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* The Khorana score
did risk-stratify cancer
patients according to
6-month risk of VTE,
but only for some
cancer types.

The Khorana score is recommended for guiding primary venous thromboembolism (VTE)
prophylaxis in cancer patients, but its clinical utility overall and across cancer types
remains debatable. Also, some previous validation studies have ignored the competing
risk of death, hereby potentially overestimating VTE risk. We identified ambulatory
cancer patients initiating chemotherapy without other indications for anticoagulation
using Danish health registries and estimated 6-month cumulative incidence of VTE
stratified by Khorana levels. Analyses were conducted with and without considering
death as a competing risk using the Kaplan-Meier method vs the cumulative incidence
function. Analyses were performed overall and stratified by cancer types. Of 40218
patients, 35.4% were categorized by Khorana as low risk (score 0), 53.6% as intermediate
risk (score 1 to 2), and 10.9% as high risk (score =3). Considering competing risk of death,
the corresponding 6-month risks of VTE were 1.5% (95% confidence interval [CI], 1.3-1.7),
2.8% (95% CI, 2.6-3.1), and 4.1% (95% CI, 3.5-4.7), respectively. Among patients
recommended anticoagulation by guidelines (Khorana score =2), the 6-month risk was
3.6% (95% CI, 3.3-3.9). Kaplan-Meier analysis overestimated incidence up to 23%
compared with competing risk analyses. Using the guideline-recommended threshold of
=2, the Khorana score did not risk-stratify patients with hepatobiliary or pancreatic
cancer, lung cancer, and gynecologic cancer. In conclusion, the Khorana score was able
to stratify ambulatory cancer patients according to the risk of VTE, but not for all cancer
types. Absolute risks varied by methodology but were lower than in key randomized

« Absolute risk
estimates were lower
than previously
reported, questioning
the benefit of
ambulatory thrombo-
prophylaxis in cancer
patients.

trials. Thus, although certain limitations with outcome identification using
administrative registries apply, the absolute benefit of implementing routine primary
thromboprophylaxis in an unselected cancer population may be smaller than seen in
randomized trials.
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Introduction

Cancer incidence is rising, and venous thromboembolism (VTE)
remains a common and potentially fatal complication among patients
with cancer."? Cancer-associated VTE poses a burden on health
care systems, disrupts cancer treatment, and contributes to emo-
tional distress and physical discomfort.>* Patients with VTE also
carry a substantial risk of recurrence.®

Primary prophylaxis with low-molecular-weight heparin reduces the
risk of VTE, but the associated bleeding risk and burden of daily
injections have hampered its implementation into routine clinical
practice.® Risk stratification tools have therefore been developed
aiming to identify individuals at high risk of VTE, among whom the
risk-benefit ratio is favorable.” The most widely recommended is the
Khorana score, originally designed to assess the risk of VTE in
patients initiating chemotherapy.? It is a simple, point-based risk
score attributing points to certain cancer types, routine laboratory
test values, and body mass index (see supplemental Table 1 for
details). The Khorana score is widely recommended by guidelines
and has been used to define 2 randomized trial populations investi-
gating the role of direct oral anticoagulants vs placebo for primary
prevention of VTE in ambulatory cancer patients.®'° Both studies
demonstrated a reduction in the incidence of VTE but with a higher
risk of major bleeding. Accordingly, the net clinical benefit of antico-
agulation for primary VTE prophylaxis continues to be debated, and
the optimal treatment decision threshold for anticoagulation when
using the Khorana score is not well defined.'''? Some guidelines
recommend using a Khorana score of =3 as a potential indication
for anticoagulation,'® while most recommend a score threshold of
=92 as used in the randomized trials.®'%'#1® |ndeed, cumulative
incidences of VTE vary widely for similar score levels when com-
pared across validation studies, cancer types, and cancer therapies,
indicating a need for further validation or refinement of the Khorana
score.!” Also, some previous studies have ignored competing risk
of death, which may lead to an overestimation of VTE risk and sub-
sequently overoptimistic claims about the possible absolute risk
reduction in a real-world setting.% %1820

We aimed to assess the clinical potential of using the Khorana
score to stratify an unselected sample of Danish ambulatory cancer
patients initiating chemotherapy according to the risk of incident
VTE, both overall and by cancer subtypes. We also aimed to quan-
tify the impact of ignoring competing risk of death when estimating
absolute risk.

Methods
Study design and setting

This is a register-based cohort study of Danish ambulatory cancer
patients initiating chemotherapy. Administrative nationwide health
registries were used to characterize patients and identify out-
comes.?" Information was obtained using a unique personal identifi-
cation number given to all Danish residents at birth or immigration.
This study included data from 1) the Civil Registration System, stor-
ing information about age, sex, vital and migration status,2' 2) the
National Patient Register containing information on discharge diag-
nosis for hospitalized patients since 1977, 3) the National Pre-
scription Registry, which holds information on all reimbursed
prescriptions from Danish pharmacies since 1995,2° and 4) the
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Register of Laboratory Results for Research database, which con-
tains laboratory values for most regions in Denmark.2* Codes used
to define the study population, covariates, and outcomes are avail-
able in supplemental Table 2.

Study population

The study population consisted of ambulatory patients initiating che-
motherapy for cancer at Danish hematology or oncology depart-
ments in Denmark from 2010 through mid-2018. In accordance
with the original Khorana derivation cohort, patients were followed
from the day of initiation of chemotherapy.® Patients who had
claimed a prescription for any anticoagulant drug within 1 year or
who had an existing potential indication for anticoagulation (previous
atrial fibrillation, VTE, or mechanical heart valves) were excluded.
Chemotherapy was defined using Danish examination and proce-
dure codes registered in the National Patient Register, codes which
have a positive predictive value of 95%.2°2% The type of cancer
was defined by the specific cancer diagnosis registered in combina-
tion with the procedure code for chemotherapy. If patients had
more than 1 cancer diagnosis in relation to the procedure code for
chemotherapy, preference was given to the most high-risk diagnosis
as defined by the Khorana score. If patients had no cancer diagno-
sis prior to chemotherapy, inclusion in the study population was
allowed only if they were registered with a cancer diagnosis within
30 days after chemotherapy. Patients with primary brain cancer and
myeloma were also excluded since they were not included in the
original Khorana study.® Not all Danish regions reported laboratory
values to the Register of Laboratory Results for Research database
throughout the entire study period, and patients with no laboratory
values available were therefore excluded.?*

Khorana score

The Khorana score is a guideline-recommended point-based risk
score used to estimate the risk of incident VTE in ambulatory cancer
patients.® Points are attributed according to cancer type (stomach
or pancreas [2 points], lung, lymphoma, gynecologic, bladder, or
testicular cancer [1 point]), platelet count =350 X 10%L (1 point),
hemoglobin level <10 g/dL (equivalent to <6.21 mmol/L) or using
erythrocyte growth factors (1 point), leukocyte count >11 X 10%/L
(1 point), and body mass index =35 kg/m? (1 point). Laboratory val-
ues were pretreatment values obtained prior to medical cancer treat-
ment. Information on cancer type was obtained using the National
Patient Register. Body mass index =35 kg/m? was defined using
the International Classification of Diseases (ICD) 10 codes. Data on
height and weight were also extracted from the regional VARIS
MedOncology database, which stores information about ambulatory
cancer patients treated at the North Region Denmark center for
oncology based at Aalborg University Hospital. This was done to
evaluate the magnitude of underestimation of patients with BMI
=35 kg/m? using ICD codes alone.?” Platelet, hemoglobin, and leu-
kocyte count were extracted from the Register of Laboratory Results
for Research database.®* Information on erythropoiesis-stimulating
agents was extracted by treatment codes in the National Patient
Registry. Information on anticoagulation use was obtained from the
National Prescription Registry.

Outcome

Patients were followed until the occurrence of VTE (pulmonary
embolism or deep vein thrombosis, both proximal and distal, as ICD
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codes do not permit a clear distinction), emigration, death, or end-
of-follow-up, whichever occurred first. VTE was defined as a primary
or secondary in- or outpatient diagnosis given in combination with a
relevant imaging procedure, ensuring a positive predictive value of
approximately 91%.%® Information on death and emigration was
obtained from the Civil Registration System. Patients were followed
for a maximum period of 6 months in the primary analysis to align
with guideline recommendations and follow-up from randomized
clinical trials.®'®?° As a secondary sensitivity outcome, we defined
a broad definition of VTE comprising pulmonary embolism, deep
vein thrombosis, thrombophlebitis, and thrombosis located in the ret-
inal, cerebral, portal, caval, or renal vein, and without requiring an
imaging procedure in combination with the diagnosis.

Statistical analyses

The Khorana score was evaluated in 3 different versions: 1) accord-
ing to the original categorization of low risk (score 0), intermediate
risk (score 1 to 2) and high risk (score =3),% 2) by individual score
levels, and 3) according to the threshold used to define the popula-
tions in the AVERT and CASSINI trials (score =2), which also
reflects the treatment threshold recommended by most guide-
lines.®'%2° Baseline characteristics were presented overall and
stratified according to Khorana score levels, with proportions for cat-
egorical values and median and interquartile range for continuous
variables. The number of outcome events was reported overall and
by Khorana score levels and categories. The 6-month cumulative
incidence of VTE was calculated using the cumulative incidence
function, which takes into account the competing risk of death.®°
Incidence curves are presented graphically both overall and by
Khorana risk score levels.

The associations between the individual score components and
combinations thereof with the outcomes were evaluated using a
competing risk model taking into account competing risk of death,
the Fine and Gray method, and presented as subdistribution hazard
ratios.®’

The performance of the Khorana score was assessed across a priori
defined cancer types since concerns have been raised about the
usefulness in some types.3? These included gastrointestinal tract,
hepatobiliary or pancreatic, lung, breast, urologic, gynecologic, and
hematologic cancer.

The cumulative incidence of VTE was also estimated using the
Kaplan-Meier function to assess the degree of overestimation of risk
compared with the more appropriate cumulative incidence function
considering death as a competing event.®

In another sensitivity analysis, patients were censored if diagnosed
with atrial fibrillation or if claiming a prescription for an anticoagulant
drug during follow-up. A sensitivity analysis restricting the latest
study inclusion to mid-2016 was also performed. This was done to
evaluate whether low-molecular-weight heparin used from 2017
(where primary outpatient thromboprophylaxis was first mentioned in
Danish guidelines) had contributed to artificially low risk estimates.
Many patients were excluded due to missing laboratory values, and
the overall risk of VTE was reported to evaluate whether those
excluded were systematically different from the study population.

Discrimination was evaluated by C-statistics specifically for compet-
ing risk data.®* Analyses were performed using Stata version 16
and R statistical software version 3.5.2.

Results

We identified 40218 patients initiating chemotherapy from 2010
through July 2018 who met the study inclusion criteria (see
Figure 1). Baseline characteristics are presented in Table 1. The
median age was 65 years, and the majority were females (55.4%).
When categorized according to the original Khorana classification,
35.4% were considered low risk (Khorana score 0), 53.6% interme-
diate risk (Khorana score 1 to 2), and 10.9% as high risk (Khorana
score =3). Among the cancer types attributed points in the Khorana
score, the predominant type was lung cancer (16.3%) and the least
prevalent testicular cancer (0.9%). Most patients had a cancer type
not assigned points in the Khorana score (59.3%). The proportions
of solid and hematologic cancers were 88.0% and 12.0%,
respectively.

In the unselected cohort of patients who have undergone medical
cancer treatment in the North Region of Denmark and therefore reg-
istered in the VARIS MedOncology database, 5.7% of patients had
a body mass index >35 kg/m?. Using ICD codes alone, we identi-
fied 1.2%, indicating that approximately 4.5% of the cohort may
have had their Khorana score underestimated by 1 point.

104 039 patients

Final study
population:
40 218 patients

o Excluded:
initiating first-time
chemotherapy from ¢ Died before or on baseline date (27)
2010-2018 ¢ Immigrated within 1 year before baseline (501)

¢ Non-cancer indication for chemotherapy (3 676)
Multiple myeloma (2 380)

Primary central nervous system cancer (2 536)
History of atrial fibrillation (6 057)

History of venous thromboembolism (3 840)
History of mechanical heart valves (113)
Anticoagulant use within one year (1 121)
Missing laboratory values within 30 days prior to
chemotherapy treatment (43 570)

Figure 1. Flowchart of the study population selection.
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Table 1. Baseline characteristics of cancer patients initiating chemotherapy

Khorana risk score category

All, n (%) 0: low, n (%) 1-2: intermediate, n (%) 23: High, n (%)
Patients 40218 (100) 14250 (35.4) 21565 (53.6) 4403 (10.9)
Sex, female 22290 (55.4) 8338 (58.5) 11568 (53.6) 2384 (54.1)

Age (y), median (IQR)

Age <50y 5711 (14.2)
Age 50-69 y 20814 (51.8)
Age =70y 13693 (34.0)
Khorana score
0 14250 (35.4)
1 12856 (32.0)
2 8709 (21.7)
3 3623 (9.0)
4 717 (1.8)
5-6* 63 (.02)
Cancer type
Stomach 1250 (3.1)
Pancreatic 1671 (4.2)
Lung 6556 (16.3)
Lymphoma 3095 (7.
Gynecologic 2728 (6.8)
Bladder 767 (1.9)
Testicular 347 (0.9)
Other 23804 (59.3)
Hemoglobin level <10 g/dL or use of erythropoiesis-stimulating agent 3452 (8.6)
Platelet count =350 X 10°%/L 13241 (32.9)
Leukocyte count >11 X 10°/L 7830 (19.5)
Body mass index =35 kg/m? 470 (1.2)

65.0 (55.0-72.0)

63.0 (53.0-71.0) 66.0 (57.0-73.0) 66.0 (58.0-72.0)

2534 (17.8) 2692 (12.5) 485 (11.0)
7503 (52.7) 10989 (51.0) 2322 (52.7)
4213 (29.6) 7884 (36.6) 1596 (36.2)
0 (0.0) 685 (3.2) 565 (12.8)
0 (0.0) 843 (3.9) 828 (18.8)
0 (0.0) 5123 (23.8) 1433 (32.5)
0 (0.0) 2617 (12.1) 478 (10.9)
0 (0.0) 2188 (10.1) 540 (12.3)
0 (0.0) 619 (2.9) 148 (3.4)
0 (0.0) 326 (1.5) 21 (0.5)
14250 (100) 9164 (42.5) 390 (8.9)
0 (0.0) 2137 (9.9) 1315 (29.9)
0 (0.0) 9301 (43.1) 3940 (89.5)
0 (0.0) 4586 (21.3) 3244 (73.7)
0 (0.0) 321 (1.5) 149 (3.4)

Percentages may not add up to 100 due to rounding.

*Categories collapsed to avoid violations of data protection regulations imposed by the Danish Health Data Authority.

Six-month cumulative incidence and
discriminatory capacity

Cumulative incidences of VTE are presented in Table 2 and Figure 2.
During 6 months of follow-up, 1000 VTE events occurred. In the
same period, 5016 patients died, corresponding to a 6-month mor-
tality of 12.5%. Across Khorana score levels and cancer types,
6-month mortality ranged from 1.4% among those with breast can-
cer and low Khorana scores to 39.8% among patients with lung
cancer and Khorana score =3. No patients were lost to follow-up
due to emigration.

The overall cumulative incidence of VTE considering competing risk
of death was 2.5% (95% ClI, 2.3-2.6) and increased according to
Khorana score levels and categories.

Among patients eligible for anticoagulation according to guidelines
(Khorana score =2), the 6-month cumulative incidence of VTE was
3.6% (95% Cl, 3.3-3.9). Of 1000 VTE events, 47.1% occurred
among patients with Khorana scores =2.

The 6-month C-statistic for the Khorana score was 0.60 (95% ClI,
0.58-0.62), meaning the probability was 60% that the baseline
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Khorana score level was higher for patients experiencing VTE than
for those who did not experience the event (ie, who were event-free
and either died within or survived the 6 months).2®

Cumulative incidence below and above the guideline-recommended
treatment threshold of Khorana score =2 stratified by cancer type
are presented in Figure 3. The capacity of this score threshold for
separating patients into risk strata was limited for patients with
hepato-biliary or pancreatic cancer, lung cancer, and gynecologic
cancer. Among patients with gastrointestinal, urologic, and hemato-
logic cancer, a clear visual separation of patients into lower and
higher risk categories was evident. Patients with breast cancer with
a Khorana score =2 were too few to present stratified cumulative
incidence curves. For the entire breast cancer group, the 6-month
risk was 0.7% (95% CI, 0.5-0.9), and the subdistribution hazard
ratio for those with Khorana score =2 vs O to 1 was 2.39
(0.86-6.67). Among the remaining patients with Khorana scores
=2, the 6-month risk was highest in patients with urologic cancer
(5.8% [95% CI, 8.9-8.2]) and lowest in patients with breast cancer
(1.5% [95% ClI, 0.5-3.5]). Cumulative incidences by cancer subtype
stratified by the original Khorana categorization are available in sup-
plemental Table 3.
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Table 2. Events and 6-month cumulative incidences of incident
VTE in patients with cancer initiating chemotherapy

Cumulative incidence, %

Patients, n Events, n (95% CI)*

Overall 40218 1000 2.5 (2.3-2.6)
Khorana risk category

0: low risk 14250 210 1.5 (1.3-1.7)

1-2: intermediate risk 21565 610 2.8 (2.6-3.1)

=3: high risk 4403 180 4.1 (3.5-4.7)
Khorana score level

1 12856 318 2.5 (2.2-2.8)

2 8709 291 3.3 (3.0-3.7)

3 3623 141 3.9 (3.3-4.6)

4 717 34 4.7 (3.4-6.5)

5-6 63 5 7.9 (2.9-16.2)
Guideline threshold

Score 0-1 27106 529 2.0 (1.8-2.1)

Score =2 13112 471 3.6 (3.3-3.9)

*Based on the cumulative incidence function considering death as competing risk.

Fine and Gray regression analysis

Associations between individual components of the Khorana score and
the risk of VTE are presented in Table 3. A higher Khorana score level
was associated with an increasingly higher risk of VTE. After adjustment
for other Khorana score components, all individual components except
for high platelet count were numerically associated with a higher risk of
VTE, although confidence intervals were wide for some components.

Impact of outcome definition and
methodological approach

Estimated cumulative incidence using the Kaplan-Meier function
resulted in a relative overestimation compared with the competing risk
model (see Figure 4). In the overall population, the overestimation was
negligible in the low Khorana score levels, but up to 19.1% in the
Khorana score level with the highest competing mortality risk. VWhen
stratified by cancer type, the largest overestimation by Kaplan-Meier
was seen among patients with urological cancer and Khorana scores

=3, which was 23.0% compared with estimates considering compet-
ing risk of death. The cumulative incidence with the Kaplan-Meier esti-
mator among patients with Khorana score =2 was 4.0% vs 3.6% in
the competing risk analysis.

Implementation of a broad definition of VTE resulted in higher cumula-
tive incidences compared with the strict definition (see supplemental
Table 4 for details).

Sensitivity analyses

Censoring patients diagnosed with atrial fibrillation or claiming a pre-
scription for an anticoagulant drug during follow-up yielded similar
6-month VTE risk estimates as in the main analysis, with risks of 1.5%
for low-risk, 2.7% for intermediate-risk, and 4.0% for high-risk patients.

Risk estimates were also similar when limiting the observation
period to before 2017, with risks of 1.4%, 2.7%, and 4.1% for low-,
intermediate-, and high-risk categories, respectively.

The overall 6-month risk of VTE was identical among those included
in the study population and those excluded due to missing labora-
tory values (both 2.5%).

Discussion

In a large, unselected population of ambulatory cancer patients, the
Khorana score was able to risk-stratify patients according to the
6-month risk of incident VTE, but only for patients with certain can-
cer subtypes. In general, absolute risks of VTE were lower than
reported in previous validation studies and randomized trials. We
also observed that the choice of statistical methodology had a sub-
stantial impact on estimated risk.

There is mounting evidence supporting that anticoagulation, either
low-molecular-weight heparin or direct oral anticoagulants, has the
capacity to prevent VTE in ambulatory cancer patients.®%'%%® The
benefit of primary prophylaxis differs for patients with moderate- (2) or
high-risk (=3) Khorana scores, with the highest benefit for highest
risk patients.3” The effectiveness and safety are consistent regardless
of whether patients have newly diagnosed or recurrent cancer and
for those with and without metastatic disease.3®3° However, due to
uncertainties about the net clinical benefit, mainly related to bleeding
risk, guideline recommendations remain vague, and primary thrombo-
prophylaxis is therefore rarely used in clinical practice.***®

Original Khorana categorization
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Figure 2. Six-month cumulative incidence of venous thromboembolism considering competing risk of death. Stratified by the original Khorana categorization

(left). Stratified according to the current guideline-recommend score threshold for thromboprophylaxis (right).
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Figure 3. Six-month cumulative incidence of venous thromboembolism considering competing risk of death and associated subdistribution hazard ratios

[sHR (95% confidence interval)]. Stratified according to current guideline-recommended Khorana score threshold and by cancer type.

The Khorana score has been validated previously. However, the pre-
sent study was larger than previous validation studies reporting
6-month incidence combined, allowing for stratified analyses with con-
sistent methodology across cancer subgroups.'”** A comprehensive
meta-analysis of Khorana validation studies demonstrated that the
weighted 6-month incidence of VTE in cancer patients was 11%
among patients with Khorana scores =3, which was substantially
higher than the 4.1% in the present study.'” Importantly, risk estimates
of the included studies ranged from 0% to 44.4%, showing that the
Khorana score is far from a well-calibrated risk score.!”*® Of note, the
meta-analysis did not report how the cumulative incidences were cal-
culated, including whether competing risk models were used. Several
studies have depicted or reported cumulative incidence by Khorana
levels using the Kaplan-Meier function, including the pivotal random-
ized trials,®"%"82° pyt failing to account for competing risk of death
may overestimate incidence.*® In the present study, we demonstrated
that inappropriate use of the Kaplan-Meier method overestimated risk
estimates up to 23% among those with the highest competing mortal-
ity risk. Overestimation of risk also leads to lower numbers needed to
treat and consequently overoptimistic claims of the expected absolute
benefit of treatment.*” For example, assuming a 50% relative risk
reduction among patients with Khorana score =2 as approximately
reported in the AVERT trial, the number needed to treat to prevent 1
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VTE event in the present study would be 50 based on the Kaplan-
Meier estimate and 56 based on the cumulative incidence function.
Nevertheless, the reported cumulative incidences from the present
study should also be interpreted with caution, as also discussed below
in the “Strengths and limitations” section.

The C-statistic for the Khorana score in this study was poor at 0.60,
but it must be interpreted in the context of its limitations as a measure
of overall risk score performance when the purpose of the score is
guiding treatment decisions in relation to a given score threshold.*® In
this case, calibration (ie, how well the observed risk estimates are con-
sistent with estimates from previous studies) is of higher clinical rele-
vance. Absolute risk estimates in the present study were markedly
lower than in previous studies. In the AVERT ftrial, the reported 6-month
risk of VTE in the placebo arm was 10.2%, and the corresponding esti-
mate in CASSINI was 8.8%.%'° Even when applying a broad outcome
definition and calculating absolute risks using the Kaplan-Meier func-
tion, the corresponding absolute risks in this study were substantially
lower than in the trial populations. Of note, inclusion criteria in the pre-
sent study and the randomized trials were not identical (eg, we
excluded patients with a history of VTE who may carry higher risks of
future VTE).*® Methodologic limitations associated with using adminis-
trative registries for outcome identification may also have contributed
to the difference in risk estimates compared with the randomized trials.
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Table 3. Associations between Khorana score levels and risk
components and 6-month risk of VTE in a subdistribution hazard model

Subdistribution hazard ratios*

Crude Adjustedt

Khorana component

Pancreas 2.06 (1.64-2.59) 2.05 (1.63-2.58)
Stomach 2.23 (1.74-2.87) 2.25 (1.76-2.89)
Lung 1.36 (1.17-1.59) 1.26 (1.08-1.48)
Lymphoma 1.13 (0.91-1.41) 1.10 (0.88-1.37)
Gynecologic 1.18 (0.94-1.49) 1.19 (0.94-1.50)
Bladder 2.17 (1.58-2.98) 2.12 (1.55-2.92)
Testis 1.04 (0.54-2.01) 1.12 (0.58-2.15)

Hemoglobin level <10 g/dL or
use of erythropoiesis-stimulating agents

1.19 (0.97-1.46) 1.13 (0.91-1.39)

Platelet count =350 X 10°/L 1.15 (1.01-1.31) 0.94 (0.82-1.08)

Leukocyte count >11 X 10°%/L 1.73 (1.561-1.99) 1.63 (1.41-1.88)

Body mass index =35 kg/m? 1.30 (0.78-2.17) 1.33 (0.79-2.22)

Khorana score level

(0] Ref.

1 1.69 (1.42-2.01)
2 2.29 (1.92-2.74)
3 2.68 (2.17-3.32)
4 3.29 (2.28-4.72)
5-6 5.66 (2.30-13.93)

*Based on the Fine and Gray regression model using time since initiation of
chemotherapy as underlying time scale.
tAdjusted for other Khorana score components.

Mortality was lower in the present study than in the trials, likely reflect-
ing different distributions of patients receiving chemotherapy with cura-
tive and palliative intent. However, guidelines for thromboprophylaxis
do not consider the indication for chemotherapy, and VTE risk has also
been reported to be substantial for patients undergoing curatively
intended treatment.>°

Importantly, the net clinical benefit and number needed to treat to pre-
vent 1 event depend on the absolute risk of VTE.®3%37 It has been
estimated that patients with a 6-month cumulative incidence <8% are
unlikely to benefit from primary prophylaxis based on post hoc data
from the AVERT trial.'® In the present study, only 0.2% of patients
with Khorana scores =5 had 6-month risks exceeding this threshold.

While the reductionist design of the Khorana score supports its applica-
bility into clinical practice, it also ignores other potential prognostic fac-
tors for incident VTE in cancer patients (eg, cancer stage, type of
anticancer treatment, history of other cancer, and biomarkers).”®" Ulti-
mately, the complexity of a risk score should not hamper clinical imple-
mentation. The results from this and previous studies do not support the
use of a universal Khorana score threshold for all cancer patients since
it provided no clinically relevant stratification in several cancer sub-
groups (see Figure 3). Other studies also found a limited clinical value
of the Khorana score in patients with lung cancer, indicating the need
for considering other risk markers for this subgroup.??°® Indeed, refined
risk stratification to guide primary prevention of VTE remains an unmet
need among cancer patients. Cancer-specific Khorana score thresh-
olds or development of cancer-specific risk scores are needed for
improving individualized risk assessment while also considering patient
preferences.*'®* Several alternative risk scores already exist but are not
recommended in guidelines.” Future studies with a focus on risk stratifi-
cation should ensure consistent and appropriate methodology to

10 A
H Kaplan-Meier B Competing risk analysis

Six-month cumulative incidence (%)
[é)]

0 1 2
Khorana score level

+9,7%

+10,1%

+19,1%

+8,9%

3 4 5+6

Figure 4. Six-month cumulative incidence of venous thromboembolism by Khorana score level and two statistical methods. The Kaplan-Meier estimator

versus the cumulative incidence function considering death a competing event. Arrows with % indicate the relative overestimation of risk by the Kaplan-Meier method.
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optimize opportunities for between-study comparisons and to avoid
overestimation of risk when ignoring competing risk of death. Compara-
tive effectiveness studies of anticoagulation vs placebo, whether ran-
domized or observational, would benefit from estimating the net clinical
benefit (eg, using the number needed to treat for net effect measure).>®
Also, bleeding risk likely differs markedly across cancer types, but no for-
mal bleeding risk assessment tools are recommended in current guide-
lines, underlining another important evidence gap.?®°®

Strengths and limitations

The large sample size minimized random variation and allowed for
stratified analyses across several cancer types.

The number of patients with body mass index >35 was underesti-
mated based on ICD-10 identification alone, but the resulting minor
misclassification of Khorana score levels is unlikely to have impacted
the results substantially.>” The validity of a diagnosis of VTE given in
combination with a relevant imaging procedure is high (>90%) and
unlikely to be associated with Khorana score levels. Information bias is
therefore not a likely explanation of the observed differences in risk
across Khorana levels. We also applied different methodology and
outcome definitions to explore the potential scope of variation in risk
estimates. The sensitivity of ICD codes for identifying VTE is not
known, and some events may not have been coded by the treating
physicians, thus contributing to underestimation of risk.

We aimed to assess VTE risk in a population free from anticoagula-
tion. Nonetheless, some patients could theoretically have been
treated with low-molecular-weight heparin, which is not traceable in
registries since it is handed out directly from the hospital depart-
ments. This would cause artificially low risk estimates. However, we
excluded all patients with a recent history of a claimed prescription
of an anticoagulant drug as well as with potential comorbidity, which
could trigger an indication for low-molecular-weight heparin. An
option for primary outpatient thromboprophylaxis with low-molecular-
weight heparin was introduced in Danish guidelines in 2017 but is
not used in clinical practice.**#?%® Restricting the study period to
before 2017 also revealed similar risk estimates, indicating that the
use of low-molecular-weight heparin in the most recent years did
not contribute to lowering risk estimates.

Patients were followed in administrative registries with virtually com-
plete follow-up. Some deaths could be due to undiagnosed pulmo-
nary embolism. Previous studies have reported a 5% to 10%
prevalence of pulmonary embolism in autopsied cancer patients.?”%®
Such deaths due to VTE would have been misclassified as compet-
ing risk mortality instead of counting as a VTE event, potentially lead-
ing to underestimation of the incidence of VTE.

We were unable to describe bleeding risk, another key determinant
of the benefit of anticoagulation, since primary thromboprophylaxis
in ambulatory patients is not routinely used in Denmark.
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Conclusions

The Khorana score was able to risk-stratify ambulatory cancer
patients initiating chemotherapy according to the risk of VTE, but only
for selected cancer types, challenging the universal application of the
Khorana score for guiding decisions on primary thromboprophylaxis.
Reported risk estimates varied substantially depending on the choice
of methodology. Also, absolute risks of VTE for patients eligible for
anticoagulation in guidelines were lower than observed in previous
studies. Thus, the absolute benefit of implementing routine primary
thromboprophylaxis in an unselected cancer population may be
smaller than anticipated by randomized trial data.
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