uterine cancer undergoing chemotherapy.

The strength of this study is the size of the disease-specific cohort,
specifically considering only a minority of patients with uterine cancer
receive chemotherapy and even fewer yet in the neoadjuvant or defin-
itive setting. The obvious limitation is its retrospective nature. In addi-
tion, while oncology care was delivered at a large cancer hospital,
patients often present to their local hospitals for acute issues, and
therefore, VTE incidence may be underestimated. As this study was
performed at a single, midwest academic institution with a small per-
centage of non-white patients, the ability to broadly generalize the re-
sults of this study are limited without ancillary studies.

5. Conclusions

At this time, use of the Khorana risk assessment model to guide
routine thromboprophylaxis in patients undergoing chemotherapy for
uterine cancer should be used with caution. Further investigation should
be done to improve risk stratification for VTE as this has a high
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probability to decrease the morbidity and cost associated with VTE for
these patients.
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