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Abstract

Purpose: Venous Thromboembolism is a common and frequent complication seen in active cancer patients.
The Khorana Risk Score (KRS) is a simple model which helps to guide selection of high risk VTE cancer patients for
thromboprophylaxis. However very little information is available on Khorana score validation in low middle income
countries; hence we aimed to evaluate its performance.

Patients and methods: A retrospective single center study utilizing data of 150 cancer patients with either
symptomatic deep venous thrombosis (DVT) and/or pulmonary embolism (PE) from January 1, 2012 to Dec 31, 2017.
The primary efficacy outcome was to validate Khorana Risk Score in our population.

Results: Overall, 32.7% of these patients had a low Khorana Risk Score of 0 point, 48% of patients had
intermediate KRS of 1 or 2 points, and only 19.3% of patients had a high KRS of 3 or more points. We also looked
at additional variables i.e. mean difference in albumin (g/dL) in the three Khorana Risk Score category which was
statistically significant i.e. 3.88 g/dL + 0.52 in low risk, 3.58 g/dL + 0.65 in intermediate risk and 3.15 g/dL £ 0.85 in
high risk [p<0.001]. Similarly the mean age difference was also significantly different in intermediate and high risk. We
also looked at metastasis status, chemotherapy status and creatinine clearance in these patients but found they were
statistically insignificant.

Summary: Our study showed that Khorana Risk Score tool was only able to risk stratify 19.3% of cancer patients
in high risk category who would have benefitted from thromboprophylaxis. We recommend the development of a

modified risk prediction model best adapted to local needs.

Introduction

VTE which broadly consists of deep vein thrombosis and
pulmonary embolism is associated with a poor prognosis in patients
with cancer. Around 20-30% of all first venous thromboembolic events
are cancer associated and an additional 30% of them will also develop
arecurrent VTE [1].

A meta-analysis by Horsted et al described incidence rates of venous
thrombosis in cancer patients stratified by background risk of venous
thrombosis. Among cohorts with average-risk patients the incidence
rate of venous thrombosis was estimated to be 13 per 1000 person-
years (95% CI: 7-23) versus 68 per 1000 person-years (95% CI: 48-96)
in high risk patients [2]. Venous thromboembolism is the second most
leading cause of mortality in cancer patients after cancer progression
[3]. Khorana et al reported analysis of 1,824,316 hospitalizations in
1,015,598 cancer patients between 1995 and 2003 at 133 United States
medical centers. Mortality was significantly and consistently greater
among patients who developed VTE as compared to patients who did
not over the duration of study (16.3% versus 6.3%, P<0.0001).

Khorana et al also analyzed patients initiating chemotherapy
with VTE (n = 912) and without VTE (n = 2736) to evaluate resource
utilization and real-world costs in ambulatory patients and found
cancer patients with VTE had approximately three times as many all-
cause hospitalizations (mean 1.38 versus 0.55 per patient) and days in
hospital (10.19 versus 3.37) versus patients without VTE (all P < 0.0001)
[4]. Cancer patients with VTE also incurred higher overall total health
care costs (USD 74,959 versus USD 41,691 per patient) than cancer
patients without VTE (all P < 0.0001).

This highlights the importance of developing risk stratification
models to identify cancer patients at high risk of developing VTE who

would benefit from thromboprophylaxis. An ideal risk score would help
clinicians identify both patients with a negligible risk as well as those
at high risk needing intervention. Several scores for predicting the risk
of VTE in ambulatory outpatients with cancer have been developed
[5-10]. Among these the Khorana score which was introduced in
2008 is the most popular. It has been validated in large cohorts 2701
patients with cancer undergoing chemotherapy and validated in an
independent cohort of 1365 patients with a variety of malignancies
who are undergoing chemotherapy [11]. It is even endorsed by latest
guideline updates of the American Society of Clinical Oncology and the
National Comprehensive Cancer Network to select ambulatory cancer
patients for thromboprophylaxis [12].

Many studies have validated Khorana risk score in ambulatory
settings with often conflicting data [13]. A clear interpretation of these
findings is further hampered by the variation in study designs, cancer
type and duration of follow up. Also very little information is available
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for Khorana score validation in low middle income countries. This is
important as their demographic and genetic variables vary immensely
compared with their rich counterparts. Keeping in mind that ours
is a charity run cancer hospital, we wanted to validate Khorana risk
prediction model to identify patients who are at highest risk of VTE
and would benefit the most from thromboprophylaxis thus best
utilizing our resources.

Patients and methods

Design: This study was a single center retrospective chart review
study including sample size of 150 patients utilizing data from the
Shaukat Khanum Cancer Memorial Hospital and Research Centre
[SKMCH] cancer registry between January 1, 2012 to Dec 31, 2017
following the approval by the Institutional Review Board.

Patient Population: Patients were included if they were at least
18 years of age, had a diagnosis of cancer with concurrent diagnosis
of DVT or PE in ambulatory setting. Patients were excluded if the
diagnosis of PE or DVT was made during inpatient hospitalization.

Outcome: The primary efficacy outcome was to validate and
determine if the Khorana Risk Score would have predicted VTE in these
patients. The Khorana Risk Score (KRS) is a simple model consisting of
five predictive clinical and pre-chemotherapy laboratory parameters
including: primary site of cancer (+1 or 2 points), platelet count of
350x10°/L or more (+1 point), hemoglobin concentration of 100 g/L or
lower or use of erythropoiesis-stimulating agents (+1 point), leukocyte
count of 11x10°/L or higher (+1 point), and a Body Mass Index of 35
kg/m? or higher (+1 point). A sum score of 0 points classifies patients
as being at low risk of VTE, 1 or 2 points at intermediate risk, and those
with 3 or more points at high risk [11].

Study Procedure: Data extraction was conducted from the charts
which included baseline laboratory findings (hemoglobin, platelets,
leukocytes, body mass index-BMI, creatinine clearance, albumin),
comorbid, risk factors (immobilization, surgery and central line), type
and stage of cancer. All patient were divided into three categories of
low, intermediate or high risk based on Khorana Risk Score. Wilcox
in rank sum test was performed to compare continuous variables. The
Fisher exact test was performed to compare categorical variables. All
data were analyzed using SAS 9.4 with a significance level of a=0.05.

Results

Patient population: Between January 1,2012 to December 31,
2017, a total of 245 patients were screened and 150 eligible patients
diagnosed with VTE in ambulatory setting were included in the study;
99 patients excluded from the study consisted of patients who were
diagnosed with VTE in inpatient settings or were absconded.

Our baseline demographics included mean age 50.15 (+/- 14.05
in years) with 1:1 male to female ratio and ethnic backgrounds from
all over the country as show in Table 1. Interestingly enough baseline
comorbidities which included coronary heart disease, diabetes,
hypertension and creatinine clearance were seen in only 44 (29.3%)
of cancer patients. Our cohort included 72 (48.05%) patients with
metastatic disease and 95 (63.3%) were receiving chemotherapy. GU
malignancy was the primary in 43 (28.7%) followed by GI malignancy
41 (27.3%) and breast cancer 26 (17.3%). We also assessed risk factors
for thrombosis such as central line 14 (9.3%), immobilization 45 (30%)
and major surgery 25 (16.7%) in our cohort.

Pre-chemotherapy baseline laboratory values evaluated in our
study showed normal platelet and white blood cell i.e mean 287.85
(+/- 147.13) and 8.96 (+/- 4.51) respectively as shown in Table 2.

Table 1: Baseline patient’s characteristics.

Variables Categories Total = N" (%)
Sex Male 76 (50.7%)
Female 74 (49.3%)
Race Punjabi 100 (66.7%)
Balochi 4(2.7%)
Pathan 46 (30.7%)
Co-morbidity status No 106 (70.7%)
Yes 44 (29.3%)
Coronary Artery Disease No 148 (98.7%)
Yes 2(1.3%)
Hypertension No 127 (84.7%)
Yes 23 (15.3%)
Diabetes No 123 (82.0%)
Yes 27 (18.0%)
Cancer Type Gl 41 (27.3%)
Breast 26 (17.3%)
GU 43 (28.7%)
Lungs 7 (4.7%)
Miscellaneous 32 (21.3%)
Khorana Risk Score 0 49 (32.7%)
1 41 (27.3%)
2 31 (20.7%)
3 19 (12.7%)
4 8 (5.3%)
5 2 (1.3%)
Khorana Risk Low Risk 49 (32.7%)
Medium Risk 72 (48.0%)
High Risk 29 (19.3%)
Metastatic status No 78 (52.0%)
Yes 72 (48.0%)
Chemotherapy administered No 55 (36.7%)
Yes 95 (63.3%)
Central line No 136 (90.7%)
Yes 14 (9.3%)
Immobilization No 105 (70.0%)
Yes 45 (30.0%)
Major surgery No 125 (83.3%)
Yes 25 (16.7%)
Age in years Mean + standard deviation 50.15 £ 14.05

Creatinine clearance

Mean + standard deviation

121.61 £ 68.15

Platelets Mean + standard deviation 287.85 +147.13
Haemoglobin Mean + standard deviation 11.81 £9.98
White blood cells Mean + standard deviation 8.96 + 4.51
Body mass index Mean # standard deviation 24.36 £5.10
Albumin Mean + standard deviation 3.59+0.70
Creatinine Mean + standard deviation 0.77 £ 0.50
Creatinine clearance <60 16 (10.7%)
=60 134 (89.3%)
Albumin <4 105 (70.0%)
24 45 (30.0%)
Creatinine <1 127 (84.7%)
21 23 (15.3%)

Hemoglobin was noted to be low i.e mean 11.81 (+/- 9.98). Also
noticeable in our cohort were 105 (70%) patients with albumin level
less than 4 g/dL and 16 (10.7%) patients with creatinine clearance less
than 60 mL/min.

Khorana risk score: We divided our patient cohort based on
Khorana risk score and found out 49 (32.7%) scored 0, 41 (27.3%)
scored 1, 31 (20.7%) scored 2, 19 (12.7%) scored 3, 8 (5.35%) scored 4
and 2 (1.3%) scored 5. Overall, 49 (32.7%) of these patients had a low
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Table 2: Mean difference of baseline patient’s characteristics.
Variables Low Risk Intermediate Risk High Risk p-value
Age in years
Mean + SD* 52.69 + 13.92 46.68 + 13.64 54.48 + 13.59 0.01
Creatinine clearance
Mean + SD* 115.11 £ 48.98 132.53 £84.10 105.51 + 44.96 0.14
Haemoglobin
Mean + SD* 12.16 £+ 1.42 12.58 + 14.07 9.27 +2.22 0.30
White blood cells
Mean + SD* 6.94 +£2.21 8.97 + 3.65 12.35+6.84 0.001
Body mass index
Mean + SD* 2491+ 4.16 2420 +5.43 23.83+5.57 0.62
Albumin
Mean + SD* 3.88 £ 0.52 3.58 £ 0.65 3.15+0.85 0.001
Creatinine
Mean + SD* 0.80 £ 0.37 0.70 £ 0.31 0.89 £ 0.91 0.20

*Standard deviation

Khorana Risk Score of 0 point, 72 (48%) of patients had intermediate
KRS of 1 or 2 points, and only 29(19.3%) of patients had a high KRS of
3 or more points.

We also looked at six additional laboratory and clinical parameters
popularly used in other risk prediction scorings and are also routinely
collected before initiating chemotherapy as shown in Table 2. The
mean difference in albumin (g/dL) in the three Khorana Risk Score
category was statistically significant i.e 3.88 g/dL + 0.52 in low risk,
3.58 g/dL + 0.65 in intermediate risk and 3.15 g/dL + 0.85 in high risk
[p<0.001]. Similarly the mean age difference was also statically different
in intermediate risk 46.68 yrs + 13.64 compared with 54.48yrs + 13.59 in
high risk [p < 0.01]. We also looked at metastasis status, chemotherapy
status and creatinine clearance in these patients but found they were
statistically insignificant.

Discussion

One of the population based study from Walker European Journal,
has shown a steady increase in the absolute rate of venous thrombosis
from 10 VTE (per 1000 person-years) to 20 VTE (per 1000 person-
years) from 1997 to 2007 in cancer patients; where as it has remained
steadyi.e 4 VTE (per 1000 person-years) in non-cancer group.' This rise
in cancer associated VTE poses a serious problem that diminishes the
patient's life span and quality of life. Hence identifying patients at high
risk of developing VTE will help us in decreasing the complications by
initiating thromboprophylaxis early.

In Khorana Risk Score validation cohort, the model had a negative
predictive value of 98.5%, a positive predictive value of 6.7%, a
sensitivity of 35.7%, and a specificity of 89.6%." While we will need
to be careful in interpreting our data as our patient subset included
cancer patients with known VTE, it is still surprising to know that
retrospectively 80.7% of our cohort was placed in low and intermediate
risk category. This meant these patients in real life would not have
benefitted from thromboprophylaxis due to scoring low on Khorana
risk score. On the contrary only 19.3% of our cancer patients were
placed in high risk category with KRS of 3 or more points as shown
in Table 1. Which means only this subset of population would had
received thromboprophylaxis. Our study stresses on the necessity and
importance to evaluate additional risk factors to identify patients at
high risk of developing VTE and needing intervention. We strongly
believe that risk prediction models should be best adapted to the
demographic and genetic needs of the location.

For instance Khorana risk score identifies obesity as an important
risk factor for developing VTE and hence scores patients with Body
Mass Index of 35 kg/m? or higher with +1 point. There is no denying
that obesity is a well-known risk factor and can predispose to VTE due
to the physical effects of body fat impeding the venous return and/or
a proinflammatory/ prothrombotic state [14]. However it is also true
that in low middle income countries BMI of 35 kg/m? or higher is a
rare sight and even so in cancer subset population. Per last national
demographic health survey in 2013 less than 15% of women aged 15-49
years are obese (BMI of 30 kg/m? or higher) [15]. Hence obesity as a
risk factor for risk prediction model might not work for cancer patients
in low middle income countries.

Similarly the pre-chemotherapy laboratory parameters including
platelet count of 350x10°/L or more (+1 point), hemoglobin
concentration of 100 g/L or lower (+1 point) and leukocyte count of
11x10°/L or higher (+1 point) were noted to be important risk factors
in Khorana Risk Score. Again high platelets and leukocyte counts are
well known risk factors as they directly result in proinflammatory/
prothrombotic state [16]. However it is also a well-known fact that
laboratory reference values vary with demographics and ethnicity [17].
Hence these laboratory cut off values may not apply to our population
and if anything will need a lower threshold.

Our study despite being a retrospective study and patient population
selection provides solutions for real world situations especially for low
middle income countries. The mean difference in albumin (g/dL) in
the three Khorana Risk Score category was statistically significant i.e.
3.88 g/dL + 0.52 in low risk, 3.58 g/dL + 0.65 in intermediate risk and
3.15 g/dL + 0.85 in high risk [p<0.001] as shown in Table 2. Reduced
serum albumin has been described as a marker for global declining
health and poor prognosis. The underlying causality of VTE risk has
been considered to lie in renal loss of albumin in nephrotic syndrome
or albumin decrease caused by inflammatory processes [18]. In
addition in cancer patients decrease in serum albumin has further
been recognized as an expression of the consuming nature of the
neoplasm and is associated with poor prognosis in cohorts of different
malignancies [19].

Similarly the mean age difference was also statically different in
intermediate risk 46.68 yrs + 13.64 compared with 54.48yrs + 13.59
in high risk [ p < 0.01] as shown in Table 2. It is well established that
the risk of VTE increases with age. A large prospective study found
that individuals aged 85 years and older have an almost 10-fold higher
incidence rate (6.96 per 1000 person-years) compared with those aged
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45 to 54 years of age (0.72 per 1000 person-years) [20]. We also looked
at additional risk factors i.e. metastasis status, chemotherapy status and
creatinine clearance in these patients but found they were statistically
insignificant [21, 22]. We believe low middle income countries will
have to develop and validate a personalized risk prediction model with
risk factors more adapted to their geographic location and needs. This
is crucial as utilizing funds on primary prophylaxis will be more cost
effective as oppose to treating VTE related complications. This stands
especially true for resource limited countries.

Conclusion

Our study shows that Khorana Risk Score tool was only able
to risk stratify 19.3% of cancer patients in high risk category who
would have received prophylactic anticoagulation. Majority of our
patients per Khorana Risk Score would not have derived benefit from
thromboprophylaxis. Our data also showed that the age increases and
the albumin decreases with each risk category. We recommend the
development of a modified and personalized risk prediction model
utilizing additional clinical and laboratory variables to implement an
effective prophylactic strategy best adapted to the local needs.
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