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Abstract
Background: Thrombosis is common among patients with cancer. Primary thrombo-
prophylaxis guided by the Khorana score is endorsed by guidelines but recommenda-
tions rely mainly on data from patients treated with chemotherapy.
Objectives: To explore if the Khorana score could risk stratify patients with cancer 
treated with immune checkpoint inhibitors according to risk of venous and arterial 
thrombosis.
Patients/Methods: The study population and Khorana score were defined using ad-
ministrative Danish health registries. The primary outcome was 6-month risk of ve-
nous thromboembolism after initiation of checkpoint inhibitor treatment. Secondary 
outcomes were arterial thrombosis and any thromboembolic event. Death was con-
sidered a competing risk event.
Results: Among 3946 patients with cancer initiating checkpoint inhibitor treatment 
without other indications for anticoagulation, the overall 6-month incidence of ve-
nous thromboembolism was 2.6% (95% confidence interval [CI]: 2.1–3.1). Risks were 
2.1% (95% CI: 1.5–3.0), 2.6% (95% CI: 2.0–3.4), and 3.7% (95% CI: 2.1–5.9) in low 
(score 0), intermediate (score 1–2), and high risk (score ≥3) Khorana categories, re-
spectively. Among patients eligible for primary thromboprophylaxis according to 
guidelines (Khorana score ≥2), risk of venous thromboembolism was 4.1% (95% CI: 
3.1–5.4). Higher Khorana risk category was also associated with higher 6-month risk 
of both arterial thrombosis and any thromboembolic events.
Conclusions: The Khorana score was able to risk stratify patients with cancer treated 
with immune checkpoint inhibitors according to 6-month risk of thromboembolic 
events. Risks of venous thromboembolism were lower than in randomized thrombo-
prophylaxis trials, thus questioning the absolute benefit of routine primary thrombo-
prophylaxis in an unselected population of patients treated with immune checkpoint 
inhibitors.
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1  |  INTRODUC TION

Venous thromboembolism remains a frequent and potentially seri-
ous complication among patients with cancer.1-4 In recent years, 
guidelines have recommended primary thromboprophylaxis with 
anticoagulation in selected cancer patients initiating systemic treat-
ment following risk stratification with the Khorana score, a simple, 
point-based risk score originally developed to assess risk of venous 
thromboembolism in patients initiating chemotherapy.5,6 The benefit 
of primary anticoagulant thromboprophylaxis guided by the Khorana 
score has even been explored in randomized trials, but not specifi-
cally for patients treated with immune checkpoint inhibitors, and the 
Khorana score was developed in an era prior to clinical use of these 
agents.7-9 Immune checkpoint inhibitors, which enhance the cytotoxic 
effects of T-cells, have since become a widely used treatment mo-
dality with an increasing number of indications.10 Some reports have 
suggested that checkpoint inhibitors, in addition to their unique tox-
icity profile, are also associated with a particularly high risk of both 
venous and arterial thrombosis.11-15

Few studies have investigated the ability of the Khorana score 
to predict venous thromboembolism in patients treated with im-
mune checkpoint inhibitors, and with conflicting results.12,16,17,18,19 
Nonetheless, some guidelines (see Table 4 for details) endorse use 
of primary anticoagulant thromboprophylaxis for ambulatory cancer 
patients irrespective of type of systemic medical cancer treatment, 
but concerns have been raised regarding the applicability of the 
Khorana score as a universally applicable risk score.20 Also, consid-
ering that randomized trial data indicate that anticoagulant throm-
boprophylaxis prevents not only venous thromboembolic events, 
but also arterial events, the role of the Khorana score in predict-
ing the cumulative thromboembolic burden in patients with cancer 
treated with checkpoint inhibitors is underexplored.9

We aimed to describe the incidence of venous and arterial throm-
bosis in cancer patients treated with immune checkpoint inhibitors 
who were not using anticoagulation, while also exploring whether 
the Khorana score would be a valid tool for identifying patients at 
high risk of such thrombotic events.

2  |  METHODS

2.1  |  Design and setting

A cohort of cancer patients initiating treatment with immune 
checkpoint inhibitors (PD-1, PD-L1, or CTLA4 inhibitors) in Danish 
hospitals was identified using administrative Danish health reg-
istries.21 Specifically, all Danish residents have a unique national 

identification number, which was used to link individual-level health 
data from several registries: The Danish Civil Registration System, 
which holds information on vital and migration status; the Danish 
National Patient Register, containing information on hospital diag-
nosis and treatments; the National Prescription Register storing 
information on all claimed prescription drugs in Denmark; and the 
Register of Laboratory Results for Research database, which col-
lects information on laboratory tests performed both in primary 
and secondary care.22-24 The study was reported in accordance with 
TRIPOD (transparent reporting of a multivariable prediction model 
for individual prognosis or diagnosis) recommendations.25

2.2  |  Study population

The study population consisted of cancer patients initiating treat-
ment with immune checkpoint inhibitors before October 2020. 
Checkpoint inhibitors targeting both PD-1/PD-L1 (pembroli-
zumab, nivolumab, atezolizumab, avelumab, and durvalumab) 
and CTLA4 (ipilimumab) were included. Codes used to extract 
information about checkpoint inhibitor treatment are available in 
Table S1 in supporting information. The positive predictive value 
of treatment codes for identifying medical cancer treatment is 
high in the National Patient Register (95%).26 Patients with pri-
mary brain cancer or multiple myeloma, patients already treated 
with anticoagulation or who had a potential existing indication 
for anticoagulation, and patients with missing laboratory values 
within 30 days prior to treatment initiation were excluded (see 
Figure S1 in supporting information for details) The latter criterion 
was because the registration of laboratory values in the Register 
of Laboratory Results for Research did not commence simultane-
ously for all Danish regions, but it has been reported that overall 
venous thromboembolism risk was identical for patients with and 
without available laboratory values.20

K E Y W O R D S
anticoagulants, immune checkpoint inhibitors, neoplasms, thrombosis, venous 
thromboembolism

Essentials

•	 Whether the Khorana score predicts thrombosis in can-
cer patients on checkpoint inhibitors is uncertain.

•	 This was explored in a Danish cohort identified and 
followed in administrative health registries.

•	 The Khorana score was able to risk stratify such patients 
according to venous and arterial thrombosis.

•	 The Khorana score may guide thromboprophylaxis 
during checkpoint inhibitor treatment.
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2.3  |  Khorana score

The components used to calculate the Khorana score were identified 
as done previously.20 Points are attributed to cancer type (stomach 
or pancreas [2 points]; lung, lymphoma, gynecologic, bladder, or 
testicular cancer [1 point]), platelet count ≥350x109/L (1 point), 
hemoglobin level < 10 g/dL or use of erythrocyte growth factors (1 
point), leukocyte count >11x109/L (1 point), and body mass index 
≥35 kg/m2 (1 point).5 Laboratory values were pretreatment values 
obtained prior to treatment with checkpoint inhibitors and were 
obtained from the Register of Laboratory Results for Research. 
Information on cancer type was obtained using the National Patient 
Register. Body mass index ≥35 kg/m2 was defined using International 
Classification of Diseases (ICD) 10 codes. Codes used to define 
the components can be found in Table S1. The Khorana score was 
evaluated in two versions: 1) by the original categorization into low 
risk (score 0), intermediate risk (score 1–2), and high risk (≥3); and 
2) dichotomous according to the most widely recommended score 
threshold for initiation of thromboprophylaxis (score 0–1 versus 
≥2).5,6

2.4  |  Outcomes

The primary outcome was a composite of a primary or secondary 
diagnosis of deep vein thrombosis or pulmonary embolism given 
in combination with a relevant imaging procedure. The positive 
predictive value of inpatient diagnoses given in combination with an 
imaging procedure is high (>90%).27 Both inpatient and ambulatory 
diagnoses were included. In a sensitivity analysis, a broad definition 
of venous thromboembolism was applied, defined as any venous 
thromboembolic diagnosis given irrespective of imaging procedure; 
see Table S1 for details.

Arterial thrombosis was defined as the occurrence of either myo-
cardial infarction, ischemic stroke, or systemic embolism. Ischemic 
stroke was defined as an inpatient diagnosis of either ischemic or 
unspecified stroke as most unspecified strokes have been shown to 
be of ischemic origin. The positive predictive value of an inpatient 
diagnosis of ischemic stroke is high (>85%).28,29 Transient ischemic 
attack was not included due to low positive predictive value.30 The 
positive predictive value of a diagnosis of myocardial infarction in 
the Danish National Patient Register is high.27,31

2.5  |  Statistics

Baseline characteristics were presented using medians with 
interquartile range for continuous variables and as proportions 
for categorical variables. The cumulative incidence of venous 
thromboembolism was calculated using competing risk analysis 
considering death a competing event.32 Patients were followed 
until the occurrence of the relevant thromboembolic event, death, 
emigration, or end of follow-up (April 2021). In the main analysis, end 

of follow-up was 6  months following treatment initiation because 
most guidelines recommend basing the decision on initiation of 
primary thromboprophylaxis on 6-month risk estimates.6 Because 
patients treated with checkpoint inhibitors are often treated for 
longer time periods, risk estimates were also reported for up to 1 
year of follow-up.

The associations between Khorana categories and risk of out-
comes were compared using the Fine and Gray subdistribution haz-
ard model considering death a competing event.33 Analyses were 
performed using Stata version 16.

3  |  RESULTS

We identified 3946 patients initiating checkpoint inhibitor therapy 
who did not have an existing indication for anticoagulation. Baseline 
characteristics are presented in Table 1. Median age was 67 years, 
and 49% were females. The majority were treated with a PD-1 
inhibitor (82.4%) while 8.8% received double checkpoint inhibitor 
treatment. Concomitant chemotherapy was registered for 6.7% 
of the population, and most patients (79.1%) had received other 
medical anticancer treatment prior to initiation of checkpoint 
inhibitor therapy. Approximately 10% had a Khorana score of 3 or 
above, while 29.4% had a score of 2 or higher. During 6 months of 
follow-up, 17.5% of the patients died, with mortality rising to 30.9% 
after 1 year.

3.1  |  Thrombotic events at 6-month follow-up

The cumulative incidences of both venous and arterial thrombotic 
events over a 6-month period stratified by Khorana categories are 
depicted in Figure  1. During 6  months of follow-up, 99 venous 
thromboembolic events occurred corresponding to an overall 6-
month incidence of 2.6% when considering death as a competing 
event; see Table 2. Six-month incidence of venous thromboembo-
lism was higher with higher Khorana risk category, with an inci-
dence among high-risk patients of 3.7%. Risk among those eligible 
for thromboprophylaxis according to current guidelines (Khorana 
score ≥2) was 4.1%. Conclusions were similar when applying a 
broad definition of venous thromboembolism, with 6-month risk 
of 5.5% among those with Khorana score ≥3 and 5.2% among 
those with score ≥2; see Table S2 in supporting information.

A total of 52 arterial events occurred during the initial 6 months 
yielding an overall cumulative incidence of 1.3%, and the Khorana 
score suggested a gradation of risk according to such events irre-
spective of the choice of categorization, although the confidence 
intervals also included the possibility of no difference between 
the groups; see Table  2. Accordingly, the Khorana categories also 
showed a clear correlation with the composite thromboembolic out-
come including both venous and arterial thrombosis, with an inci-
dence of 5.4% at 6-month follow-up among patients with Khorana 
score ≥2.
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Incidence of any thromboembolism was highest among those 
receiving dual checkpoint inhibitor treatment versus single drug 
treatment (4.8% vs. 3.7%), but broadly similar regardless of whether 
concomitant chemotherapy was given, subdistribution hazard ratio 

0.89 (95% confidence interval [CI] 0.46–1.75) for patients with ver-
sus without concomitant chemotherapy.

3.2  |  One-year follow

Results after 1 year of follow-up are available in Table 3. Generally, 
the ability of the Khorana score to risk stratify patients according to 
risk of venous thromboembolism was preserved at 1-year follow-up, 
whereas there was no clear correlation between Khorana score 
categories and risk of arterial events.

4  |  DISCUSSION

In an unselected population of patients with cancer initiating 
treatment with an immune checkpoint inhibitor, the Khorana score 
was able to risk stratify patients according to 6-month risk of both 
venous and arterial thromboembolism. Among patients eligible for 
primary thromboprophylaxis according to guidelines, the 6-month 
risk of any thromboembolic event was 5.4%. At 1-year follow-up, the 
ability of the Khorana score to risk stratify was preserved only for 
venous thromboembolism.

4.1  |  Comparison to existing literature

A study of 176 patients with lung cancer treated with checkpoint 
inhibitors found a lower risk of venous thromboembolism in those 
with Khorana score ≥2 versus score 1, but outcome events were few 
and the estimates thus highly sensitive to random variation.16 In line 
with these findings, another study found that higher Khorana score 
was not associated with higher risk of venous thromboembolism 
during treatment with immune checkpoint inhibitors.12 In this study, 
the subdistribution hazard ratio per Khorana score point increase 
was 0.93, 95% CI 0.60–1.46 and 0.69, 95% CI 0.32–1.51 compar-
ing those with score ≥2 versus score 0–1.12 In contrast, we found 
that higher Khorana score category suggested higher risk of venous 
thromboembolism. The overall 6-month incidence in our study was 
2.6% compared to 5.0% in the previous study. Generally, risk esti-
mates from various studies vary substantially, underlining the need 
for further exploration of this population.17,34 Reasons for this vari-
ation may include limited sample sizes yielding imprecise estimates, 
varying length of follow-up (cumulative incidence estimates inher-
ently increase over time), choice of methodology (ignoring compet-
ing risk from death overestimates thrombosis risk20), and variation 
across cancer types, varying in- and exclusion criteria including use 
of anticoagulation. For example, among 481 patients with lung can-
cer treated with a checkpoint inhibitor who were followed for a me-
dian of 9.8 months, a Khorana score of 0–1 versus ≥2 was not found 
to be associated with venous thromboembolism.18 This is in line with 
previous findings of limited discriminatory capacity of the Khorana 
score in ambulatory patients with lung cancer.20,35

TA B L E  1  Baseline characteristics of patients with cancer 
initiating treatment with an immune checkpoint inhibitor

Patients, n 3946

Female sex 49.0 (1934)

Age, years, median (quartile 1–3) 67 (59–74)

Months since cancer diagnosis, median (quartile 1–3) 16 (5–49)

Medical anticancer treatment

PD-1 inhibitor 82.4 (3251)

PD-L1 inhibitor 8.3 (326)

CTLA4 inhibitor 18.1 (715)

Double checkpoint inhibitor treatment 8.8 (346)

Concomitant chemotherapya 6.7 (266)

Any previous medical anticancer treatmentb 79.1 (3120)

Khorana score level

0 36.0 (1421)

1 34.6 (1366)

2 19.6 (772)

3 8.0 (315)

4+ 1.8 (72)

Khorana risk category

Low risk (0) 36.0 (1421)

Intermediate risk (1–2) 54.2 (2138)

High risk (3+) 9.8 (387)

Khorana guideline threshold

0–1 70.6 (2787)

2+ 29.4 (1159)

Khorana components

Cancer type

Stomach 0.3 (12)

Pancreatic 1.9 (74)

Lung 39.1 (1543)

Lymphoma 0.7 (27)

Gynecologic 1.2 (48)

Bladder 3.5 (137)

Testicular n/a (<5)

Pre-treatment laboratory values

Hemoglobin level <10 g/dl or use of 
erythropoiesis stimulating agent

8.7 (343)

Platelet count ≥ 350 x 109/L 30.1 (1189)

Leukocyte count > 11 x 109/L 16.4 (646)

Body mass index ≥ 35 kg/m2 1.1 (43)

aPatients registered with a treatment code for chemotherapy ±7 days in 
relation to date of checkpoint inhibitor treatment.
bDefined as any anticancer treatment given >30 days prior to 
checkpoint inhibitor treatment.
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One study did not find the Khorana score useful for venous throm-
boembolism risk stratification in stage 4 cancer patients, but did also 
include patients using anticoagulation.19 Another study found a higher 
incidence of venous thromboembolism with dual immunotherapy ver-
sus single treatment,36 which was also indicated in the present study. 
Whether this has the potential to provide clinically meaningful refine-
ment if added to the Khorana score warrants further investigation.

The overall 6-month incidence of venous thromboembolism 
in the present study (2.6%) was comparable to the incidence ob-
served in a cancer population initiating chemotherapy in another 
Danish cohort study using similar methodology (2.5%).20 The pres-
ent study therefore does not support the emerging concept of a 
particularly high incidence of venous thromboembolism among 
patients treated with immune checkpoint inhibitors, as also con-
cluded elsewhere.37

4.2  |  Clinical implications

Two randomized trials have been conducted assessing the benefit 
and harms of primary prophylaxis in ambulatory cancer patients 
with Khorana scores ≥2, both demonstrating reduced risk of venous 
thromboembolism with a higher risk of bleeding during 180 days 
of treatment.7-9 The AVERT trial only included patients initiating 
chemotherapy7 while the CASSINI trial applied a broader inclusion 
criterion of systemic cancer treatment.38 Nonetheless, some 
guidelines do allow for thromboprophylaxis irrespective of type of 
systemic treatment; see Table 4 for guideline overview.

Although the present unselected clinical population data 
confirm a substantial risk of thromboembolic events in patients 

treated with checkpoint inhibitors, they do not specifically sup-
port the concept that primary thromboprophylaxis will yield a 
positive net clinical benefit. A post hoc study of the AVERT pri-
mary thromboprophylaxis trial suggested that the protective ef-
fect from anticoagulation among patients with a 6-month risk of 
venous thromboembolism below 8% was outweighed by bleeding 
risk.44 In this study, patients eligible for anticoagulation accord-
ing to guidelines had a 6-month risk of venous thromboembolism 
of only 4.1%. In the placebo arm of the CASSINI trial the total 
6-month cumulative incidence of thromboembolic events was 
11.6%, which also contrasts with the corresponding risk estimate 
from the present study of 5.4%.9 Nonetheless, the 6-month inci-
dence of arterial events was similar in the CASSINI trial and the 
present study (1.7% and 1.6%, respectively). This suggests that ar-
terial events are not particularly common during checkpoint inhib-
itor treatment compared to the incidence in a population treated 
with various anti-cancer agents.

Importantly, there is no evidence from randomized trials to 
support primary thromboprophylaxis beyond 6 months, although 
treatment duration with checkpoint inhibitors may be longer. 
Nonetheless, some guidelines do allow for extended treatment de-
fined rather arbitrarily as “if risk persists,”39 while other guidelines 
do not specify treatment duration at all (see Table 4 for guideline 
overview).40 In the present study, venous thromboembolism also 
occurred after the initial 6-month period reaching a cumulative in-
cidence of 3.8% after 1 year, but whether this entails net clinical 
benefit from extended treatment is unknown due to the inherent 
bleeding risk. In general, well-validated and clinically useful tools to 
assess bleeding risk during anticoagulation therapy among cancer 
patients are lacking.45

F I G U R E  1  Six-month cumulative incidence of venous, arterial, and any thromboembolic events in patients with cancer initiating 
treatment with immune checkpoint inhibitors
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It should be noted that this study focused on risk stratification 
and therefore does not elucidate whether immune checkpoint inhib-
itors are the underlying cause of thrombosis, although mechanisms 
for a causal relationship have been proposed.17

4.3  |  Strengths and limitations

The use of large, administrative health registries allowed us to study 
a representative population from routine clinical practice with 
minimal impact from random variation. Body mass index is insuf-
ficiently coded in the registries, and previous studies have shown 
that the prevalence of body mass index ≥35 kg/m2 in a cancer co-
hort is underestimated to a degree that 4% of the present popula-
tion are likely to have their Khorana score level underestimated by 
1 point.20,46 The distribution of patients into Khorana score levels 
was nonetheless comparable to previous studies, suggesting that 
the registries allow for sufficiently accurate estimation of Khorana 
score levels.5 Although the positive predictive values of venous 
thromboembolism, myocardial infarction, and stroke are generally 
high in the Danish National Patient Register, the sensitivity of using 
ICD codes to identify such events is not well described; that is, to 
what extent do treating physicians forget to register a relevant ICD 
code.27,30,31 However, we consider it unlikely that the positive pre-
dictive value or sensitivity of ICD codes vary according to Khorana 
score levels. The observed differences in risk across Khorana score 
levels are unlikely to be due to information bias. The aim was to de-
scribe thrombotic events in a cohort not using anticoagulation, but 
low molecular weight heparin is not registered on individual patient 
level in the Danish registries. We therefore excluded all patients 
with a recent prescription claim of oral anticoagulants as well as 
with any potential existing indication for anticoagulation. Primary 
thromboprophylaxis in an ambulatory setting is not routinely used 
in Denmark, and we have previously shown that venous thrombo-
embolic risk in ambulatory cancer patients was identical before 
and after the first mention in Danish guidelines allowing for use 
of primary thromboprophylaxis in 2017 (which also only applies to 

patients treated with chemotherapy).20,47 We therefore consider it 
unlikely that a substantial proportion of patients would have been 
using anticoagulation during follow-up.

Patients were followed in nationwide administrative registries, 
ensuring virtually complete follow-up, but some patients are likely 
to have died from undiagnosed pulmonary embolism, which would 
underestimate risk estimates.48

Indications for use of checkpoint inhibitors continue to expand 
and they are now used also in neoadjuvant and adjuvant settings.49 
The current cohort describes risk patterns mainly in patients treated 
with checkpoint inhibitors in palliative situations, as reflecting con-
temporary treatment patterns during the study period. Risk patterns 
in patients treated with checkpoint inhibitors in a curative setting 
may differ, although risk of venous thromboembolism has been re-
ported to be high also in neoadjuvant settings.50

4.4  |  Remaining knowledge gaps

In opposition to the present study, some previous validation stud-
ies concluded that the Khorana score is not useful as a clinical risk 
stratification tool in this population. These discrepancies should be 
explored further before primary thromboprophylaxis guided by the 
Khorana score should be recommended routinely in the population, 
or whether alternative prediction models are needed.

Clinically significant bleeding during checkpoint inhibitor treat-
ment can occur even in the absence of anticoagulation.51 However, 
whether the bleeding risk profile during concomitant anticoagula-
tion and checkpoint inhibitor treatment is comparable with the cor-
responding risk during chemotherapy is not well described. Hence, 
estimates of net clinical benefit from treatment derived from popu-
lations treated with chemotherapy may not apply to patients treated 
with checkpoint inhibitors. Some guidelines specify treatment dura-
tion for primary thromboprophylaxis to be 6 months.39,43 Immune 
checkpoint inhibitors are often used for an extended time period of 
up to 2 years, but whether thromboprophylaxis would remain bene-
ficial beyond 6 months is unknown.

TA B L E  4  Guideline recommendations on primary thromboprophylaxis in ambulatory patients with cancer treated with immune 
checkpoint inhibitors

Guideline
Recommends primary thromboprophylaxis during 
checkpoint inhibitor treatment? Which Khorana score threshold?

Recommended 
treatment duration

NCCN 202239 Yes, any systemic treatment Khorana score ≥2 Six months (“longer if 
risk persists”)

ASH 202140 Yes, any systemic treatment Both intermediate and high-risk 
patients according to Khorana 
score (i.e., score ≥1)

Not specified

ASCO 202041 No, only chemotherapy Khorana score ≥2 “Discuss with 
patient”

ITAC 202242 Yes, any systemic treatment Khorana score ≥2 Not specified

ISTH 201943 No, only chemotherapy Khorana score ≥2 Six months

Abbreviations: ASCO, American Society of Clinical Oncology; ASH, American Society of Hematology; ISTH, International Society on Thrombosis and 
Haemostasis; ITAC, International Initiative on Thrombosis and Cancer; NCCN, National Comprehensive Cancer Network.
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5  |  CONCLUSIONS

The thromboembolic burden in patients with cancer was substan-
tial, but similar to previous reports of patients treated with chemo-
therapy. The Khorana score was able to risk stratify patients with 
cancer according to 6-month risk of venous as well as arterial throm-
bosis, but the cumulative incidence of venous thromboembolism 
was markedly lower than reported in placebo arms of randomized 
primary thromboprophylaxis trials. Thus, the net clinical benefit of 
primary thromboprophylaxis observed in randomized trials may be 
smaller if applied in an unselected population of patients treated 
with immune checkpoint inhibitors.
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