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Abstract

Background: Oncology guidelines suggest using the Khorana score to select ambula-
tory cancer patients receiving chemotherapy for primary venous thromboembolism
(VTE) prevention, but its performance in different cancers remains uncertain.
Objective: To examine the performance of the Khorana score in assessing 6-month
VTE risk, and the efficacy and safety of low-molecular-weight heparin (LMWH)
among high-risk Khorana score patients.

Methods: This individual patient data meta-analysis evaluated (ultra)-LMWH in pa-
tients with solid cancer using data from seven randomized controlled trials.

Results: A total of 3293 patients from the control groups with an available Khorana
score had lung (n = 1913; 58%), colorectal (n = 452; 14%), pancreatic (n = 264; 8%), gastric
(n =201; 6%), ovarian (n = 184; 56%), breast (n = 164; 5%), brain (n = 84; 3%), or bladder
cancer (n = 31; 1%). The 6-month VTE incidence was 9.8% among high-risk Khorana
score patients and 6.4% among low-to-intermediate-risk patients (odds ratio [OR], 1.6;
95% confidence interval [Cl], 1.1-2.2). The dichotomous Khorana score performed differ-
ently in lung cancer patients (OR 1.1; 95% Cl, 0.72-1.7) than in the group with other can-
cer types (OR 3.2; 95% Cl, 1.8-5.6; P;.....ction = -002). Among high-risk patients, LMWH
decreased the risk of VTE by 64% compared with controls (OR 0.36; 95% Cl, 0.22-0.58),
without increasing the risk of major bleeding (OR 1.1; 95% Cl, 0.59-2.1).

Conclusion: The Khorana score was unable to stratify patients with lung cancer based
on their VTE risk. Among those with other cancer types, a high-risk score was asso-
ciated with a three-fold increased risk of VTE compared with a low-to-intermediate
risk score. Thromboprophylaxis was effective and safe in patients with a high-risk
Khorana score.

KEYWORDS

venous thromboembolism, individual participant data meta-analysis, thromboprophylaxis,
heparin, Khorana score, cancer
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1 | INTRODUCTION

Venous thromboembolism (VTE), comprising pulmonary embolism
(PE) and deep vein thrombosis (DVT), is a frequent and burdensome
complication of cancer. Current evidence shows that between 1% and
15% of cancer patients will develop VTE during the course of their dis-
ease, depending on cancer type, stage, and treatment.! With the sub-
stantial increase in cancer survival, aging of the cancer population, and
the introduction of novel, often thrombogenic cancer therapies,z'3
VTE incidence in cancer patients is likely to rise in the coming years.

International guidelines recommend against routine use of
thromboprophylaxis in cancer outpatients, while most recommend
or suggest primary prevention for patients at high risk of VTE as as-
sessed by the Khorana score.*® This score calculates the risk of VTE
from five clinical and laboratory items: type of cancer (O points for
low, 1 point for high, or 2 points for very high risk), hemoglobin level
< 10 g/dL or use of erythropoietin stimulating agents (1 point), white
blood cell count > 11 x 10%/L (1 point), platelet count = 350 x 10%/L (1
point), and body mass index > 35 kg/m2 (1 point). Patients scoring O
points are classified as low-risk of developing VTE, those with 1 or 2
point as intermediate risk, and those scoring 3 or more points as high risk.

Although several studies have evaluated the Khorana score in
mixed cancer populations,”® its performance appears to be less ro-
bust in studies recruiting single types of cancer.'**2 This has poten-
tial implications for the use of the Khorana score in current practice,
in which oncologists increasingly specialize in the treatment of only
a few or a single cancer type. Treating physicians also need infor-
mation regarding the risks and benefits of thromboprophylaxis in
patients classified as high risk by the Khorana score, since this is the
group often considered for primary prevention of VTE.

By using individual patient data of almost 7000 patients enrolled
in seven randomized studies, we assessed the performance of the
Khorana score across different types of cancer and evaluated the ef-
ficacy and safety of primary VTE prophylaxis among high-risk cancer

patients receiving chemotherapy.

2 | METHODS

The present analysis includes individual patient data from multi-
center randomized studies of prophylactic parenteral anticoagulants
in ambulatory patients with solid cancer. These studies were identi-
fied by a systematic search of the literature. The methods are re-
ported in full elsewhere.** Briefly, a search of EMBASE, MEDLINE,
and The Cochrane Library from inception up to January 2017 iden-
tified randomized controlled trials comparing unfractionated hepa-
rin, (ultra)-low-molecular-weight heparin (LMWH), or fondaparinux
with placebo or observation in patients with solid cancer (Table S1).
We contacted authors and sponsors of eligible trials by e-mail, fax,
or telephone, to invite them to share their data. When necessary,
we placed data-sharing requests through clinicalstudydatarequest.
com. Shared data were compared with published results and study

authors were contacted to resolve discrepancies. No outstanding

Essentials

e Performance of the Khorana score in different cancers
remains uncertain.

e This study evaluated (ultra)-low-molecular-weight hepa-
rin (LMWH) in high-risk Khorana score patients.

e The Khorana score was unable to stratify patients with
lung cancer based on their VTE risk.

e In other cancer types, a high-risk score was associated
with a 3-fold increased risk of VTE.

issues were inconsistencies were identified. Studies that had not
prospectively collected data on one or more of the Khorana score
items were excluded. The present analysis was a prespecified sec-

ondary objective of this collaborative project.*

2.1 | Risk of bias and evidence grading

For the evaluation of the performance of the Khorana score, two
authors independently assessed risk of bias for the studies using the
Quality In Prognosis Studies tool.'> Three of six Quality In Prognosis
Studies items were omitted because they were irrelevant to the re-
search question (study confounding) or irrelevant at a study level
because data were aggregated at a patient level (prognostic factor
measurement and statistical analysis). For the evaluation of efficacy
and safety of thromboprophylaxis, two authors independently as-
sessed risk of bias using the Cochrane Risk of Bias Tool. Reviewers
resolved disagreement by discussion. The GRADE framework and
the GRADEpro app (www.gradepro.org) were used to assess evi-
dence for the prognostic performance of the Khorana score as well

as for the efficacy and safety of thromboprophylaxis.?6*

2.2 | Outcomes

The primary outcome was objectively confirmed DVT or PE in the
first 6 months of follow-up from randomization, either sympto-
matic or incidentally detected. The study definitions of VTE, which
varied somewhat, were accepted and used in the present analysis.
Secondary outcomes included symptomatic VTE, DVT, PE, major
bleeding, and all-cause mortality.

2.3 | Data synthesis

The Khorana score was calculated by using baseline data routinely
collected in the studies.'? We applied the modifications proposed by
Ay and colleagues, wherein primary brain cancer is considered as a
“very high-risk” tumor type.° Patients with a score of O points were
classified as “low-risk,” those with 1 or 2 points as “intermediate risk,”

and those with 3 points as “high risk.” The prognostic performance
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of the Khorana score was evaluated in the patients allocated to the
control groups (placebo or observation).

To assess overall discrimination, the area under the receiver op-
erating characteristic (ROC) curve of the continuous Khorana score
for predicting VTE was calculated for each study. Variances were
obtained by Delong's method, and study estimates were trans-
formed to the logit scale to better approximate underlying assump-
tions, before they were aggregated in an inverse variance weighted
random-effects meta-analysis. Maximum likelihood estimation was
adopted and the Knapp-Hartung-Sidik-Jonkman method was used.?°
Summary estimates obtained in meta-analysis were presented on
the conventional probability scale. Heterogeneity was assessed by
calculating the I statistic.

We examined the performance of the Khorana score when di-
chotomized at the conventional positivity threshold of 3 points, in
the overall study group and in subgroups defined by tumor type
and presence of metastasis. Given recent reports that the Khorana
score may perform poorly in lung cancer patients,?* we evaluated
the dichotomous score separately in this group and, separately, in
the combined group of all other types of cancer.

The proportion of patients with VTE among high-risk patients,
the proportion of patients with VTE among low-risk patients, and
the odds ratio for the difference between high- and low-risk patients
along with 95% confidence intervals (Cl) were estimated from a mul-
tilevel logistic regression model, in which a random effect was mod-
eled for study and the dichotomous score result was added as fixed
effect.

Summary odds ratios for risk of VTE, bleeding, and death in pa-
tients allocated to LMWH compared with those allocated to con-
trol (placebo or observation) were calculated in a multilevel logistic
regression model with a random effect for study. The risks of VTE
and bleeding associated with LMWH were evaluated separately in
patients with a high-risk Khorana score.

Heterogeneity across studies was illustrated by calculating 95%
prediction intervals (Pl) around the point estimates.?? Such an inter-
val takes the between-study variability into account; it indicates a
range for the predicted point estimate in a new study.

2.4 | Sensitivity and exploratory analyses

The predictive performance of the individual Khorana score items
was evaluated in a multivariable, multilevel logistic regression model
with a random effect modeled for study. Sensitivity analyses were
performed in which follow-up was restricted to the first 90 days
because the Khorana score was derived in a study with a median
follow-up of 2.5 months, and in which studies enrolling patients dur-
ing chemotherapy or shortly after surgery were excluded because
blood counts can be affected by chemotherapy and surgery is a well-
known risk factor for VTE. The performance of the Khorana score
was also assessed using an exploratory high-risk positivity threshold
of 2 points because this cutoff was adopted by several guidelines

after publication of two recent trials.?%2*

jm | 1943

All analyses were based on the intention-to-treat principle. A sig-
nificance level of 0.05 was used in statistical testing. All analyses
were performed with R, version 3.3.0 (R Foundation for Statistical
Computing, Vienna, Austria, www.R-project.org) using the pROC
v1.8,Ime4 v1.1-12, and meta v4.8-1 packages.

2.5 | Role of the funding source

The funding source (Canadian Institutes for Health Research) had
no role in the study design, collection, analysis, or interpretation
of the data, writing of the report, nor in the decision to submit the
paper for publication. The corresponding author had full access to
all the data in the study and had final responsibility to submit for

publication.

3 | RESULTS

Investigators of seven of 14 available randomized studies provided

25-30,

data required to calculate the Khorana score ; we excluded the

other seven studies®'3¢

(Figure S1). Table 1 presents character-
istics of the included studies. Four had a blinded design and three
an open-label design. The studies enrolled patients with lung can-
cer, pancreatic cancer, breast cancer, glioma, or a mixed oncology
population, with sample sizes ranging from 39 to 3212 patients. In
all studies, investigators followed patients for at least 6 months.
The definition of VTE was similar across the studies, and typically
included symptomatic or incidental lower extremity DVT, upper ex-
tremity DVT, and fatal or nonfatal PE (Table 1). All studies defined
major bleeding in accordance with criteria set by the International
Society on Thrombosis and Haemostasis.>” The individual patient
dataset comprised 6832 patients with cancer, randomly allocated to
LMWH (n = 3429) or to placebo or observation (n = 3403). Table 2
summarizes patient characteristics of patients allocated to placebo
or observation. During 6 months of follow-up, 188 patients (5.5%) in
the control group developed VTE, of whom 153 (81%) experienced
a symptomatic event.

3.1 | Risk of bias

Table S2 present results of the risk of bias assessment for the evalu-
ation of the Khorana score in the control groups. One study was
judged to be at moderate risk of bias with respect to study partici-
pation because a substantial proportion of eligible patients was not
randomized.?’ Three studies were judged to be at moderate to high
risk of bias regarding study attrition because a substantial propor-
tion of patients were lost to foIIow-up28 or because patients were
excluded because of a positive baseline VTE screening for throm-
bosis.?® Two studies were judged to be at moderate risk of bias with
respect to outcome measurement because of unclear definitions of

VTE?® or absence of central adjudication of outcomes.*°
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TABLE 2 Baseline characteristics

Placebo/

observation

(N = 3293)
Mean age, years (SD) 61 (10)
Male sex, n (%) 1927 (59)

Body mass index
Mean, kg/m? (SD) 25(5)

>35 kg/m?, n (%) 153 (4.6)
Cancer type, n (%)
Lung 1913 (58)
Colorectal 452 (14)
Pancreatic 264 (8.0)
Stomach 201 (6.1)
Ovarian 184 (5.6)
Breast 164 (5.0)
Brain 84 (2.6)
Bladder 31(0.9)
Metastatic disease, n (%) 2253 (68)
Chemotherapy, n (%) 3076 (93)
WHO performance status, n (%)
0 1053 (32)
1 1592 (48)
22 320(9.7)
Use of erythropoietin stimulating agents, 142 (4.3)
n (%)
Baseline hemoglobin < 10 g/dL, n (%) 233(7.1)
Baseline leukocyte count > 11 x 10%/L, n (%) 784 (24)
Baseline platelet count = 350 x 10%/L, n (%) 1117 (34)
Khorana score, n (%)
0 points 402 (12)
1 point 1033 (31)
2 points 1088 (33)
>3 points 770 (23)

Figure S2 presents results of the risk of bias assessment for the
evaluation of the efficacy and safety of thromboprophylaxis. Three

d?728:30 and outcomes were not

studies were not placebo controlle
adjudicated in two of these studies.?”?® Data analysts were not
blinded in six studies.?>?”273° One study was judged to be at high

risk of selection and reporting bias.*°

3.2 | Khorana score prognostic performance

Among the 3293 patients allocated to placebo or observation in
whom the Khorana score could be calculated, the summary area under
the ROC curve of the continuous Khorana score was 0.57 (95% ClI,
0.47-0.66) with evidence of between-study heterogeneity (> = 57%,
P = .03; Figure S3). The Khorana score classified 402 patients (12%)

jm | 1945

as low risk, 2121 (62%) as intermediate risk, and 770 (23%) as high
risk. The score proved unavailable in 110 patients (3.2%) because
of missing data. The 6-month cumulative VTE incidence was 4.1%
among low-risk patients (95% Cl, 1.9-8.4), 6.8% among intermediate-
risk patients (95% Cl, 4.5-10), and 10% among the high-risk patients
(95% Cl, 6.7-15). The odds ratio for the relative difference between
low-to-intermediate patients and high-risk patients was 1.6 (95% Cl,
1.1-2.2; 95% PI, 0.29-8.6; P = .006). The sensitivity analysis restricted
to the four studies that did not enroll patients prior to chemotherapy
or shortly after surgery?”283938 yielded comparable results: OR 1.5
(95% Cl, 1.01-2.1; 95% PI, 0.24-9.1; P = .04). In a sensitivity analysis of
VTE during the first 90 days, the incidence was 5.7% (95% Cl, 3.7-8.6)
among patients with a high-risk Khorana score compared with 4.1%
(95% Cl, 2.8-6.0) in those with a low-to-intermediate risk score, yield-
ing a similar OR of 1.4 (95% Cl, 0.95-2.1; 95% PI, 0.32-6.2; P = .09).

For the outcomes of symptomatic VTE, DVT, and PE the odds ratios
for the relative difference between patients with a low-to-intermediate
Khorana score and those with a high-risk score were 1.4 (95% Cl, 0.98-
1.9; 95% PI, 0.18-10; P = .07), 1.5 (95% Cl, 0.92-2.0.4; 95% PI, 0.16-14;
P=.11),and 1.7 (95% Cl, 1.1-2.6; 95% PI, 0.29-9.8; P = .02), respectively.

Table 3 presents the association between the Khorana score and
VTE occurrence for various types of cancer and for patients with
metastatic cancer. A high-risk Khorana score was significantly asso-
ciated with VTE in pancreatic cancer patients (odds ratio [OR], 2.2;
95% Cl, 1.02-4.9), but not in other individual tumor types. The OR
was not homogenous across the various types of cancer (Tarone test
P =.013) and there was evidence of a significantly different perfor-
mance of the Khorana score in lung cancer (OR, 1.1; 95% Cl, 0.72-
1.7; 95% PI, 0.61-2.0) compared with other types of cancer (OR, 3.2;
95% Cl, 1.8-5.6; 95% PI, 0.36-28; P, .. . 1.0, = -002). Table 4A shows
the summary of findings regarding the prognostic performance of
the Khorana score overall, in lung cancer patients, and in those with
other types of cancer than lung cancer.

When applying the exploratory positivity threshold of 2 points,
the overall incidence of VTE was 7.9% (95% Cl, 5.1-12) in high-risk
Khorana score patients and 6.7% (95% Cl, 4.2-11) in low-risk Khorana
score patients, corresponding to an OR of 1.2 (95% Cl, 0.85-1.7; 95%
PI,0.21-6.9; P = .31).

Table S3 presents results of the multivariable analysis of the
Khorana score items. Only high-risk tumor type (OR, 1.8; 95% Cl, 1.05-
3.1) and very high-risk tumor type (OR, 2.4; 95% Cl, 1.4-4.4) were sig-
nificantly associated with VTE. Interaction terms between tumor risk
category and the other score items were not statistically significant,
except for the interaction between very high-risk tumor type and body
mass index over 35 kg/m2 (OR, 6.6; 95% Cl, 1.2-36; P, =.029).

interaction

3.3 | Efficacy and safety of LMWH in patients with
high-risk Khorana score

Among the 1514 patients classified as high risk by the Khorana
score (23 points), the 6-month VTE risk was 3.7% (95% Cl, 2.1-6.4)
among LMWH recipients and 9.8% (95% Cl, 6.3-15) among those not
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TABLE 3 Association between dichotomous Khorana score and venous thromboembolism

VTE in high-risk

Proportion high-risk patients

% (95% Cl) % (95% Cl)
Overall 18 9.9
(N =3293) (5.2-46) (6.4-15)
(7 studies)
Lung cancer 22 6.6
(N =1913) (18-27) (4.7-9.2)
(4 studies)
Colorectal cancer 1.8 13
(N =452) (0.9-3.5) (1.7-54)
(1 study)
Pancreatic cancer 51 16
(N = 264) (36-66) (11-23)
(2 studies)
Gastric cancer 42 2.4
(N =201) (35-49) (0.60-9.0)
(1 study)
Ovarian cancer 13 0
(N =184) (8.4-18)
(1 study)
Breast cancer 0 NA
(N =164)
(1 study)
Brain cancer 50 21
(N =84) (39-61) (12-36)
(1 study)
Bladder cancer 23 14
(N =31) (11-40) (2.0-58)
(1 study)
Other types than lung cancer 13 12
(N =1380) (0.9-72) (6.8-22)
(4 studies)
Metastatic cancer 14 9.5
(N =2253) (2.4-53) (6.0-15)
(5 studies)

Note: Analysis restricted to patients in the placebo/ observation groups.

VTE in low-to-intermediate risk Odds ratio VTE high-risk vs

patients low-to-intermediate-risk
% (95% Cl) (95% Cl)
6.4 1.6
(4.2-9.7) (1.1-2.2)
6.0 1.1
(4.9-7.4) (0.72-1.7)
1.8 7.8
(0.9-3.6) (0.86-71)
79 2.2
(4.3-14) (1.02-4.9)
1.7 1.4
(0.4-6.6) (0.19-10)
0 NA

3.1 NA
(1.3-7.0)

7.1 3.5
(2.3-20) (0.89-14)
8.3 1.8
(2.1-28) (0.14-24)
4.3 3.2
(2.3-8.0) (1.8-5.6)
5.1 1.9
(3.3-7.8) (1.3-2.9)

Abbreviations: Cl, confidence interval; NA, not available; VTE, venous thromboembolism.

receiving LMWH, corresponding to an OR of 0.36 (95% ClI, 0.22-
0.58; 95% PI, 0.07-1.9; P < .001; Table S4A). The treatment effect of
LMWH was not significantly modified by the dichotomous Khorana

score (P, = .16). In patients with a high-risk Khorana score,

interaction
LMWH was not associated with a significantly increased risk of
major bleeding (OR, 1.1; 95% Cl, 0.59-2.1; 95% PI, 0.07-16; P = .77,
Table S4B) nor with a significantly different mortality (OR, 0.82; 95%
Cl, 0.66-1.01; PI, 0.20-3.3; P = .06; Table S4C). Table 4B shows the
summary of findings regarding the efficacy and safety of LMWH in
high-risk patients. In the sensitivity analysis applying the exploratory
positivity threshold of 2 points, LMWH was associated with a 53%
reduction in the risk of VTE (OR, 0.47; 95% Cl, 0.34-0.65; P < .001)
and a similar risk of major bleeding (OR, 1.04; 95% Cl, 0.68-1.6;
P = .85) compared with observation or placebo.

In the 619 patients with types of cancer other than lung cancer,

a high-risk Khorana score corresponded to a 6-month VTE incidence

of 3.3% (95% Cl, 1.4-7.7) among LMWH recipients and 13% (95%
Cl, 6.8-24) among those not receiving LMWH (OR, 0.23; 95% ClI,
0.11-0.46; 95% PI, 0.02-2.3; P < .001). There was no difference in
major bleeding (OR, 1.2; 95% Cl, 0.56-2.5; 95% PI, 0.04-37; P = .67).
In the sensitivity analysis using the positivity threshold of 2 points,
LMWH was associated with an OR of 0.34 for VTE (95% Cl, 0.20-
0.58; P <.001) and 1.4 for major bleeding (95% Cl, 0.74-2.7; P = .29).
Table 4B shows the summary of findings regarding the efficacy and
safety of thromboprophylaxis in patients with a high-risk Khorana

score, separately for all cancer types and those with non-lung cancer.

4 | DISCUSSION

In this large individual patient data meta-analysis, the overall dis-

criminatory performance of the Khorana score was suboptimal.
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TABLE 4A Summary of findings regarding prognostic performance of the Khorana score

Risk with low or

No. of participants

(studies)

Risk with high-risk
Khorana score

intermediate risk
Khorana score

Relative effect

(95% ClI)

Certainty of evidence

(GRADE)

Summary

Follow-up

Outcomes

Patient group

Low-quality evidence suggests that a high-

99 per 1000

64 per 1000

Low OR 1.6

3293

VTE

All patients

risk Khorana score is associated with a

(1.1-2.2)

because of risk of bias

(7 studies)
6 months

moderately increased 6-month risk of VTE

in patients with solid cancer

and a combination

of inconsistency and

imprecision

Moderate-quality evidence suggests that a

OR1.1 60 per 1000 66 per 1000

Moderate

VTE 1913

Lung cancer

high-risk Khorana score is not associated

(0.72 to 1.7)

because of risk of bias

(4 studies)
6 months

patients

with an increased 6-month risk of VTE in

patients with lung cancer

Moderate-quality evidence suggests that a

125 per 1000

43 per 1000

OR3.2

Moderate

VTE 1380

Non-lung cancer

high-risk Khorana score is associated with
a substantially increased 6-month risk of
VTEm in patients with cancer other than

lung cancer

(1.8 to 5.6)

because of risk of bias

(4 studies)
6 months

patients
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Overall, patients with solid cancer receiving chemotherapy who had
a high-risk Khorana score (23 points) had a 1.6-fold higher 6-month
VTE incidence compared with patients with a low-to-intermediate
risk score, corresponding to an absolute risk difference of 3.4%.
Discrimination of the score appeared inconsistent across cancer
types, with poor performance in lung cancer patients and good per-
formance in the combined group of those with other types of can-
cer. Among cancer patients with a high-risk Khorana score, LMWH
in prophylactic doses reduced the risk of VTE at 6 months by two-
thirds, compared with placebo or observation, with no increase in
major bleeding.

A strength of the present study is that it combines patient-level
data of almost 7000 patients, enabling robust evaluation of the
Khorana score as well as of the effectiveness and safety of LMWH
among those with a high-risk score. Data were collected in seven
high-quality randomized controlled trials that succeeded in limit-
ing loss to follow-up. A limitation is that only eight types of cancer
could be evaluated, and the group of non-lung cancer patients was
heterogeneous. Some of the subgroup analyses, particularly in pa-
tients with bladder or brain cancer, were based on small numbers
of patients and events obtained from only one trial, limiting the
precision of the estimates. Similarly, no events were observed in
patients with ovarian cancer or breast cancer patients with a high-
risk Khorana score. Although the definition of VTE was similar
across the studies, it was not identical. For example, incidentally
detected VTE was not always included in the outcome and the
definition of DVT varied. Because logistic regression rather than
survival analysis was used to estimate the VTE risk at 6 months,
our absolute risk estimates may have been conservative, although
loss to follow-up was minimal in most studies. As reflected by the
wide prediction intervals, substantial between-study heteroge-
neity was observed in the evaluations of the Khorana score. This
was most likely because of the differences in cancer types across
studies because 12 of the random effect decreased to O when type
of cancer was added to the model (data not shown). The prediction
intervals need to be interpreted with caution though because the
number of studies was small. The search was performed in 2017,
but to the best of our knowledge no new trials evaluating LMWH
in patients with active cancer have been published, only in the
adjuvant treatment setting.

Our findings are largely in line with other reports, in which results
about the performance of the Khorana score have been conflicting.
Some studies of mixed oncology populations,("10 germ cell tumors,?
and colorectal cancer ° confirmed the discriminative performance
of the Khorana score, whereas other studies including patients with
different types of cancer,*' pancreatic cancer,'*? hepatocellular

43 urothelial cell cancer,'? or lung cancer** did not. The

carcinoma,
same conclusion was drawn in a recent systematic review and me-
ta-analysis on the performance of the Khorana score®; the over-
all odds ratio between low-to-intermediate and high-risk patients
was 1.8, whereas it ranged from 1.0 in lung cancer patients to 3.0
in those with urogenital cancer. This heterogeneous performance

of the score may reflect the different natural history of VTE across

85U8017 SUOWWIOD BAITe1D) 8]qel(dde aup Aq peusenob aJe Ssppie YO 9Sn JO SNl J0) AreiqT 8UlUQ A8]1/M UO (SUONIPUOD-PUE-SWLBIALIO" A3 1M ATeIq | Bul[Uo//:SdnL) SUORIPUOD pue swie | 8y} 89S *[1202/90/c0] Uo Ariqiiauliuo A8|iM ‘NONVE3 T-IdYNIH AQ 128y T Ul/TTTT'0T/10p/w00 A |1m Aselqpul|uo//Sdiy Wwiolj pepeojumod ‘g ‘0202 ‘988/8EST



15387836, 2020, 8, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jth.14824 by HINARI-LEBANON, Wiley Online Library on [03/06/2024]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

VAN ES ET AL.

1948 | j.u.l

Suipaa|q Jofew

4O 3SI4 Yjuow-9 ay3 aseatdul jou

s20p ulieday 3y3iom-1e|nds|ow-Mo|

-(eJ31n) onoejAydoud eyl s15933ns

292U3pIAS Ajllenb-3je13pOoW ‘9400S

eueloyy| 3s-ysiy e Jaoued Sun| ueyy
19430 J9oued yym sjuaijed Suowy

J1A 4O Sl yjuow-9 ay3 asealdul
j0U sa0p uleday JySiom-iejndsjow
-MoO|-(eJ3|n) 2130ejAydoud jeyy
$35933ns 22uapIAd Alljenb-y3iy ‘©402s
eueloyy| 3si-ysiy e Jaoued Sun| ueyy

13430 J2oued yjm sjuaijed Suowy

3uipaa|q Jolew

JO SLI Yjuow-9 3y} 95eaJdUl J0U S20P

urieday 3ySiam-1e|ndajow-Mol-(e3|n)

o130ejAydoud jeyy s3s933ns 92UapPIAD

Ajljenb-a1eJ9poW ‘9102S BURIOYY YSIU
-y31y e ypm sjuaijed 1aoued Suowy

ALAJOSH

yiuow-9 ay1 saanpau Ajpuediiusis

urieday 3y31am-1e|nNds|ow-Mo|-(eJ3|n)

o130ejAydoud jeyy s3s9383ns 92uUapIAS

A3llenb-y3iy ‘2102s euesoyy] ysi
-y31y e yum sjuaijed Jooued Suowy

Atewwing

(240w
0007 42d ZZT 03 £1-)
aJow 0QQT Jod

(49m34 000T 42d 9TT-€5)
1ama4 000T 42d /6

(240w
000T 43d 81 03 €1-)
alow 0QQT Jod g

(1omay
0007 42d 9/ 03 7€)
Jomal 000T Jad 09

sixejAydoidoquoayy
YHM 3dU3I3Ip sy

0007 42d T2

000T 42d 0€T

000T 42d 0z

000T 42d 86

sixe|Aydoadoquioayy
INOYUM STy

(5°2-95°0)
ZTd0

(9¥'0-TT°0)
€2°0d0

(T°2-65°0)
170

(85°0-22°0)
9¢°040
(1

%SG6) 199439
aAneRY

uoisaidwi
JO asnedaq
91e49pojn

YsiH

uojsioauduwi
10 9snedaq
9jelapo

YsiH
(3avyo)
9DUSPIAS JO
Ajuren)

T0€/ET
:dnoJu8 HAMINT-UON
8T€/LT :dnou8 HMIA
syjuow 9
(sa1pn3s v)
619

10€/5€
:dnoJ8 HMINT-UON
81¢/0T :dnoJ8 HMINT
syjuow 9
(sa1pnis y)
619

0LL/6T
:dnoJ8 HAMINT-UON
¥¥£/2C :dnoJS HMINT
syjuow 9
(sa1pnis /)
16T

0LL/99
:dnou8 HMINT-UON
¥¥£/ST :dN0I8 HMIN
syjuow 9
(sa1pmis /)
16T

dn-mojjo4

(se1pn3s)
sjuedidiyied jo ‘oN

"WISI|OUWID0GWOIY} SNOUSA ‘] A :SUOIJRIADIQY

3uipa9|q Joleln

A1IA

8uipaa|q Jole|n

ENW)N

sawodnQ

9102s eueloyd|
sH-Y3iy yym syuaized
Jaoued 3unj-uoN

21025
eueJoyy| ysu-ysiy
yum sjuaned sadue)

dnous juaned

sjualjed 2102s euesoyd dsii-y3iy ui sixejAydosdoquioayy Jo A1ajes pue Adediyya 3uipiedad s3ulpul) Jo Adewwns g4 319V.L



VAN ES ET AL.

various cancer types and patient populations, as well as differences
in design between the original cohort study and subsequent studies,
including the present analysis.

Although the Khorana score has been introduced as a pan-cancer
risk assessment tool, the present analysis challenges that concept.
Clinically significant differences in the discriminatory performance
of the Khorana score across cancer types were observed. Most pa-
tients included in this individual patient data meta-analysis had lung
cancer, and in this subgroup in particular, moderate quality evidence
suggests that the Khorana score is not discriminatory as reflected
by the odds ratio of 1.1. In contrast, when aggregating data of all
patients diagnosed with cancers other than lung cancer, moderate
quality evidence suggests that a high-risk Khorana score is associ-
ated with a clinically and statistically significant three-fold higher risk
of VTE. Differences in baseline risk across cancer types are a likely
explanation for this effect modification, supported by the results of
the multivariable analysis, in which the predictive performance of
the Khorana score appeared to be driven by the item “tumor type,”
whereas the other items were only weakly associated with the de-
velopment of VTE. This illustrates that clinicians should be cautious
if applying the Khorana score as a universal risk assessment tool.

Thromboprophylaxis effectively prevents VTE in patients with
solid cancer. Overall, LMWH approximately halves the risk of VTE,
while not resulting in an important increase in major bleeding.46 The
present study provides high certainty evidence that LMWH is also
safe and effective in patients classified as high-risk by the Khorana
score. When using the Khorana score for risk stratification in patients
with cancer originating outside the lungs and treating only high-risk
patients, our analysis suggests that as few as 10 such patients need
to receive LMWH for 6 months to prevent one VTE event. However,
for a small group of patients who may be averse to daily self-injection
of LMWH for at least 6 months, the burden may still not be perceived
worth the anticipated desirable health outcomes. Direct oral antico-
agulants have the potential to ameliorate this. A recently completed
randomized placebo-controlled trial showed that apixaban in pro-
phylactic doses effectively reduces the risk of VTE in cancer patients
with a Khorana score of 2 points or higher, with a number needed
to treat of 17.2% Similarly, rivaroxaban thromboprophylaxis was as-
sociated with a nonsignificant 2.8% absolute VTE risk reduction in a
placebo-controlled trial of cancer patients with a Khorana score of at
least 2 points.?* In both trials, the risk of major bleeding was two-fold
increased in the direct oral anticoagulant groups with a correspond-
ing number needed to harm of 50 to 100. Our analysis, though, does
not support the use of a 2-point positivity threshold to select patients
for thromboprophylaxis because the risk of VTE was not significantly
higher in patients with 2 or more points compared with those with O or
1 point. Also, the number needed to treat for LMWH increased from
10 to 17 in the non-lung cancer patients when applying this threshold.

The present analysis supports the use of the Khorana score to se-
lect patients with other types of cancer than lung cancer for thrombo-
prophylaxis. About one of every five non-lung cancer patients had a
high-risk Khorana score, and these patients had a three-fold higher risk

of VTE when compared with patients with a low-to-intermediate-risk

jm | 1949

score resulting in a 10% absolute risk over the 6-month study period.
Importantly, thromboprophylaxis appeared to be very effective and
safe in preventing VTE in this high-risk group. At the same time, this
analysis highlights the limited sensitivity of the Khorana score. That
is, although the risk is significantly elevated in cancer patients with
a high Khorana score, the majority of VTE events still occur in the
(much larger) low-risk group. This calls for development of risk pre-
diction tools that are either designed for a single type of cancer, by
including cancer-specific risk factors for VTE, or a new or updated
pan-cancer prediction tool with actionable performance across a
broad range of tumor types. A variety of prediction tools for can-
cer-associated VTE aimed at improving risk stratification have already
been proposed, but none has been widely adopted because they rely
on the addition of tests not routinely used in clinical practice, per-
form only modestly better than the Khorana score, or are in need of
external validation.*”>° There is significant room for improvement in
evaluating the risk of VTE in patients with solid cancer who receive
chemotherapy, but whether this will involve the addition of further
parameters to preexisting risk stratification tools or the evaluation of
novel biomarkers remains to be seen.
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