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Prevalence of Venous Thromboembolism in
Cholangiocarcinoma Patients Receiving Chemotherapy
and Validation of Khorana Score

Panupong Sangsri, MD!, Aumkhae Sookprasert, MD?, Kosin Wirasorn, MD?, Jarin Chindaprasirt, MD!,
Piyakarn Watcharenwong, MD?, Thanachai Sanlung, MD*

!Medical Oncology Unit, Department of Internal Medicine, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand

Background: Khorana score (KS) have used to evaluate the risk of chemotherapy-associated venous thromboembolism (VTE) and provide
thromboprophylaxis for high-risk patients. However, the applicability of the score to cholangiocarcinoma (CCA) patients remains unclear due to
the limited inclusion of patients with CCA in the score derivation process.

Objective: The primary objective focused on the prevalence of VTE within 180 days and the KS score was externally validated in this particular cohort.

Materials and Methods: This retrospective cohort study was conducted at a tertiary care hospital in Northeastern Thailand between January
2014 and December 2021. The study collected baseline clinical characteristics and laboratory data of patients with CCA undergoing palliative
chemotherapy and follow-up data to assess the endpoints.

Results: Among the 402 patients included in the cohort, 48 (11.9%) experienced VTE within 180 days. Consequently, the decision was made to
assign 1 point for a primary site of cancer factor in the KS calculation. The KS was found to be significantly associated with VTE incidents, with
an odds ratio (OR) of 1.63 (95% CI 1.16, 2.29, p=0.005) and an AUC of 0.616 (95% CI 0.534, 0.698). The presence of VTE and higher KS scores
were both associated with a worse prognosis.

Conclusion: CCA should be considered a high-risk tumor type for chemotherapy-associated VTE. The KS has been validated as useful in predicting

VTE in this particular tumor type. Additionally, VTE or higher KS were associated with shorter overall survival.
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Cholangiocarcinoma (CCA) is a heterogeneous group
of epithelial cancers that affect the biliary tree. While the
occurrence of CCA is relatively low in Western nations, it
exhibits a notably higher prevalence in endemic regions like
China and ThailandV. Our hospital-based data reveals that
liver cancers, including CCA and hepatocellular carcinoma,
have consistently ranked as the most prevalent cancers in
men over several decades. Furthermore, CCA has emerged
as the second most common cancer in females, following
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breast cancer.

Venous thromboembolism (VTE) represents a
significant complication in cancer patients. The risk of
developing VTE is ranging from 4 to 7-fold higher in
individuals diagnosed with cancer compared to the general
population®?®. The risk of VTE is particularly elevated
during the initial phase of cancer diagnosis®*¥. Additionally,
the use of cytotoxic chemotherapy further amplifies this
risk®®. Many studies are presently focused on identifying
risk factors for VTE development, as well as developing
risk-scoring models to identify high-risk populations®!?.
These risk factors encompass patient-related, treatment-
related, and cancer-related factors, as well as various
biomarkers'). Moreover, several studies have indicated
that the occurrence of VTE in cancer patients is associated
with a worsened prognosis‘?.

The Khorana score is simple and is the most endorsed
method for predicting chemotherapy-associated VTE in
ambulatory cancer settings. Developed by Khorana et al.
in the United States, this scoring system was proposed in
2008@. In summary, the Khorana score is calculated by
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summing points derived from five factors, including the
site of primary cancer, body mass index (BMI), hemoglobin
level, white blood cell count, and platelet count. Higher
scores are indicative of higher-risk groups, thus predicting
an increased prevalence of VTE. Recent meta-analyses
have further supported the use of the Khorana score in
identifying high-risk VTE patients"®. Many studies and
guidelines utilize the Khorana score as a decision-making
tool for prophylactic anticoagulation*'9. A Khorana
score of 2 or higher typically warrants at least 6 months of
thromboprophylaxis such as apixaban and rivaroxaban!7!®.
Other scoring systems may also be employed, provided they
can effectively predict the high-risk population, defined as a
6-month incidence of VTE of at least 8 to 10%">. Despite
being recommended, the Khorana score has demonstrated
inadequate performance in specific types of cancers, such
as lung, uterine, and hepatocellular carcinoma*2". So, the
applicability of the Khorana score to patients with CCA
is uncertain for several reasons. Firstly, this score was
developed in different populations and typically necessitate
external validation. Secondly, CCA is not as prevalent in
Western populations, leading to a limited number of CCA
patients in Khorana's original derivation cohort.

Considering the limited number of studies documenting
the prevalence of VTE in CCA and the absence of a well-
validated predictive scoring system, this study aims to
determine the actual prevalence of VTE in CCA patients,
externally validate the Khorana score in this population and
assess its impact on overall survival.

Materials and Methods

The present study is a single-center retrospective
cohort study, conducted at Srinagarind Hospital, Khon
Kaen University, which serves as a tertiary care and major
referral center in Northeastern Thailand. The research aimed
to examine patients diagnosed with CCA who underwent
palliative chemotherapy between January 2014 and
December 2021. Electronic medical records were searched
using specific criteria, including the presence of CCA as a
diagnosis code and records of chemotherapy infusions as a
procedural code. Subsequently, the screened records were
reviewed by investigators to verify if patients fulfilled all
the inclusion criteria, which encompassed confirmation of
CCA diagnosis through imaging or pathology, age of 18
years or older, received at least one infusion of palliative
chemotherapy, and undergone at least one follow-up imaging
to identify clinically suspected VTE or asymptomatic VTE.
Patients with a history of VTE before chemotherapy, current
use of anticoagulants, presence of a second primary cancer
within the last 5 years, or incomplete data for calculating
the Khorana score were excluded from the study.

The primary objective of this study was to ascertain
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the prevalence of VTE occurring within 180 days after the
initiation of chemotherapy. The decision to set the follow-
up period at 180 days was based on the recommended
duration of thromboprophylaxis!>!"1®. VTE was defined
as imaging-confirmed deep venous thrombosis (DVT),
pulmonary embolism, or other sites of VTE, excluding tumor
thrombus. A secondary objective of the study was to identify
independent risk factors associated with VTE, externally
validate the Khorana score, and assess the impact of these
factors on overall survival. The follow-up period was
calculated from the date of chemotherapy initiation, while
overall survival was defined from the date of chemotherapy
initiation to death from any cause or until the data cutoff
date. The statistical analysis was conducted using data up
to 31 December 2022.

The data collection process encompassed gathering
baseline clinical characteristics (such as age, gender,
and BMI), comorbid conditions (such as hypertension,
dyslipidemia, diabetes, peripheral artery disease, coronary
artery disease, and cerebrovascular disease), cancer-
related factors (including anatomy subsites and stage),
treatment-related factors (specific chemotherapy regimen
used), laboratory values (including complete blood counts,
serum creatinine, and CA19-9 levels), follow-up outcome
data (including the date, sites, and symptoms of VTE
occurrence), and date of death.

The Khorana risk score calculation. However, we did
some specific changes in its application. Instead of adopting
the BMI cut-point at >35 kg/m?, the present study used
WHO Asian-specific criteria for obesity, a BMI cut-point
of >25 kg/m*®?. Furthermore, the original Khorana score
treated CCA as an "other tumor" and assigned 0 points
for the primary site of cancer factor. However, the present
study chose to follow the score derivation methodology of
Khorana et al. and assigned points to CCA based on the
actual prevalence of VTE in this particular cohort relative
to the average Thai cancer patients (5.4%)©*. Accordingly,
CCA will be assigned 2, 1, and 0 points if the prevalence of
VTE was more than 16.2% (very high risk), 5.4 to 16.2%
(high risk), and 5.4% or below (low risk), respectively.

The present study received ethical approval from
the Khon Kaen University Ethics Committee for Human
Research (HE651427).

Statistical analysis

The sample size was calculated to estimate single
proportions based on a study conducted on Thai cancer
patients. We assumed an prevalence of VTE in CCA to be
8.4%@ with a margin of error of 3%. Consequently, the
minimum required sample size was determined to be 328
patients.

A comparison of baseline characteristics between the
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VTE and non-VTE groups was performed using Fisher's
exact test for proportions. A univariable logistic regression
analysis was conducted to ascertain the risk factors
associated with VTE. Factors that exhibited statistical
significance (p<0.05) or clinical relevance were included
in the multivariable logistic regression analysis. To validate
the Khorana score, we tested its correlation with VTE using
univariable logistic regression. The results were presented
in terms of odds ratios, predicted probabilities, and 95%
confidence intervals. The discriminative ability of the
Khorana score was demonstrated using the area under the
receiver operating characteristic (ROC) curve. To assess the
agreement between predicted and observed probabilities,
we used a calibration plot and performed the Hosmer-
Lemeshow Goodness-of-Fit test. For evaluating overall
survival, we used the Kaplan-Meier survival curve. The
hazard ratio for death was estimated using Cox regression
analysis, and differences between groups were evaluated
using the Log-rank test. The data analysis was carried out
using STATA version 18.

Results

Between January 2014 and December 2021, a total
of 503 patients fulfilled the inclusion criteria, out of which
101 patients were subsequently excluded. The rationales
for exclusion were as follows: incomplete or missing data
(n=30), VTE occurrence before chemotherapy (n=36),
anticoagulant use (n=10), and concurrent diagnosis of a
second primary cancer (n=25). Consequently, the final
cohort consisted of 402 patients.

VTE prevalence and risk factors

The median follow-up time for VTE in this study
was 180 days (interquartile range: 151, 180). Among the
402 patients included in the study, 48 patients (11.9%)
experienced VTE within 180 days after receiving
chemotherapy, and this group was referred to as the "VTE
group." The median time to VTE occurrence in the VTE
group was 67 days (95% CI 42, 91). The remaining 354
patients (88.1%) did not experience any VTE events during
the follow-up period and were referred to as the "non-VTE
group." The types of VTE observed were distributed as
follows: 26 patients (54.2%) had DVT in the extremities,
15 patients (31.3%) had intra-abdominal DVT, 11 patients
(22.9%) had a pulmonary embolism, and 4 patients (8.33%)
experienced VTE at multiple sites. Among these VTE cases,
22 (46.8%) were symptomatic, while 25 cases (53.2%) were
asymptomatic.

Based on the observed VTE prevalence of 11.9% in
this particular cohort, we classified CCA as a high-risk
primary site of cancer and assigned 1 point for the Khorana
score calculation in this study. A comparison between the
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VTE group and the non-VTE group was conducted to
assess baseline clinical characteristics and laboratory data,
as presented in Table 1. Notably, multiple cardiovascular
diseases, elevated white blood cell counts, Khorana score,
and Khorana risk group showed statistically significant
differences between the two groups according to univariable
analysis. Nevertheless, the present study revealed that BMI,
hemoglobin level, and platelet count, which are components
of the Khorana score, did not exhibit significant associations
with VTE. A complete list of variables collected in the study,
and their univariable analysis of risk factors for VTE.

A multivariable logistic regression analysis was
performed, considering factors such as BMI >25 kg/m?,
multiple cardiovascular diseases, hemoglobin levels <10
g/dL, white blood cell counts >11,000 mm?, and platelet
counts >350,000 mm?®. The results indicated that multiple
cardiovascular diseases and increased white blood cell
counts were independent risk factors for VTE, with adjusted
OR of 2.30 (95% CI 1.09, 4.87, p=0.029) and 2.54 (95%
CI 1.25, 5.19, p=0.010), respectively as shown in Table 2.

External validation of Khorana score

According to the univariable logistic regression
analysis, the Khorana score exhibited a statistically
significant correlation with the prevalence of VTE. The
unadjusted odds ratio was found to be 1.63 (95% CI 1.16,
2.29, p=0.005). The predicted probability of VTE based
on the Khorana score was estimated and shown in Table
3. Particularly, it was observed that a Khorana score of 2
corresponded to a predicted probability of VTE to 12.9%
(95% CI1 9.5, 16.4).

The area under the ROC curve was calculated to be
0.616 (95% C10.534, 0.698), indicating a fair discriminative
ability of the Khorana score within this specific cohort.
Moreover, the calibration plot revealed a good alignment
between the predicted and observed probabilities. The
Hosmer-Lemeshow Goodness-of-Fit test further supported
this alignment by indicating no significant difference
between the predicted and observed probabilities (p=0.512)
(Figure 1).

Overall survival

In this study, the median follow-up time for overall
survival was 9.8 months (interquartile range: 6.3 to 15.1
months). A comparison between patients in the VTE group
and the non-VTE group revealed that those in the VTE
group experienced significantly poorer overall survival. The
hazard ratio for death in the VTE group was 1.79 (95% CI
1.32,2.44,p=0.0002). The median overall survival time for
patients in the VTE group was 6.5 months (95% CI, 5.2 to
7.9 months), whereas it was 10.5 months (95% CI, 9.5 to
11.4 months) in the non-VTE group, as shown in Figure 2.
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Table 1. Baseline characteristics of patients categorized by presence of VTE within 180 days

Variables Total, n=402 VTE, n=48 Non-VTE, n = 354 p-value
n % n %

Age 265 years 402 21 43.6 114 32.2 0.142
Female gender 402 18 BY25! 119 33.6 0.628
Body mass index 225 kg/m? 402 9 18.8 44 12.4 0.254
Multiple cardiovascular diseases® 402 12 25.0 43 12.2 0.023
Hemoglobin <10 g/dL 402 10 20.8 48 13.6 0.190
White blood cells >11,000 mm? 402 15 31.3 53 15.0 0.008
Platelet 2350,000 mm? 402 14 29.2 84 23.7 0.473
Chronic kidney disease G3 391° 19 39.6 93 27.1 0.088
Elevated CA19-9 (>37 U/mL) 278¢ 26 70.3 157 65.2 0.582
Chemotherapy regimen

Gemcitabine/platinum 163 19 39.6 144 40.7 1.000

5-FU/platinum 223 27 56.3 196 55.4

Other 16 2 4.2 14 4.0
Khorana score 0.024

1 198 16 333 182 51.4

2 143 18 375 125 5.3

3 50 12 25.0 38 10.7

4 10 2 4.2 8 2.3

5 1 0 0.0 1 0.3
Khorana risk group 0.009

Low-risk (score 0) 0 0 0.0 0 0.0

Intermediate risk (score 1 to 2) 341 34 70.8 307 86.7

High risk (score 23) 61 14 29.2 47 13.3

2Multiple cardiovascular diseases defined as at least 2 of a personal history of peripheral artery disease, ischemic stroke, coronary artery disease, hypertension,
hyperlipidemia, diabetes (excluding obesity); * Missing value 11 (2.7%), © Missing value 124 (30.8%)

VTE=venous thromboembolism

Table 2. Multivariable analysis of risk factors of VTE within 180 days

Risk factors Adjusted odd ratio 95% confidence interval p-value
Body mass index 225 kg/m? 1.63 0.71,3.73 0.249
Multiple cardiovascular diseases 2.30 1.09, 4.87 0.029
Hemoglobin <10 g/dL 1.41 0.64,3.13 0.395
White blood cells >11,000 mm? 2.54 1.25,5.19 0.010
Platelet 2350,000 mm? 1.09 0.53,2.26 0.806

Table 3. Predicted probability of VTE within 180 days

Khorana score Predicted probability 95% confidence
of VTE, % interval

0 5.3 1.7,9.0

1 8.4 5.0,11.4

2 12.9 9.5,16.4

3 19.5 12.1,26.9

4 284 12.7,43.8

5 39.1 13.2,64.9

Moreover, the study explored and demonstrated a
correlation between higher Khorana scores and lower overall
survival. Specifically, the median overall survival times for
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patients with Khorana scores of 1, 2, 3, and 4 were 11.7
months (95% CI 10.1 to 12.6 months), 9.2 months (95% CI
8.1to 10.5 months), 7.7 months (95% CI 6.4 to 9.2 months),
and 7.6 months (95% CI 1.3 to 8.6 months), respectively,
as shown in Figure 3.

Discussion

The prevalence of VTE in CCA patients undergoing
chemotherapy is high. Our findings reveal that 11.9%
of patients experienced VTE events within 180 days of
initiating chemotherapy. This observed prevalence is twice
as high as the average prevalence among Thai cancer
patients receiving chemotherapy (5.4%)®. However, the
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Figure 1. A receiver operating characteristic (ROC) curve and calibration
plot of Khorana score on the presence of VTE within 180 days.

Left: The ROC curve illustrates the discriminative ability of the Khorana
score.

Right: The calibration plot presents the predicted probability by the blue
line, while the observed probability is represented by the red line. The
size of the circles corresponds to the number of patients falling into each
score category.
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Figure 2. Overall survival according to the occurrence of VTE within 180
days.

The blue line illustrates the survival probability of patients who did not
experience venous thromboembolism (VTE), while the red line illustrates
the survival probability of patients who suffered from VTE.

prevalence is lower than that observed in the VTE study
conducted in Korean (14.7%, 32.8%) and German (29.3%),
and the United States CCA patients (22%)>%®. It should
be noted that these particular studies were characterized
by smaller sample sizes, mixed stages, and the collection
of total prevalence data rather than limited to a specific
6-month period after chemotherapy. The most frequent sites
of VTE in our study were DVT in the extremities (54.2%),
followed by intra-abdominal thrombosis (31.3%), and
pulmonary embolism (22.9%). Nearly half of the VTE cases
(46.8%) were symptomatic, underscoring the significance
of predicting, preventing, detecting, and treating VTE in
CCA patients.

Our study identified certain independent risk factors for
VTE in CCA. Specifically, an elevated baseline white blood
cell count exceeding 11,000 mm?® (OR =2.54, p=0.010) and
the presence of multiple cardiovascular diseases (OR =2.30,
p=0.029) were associated with a higher risk of VTE in this
cohort. It is worth noting that cardiovascular risk factors
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Figure 3. Overall survival according to Khorana score.

Each line represents the Kaplan-Meier survival probability of patients within
their respective Khorana score categories. The blue line is for a KS of 1, the
green line is for a KS of 2, the red line is for a KS of 3, the brown line is for
a KS of 4, and the dark red line is for a KS of 5.

have been reported as predictive risk factors for VTE in
cancer patients and are incorporated into the calculation
of the COMPASS-CAT score!”. In our study, the definition
of multiple cardiovascular diseases was modified from the
COMPASS-CAT score, with obesity excluded as it is already
accounted for in the Khorana score calculation. However,
other factors present in the Khorana score, including BMI,
hemoglobin level, and platelet count, did not demonstrate
a significant association with the occurrence of VTE in
our cohort.

Before implementing the Khorana score in our clinical
practice, we performed external validation on our patient
population, following the methodology described by
Khorana et al®. Considering that the actual prevalence of
VTE in CCA patients exceeded but did not surpass three
times that of the average Thai cancer patients, we assigned
1 point to the primary site of cancer factor for CCA, and we
recommend adopting this approach in real-life practice®.
Additionally, the authors suggest using BMI cutoffs of
>25 kg/m? instead of 35, as this aligns with other Khorana
score validation studies in Asian populations!'>?2), Tt is
noteworthy that no patients in our study had a BMI of 35
kg/m? or higher. With these 2 modifications, our study
demonstrated a significant correlation between the Khorana
score and VTE prevalence (OR=1.63, p=0.005). The
Khorana score exhibited fair discriminative ability, with an
area under the ROC curve of 0.616, consistent with other
validation studies'>?¥. The calibration plot and statistical
test illustrated a strong correlation between observed and
predicted probabilities.

According to our study, patients with a Khorana score
of 2 have a predicted probability of 12.9% of experiencing
VTE within 180 days (95% CI 9.5 to 16.4%), which is
slightly higher than that reported in other studies®”. This
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cut-point of 2 and the associated predicted probability align
with previous research and guidelines, justifying its use as a
decision point for administering thromboprophylaxis!>!71%.
In simplified terms, patients diagnosed with CCA who has at
least 1 additional point on the Khorana score are considered
to be at sufficiently high risk for thromboprophylaxis. Both
the presence of VTE and higher Khorana scores were found
to have predictive value for survival. CCA patients who
developed VTE had shorter survival times, and a higher
Khorana score was also associated with reduced overall
SuWiVal(12’25’27’28).

The present study possesses several strengths,
including being the largest investigation focusing on the
prevalence of VTE in CCA and validating the Khorana
score. The study highlights the high prevalence of VTE,
emphasizes the importance of thromboprophylaxis, and
verifies the applicability of the Khorana score in this specific
population. However, it is essential to acknowledge certain
limitations in this study. The retrospective nature of this
study may have some missing data and biases. Moreover,
the prevalence of VTE might be underestimated due to the
absence of a pre-planned specific protocol for detecting
asymptomatic VTE. Additionally, patients with early-stage
or adjuvant disease were not included in the study, leaving
the utility of the Khorana score in these settings undefined.

Conclusion

The prevalence of VTE within 180 days of CCA
patients receiving palliative chemotherapy is high. The
Khorana score has been validated and proven applicable
in this context. We suggest classifying CCA as a high-risk
tumor type and assigning 1 point for the primary site of
cancer. VTE or higher Khorana scores were associated with
shorter overall survival.

What is already known on this topic?

The prevalence of chemotherapy-associated VTE
varies among cancer types, with it being most common
study in Western populations. Studies have shown that
Khorana scoring is useful for predicting chemotherapy-
associated VTE.

What this study adds?

This is the largest study focused on CCA patients. We
report the real-world prevalence of chemotherapy-associated
VTE in our common cancer and demonstrate that the
Khorana score is also useful in our population.

Acknowledgements

The authors thank the Department of Internal Medicine,
Faculty of Medicine, Khon Kaen University for publication
support.

S84

Potential conflicts of interest

The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

Sripa B, Pairojkul C. Cholangiocarcinoma: lessons
from Thailand. Curr Opin Gastroenterol 2008;24:349-
56.

Heit JA, Silverstein MD, Mohr DN, Petterson TM,
O'Fallon WM, Melton LJ, 3rd. Risk factors for
deep vein thrombosis and pulmonary embolism: a
population-based case-control study. Arch Intern Med
2000;160:809-15.

Blom JW, Doggen CJ, Osanto S, Rosendaal FR.
Malignancies, prothrombotic mutations, and the risk
of venous thrombosis. JAMA 2005;293:715-22.
Chew HK, Wun T, Harvey D, Zhou H, White RH.
Incidence of venous thromboembolism and its effect
on survival among patients with common cancers. Arch
Intern Med 2006;166:458-64.

Grover SP, Hisada YM, Kasthuri RS, Reeves BN,
Mackman N. Cancer therapy-associated thrombosis.
Arterioscler Thromb Vasc Biol 2021;41:1291-305.
Khorana AA, Kuderer NM, Culakova E, Lyman
GH, Francis CW. Development and validation of
a predictive model for chemotherapy-associated
thrombosis. Blood 2008;111:4902-7.

Gerotziafas GT, Taher A, Abdel-Razeq H, AboElnazar
E, Spyropoulos AC, El Shemmari S, et al. A predictive
score for thrombosis associated with breast, colorectal,
lung, or ovarian cancer: The prospective COMPASS-
Cancer-Associated Thrombosis Study. Oncologist
2017;22:1222-31.

Pabinger I, van Es N, Heinze G, Posch F, Riedl J,
Reitter EM, et al. A clinical prediction model for
cancer-associated venous thromboembolism: a
development and validation study in two independent
prospective cohorts. Lancet Haematol 2018;5:¢289-98.
Godinho J, Casa-Nova M, Moreira-Pinto J, Simdes
P, Paralta Branco F, Leal-Costa L, et al. ONKOTEV
Score as a predictive tool for thromboembolic events in
pancreatic cancer-a retrospective analysis. Oncologist
2020;25:284-¢90.

Verso M, Agnelli G, Barni S, Gasparini G, LaBianca
R. A modified Khorana risk assessment score for
venous thromboembolism in cancer patients receiving
chemotherapy: the Protecht score. Intern Emerg Med
2012;7:291-2.

Khorana AA, Connolly GC. Assessing risk of venous
thromboembolism in the patient with cancer. J Clin
Oncol 2009;27:4839-47.

Akasaka-Kihara F, Sueta D, Ishii M, Maki Y, Hirakawa
K, Tabata N, et al. Validation of the Khorana venous
thromboembolism risk score in Japanese cancer
patients. JACC Asia 2021;1:259-70.

Mulder FI, Candeloro M, Kamphuisen PW, Di Nisio
M, Bossuyt PM, Guman N, et al. The Khorana score
for prediction of venous thromboembolism in cancer

] Med Assoc Thai|Volume 107 Suppl. 1|November 2024



14.

15.

16.

17.

18.

19.

20.

21.

22.

patients: a systematic review and meta-analysis.
Haematologica 2019;104:1277-87.

Farge D, Frere C, Connors JM, Ay C, Khorana AA,
Munoz A, et al. 2019 international clinical practice
guidelines for the treatment and prophylaxis of venous
thromboembolism in patients with cancer. Lancet
Oncol 2019;20:e566-¢81.

Falanga A, Ay C, Di Nisio M, Gerotziafas G, Jara-
Palomares L, Langer F, et al. Venous thromboembolism
in cancer patients: ESMO Clinical Practice Guideline.
Ann Oncol 2023;34:452-67.

Lyman GH, Carrier M, Ay C, Di Nisio M, Hicks
LK, Khorana AA, et al. American Society of
Hematology 2021 guidelines for management of
venous thromboembolism: prevention and treatment
in patients with cancer. Blood Adv 2021;5:927-74.
Carrier M, Abou-Nassar K, Mallick R, Tagalakis V,
Shivakumar S, Schattner A, et al. Apixaban to prevent
venous thromboembolism in patients with cancer. N
Engl J Med 2019;380:711-9.

Khorana AA, Soft GA, Kakkar AK, Vadhan-Raj S, Riess
H, Wun T, et al. Rivaroxaban for thromboprophylaxis
in high-risk ambulatory patients with cancer. N Engl
J Med 2019;380:720-8.

Mansfield AS, Tafur AJ, Wang CE, Kourelis TV,
Wysokinska EM, Yang P. Predictors of active cancer
thromboembolic outcomes: validation of the Khorana
score among patients with lung cancer. J Thromb
Haemost 2016;14:1773-8.

Piver RN, Wagner VM, Levine MD, Backes FJ,
Chambers LJ, Cohn DE, et al. Use of the Khorana
score to predict venous thromboembolism in patients
undergoing chemotherapy for uterine cancer. Gynecol
Oncol Rep 2023;46:101156. doi: 10.1016/j.gore.2023.
Wang Y, Attar BM, Fuentes HE, Yu J, Zhang H,
Tafur AJ. Performance of Khorana Risk Score for
prediction of venous thromboembolism in patients with
hepatocellular carcinoma. Clin Appl Thromb Hemost
2018;24:471-6.

WHO Expert Consultation. Appropriate body-mass
index for Asian populations and its implications

] Med Assoc Thai|Volume 107 Suppl. 1|November 2024

23.

24.

25.

26.

27.

28.

29.

30.

for policy and intervention strategies. Lancet
2004;363:157-63.

Kongtim P, Litlueangdet K, Emrat D, Charoenjit D,
Saengboon S, Limvorapitak W, et al. Development
and validation of a cancer-associated venous
thromboembolism clinical risk prediction (CAT-CR)
model in newly diagnosed cancer patients treated with
cheomotherapy. Blood 2019;134 Suppl 1:2421.
Emrat D, Litleaungdej K, Saengboon S, Kanitsap N,
Limvorapitak W, Kongtim P. Validation of Khorana
Risk Score in prediction of venous thromboembolism
in newly diagnosed cancer patients treated with
chemotherapy : A 5- year retrospective study [Internet].
The 35th annual meeting The Royal College of
Physicians of Thailand. 25-27 April, 2019 [cited 2019
Jul 11]. Available from: http://www.rcpt.org/abstractdb/
media/abstract/CON2019/Distinguished%20
oral25 15/RDO_302_Darunee.pdf.

Jeon HK, Kim DU, Baek DH, Ha DW, Lee BE, Ryu
DY, et al. Venous thromboembolism in patients with
cholangiocarcinoma: focus on risk factors and impact
on survival. Eur J Gastroenterol Hepatol 2012;24:444-
9.

Pfrepper C, Knddler M, Schorling RM, Seehofer D,
Petros S, Lordick F. Predictors for thromboembolism
in patients with cholangiocarcinoma. J Cancer Res Clin
Oncol 2022;148:2415-26.

Kim JS, Paik WH, Lee SH, Lee MW, Park N, Choi JH,
et al. Clinical significance of venous thromboembolism
in patients with advanced cholangiocarcinoma. Gut
Liver 2024;18:165-73.

Khanuja J, Tabar SB, Tsao-Wei D, Piatek CI, Barzi A.
Biliary tract cancers and the associated risk of venous
thromboembolism. J Clin Oncol 2019;37:304.

Hong J, Ha H, Ko Y, Kim K. Older age instead of body
mass index predicts cancer-associated thrombosis:
Validation of Khorana Score in cancer patients
undergoing chemotherapy with East Asian Ethnicity.
Blood 2021;138 Suppl 1:2124.

Ay C, Dunkler D, Marosi C, Chiriac AL, Vormittag R,
Simanek R, etal. Prediction of venous thromboembolism
in cancer patients. Blood 2010;116:5377-82.

S$85



