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Checkpoint inhibitors and
thrombosis: what’s up?
Jan Beyer-Westendorf | University Hospital “Carl Gustav Carus”

In this issue of Blood, Moik et al present data from a single-center retro-
spective analysis that explored both the incidence and clinical impact of
thrombotic events during immune checkpoint inhibitor (ICI) therapy.1

A diagnosis of cancer has a major and
immediate impact on the lives of patients,
their families, and their friends. When the
diagnosis is advanced or metastatic can-
cer, patients and health care providers
have to face difficult treatmentdecisions to
balance the potential (but not guaranteed)
treatment benefits against the risks. The
treatment regimen and intensity usually
determine the side effects and the impact
on quality of life, which is particularly im-
portant, because life expectancy is usually
limited in this situation. With the devel-
opment of modern anticancer therapies,
survival of several cancer entities has
dramatically improved over recent years.2

Immune checkpoint inhibitors belong to
this category of modern anticancer treat-
ments: they impair the immune-escape
mechanisms of cancer cells and allow for
the immune system of the patient to help
in fighting the spread of the disease.

Venous and arterial thromboembolism
(VTE and ATE) are common complica-
tions of cancer3 and represent, together
with infections, the leading noncancer
causes of death.4 Thromboembolism con-
tributes significantly to the excess mortality
of patients with cancer.5 As a consequence,
extensive research has been performed
to predict and prevent VTE in high-risk
populations and to improve treatment in
patients with cancer.6 Modern anticancer
strategies should pay attention to the risk
of thromboembolism. Surprisingly, the risk
of thromboembolism from ICI therapy has
not been systematically studied, which is
especially concerning, given that the im-
mune system is interlinked with many other

physiological processes, including the he-
mostatic system. Currently available evi-
dence on thromboembolic risks of ICI
treatment is limited to small cohort studies
and case reports, sometimes describing
extreme hemostatic responses to ICI
treatments, such as disseminated intra-
vascular coagulation or hyperfibrinolysis.7-9

Moik et al report a cohort of 672 patients
treated with nivolumab, pembrolizumab,
ipilimumab, atezolizumab, or avelumab
with a median follow-up of 8 months. All
patients were treated at a highly spe-
cialized cancer clinic, and nearly 15%were
included in treatment studies, thus re-
ducing the risk of unreported outcomes,
despite the retrospective design of the
analysis.

Baseline risks of thromboembolism and
death were considerable in this cohort:
median age 64 years, 13% with a history
of VTE, and 10% with a history of ATE.
Because of these risk factors, 16% of the
patients received prolonged anticoagu-
lant therapy, 20% were given antiplatelet
therapy at baseline, 85% were in treat-
ment for metastatic disease, and 15%
were already in second- or third-line ICI
therapy. Given this baseline, it may not
come as a surprise that the cumulative
incidence of VTE during ICI therapy was
13%, with an incidence of ATE of nearly
2%. Interestingly, rates of VTE were com-
parable among subgroups of tumor types
and checkpoint inhibitors and across
Khorana-score categories, indicating that
this could be a class effect that was
directly related to ICI therapy. Of 15

variables tested as potential VTE risk
factors, only a history of VTE was found to
be a significant independent risk factor
(subdistribution hazard ratio, 3.7). In
contrast, expected items such as age,
cancer stage, body mass index, and ex-
pression of programmed death ligand 1
(PD-L1) on tumor cells were not associ-
ated with an increased risk of VTE.
Baseline anticoagulation and antiplatelet
therapy were not protective.

The authors also reported on the prog-
nostic impact of VTE and ATE. The oc-
currence of VTE, but not of ATE, was
associated with significantly shorter over-
all and progression-free survival. Further-
more, in patients developing VTE during
ICI treatment, recurrent VTE and major
bleeding were observed in 8.5% and
4.3%, respectively. VTE did not cause
discontinuation of ICI therapy but led to a
delay of the next treatment cycle of up to
3 weeks. In contrast, ATE led to ICI dis-
continuation in 1 patient and caused
considerable treatment delays of up to
5 months in another 3 patients. The au-
thors concluded that patients with cancer
receiving ICI therapy are at high risk of
thromboembolism, which would have a
significant impact on their clinical course
and prognosis.

First of all, these data clearly indicate that
the phase 2 and 3 ICI trials should be
reevaluated for safety, specifically con-
centrating on the risk of ATE and VTE.
Moik et al and other groups correctly
criticize the landmark clinical trial that did
not include any information on the in-
cidence of thromboembolism.9 This de-
ficiency clearly indicates an important
knowledge gap. Observational studies
can be regarded only as hypothesis gen-
erating, and dedicated risk assessments of
modern treatments should be based on
randomized controlled comparisons.

Second, issues of risk prediction and
primary prevention should be evaluated.
In the future, VTE risk prediction models
should incorporate anticancer drugs with
increased thromboembolic risks, thereby
identifying more patients as candidates
for thromboprophylaxis. This precaution
could become especially important be-
cause better prevention of VTE reduces
the need for anticoagulant therapy and
could reduce the resultant bleeding risks.

Third, more research should explore the
impact of adverse effects of ICI treatment
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on the patients’ quality of life, as the oc-
currence of thromboembolism has been
shown to add significant burden to patients
with cancer.10

Finally, patients receiving ICI should be
informed about signs and symptoms of
ATE/VTE and instructed to seek immedi-
ate medical attention, to allow for prompt
diagnostic and therapeutic workup for
suspected thromboembolism.

All evidence taken together, Moik et al
spotlight an important and underestimated
safety issue of ICIs. Readers and prescribers
are encouraged not only to study this article
carefully but to include the question of
thromboembolism in their daily treatment
considerations and to invest further re-
search into this important topic.

Conflict-of-interest disclosure: J.B.-W. has
received personal honoraria and institu-
tional research support from Bayer, Daiichi
Sankyo, Pfizer, and Portola, all of which were
unrelated to immune checkpoint inhibitor
therapies. n

REFERENCES
1. Moik F, Chan W-SE, Wiedemann S, et al.

Incidence, risk factors, and outcomes of venous
and arterial thromboembolism in immune
checkpoint inhibitor therapy. Blood. 2021;
137(12):1669-1678.

2. Zaorsky NG, Churilla TM, Egleston BL, Fisher
SG, Ridge JA, Horwitz EM, et al. Causes of
death among cancer patients. Ann Oncol.
2017;28(2):400-407.

3. MuñozMartı́n AJ, Ramı́rez SP, Morán LO, et al.
Pharmacological cancer treatment and venous
thromboembolism risk. Eur Heart J Suppl.
2020;22(suppl C):C2-C14.

4. Khorana AA, Francis CW, Culakova E, Kuderer
NM, Lyman GH. Thromboembolism is a
leading cause of death in cancer patients re-
ceiving outpatient chemotherapy. J Thromb
Haemost. 2007;5(3):632-634.

5. Timp JF, Braekkan SK, Versteeg HH,
Cannegieter SC. Epidemiology of cancer-
associated venous thrombosis. Blood. 2013;
122(10):1712-1723.

6. Farge D, Frere C, Connors JM, Ay C, Khorana
AA, Munoz A, et al. 2019 international clinical
practice guidelines for the treatment and
prophylaxis of venous thromboembolism in
patients with cancer. Lancet Oncol. 2019;
20(10):e566-e581.

7. Ando Y, Hayashi T, Sugimoto R, et al.
Risk factors for cancer-associated
thrombosis in patients undergoing
treatment with immune checkpoint inhibi-
tors. Invest New Drugs. 2020;38(4):
1200-1206.

8. Alberti A, Mancin M, Cortinovis D, Bidoli P,
Sala L. Disseminated intravascular coagulation
in advanced lung adenocarcinoma during

first-line pembrolizumab. Immunotherapy.
2020;12(9):629-633.

9. Sato R, Imamura K, Sakata S, et al. Disorder
of Coagulation-Fibrinolysis System: An
Emerging Toxicity of Anti-PD-1/PD-L1
Monoclonal Antibodies. J Clin Med. 2019;
8(6):762.

10. Lloyd AJ, Dewilde S, Noble S, Reimer E, Lee AYY.
What Impact Does Venous Thromboembolism
and Bleeding Have on Cancer Patients’ Quality
of Life? Value Health. 2018;21(4):449-455.

DOI 10.1182/blood.2020009480

© 2021 by The American Society of Hematology

TRANSPLANTATION

Comment on Zinter et al, page 1679

Unraveling the lung
metatranscriptome in HCT
Alpana Waghmare1-3 and Sina A. Gharib1 | 1University of Washington; 2Fred
Hutchinson Cancer Research Center; 3Seattle Children’s Research Institute

In this issue of Blood, Zinter et al report results of metatranscriptomic se-
quencing of bronchoalveolar lavage fluid (BALF) from asymptomatic pediatric
hematopoietic cell transplantation (HCT) candidates.

Zinter et al correlate microbe-host gene
expression clusters with posttransplant
lung injury, a clinically significant outcome
associated with high morbidity and mor-
tality.1 The investigators used a large set of
highly unique clinical samples and applied
parallel and integrative analyses of host
gene expression and microbiome data to
identify specific metatranscriptomic clusters
associated with posttransplant outcomes.
The main finding from this innovative ap-
proach was that pediatric HCT candidates
with viral enrichment, microbial depletion,
immune activation, and response to cellular
injury are more likely to develop post-
transplant lung injury. The authors suggest
that identification of high-risk patients
through pretransplant BALF metatran-
scriptomic analysis may open a window of
opportunity for targeted therapy that can
influence posttransplant outcomes.

These findings are consistent with several
lines of evidence that indicate the detri-
mental impact of pretransplant respiratory
viral infections on long-term pulmonary
outcomes in both pediatric and adult
patients. Interestingly, in contrast to other
studies,2-4 detection of rhinovirus, by far
the most common respiratory virus de-
tected in HCT candidates and recipients,
was not associated with poor posttrans-
plant clinical outcomes, perhaps because
only asymptomatic individuals were in-
cluded in this study. Regardless, given the
high rate of respiratory viral detection
in pediatric HCT candidates, additional

evaluation of the relationship between
detection of specific viruses in the context
of microbiome composition and host in-
flammation may assist in refining proto-
cols to delay transplantation or provide
targeted therapy, even in asymptomatic
individuals.

By combining microbial metagenomic
sequencing with host gene expression
data, Zinter et al provide a more com-
prehensive look into the interplay among
the microbiome, respiratory pathogens,
and immunity and investigate the impact
of these interactions on clinical outcomes.
Most studies in the HCT population have
evaluated the gut microbiome for this
purpose, with several studies suggesting
that alterations in the intestinal microbiota
are associated with poor posttransplant
outcomes, including the development of
severe respiratory viral disease.5-7 Evalu-
ation of local host-microbe interactions
is therefore highly relevant and represents
a novel approach for understanding the
potential mechanisms driving the patho-
genesis of posttransplant lung injury.

For meaningful use in the clinical setting,
several challenges with interpretation and
application of BALF metatranscriptomics
must be addressed (see figure). First, rig-
orous validation studies with both pediatric
and adult cohorts are needed to confirm
the association between the identified
metatranscriptome clusters and lung injury.
If validation studies consistently identify
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