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Abstract

Background: Due to the different genetic properties of malignant neoplasms and their tendency to cause the formation of

blood clots, the risk of these complications is much higher than in the general population. There is even a higher risk of blood

clots forming during chemotherapy or hormone therapy for cancer.

Aim: This paper will summarise publications to gain a better understanding of the risks of blood clots associated with checkpoint
inhibitors and CAR-T cell therapy of cancer. The review will also address potential problems and guide how to address them.
Even when used on their own, checkpoint inhibitors can cause blood clots, albeit at a lower rate than chemotherapy, however,
this assumption has not been definitively proven, as ICI-type agents are rarely given to cancer patients as monotherapy (or if
given, these cancers baseline thrombogenicity is less active sui generis). The incidence of these problems varies depending on
the type of disease, patient characteristics and somewhat on immunotherapeutic drug selection itself. It is important to inform
doctors who prescribe these treatments of this fact and try to provide ideas which may help make good individual decisions.
The anticoagulant prophylaxis is probably indicated in many such cases, even with monotherapy in cancer. However, still on
a somewhat individual basis, as prospective, multicentre, double blind trials are not available, recommendations are based on
some rather anecdotal, or retrospective data in respect of disease type, treatment and patient characteristics and the selection

of an optimal anticoagulant prophylactic approach.
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Introduction

Approximately 105 to 180 out of every 100,000 people are
affected by deep vein thrombosis (DVT), which can sometimes
lead to pulmonary embolism (PE). This equates to just 0.6% of
the population [1,2].

The phenomenon of cancer-associated thrombosis (CAT)
has been recognised for around 200 years. The rate of VTE
among cancer patients is 8—10 times higher than in the general
population. There are many risk factors for CAT, including the
type of cancer, the patient’s biological characteristics, and the
treatment methods. Around 20-30% of VTEs are CAT-related.
CAT accounts for 15% of cancer diagnoses in the first year, a
figure which then decreases by 6% each year. 4% [3].

Irrespectively to the type of solid tumour, its stage and particular
genetic subtypes, it is widely accepted standard approach that
anticoagulant prophylaxis is mandatory to reduce or prevent
systemic treatment-associated VTE during chemotherapy or
chemo- plus hormonal therapy or perioperative periods [3-7].

Predictive CAT Score: The Khorana score was identified as
a significant instrument for evaluating the risk of chemotherapy-
associated VTE and cardiotoxicity in tumours [8]. The Khorana
score is based on five types of risk factors, each assigned a
specific point value. Site of cancer: Very high-risk sites (e.g.
stomach or pancreas) are assigned 2 points; high-risk sites (e.g.
lung, lymphoma, gynaecological, bladder or testicular) are
assigned 1 point; and other sites are assigned 0 points. Platelet
count: >350,000/uL receives 1 point. Haemoglobin levels: under
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100 g/L. White blood cell count: >11,000/uL receives one point.
Body Mass Index (BMI): >35 kg/m? receives 1 point. The total
score is calculated by summing the points for each risk factor,
with higher scores indicating a greater risk of VTE. The fact that
this score system was created before ICI treatments were used in
clinical practice should also be noted. However, it is still a useful
tool for assessing the CAT risk in patients [8].

Modern Immunotherapeutic Approaches as A Single
Agent or Combined with Chemo (Hormonal) Therapy
The following part of this review will cover some important
data, mostly on the so-called Immuno checkpoint inhibitors
(further on abbreviated as ICI), i.e. PD-1 inhibitors, PD-1
ligand inhibitors, CTLA4 inhibitors and briefly on CAR-T
cell therapy and thrombotic and vascular events and their
prevention. Due to the lack of availability of controlled trials
in respect of CAT and ICI administration, the new generation
of ICI-type (cemiplimab, atezolizumab, avelumab, durvalumab)
or LAG-3 type agents (reatlimab, opdualag) or other CTLA-4
targeting agents (tremelimumab) will not be discussed this time.
These approaches were seriously analysed, according to the
fact that they revolutionised cancer therapies, and with respect
of the vascular and thrombotic sequelae, publications reached
the necessary threshold to realise and judge risks and indicate
prophylaxis accordingly [7,9].

These new immunotherapeutic approaches in monotherapy
are probably less thrombogenic than traditional antitumour
therapeutic modalities, which induce greater tumour lysis, but
their use in first-line monotherapy is rather limited, mostly with
cancers with a lower Khorana score, so this statement is not clear-
cut evidence so far. In higher score cases and as part of chemo-
combination, they are capable of inducing extra thrombotic and
vascular untoward events, depending on individual properties,
disease type and stage, etc., which deserve special attention
[10,11].

a. ICIs: PD-1, PD-1 ligand. Pathogenesis of thrombotic
and vascular events, main properties and data about
the events

Pathogenesis, briefly: ICIs may trigger complex, potentially
dual-edged platelet activation around the tumour. This could
be beneficial for inducing local platelet activation and tumour
invasion inhibition through microvascular thrombosis. However,
systemic prothrombotic effects might also develop from
these events [12,13]. Furthermore, the T cell CD8+ activation
in itself also activates platelets, may provoke autoimmune
phenomena and probably most importantly activates Tissue
Factor, which leads to increased activity of the extrinsic side of
blood coagulation, and may accelerate and predispose to induce
CAT events, along with elevating FVIII activity and possibly
reducing protein S activity [14,15]. Increased inflammation and
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endothelial cell activation is a common features observed during
ICI-type therapies. These phenomena probably play a definitive
role in ICl-induced multifaceted autoimmune reactions
(colitis, myocarditis, colitis, inflammatory bowel disease and
myocarditis, and heparin thrombocytopenia-like events), too

[16,17].

During neutrophil activation, the so-called neutrophil TRAPS
might also be generated; they sometimes interact with activated T
cells, and trapping of platelets and other coagulation factors and
this way they probably increase thrombogenicity. Fibrinolysis
also seems to be reduced in some cases. In addition to that,
surplus amounts of the so-called Myeloid Derived Suppressor
Cells are also capable of increasing platelet endothelium
activation procedures, which in turn usually induces cytokine
release, also promoting blood clotting [17-19].

b. Clinical experiences (anecdotical, case reports,
retrospective data, meta-analysis, etc.)

Arterial and venous central catheter thrombosis had been
described with PD-1(ligand) inhibition [19]. The Vienna group
made a comprehensive analysis of VTE and clinical course with
ICl-treated cancer patients, concluding to a relatively strong
correlation with these therapeutic modalities [20]. A Spanish
group came to a similar conclusion, finding more VTE in patients
who received ICI or CTLA-4 inhibitor therapies in melanoma
treatment protocols [21].

The Khorana group made a systematic analysis of non-small cell
lung cancer-treated patients. Most VTE appeared in the chemo
group, somewhat less in ICI-immune +chemo combinations, and
even less, but still some in the ICI monotherapy cohort of patients
[22]. Another systematic analysis had also been performed about
the risk factors that may increase the chance of VTE (cardiac
events) in ICI-treated cancer patients: they were cancer stage,
tumour lysis, combination with chemo, previous VTE or arterial
thrombosis and thrombophilic patients [22]. Their cumulative
analysis showed 7-8% VTE and 1-5% arterial thrombosis within
the 1st year of cancer patients receiving ICIs, so they urged for
gaining more data and considering prophylactic anticoagulant
antithrombotic therapies, including platelet function inhibition,
if platelet counts allow it [22].

Another valuable even if
retrospective analysis had been published by Gong et al. [23],

large, detailed, multicentric,
analysing 2854 cases. They were following post-ICI patients for
more than 194 days, and the adjusted VTE rate was higher after
starting ICI 259 VTE as opposed to 244 in non ICI controls.
There were more lower limb cases and pulmonary emboli, as
well. VTE incidence was highest right after initiation of ICI-
containing protocols. The absolute risk for VTE was 7,4% at 6
months, and 13,8% at 1 year. They extended the Khorana score to
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indicate risk by hypertension, smoking, diabetes, chronic kidney
disease, previous coronary revascularisation or ischemic stroke,
and previous VTE. They also gave detailed data on tumour
type and chemotherapy types. In contrast to the Khorana score,
they found more cases with slightly younger patients (under 65
years), too. Immune-related adverse events were between 4,5-
23% in different cohorts of patients. Mean Khorana score was
1,36 in their analysis. Melanoma cases were rarely followed
by VTE compared to other cancers. Different ICI classes or
types of drugs were neutral with respect of CAT problems.
Cardiovascular problems were present before ICI administration
in 10-14% hypertension (49%), and ICI combination induced
vascular events mainly in patients with a previous cardiovascular
background, and it also increased the risk of CAT, VTE. Some
de novo post-ICI coronary disease and other arterial thrombotic
vascular events during ICI administration had also been
observed. They did not give a definitive answer, if ICI+chemo
combination is much more thrombogenic than chemo alone, but
certainly their study had bias and limitations in some respects
(for example, pulmonary embolism diagnostic approaches were
heterogeneous, VTE diagnostics were not quite homogenous,
and the followup of other vascular events were not standardised,
a retrospective fashion, historical control group, etc. [21,22,23].

CTLA-4 inhibitors, thromboembolic and vascular complications
might sometimes be more severe or common than ICI [25].
More thrombotic events were documented in melanoma
immunotherapy cases, whose therapy was usually ipilimumab-
containing [25]. Sometimes, even fingertip necrosis might
develop during ipilimumab treatment (26). This view is very
difficult to translate into clinical actions; it is much more likely
that ICI+ CTLA-4 inhibitors in combination possess more
cardiotoxicity [26]. Anyhow, some other reports do not support
that the ipilimumab and CAT relationship is really significantly
different from ICI-based immunotherapies.

Hormone administration and checkpoint inhibitors
Corticosteroid administration may be a part of treatment, mostly
against side effects (i.e polytransfused patients, etc.). One might
presume it counteracts with immunostimulants (checkpoint
inhibitors and CTLA-4), but that assumption is not clarified
[27,28]. No doubt, sexual types of hormones might also be an
additional VTE-promoting factor. Due to the increased number
of heart attacks, there is a recommendation to give aspirin
prophylaxis in all cases, but bleeding complications can be
dangerous with this approach, especially in patients with low
platelet counts or liver abnormalities predisposing to easy
bruising [28,29].

So in conclusion, it is clear that ICI, ICI+chemo- (hormonal)
cancer treatments are increasing the risk of CAT, heart problems
and some other vascular events. It is not completely clear if ICI
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monotherapy also carries this risk in a certain degree (conflicting
numbers). It also does not completely explored how much
extra CAT or vascular events might be linked to ICI (or other
immunotherapeutic) combinations. This difference is difficult to
establish, as patients had different types and stages of cancers,
chemo protocols were also different, and Khorana-type risk
categories were mixed [20-24, 30-33].

There is an urgent need to initiate prospective multicenter
trials with more homogenous tumour types, stages, chemo
subtypes, and standardised diagnostic approaches. It would
also be important to have prospective trials with ICI and other
immunotherapeutic modalities in lymphoma and cell therapies,
too. So it is very important to create a more specific risk score
predicting VTE and vascular events with immune checkpoint
inhibitor-containing therapies. According to a systematic
analysis, he high-risk clinical groups are liver cancer, liver
dysfunction, diabetes mellitus, older (or under 65?) age, a large
tumour mass, smokers and high Khorana group cases [34].

¢. CAR-T therapy, T cell activator mono- or biclonal
agents in oncohematology, bleeding risk (sometimes
predominant), thrombosis, vascular effects)

CAR-T therapy is typically complicated by cytokine release,
inflammatory cytokine storm or hypofibrinogenaemia associated
with bleeding and neurological complications. Even if it is
a rare event, but bleeding is sometimes capable of inducing
consumption-type  disseminated intravascular thrombosis
[35]. There are some other reports of mixed appearance of
bleeding and thrombotic complications, along with multiorgan

dysfunction in CAR-T therapies [36].

Complex haematological T cell activator therapies (like
Blincyto, or double monoclonal T cell activators) may induce
rare CAT and vascular events, as CDS8T cells are activated, and
may initiate or amplify blood clotting. Due to the different blood
counts, frequent thrombocytopenia, hypofibrinogenaemia, and
sometimes different lymphoablative pretreatments (or strong
immunosuppression in allogeneic bone marrow transplantation)
make this issue much more complex, and prolonged
thrombocytopenia needs extreme caution with application and
timing of anticoagulant or antiplatelet therapeutic modalities

[35,36].

Anticoagulant, antiplatelet prophylaxis in ICI and/
or ipilimumab-containing anti-cancer therapeutic
modalities.

This is a very important pragmatic question to address, which
is a must in each case. Decisions need individual evaluation by
patients, assessing crucial elements and expected hazards as
follows: disease and treatment-related as well as patient-related
factors.
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Disease and treatment-associated VTE risk, helping

indication of anticoagulant prophylaxis

1. Cancer type, stage, extension, and Khorana score [8].
Pulmonary, pancreatic, stomach and brain tumours carry
higher risks than other cancers.

2. Strong pro-prophylaxis argument in treatment if it is
chemo-(hormonal combination, in which tumour lysis is
strong, and thrombogenic effects are combined and show
cumulative properties [21,23,24.33].

3. Prophylaxis should be considered in combined ICI, or even
a little bit more in ICI+ ipilimumab cases, even if they
are rarely administered without synchronous chemo- or
hormonal modalities [20,21,23,31,33,37].

Patient-related prophylaxis supporting moments
VTE, genetic
obligatory)

1. previous thrombophilia (screening is
Prolonged use of central venous access

3. Existing data on coronary heart disease or other arterial
occlusive events, dysfunction, smokers, and diabetes
mellitus

4. Presence of antiphospholipid syndrome

Patient-related other anticoagulant-induced complication risk:

thrombocytopenia, congenital or acquired bleeding disorders,

hypofibrinogenemia, age, and liver failure [38].

The selection of an anticoagulant agent

The most frequently used tool is LMWH; antiXa is easy to
measure, neutralisation is a complex issue, but available, which
are strong arguments for LMWH prophylaxis. On the other hand,
some observations show better immunotherapeutic antitumour
efficiency with rivaroxaban and apixaban when laboratory
measurement of efficiency is complicated but available, but
the reversal of bleeding complications is less straightforward
[33,39].

If the patient had previous coronary heart disease or appear to
have de novo coronary heart disease or other arterial vascular
disorder, aspirin is probably indicated, very cautiously,

depending on platelet counts [40-42].

Even with its heterogeneous and retrospective data makes clear
that ICI, along with other cancer immunotherapies, increases
(further) the risk of CAT, VTE, and, as a general principle
anticoagulation, or if a heart problem is present, antiplatelet
prophylaxis has to be considered [42], judging individual risk
and benefits, predictive score systems. In oncohematology, even
more individual decisions and more cautious interventions are
desirable.

Anyhow, there is a great need to start organising multicenter
prospective trials in more homogenous patient cohorts to help
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create standards and guidelines in indication, anticoagulant
antiplatelet drug selection, treatment duration. Until that, the
available data provide a solid basis that all patients receiving
ICI or other anti-cancer immunotherapy have to be considered
as candidates for anticoagulant prophylaxis, after careful
evaluations of predictive score, patient historical data, tumour
type, planned anticancer therapeutic approach, and probably
apply anticoagulant and antiplatelet therapy as an individual but
mandatory decision. The complex vascular, hemostatic events
following these therapies, case reports are also necessary to
publish, providing help for better and more tailored prophylaxis
selection [23,24,33,39,42]. It is also an open issue, that the
anticoagulant dose or duration should be different IC also
administered, probably not, until active anti-cancer treatment
is applied (hormonal, chemo-, ICI). Anticoagulant selection is
also an exciting question, if immunotherapy is applied, aspirin
could be an additional agent, if there are no contraindications.
The selection of an antXa agent instead of LMWH may be a
good option [43-51].

List of abbreviations

BMI: body mass index

CAT: cancer-associated thrombosis

LMWH: low molecular weight heparin

PD-1, PD-1 ligand, immune checkpoint inhibitors (programmed
cell death, or programmed cell death ligand)

CTLA-4 inhibitor: an anti-cancer immunological agent
VTE: venous thromboembolism

Declaration: This document has not received any funding
from industry and is independent of other influences or conflicts

of interest

References

1. Fernandes, C. J., Morinaga, L. T., Alves Jr, J. L., Castro,
M. A., Calderaro, D., et al. (2019). Cancer-associated
thrombosis: the when, how and why. European Respiratory
Review, 28(151). doi:10.1183/16000617.0119-2018.

2. Baylis, R. A., Smith, N. L., Klarin, D., Fukaya, E. (2021).
Epidemiology and genetics of venous thromboembolism
and chronic venous disease. Circulation research, 128(12),
1988-2002.

3. Munot, P. N., Noronha, V., Patil, V., Joshi, A., Menon, N.,
Prabhash, K. (2020). Cancer thrombosis: Narrative review.
Cancer Research, Statistics, and Treatment, 3(3), 501-516.

4. Siegal, D. M., Garcia, D. (2012). Anticoagulants in cancer.
Journal of Thrombosis and Haemostasis, 10(11), 2230-
2241.

5. Udvardy, M. (2025).
and Car-T Cell Therapy: Thrombotic and Vascular

Immune Checkpoint Inhibitors


https://openpubglobal.com/journal/open-access-journal-of-medicine-and-healthcare

10.

11.

12.

13.

14.

15.

16.

17.

Complications. population, 1, 2.

Schrag, D., Uno, H., Rosovsky, R., Rutherford, C.,
Sanfilippo, K., Villano, J. L., ... & CANVAS Investigators.
(2023). Direct oral anticoagulants vs low-molecular-weight
heparin and recurrent VTE in patients with cancer: a
randomized clinical trial. Jama, 329(22), 1924-1933.

Verso, M., & Agnelli, G. (2014). New strategies of VTE
prevention in cancer patients. Thrombosis research, 133,
S128-S132.

Caputo, R., Pyle, J., Kuriakose, P., Lekura, J. (2021). A
systematic review of apixaban in prevention and treatment
of cancer-associated venous thromboembolism. Journal of
the American Pharmacists Association, 61(5), €26-¢38.
Khorana, A. A., Mackman, N., Falanga, A., Pabinger, I,
Noble, S., Ageno, W., Lee, A. Y. (2022). Cancer-associated
venous thromboembolism. Nature reviews Disease primers,
8(1), 11. doi:10.1038/s41572-022-00336-y.

Fink, P. J. (Ed.). (2018). The cancer immunotherapy
revolution: mechanistic insights. The Journal of
Immunology, 200(2), 371-372.

Van den Bulk, J., Verdegaal, E. M., De Miranda, N. F.
(2018). Cancer immunotherapy: broadening the scope of
targetable tumours. Open biology, 8(6), 180037.

Fu, C., Wang, G., Yang, W. (2021). Vascular thrombosis and
anti-PD-1 therapy: a series of cases. Cancer Management
and Research, 8849-8853.

Moik, F., Chan, W. S. E., Wiedemann, S., Hoeller, C.,
Tuchmann, F., Aretin, M. B., Ay, C. (2021). Incidence,
risk factors, and outcomes of venous and arterial
thromboembolism in immune checkpoint inhibitor therapy.
Blood, The Journal of the American Society of Hematology,
137(12), 1669-1678.

Wang, Y., Li, W., Li, Z., Mo, F., Chen, Y., lida, M., Hu,
Q. (2023). Active recruitment of anti—PD-l1-conjugated
platelets through tumor-selective thrombosis for enhanced
anticancer immunotherapy. Science Advances, 9(13),
eadf6854.

Destere, A., Merino, D., Lavrut, T., Rocher, F., Viard, D.,
Drici, M. D., Gérard, A. O. (2024). Drug-induced cardiac
toxicity and adverse drug reactions, a narrative review.
Therapies, 79(2), 161-172.

Cimmino, G., & Cirillo, P. (2018). Tissue factor: newer
concepts in thrombosis and its role beyond thrombosis and
hemostasis. Cardiovascular diagnosis and therapy, 8(5),
581. doi: 10.21037/cdt.2018.10.14. PMID: 30498683;
PMCID: PMC6232348

Freitas-Dias, C., Gongalves, F., Martins, F., Lemos, I.,
Gongalves, L. G., Serpa, J. (2024). Interaction between

NSCLC Cells, CD8+ T-Cells and Immune Checkpoint

Open Access J Med Haealthe

18.

19.

20.

21.

22.

23.

24,

25.

Inhibitors Potentiates Coagulation and Promotes Metabolic
Remodeling—New Cues on CAT-VTE. Cells, 13(4), 305.
doi: 10.3390/cells13040305. PMID: 38391918; PMCID:
PMC10886748

Solinas, C., Saba, L., Sganzerla, P., Petrelli, F. (2020). Venous
and arterial thromboembolic events with immune checkpoint
inhibitors: a systematic review. Thrombosis Research, 196,
444-453. doi: 10.1016/j.thromres.2020.09.038. Epub 2020
Oct 8. PMID: 33065409.

Freitas-Dias, C., Gongalves, F., Martins, F., Lemos, I.,
Gongalves, L. G., Serpa, J. (2024). Interaction between
NSCLC Cells, CD8+ T-Cells and Immune Checkpoint
Inhibitors Potentiates Coagulation and Promotes Metabolic
Remodeling—New Cues on CAT-VTE. Cells, 13(4), 305.
doi: 10.3390/cells13040305. PMID: 38391918; PMCID:
PMC10886748

Patalakh, 1., Wandersee, A., Schliiter, J., Erdmann, M.,
Hackstein, H., Cunningham, S. (2025). Influence of the
immune checkpoint inhibitors on the hemostatic potential
of blood plasma. Transfusion Medicine and Hemotherapy,
52(2),120-131. doi: 10.1159/000535926. PMID: 40201622;
PMCID: PMC11975347

Li, Y., Jiang, H., Luo, L., Mei, H. (2025). Immunotherapy-
associated hemostatic abnormalities: bleeding and
thrombotic complications. Annals of Hematology, 1-15.
doi: 10.1007/s00277-025-06482-z. Epub 2025 Jul 1. PMID:
40590914

Moik, F., Chan, W. S. E., Wiedemann, S., Hoeller, C.,
Tuchmann, F., Aretin, M. B., Ay, C. (2021). Incidence,
risk factors, and outcomes of venous and arterial
thromboembolism in immune checkpoint inhibitor therapy.
Blood, The Journal of the American Society of Hematology,
137(12), 1669-1678.

Sussman, T. A., Li, H., Hobbs, B., Funchain, P., McCrae, K.
R., Khorana, A. A. (2021). Incidence of thromboembolism
in patients with melanoma on immune checkpoint inhibitor
therapy and its adverse association with survival. Journal
for immunotherapy of cancer, 9(1), e001719.

Khorana, A. A., Palaia, J., Rosenblatt, L., Pisupati, R.,
Huang, N., Nguyen, C., Bond, T. C. (2023). Venous
thromboembolism incidence and risk factors associated
with
with advanced non-small cell lung cancer. Journal for
Immunotherapy of Cancer, 11(1), e006072.

Gergely, T. G., Drobni, Z. D., Sayour, N. V., Ferdinandy, P.,

Varga, Z. V. (2025). Molecular fingerprints of cardiovascular

immune checkpoint inhibitors among patients

toxicities of immune checkpoint inhibitors. Basic research
in cardiology, 120(1), 187-205. doi: 10.1007/s00395-024-
01068-8. Epub 2024 Jul 17. PMID: 39023770; PMCID:


https://openpubglobal.com/journal/open-access-journal-of-medicine-and-healthcare

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

PMC11790702

Liu, S., Li, X., Wu, C., Yao, L., Dong, H., Zhang, H., Xu,
Y. (2025). Efficacy and safety of neoadjuvant ICI combined
with chemotherapy in breast cancer from the perspective
of a privileged population: a systematic review and meta-
analysis. International Journal of Surgery, 10-1097. doi:
10.1097/JS9.0000000000002528. Epub 2025 May 26.
PMID: 40422076

Boutros, C., Scoazec, J. Y., Mateus, C., Routier, E., Roy,
S., Robert, C. (2018). Arterial thrombosis and anti-PD-1
blockade. European Journal of Cancer, 91, 164-166.

Gong, J., Drobni, Z. D., Alvi, R. M., Murphy, S. P., Sullivan,
R. J., Hartmann, S. E., Neilan, T. G. (2021). Immune
checkpointinhibitors for cancer and venous thromboembolic
events. European Journal of Cancer, 158, 99-110.

Liu, H., Fu, L., Jin, S., Ye, X., Chen, Y., Pu, S., Xue, Y.
(2024). Cardiovascular toxicity with CTLA-4 inhibitors in
cancer patients: A meta-analysis. Cancer Innovation, 3(3),
ell6. doi: 10.1002/cai2.116. PMID: 38947758; PMCID:
PMC11212283.)

Zenati, N., Charles, J., Templier, 1., & Blaise, S. (2020,
March). Ischémie digitale avec ulcération pulpaire sous

ipilimumab. In Annales de Dermatologie et de Vénéréologie

147,3), 212-216. Elsevier Masson. doi:10.1016/j.
annder.2019.09.606
Cunningham, M., Gupta, R., Butler, M. (2024).

Checkpoint inhibitor hepatotoxicity: pathogenesis and
management. Hepatology, 79(1), 198-212. doi:10.1097/
HEP.0000000000000045

Ando, Y., Hayashi, T., Sugimoto, R., Nishibe, S., Ito, K.,
Kawada, K., Imaizumi, K. (2020). Risk factors for cancer-
associated thrombosis in patients undergoing treatment with
immune checkpoint inhibitors. Investigational New Drugs,
38(4), 1200-1206.

Goodman, R. S., Johnson, D. B., Balko, J. M. (2023).
Corticosteroids and cancer immunotherapy. Clinical Cancer
Research, 29(14), 2580-2587. doi:10.1158/1078-0432.
CCR-22-3181

Alghamdi, E. A., Aljohani, H., Alghamdi, W., Alharbi,
F. (2022). Immune checkpoint inhibitors and potential
risk of thromboembolic events: Analysis of the WHO
global database of individual case safety reports. Saudi
Pharmaceutical Journal, 30(8), 1193-1199. doi: 10.1016/j.
j8ps.2022.06.010. Epub 2022 Jun 21. PMID: 36164566;
PMCID: PMC9508630

35. NO ICI, Farge D, Frere C, Connors JM, Khorana AA,
Kakkar A, Ay C, Mufioz A, Brenner B, Prata PH, Brilhante
D, Antic D, Casais P, Guillermo Esposito MC, lkezoe T,
Abutalib SA, Meillon-Garcia LA, Bounameaux H, Pabinger

Open Access J Med Haealthe

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

I, Douketis J; International Initiative on Thrombosis and
Cancer (ITAC) advisory panel. 2022 international clinical
practice guidelines for the treatment and prophylaxis
of venous thromboembolism in patients with cancer,
including patients with COVID-19. Lancet Oncol. 2022
Jul;23(7):e334-e347. doi: 10.1016/S1470-2045(22)00160-
7. PMID: 35772465; PMCID: PMC9236567

Munir, M., Sayed, A., Addison, D., Epperla, N. (2024).
Cardiovascular toxicities associated with novel cellular
immune therapies. Blood Advances, 8(24), 6282-6296. doi:
10.1182/bloodadvances.2024013849. PMID: 39418640;
PMCID: PMC11698921.

Peng, X., Zhang, X., Zhao, M., Chang, D., Yang, L., Mei,
H., Zhang, R. (2024). Coagulation abnormalities associated
with CAR-T-cell therapy in haematological malignancies:
A review. British Journal of Haematology, 205(2), 420-428.
doi:10.1111/bjh.19583

Ando, Y., Hayashi, T., Sugimoto, R., Nishibe, S., Ito, K.,
Kawada, K., Imaizumi, K. (2020). Risk factors for cancer-
associated thrombosis in patients undergoing treatment with
immune checkpoint inhibitors. Investigational New Drugs,
38(4), 1200-1206.

McCrae, K. R., Swaidani, S., Diaz-Montero, C. M.,
Khorana, A. A. (2022). Old is new again: emergence
of thromboembolic complications in cancer patients on
immunotherapy. Thrombosis research, 213, S51-S57.
doi:10.1016/j.thromres.2022.01.006.

Chen, J., Liu, S., Ruan, Z., Wang, K., Xi, X., Mao, J. (2024).
Thrombotic events associated with immune checkpoint
inhibitors and novel antithrombotic strategies to mitigate
bleeding risk. Blood Reviews, 67, 101220.

Rolling, C. C., Lewirt, S., Beitzen-Heineke, A., Beckmann,
L., Bokemeyer, C., Alsdorf, W., Langer, F. (2025).
Checkpoint Inhibitors, CAR T Cells, and the Hemostatic
System: What Do We Know So Far?. Hamostaseologie,
45(02), 175-187. doi:10.1055/a-2528-5071.

Ide, T., Araki, T., Koizumi, T. (2024). Thromboembolism
during immune checkpoint inhibitor therapy: frequency and
risk factors. Discover Oncology, 15(1), 527.

Ruf W, Graf C. Coagulation signaling and cancer
immunotherapy. Thromb Res. 2020 Jul;191 Suppl
1:S106-S111.  doi:  10.1016/S0049-3848(20)30406-0.
PMID: 32736766.

Yin, J., Song, Y., Tang, J., Zhang, B. (2022). What is the
optimal duration of immune checkpoint inhibitors in
malignant tumors?. Frontiers in Immunology, 13, 983581.
doi:  10.3389/fimmu.2022.983581. PMID: 36225926;
PMCID: PMC9548621

Overvad, T. F., Skjeth, F., Piazza, G., Noble, S., Ording,


https://openpubglobal.com/journal/open-access-journal-of-medicine-and-healthcare

46.

47.

48.

A. G., Larsen, T. B., & Nielsen, P. B. (2022). The Khorana
score and venous and arterial thrombosis in patients with
cancer treated with immune checkpoint inhibitors: A Danish
cohort study. Journal of Thrombosis and Haemostasis,
20(12), 2921-2929. doi: 10.1111/jth.15883. Epub 2022 Oct
7. PMID: 36112135; PMCID: PM(C9828438

Poto, R., Marone, G., Pirozzi, F., Galdiero, M. R.,
Cuomo, A., Formisano, L., Varricchi, G. (2021). How can
we manage the cardiac toxicity of immune checkpoint
inhibitors?. Expert Opinion on Drug Safety, 20(6), 685-694.
doi: 10.1080/14740338.2021.1906860. Epub 2021 Apr 1.
PMID: 33749484

Fawaz, H., Numan, H., El Charif, M. H., Charbel, N., El
Khoury, S., Rizkallah, J., Kreidieh, F. (2025). Exploring
the Emerging Association Between Immune Checkpoint
Inhibitors and Thrombosis. Journal of Clinical Medicine,
14(10),3451.doi: 10.3390/jcm14103451. PMID: 40429445,
PMCID: PMC12112099

Xia, X., Chen, S., Huang, C., Ye, Y., Shen, Y., Wang, L.

49.

50.

51.

(2025). A new Score for Predicting Immune Checkpoint
Inhibitor-Associated Thrombosis
Clinical and Applied Thrombosis/Hemostasis,
10760296251351020.

van Lent, A., Puscasu, R., Kaasjager, K. A., Haitjema, S.,
Suelmann, B. B., Verhaar, M. C., Ocak, G. (2025). Venous
and arterial thrombosis in patients receiving immune
checkpoint inhibitors. PloS one, 20(4), ¢0321112. doi:
10.1371/journal.pone.0321112. PMID: 40168398; PMCID:
PMC11960909

Fowler, C., Pastores, S. M. (2025). Venous Thromboembolic
Events in Cancer Immunotherapy: A Narrative Review.
Journal of Clinical Medicine, 14(14), 4926. doi: 10.3390/
jem14144926. PMID: 40725619; PMCID: PMC1229497
Beyer-Westendorf, J. (2021). Checkpoint inhibitors and
thrombosis: what’s up?. Blood, The Journal of the American
Society of Hematology, 137(12), 1569-1570. doi: 10.1007/
$10637-019-00881-6. Epub 2019 Dec 10. PMID: 31823160

in Cancer Patients.
31,

Copyright: ©2025 Udvardy, M. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,

provided the original author and source are credited.

Open Access J Med Haealthc


https://openpubglobal.com/journal/open-access-journal-of-medicine-and-healthcare

