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Essentials

• A bidirectional link between hemostasis and cancer has been recognized for decades.
• The mechanisms linking hemostasis and cancer include innate and adaptive immunity.
• Hemostatic system components limit adaptive antitumor immunity through multiple mechanisms.
• Therapies that promote adaptive antitumor immunity appear to increase thromboembolic risk.
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Abstract
Significant data have accumulated demonstrating a reciprocal relationship between 
cancer and the hemostatic system whereby cancer promotes life- threatening he-
mostatic system dysregulation (e.g., thromboembolism, consumptive coagulopathy), 
and hemostatic system components directly contribute to cancer pathogenesis. The 
mechanistic underpinnings of this relationship continue to be defined, but it is be-
coming increasingly clear that many of these mechanisms involve crosstalk between 
the hemostatic and immune systems. This is perhaps not surprising given that there 
is ample evidence for bidirectional crosstalk between the hemostatic and immune 
systems at multiple levels that likely evolved to coordinate the response to injury, 
host	defense,	and	tissue	repair.	Much	of	the	data	linking	hemostasis	and	immunity	in	
cancer biology focus on innate immune system components. However, the advent of 
adaptive immunity- based cancer therapies such as immune checkpoint inhibitors has 
revealed that the relationship of hemostasis and immunity in cancer extends to the 
adaptive immune system. Adaptive immunity- based cancer therapies appear to be 
associated with an increased risk of thromboembolic complications, and hemostatic 
system components appear to regulate adaptive immune functions through diverse 
mechanisms to affect tumor progression. In this review, the evidence for crosstalk 
between hemostatic and adaptive immune system components is discussed, and the 
implications of this relationship in the context of cancer therapy are reviewed. A bet-
ter understanding of these relationships will likely lead to strategies to make existing 
adaptive immune based therapies safer by decreasing thromboembolic risk and may 
also lead to novel targets to improve adaptive immune- based cancer treatments.
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1  |  INTRODUCTION

The association of venous thromboembolism (VTE) with cancer was 
first described more than a century ago by Dr. Armand Trousseau and 
is referred to as “Trousseau syndrome.”1 Studies spanning the past 5 
decades have shown that the association of cancer and hemostasis is 
bidirectional. Cancer not only causes hemostatic system dysregula-
tion, but hemostatic system components are actively involved in can-
cer pathogenesis.2	Many	malignant	cell	types	express	tissue	factor	
(TF), the primary cell associated initiator of thrombin generation.3 TF 
expression by tumor cells has been linked to more advanced disease 
and a worse prognosis for multiple cancers.3	More	recent	data	have	
shown that tumor cells and/or stromal cells in the microenvironment 
are also capable of secreting hemostatic proteases, including factor 
VII and factor X.4- 6 Therefore, the tumor microenvironment has the 
necessary “tools” to initiate signaling events through protease acti-
vated receptors (PARs) and to generate thrombin. Consistent with 
this, TF has been implicated in cancer progression through mecha-
nisms linked to both hemostatic system activation as well as sign-
aling mechanisms independent of hemostasis.3 Thrombin has been 
shown to promote multiple aspects of cancer pathogenesis, includ-
ing tumorigenesis, angiogenesis, and metastases through direct and 
indirect mechanisms.7,8 Thrombin- mediated cleavage of the seven- 
transmembrane receptor, PAR- 1, which is up- regulated on many 
malignant cell types, has been implicated in promoting oncogenic 
gene up- regulation, subendothelial matrix adhesion, self- sufficient 
growth signals, resistance to apoptosis, and unlimited replication 
potential.9 PAR- 1 expressed by tumor stromal cells has also been im-
plicated in tumor progression.10- 12 Thrombin- mediated activation of 
platelets, fibrinogen, and factor XIII constitute indirect mechanisms 
by which thrombin further enhances pro- tumorigenic phenotypes, 
including metastasis, and immune cell evasion.8

Several of the mechanisms coupling hemostatic system com-
ponents to cancer progression have been shown to involve innate 
immune cells (e.g., macrophages, natural killer cells).2,8 However, 
the role of interplay between hemostatic system components and 
adaptive immunity in cancer pathogenesis represents a relatively 
new area of exploration. Interest in the role of hemostatic factors 
in adaptive immunity has become of significant importance because 
of the implementation of immune checkpoint inhibitor (ICI) thera-
pies.13	Malignant	tumors	can	be	recognized	by	adaptive	immune	sys-
tem components, and cytotoxic T cells are capable of killing cancer 
cells.14 However, malignant tumors rapidly evolve multiple mecha-
nisms to shut down adaptative immune mechanisms and create T- 
cell exhaustion in the tumor microenvironment.14 ICI therapies are 
promising anticancer strategies to reinvigorate the immune com-
partment that reached clinical practice over the past decade.13,15 
Broadly speaking, the mechanism of action of these therapies in-
volves blocking the interaction of regulatory immune receptors 
(e.g., programmed cell death protein 1, programmed death ligand 
1 [PD- L1], and cytotoxic T lymphocyte- associated protein 4) with 
their ligands, thereby promoting an adaptive antitumor immune re-
sponse.15 Similarly, chimeric antigen receptor (CAR) T- cell therapy 

has become a widely used strategy to manipulate the immune sys-
tem to target “liquid” tumors (i.e., leukemia and lymphoma).15 Here, 
cytotoxic T cells engineered to express a T- cell receptor capable of 
recognizing tumor antigens are introduced into patients.

Although adaptive immune- based therapies have improved 
outcomes for numerous patients with a variety of malignancies, 
growing evidence indicates that the use of these therapies may be 
associated with a high risk of coagulation disorders, particularly VTE. 
Taken together, these clinical observations suggest that the recip-
rocal bidirectional link between hemostasis and immunity in cancer 
pathogenesis extends beyond innate immunity to include adaptive 
immunity. The goals of this manuscript are to (1) review the data link-
ing adaptive immunity- based cancer therapies to hemostatic system 
deregulation and thrombosis and (2) discuss the mechanistic under-
pinnings of the reciprocal relationship between the hemostatic and 
immune systems in cancer progression, including relatively recent 
data indicating that hemostatic system components regulate the 
adaptive immune response in cancer. Note that for the purposes 
of this review, the term “hemostasis” is broadly used to describe all 
components of the hemostatic system, including cellular (e.g., plate-
lets, endothelial cells) and protein components.

2  | HEMOSTATIC SYSTEM COMPONENTS 
REGULATE INNATE AND ADAPTIVE TUMOR 
IMMUNITY IN THE CONTEXT OF CANCER 
PATHOGENESIS

Substantial evidence has accumulated supporting the view that the 
hemostatic and immune systems represent an integrated unit in-
volved in wound healing and host defense. This view is supported 
by an impressive and growing body of evidence indicating that there 
is bidirectional crosstalk between the hemostatic and immune sys-
tems at multiple levels.7,16- 20 Given the importance of both innate 
and adaptive immune functions in the pathogenesis of cancer, it is 
perhaps not surprising that these areas of critical crosstalk between 
hemostasis and immunity also affect cancer pathogenesis. The 
reciprocal nature of the crosstalk between hemostasis and immu-
nity means that immune dysregulation in cancer not only leads to 
thromboembolic complications, but also that alterations in immune 
functions driven by hemostatic system components directly affect 
cancer pathogenesis.

To date, most of the studies examining the interplay of hemo-
stasis and immunity on cancer pathogenesis have focused on innate 
immune system components. For example, platelets and fibrinogen 
have been shown to promote the metastatic potential of circulating 
tumor cells by impeding the clearance of micrometastases by natural 
killer (NK) cells.21,22 One mechanism coupling platelets to metasta-
sis involves the local release of transforming growth factor- β1 from 
α granules, a key immune modulator that downregulates NK cell 
functions.23 Platelets also have been shown to transfer major his-
tocompatibility class I molecules to the surface of circulating tumor 
cells, thereby making them less likely to be targeted by NK cells.24 
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Platelets rapidly adhere to embolic tumor cells and promote that ex-
travasation of metastatic tumor cells into the parenchyma of target 
organs.25 In addition to providing a suitable microenvironment to a 
metastatic tumor cell, extravasation could also protect the malignant 
cell from circulating immune surveillance mechanisms.

The platelet/fibrinogen axis has also been shown to drive patho-
logical innate immune functions important in intestinal tumorigen-
esis. Pharmacological platelet inhibition was shown to significantly 
limit tumorigenesis in a murine model of inflammation- driven ad-
enoma formation.26	 Mechanistic	 studies	 suggested	 that	 platelets	
and/or platelet- derived soluble factors promote tumorigenesis in 
the colon by creating an immunosuppressive microenvironment by 
regulating the development of myeloid- derived suppressor cells.26 
Fibrinogen has also been linked to intestinal tumorigenesis via mech-
anisms involving innate immunity independently of its role in plate-
let aggregation. These studies showed that fibrin(ogen)- mediated 
engagement of the β2 integrins αMβ2 and/or αXβ2 promotes tumor-
igenesis in colitis.27 Fibrin(ogen)- leukocyte interactions were shown 
to support the local secretion of key inflammatory cytokines known 
to play a role in colon cancer progression (i.e., interleukin- 6 [IL- 6], 
tumor necrosis factor- α, IL- 1β). These fibrin(ogen)- driven inflamma-
tory events led to rapid alterations in colonic epithelial cells, includ-
ing phosphorylation of the transcription factors cJun and p65.27

More	recent	studies	have	shown	a	link	between	hemostatic	sys-
tem components and adaptive immunity in cancer pathogenesis. 
Refer to Figure 1A for a graphical summary of the potential mech-
anisms linking hemostatic system components to adaptive tumor 

immunity reviewed here. Analyses of syngeneic transplantable 
pancreatic cancer cells in mice revealed that tumor- derived PAR- 1 
expression promotes tumor growth in this context by a mechanism 
linked to downregulation of adaptive immune clearance mechanisms. 
Genetic deletion of tumor cell- associated PAR- 1 essentially elimi-
nated the ability of these cells to form tumors in immunocompetent 
mice, but tumor growth was restored in immunodeficient NSG mice, 
or by depletion of CD8+ T cells.28 Thrombin- mediated activation of 
PAR- 1 expressed by pancreatic cancer cells was shown to upregu-
late expression of Csf2 (granulocyte macrophage colony stimulat-
ing factor), and Ptgs2 (prostaglandin- endoperoxide synthase 2), 
both of which have been linked to immunosuppressive functions.29 
Overexpression of Csf2 and Ptgs2 in PAR- 1- deleted pancreatic can-
cer cells partially restored tumor growth. These studies suggest that, 
at least in some contexts, thrombin- mediated activation of tumor 
cell- associated PAR- 1 triggers transcriptional changes that contrib-
ute to the immunosuppressive tumor microenvironment, thereby 
promoting tumor growth. These studies also suggest the intriguing 
possibility that available inhibitors of PAR- 1 (e.g., vorapaxar) could 
be used to stimulate an adaptive immune response in some cancers, 
such as pancreatic adenocarcinoma. However, further study will be 
needed to better determine which malignancies could potentially 
benefit from such therapy. Previous studies in mice showed that 
genetic deletion of PAR- 1 resulted in larger and more aggressive tu-
mors in two distinct murine models of spontaneous prostate cancer 
and intestinal adenoma formation.30 Better defining which cancers 
are dependent on PAR- 1 for escape from tumor immunity will be 

F IGURE  1 Graphical	summary	of	the	proposed	mechanistic	crosstalk	between	adaptive	immunity	and	hemostasis	in	cancer.	(A)	
Thrombin-	mediated	activation	of	tumor	cell-	associated	PAR-	1	and	factor	Xa-	mediated	activation	of	TAM-	associated	PAR-	2	downregulate	
T- cell effector functions, limiting adaptive tumor immunity. Thrombin- mediated activation of T cell- associated PAR- 1 has been linked to 
upregulation of T- cell effector functions in other contexts, but whether this pathway plays a role in adaptive tumor immunity remains to 
be determined. See text for details. (B) Upregulation of adaptive tumor immunity could promote thrombosis through multiple mechanisms. 
Killing of tumor cells could result in release of TF- expressing microvesicles. T cell activation has been shown to result in upregulation of 
monocyte/macrophage TF expression in vitro. Whether this mechanism is relevant in the context of cancer remains to be determined. 
Increased circulating levels of IL- 8 have been associated with an increased incidence of thrombosis in patients receiving ICI therapy. IL- 8 has 
been	shown	to	promote	NETosis	in	myeloid	derived	suppressor	cells	(MDSC),	providing	a	potential	link	between	IL-	8	and	thrombosis.	See	
text for details
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an important step in determining which cancers could benefit from 
drugs targeting PAR- 1.

A role for hemostatic system components in adaptive tumor 
immunity was also indicated by studies in mice showing that fac-
tor Xa (FXa) secreted by myeloid cells in the tumor microenviron-
ment promotes evasion from adaptive tumor immunity. FXa was 
mechanistically coupled to evasion of adaptive immune clearance 
mechanisms by activation of PAR- 2.6 These studies also showed that 
treatment of tumor bearing mice with the FXa inhibitor, rivaroxaban, 
enhanced the antitumor immune response generated by ICI therapy. 
Consistent with these results, recent clinical analyses suggested a 
link between the use of FXa inhibitors and improved outcomes in pa-
tients receiving ICI therapy.31 This retrospective study analyzed 280 
patients with metastatic melanoma receiving ICI therapy. Of these, 
76	were	treated	concomitantly	with	anticoagulation	with	29	receiv-
ing heparins, 20 receiving vitamin K antagonists, and 27 receiving 
small- molecule FXa inhibitors (rivaroxaban, edoxaban, or apixaban). 
Anticoagulation was not associated with a significant increase in 
bleeding complications in these patients. There was no difference 
in response to therapy in comparisons of those patients receiving 
ICI therapy together with anticoagulation versus those receiving ICI 
therapy alone. However, when the authors stratified the patients by 
the class of anticoagulant administered, a different picture emerged. 
Patients receiving FXa inhibitors had a significantly better re-
sponse to ICI therapy than those not receiving any anticoagulant.31 
Interestingly, patients receiving vitamin K antagonists had a similar 
response to therapy as those patients receiving no anticoagulation, 
but patients receiving heparins had a worse response than those not 
receiving any anticoagulation.

Although the results of this clinical analysis are intriguing31 and 
suggest that FXa inhibitors could augment antitumor immunother-
apy, they must be interpreted with caution. The study was entirely 
retrospective in nature. Prospective randomized trials are needed 
to definitively determine if the combination of a FXa inhibitor and 
ICI	 therapy	 is	 superior	 to	 ICI	 therapy	alone	and	 is	 safe.	Moreover,	
additional mechanistic studies are needed to explain why a small- 
molecule FXa inhibitor would be superior in this context relative to 
other anticoagulants that would also target FX.31 One possibility is 
that this class of FXa inhibitors is better able to enter the tumor micro-
environment relative to heparins, which are rather large molecules. 
Another possible explanation is that patients receiving heparins in 
this study tended to have more severe thromboembolic complica-
tions (e.g., pulmonary embolism) than patients receiving a FXa in-
hibitor (e.g., atrial fibrillation),31 which could have contributed to the 
worse outcome seen in the heparin treated cohort. That vitamin K 
antagonists (VKAs) were not beneficial is harder to explain because 
VKAs target FX in addition to FII, FVII, and FIX. However, VKAs also 
limit the vitamin K- dependent anticoagulants, protein C and protein 
S, and can have off- target effects.32 Another intriguing explanation 
for these findings comes from studies showing that thrombin pro-
motes T- cell effector functions. Thrombin has been shown to pro-
mote T- cell proliferation and cytokine production at physiological 
concentrations.33 Previous studies of primary human T cells showed 

that thrombin acts in synergy with the T- cell receptor to increase cy-
tokine production (i.e., interferon γ).34 These same authors showed 
that thrombin promotes T- cell motility.34	More	recent	studies	have	
shown that PAR- 1 signaling accelerates TCR- induced calcium mobili-
zation and facilitates polarized secretion of cytotoxic granules at the 
immunological synapse in human T cells.35 Consistent with a role for 
the thrombin/PAR- 1 axis in T- cell effector functions, these authors 
showed that CD8+ T cells deficient in PAR- 1 have impaired clear-
ance of lymphocytic choriomeningitis virus in vivo. Together, these 
studies implicate CD8+ T cell- associated PAR- 1 as a relevant throm-
bin target, and strongly suggest that thrombin promotes crucial T- 
cell effector function. Therefore, it is conceivable that anticoagulant 
strategies that significantly limit prothrombin synthesis or throm-
bin functions could limit an adaptive immune- driven antitumor re-
sponse. One could hypothesize that anticoagulants that specifically 
target FXa and are small enough to enter the tumor microenviron-
ment create a favorable balance of diminished PAR- 2 activation rel-
ative to diminished local thrombin generation, thereby favoring the 
adaptive antitumor immune response. Conversely, anticoagulants 
that are incapable of entering the tumor microenvironment or also 
significantly impact prothrombin synthesis could lead to impaired T- 
cell activation and a poor antitumor response. Additional mechanis-
tic studies, particularly in animal models, are needed to better define 
the role thrombin and FXa in adaptive antitumor immunity.

3  | ADAPTIVE IMMUNE 
DIRECTED CANCER THERAPY AND 
THROMBOEMBOLISM

There is growing recognition that adaptive immune based cancer 
therapies appear to be associated with a relatively high risk of throm-
boembolism. Several retrospective studies have shown a strong cor-
relation between ICI treatment and thrombotic complications. The 
majority of thromboembolic events reported in patients receiving 
ICI therapies are VTE, but arterial thromboembolism (ATE) has also 
been reported. The rates of VTE and ATE in these studies range 
from ~12% to 25% and 2% to 6%, respectively.23,36-	43 A retrospec-
tive review of 2854 patients receiving ICI therapy demonstrated an 
absolute	risk	of	VTE	of	13.8%	at	1	year.36 The patients in this study 
had a variety of malignancies, but the majority were diagnosed with 
non- small cell lung cancer (NSCLC; 28%) and melanoma (28%). The 
risk of VTE was estimated as 4- fold higher after starting ICI versus 
before ICI therapy.36 Traditional risk factors for VTE, including a 
higher Khorana risk score, history of hypertension, and history of 
previous VTE, all correlated with a higher VTE risk with ICI therapy. 
Note that the five variables of the Khorana score include primary 
tumor site, body mass index, white blood cell count, platelet count, 
and hemoglobin level or use of erythropoiesis- stimulating agents.44 
A retrospective cohort study of 1686 patients receiving ICI therapy 
for a variety of cancers demonstrated an overall incidence of VTE of 
24%.37 The patients who suffered VTE in this cohort also had worse 
survival relative to those without VTE. Because of the retrospective 
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nature of this study, it is unclear what treatment, if any, these pa-
tients received for VTE. A correlation between VTE and poor sur-
vival was also shown in a retrospective analysis of 228 patients with 
melanoma receiving ICI therapy. Here, the cumulative incidence of 
VTE and ATE were 16.2% and 6.1%.40 These authors also observed 
an increased incidence of VTE in patients receiving dual ICI thera-
pies	relative	to	those	receiving	single	agents.	Moreover,	patient	with	
thromboembolism had a 2- year survival of 50.8% compared with 
71.3%	for	patients	without	thromboses.	Notably,	all	the	patients	in	
this study had stage III or IV disease, with the majority having stage 
IV disease (81%).

Hemostatic derangements have also been observed in patients 
receiving CAR immunotherapies. A retrospective review of 127 pa-
tients with B- cell leukemia or lymphoma receiving CAR therapies 
noted bleeding and thrombotic complications in ~10% and 6% of pa-
tients, respectively.45 An ~10% incidence of VTE within 60 days of 
initiating CAR- T cell therapy was observed in a retrospective analysis 
of	91	patients	with	non-	Hodgkin	lymphoma	or	multiple	myeloma.46 
However, another retrospective study observed a much lower risk 
of thrombosis (~2%) with CAR therapy, but the patients in this study 
had high rate of pharmacological thromboprophylaxis.47 Other ther-
apies can accompany CAR- T, such as radiotherapy, which can also 
contribute to thrombotic risk.

Although the data suggesting that adaptive immunity- based 
cancer therapies carry a high risk of thrombosis is compelling, two 
critical related questions remain unanswered: (1) Are these ther-
apies inherently more thrombotic than traditional chemotherapy 
and/or the cancer itself? (2) Are there unique mechanism(s) cou-
pling adaptive immune- based cancer therapies to thrombosis that 
are not at play with other cancer therapies or cancer in general? 
As previously discussed, cancer is a well- recognized thrombophilic 
state. Because there are no prospective studies directly comparing 
adaptive immune- based therapies to traditional chemotherapy, it 
is difficult to determine to what degree adaptive immunity- based 
therapies add to the risk of thrombosis already associated with 
cancer and cancer therapy in general. The overall incidence of VTE 
in cancer has been estimated at 4%– 20%, and varies depending 
on the type of malignancy, stage of the disease, therapy, and host 
factors.48 These numbers are comparable to the incidence of VTE 
reported	with	ICI	and	CAR	therapies.	Many	of	the	patients	receiv-
ing ICI therapy have advanced- stage disease, which also correlates 
with an increased risk of thrombosis for many cancers. For exam-
ple, melanoma represents one particular malignancy that is often 
highly	 responsive	 to	 ICI	 therapy.	A	 retrospective	 analysis	 of	 290	
patients with stage IV melanoma observed a cumulative incidence 
of VTE of 25%. All these events occurred during chemotherapy 
treatment.49 This is comparable to the cumulative incidence of VTE 
of 16.2% observed in patients with advanced- stage melanoma re-
ceiving ICI therapy noted previously.40 The question of whether 
ICI therapy represents a unique thrombogenic risk has also been 
called into question in a study of patients with NSCLC. Here, a 
retrospective	analysis	of	a	series	of	593	patients	with	NSCLC	re-
ceiving ICI were shown to have a cumulative incidence of VTE of 

14.8%.39 Here, VTE did not correlate with overall survival. There 
was a trend toward diminished progression- free survival in patients 
who developed thromboses, but this did not reach statistical sig-
nificance. The authors concluded that VTE incidence in this cohort 
of patients receiving ICI therapy was comparable to that observed 
with patients treated with chemotherapy.50- 54 Together, the con-
flicting conclusions reviewed here speak to the limitations of the 
retrospective studies of ICI therapies and thrombosis conducted 
thus far. Although these studies have been informative, they lack 
the proper control groups necessary to definitively determine the 
relative contribution of ICI to thrombotic risk. It remains to be de-
termined if adaptive immune- based therapies are inherently more 
prothrombotic than malignancy itself and/or traditional cancer 
therapies.

The potential mechanism(s) coupling adaptive immunity- based 
therapies to thrombosis remain poorly defined. In fact, it remains to 
be determined if immune- based cancer therapies promote throm-
boembolism through unique mechanisms, or if the prothrombotic 
risk apparently associated with these therapies simply represents 
an extension of the well- established thromboembolic risk associ-
ated with malignancy and cancer treatment in general. A straight-
forward explanation for the apparent thrombotic risk associated 
with immune based cancer therapies is that T cell- mediated lysis 
of tumor cell results in rampant release of tumor cell- associated TF 
expressing microvesicles.55 ICI therapy has also been implicated 
in increasing TF expression in tumor associated macrophages. A 
study of patients with NSCLC receiving ICI therapy showed that 
hemostatic system dysregulation was associated with high PD- L1 
expression.56	 Moreover,	 in	 vitro	 studies	 showed	 that	 T-	cell	 acti-
vation induced TF expression in monocytes expressing high levels 
of PD- L1,56 suggesting that these cells could represent another 
source of TF in the context of ICI therapy. Activation of inflam-
matory pathways and release of proinflammatory cytokines may 
contribute to VTE in the context of adaptive immune- based cancer 
therapies. Cytokine release syndrome and subsequent hemostatic 
system derangements appears to be especially important in the 
context of CAR T therapies.57 A link between immunoregulatory 
pathways and thrombosis is also suggested by analyses of a large 
cohort of patients receiving ICI therapy, where it was shown that 
the patients who went on to developed VTE had higher pretreat-
ment	 levels	 of	 myeloid-	derived	 suppressor	 cells	 (MDSCs),	 IL-	8,	
and soluble vascular cell adhesion protein 1.37 Notably, these bio-
markers are completely distinct from the biomarkers shown to be 
associated with VTE in other studies of cancer- associated throm-
bosis (e.g., TF- expressing microvesicles, elevated D- dimer, soluble 
P- selectin).58	It	is	also	notable	that	cancer-	associated	MDSCs	have	
been shown to secrete FX.6 Furthermore, IL- 8 has been linked to 
the	generation	of	neutrophil	extracellular	traps	by	MDSCs,59 which 
have also been shown to have procoagulant properties.60 Taken to-
gether, these results suggest that the mechanisms driving VTE in ICI 
therapy are distinct from those associated with cancer and cancer 
therapy in general and are related to alterations in immune func-
tions. Refer to Figure 1B for a pictorial summary of the potential 
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mechanisms linking adaptive immune- driven anticancer therapy to 
thromboembolism.

The available evidence supports the view that adaptive 
immune- based cancer therapies are associated with a significant 
risk of thromboembolism, particularly VTE. Whether this throm-
bophilia is driven by unique mechanism(s) linked to upregulation 
of adaptive immune functions represents an extension of the 
more well- established link between malignancy and thrombosis, 
or some combination of the two remains to be definitively deter-
mined.	More	mechanistic	 studies,	particularly	analyses	 in	animal	
models, will help answer this critical question. Current practice 
for thromboprophylaxis of patients with cancer involves a risk as-
sessment to determine which patients would most benefit from 
prophylactic anticoagulation, weighing the potential for bleeding 
complications against the perceived thrombotic risk. A mechanis-
tic understanding of what is driving thrombosis in these contexts 
could lead to a better risk assessment of which patients need 
thromboprophylaxis, as well as novel therapies to prevent throm-
bosis. Understanding why patients who develop VTE appear to 
have a worse prognosis could also lead to further improvements in 
adaptive immunity- based cancer therapies.

4  |  CONCLUSIONS AND FUTURE 
DIRECTIONS

The available evidence strongly supports the conclusion that bidi-
rectional crosstalk between the hemostatic and immune systems 
directly contributes to cancer pathogenesis. Previous studies in 
this regard focused largely on components of the innate immune 
system.	More	recent	studies	strongly	suggest	that	this	relationship	
extends to adaptive immune system components as well. Adaptive 
immunity- based cancer therapies, particularly ICI treatment, ap-
pear to carry a significant risk of thromboembolism, and thrombotic 
complications appear to lead to worse outcomes for these patients. 
Moreover,	 growing	 evidence	 indicates	 that	 tumor	 cell-		 and	 host-	
derived hemostatic system components play crucial roles in regu-
lating the adaptive immune response, particularly in the context of 
ICI therapy. Understanding the mechanistic interplay between the 
hemostatic and adaptive immune system in cancer is of major clini-
cal importance. Such an understanding would likely lead to better 
methods for identifying which patients are at risk for thromboem-
bolism in the context of adaptive immune- based cancer therapies, 
allowing for better tailoring of pharmacological thromboprophylaxis 
therapy. Such an understanding is also likely to lead to novel targets 
for	preventing	thrombosis	in	these	patients.	Moreover,	the	available	
data suggest that understanding the bidirectional crosstalk between 
the hemostatic and adaptive immune systems at play in ICI therapy 
could lead to novel strategies to further improve the adaptive anti-
cancer immune response.

AUTHOR CONTRIBUTIONS
R. C. and J. S. P. researched the paper and wrote the paper.

ACKNOWLEDGMENTS
The authors acknowledge funding from NIH R01 CA204058. The 
authors thank Chris Woods for helping with the artwork in the figure.

RELATIONSHIP DISCLOSURE
The authors have nothing to disclose.

T WIT TER
Joseph S. Palumbo  @JosephSPalumbo1 

REFERENCES
 1. Varki A. Trousseau's syndrome: multiple definitions and multi-

ple mechanisms. Blood.	 2007;110:1723-	1729.	 doi:10.1182/blood 
-	2006-	10-	053736

	 2.	 Sharma	 BK,	 Flick	 MJ,	 Palumbo	 JS.	 Cancer-	associated	 thrombo-
sis: a two- way street. Semin Thromb Hemost.	 2019;45:559-	568.	
doi:10.1055/s-	0039-	1693472

	 3.	 Hisada	Y,	Mackman	N.	Tissue	factor	and	cancer:	regulation,	tumor	
growth, and metastasis. Semin Thromb Hemost.	2019;45:385-	395.	
doi:10.1055/s-	0039-	1687894

	 4.	 Koizume	S,	Miyagi	Y.	Tissue	factor-	factor	VII	complex	as	a	key	reg-
ulator of ovarian cancer phenotypes. Biomark Cancer.	2015;7:1-	13.	
doi:10.4137/bic.S29318

	 5.	 Yokota	 N,	 Koizume	 S,	 Miyagi	 E,	 et	 al.	 Self-	production	 of	 tissue	
factor- coagulation factor VII complex by ovarian cancer cells. Br J 
Cancer.	2009;101:2023-	2029.	doi:10.1038/sj.bjc.6605406

	 6.	 Graf	C,	Wilgenbus	 P,	 Pagel	 S,	 et	 al.	Myeloid	 cell-	synthesized	 co-
agulation factor X dampens antitumor immunity. Sci Immunol. 
2019;4(39):eaaw8405.	doi:10.1126/sciim munol.aaw8405

 7. Cantrell R, Palumbo JS. The thrombin- inflammation axis in can-
cer progression. Thromb Res.	 2020;191(suppl	 1):S117-	S122.	
doi:10.1016/s0049	-	3848(20)30408	-	4

	 8.	 Remiker	AS,	Palumbo	JS.	Mechanisms	coupling	thrombin	to	metas-
tasis and tumorigenesis. Thromb Res.	 2018;164(suppl	 1):S29-	s33.	
doi:10.1016/j.throm res.2017.12.020

	 9.	 Liu	 X,	 Yu	 J,	 Song	 S,	 Yue	 X,	 Li	 Q.	 Protease-	activated	 receptor-	1	
(PAR- 1): a promising molecular target for cancer. Oncotarget. 
2017;8(63):107334-	107345.	doi:10.18632/	oncot	arget.21015

	10.	 Adams	GN,	Rosenfeldt	L,	Frederick	M,	et	al.	Colon	cancer	growth	
and dissemination relies upon thrombin, stromal PAR- 1, and fibrin-
ogen. Cancer Res.	 2015;75:4235-	4243.	 doi:10.1158/0008- 5472.
Can-	15-	0964

	11.	 Zigler	M,	Kamiya	T,	Brantley	EC,	Villares	GJ,	Bar-	Eli	M.	PAR-	1	and	
thrombin: the ties that bind the microenvironment to melanoma me-
tastasis. Cancer Res. 2011;71:6561- 6566. doi:10.1158/0008- 5472.
Can-	11-	1432

 12. Zhang X, Wang W, True LD, Vessella RL, Takayama TK. Protease- 
activated receptor- 1 is upregulated in reactive stroma of primary 
prostate cancer and bone metastasis. Prostate.	 2009;69:727-	736.	
doi:10.1002/pros.20920

	13.	 Durgeau	 A,	 Virk	 Y,	 Corgnac	 S,	 Mami-	Chouaib	 F.	 Recent	 ad-
vances in targeting CD8 T- cell immunity for more effective 
cancer immunotherapy. Front Immunol.	 2018;9:14.	 doi:10.3389/
fimmu.2018.00014

	14.	 Labani-	Motlagh	 A,	 Ashja-	Mahdavi	 M,	 Loskog	 A.	 The	 tumor	 mi-
croenvironment: a milieu hindering and obstructing antitumor 
immune responses. Front Immunol.	 2020;11:940.	 doi:10.3389/
fimmu.2020.00940

 15. Robert C. A decade of immune- checkpoint inhibitors in cancer ther-
apy. Nat Commun.	2020;11:3801.	doi:10.1038/s4146	7-	020-	17670	-	y

	16.	 Luyendyk	 JP,	Schoenecker	 JG,	Flick	MJ.	The	multifaceted	 role	of	
fibrinogen in tissue injury and inflammation. Blood.	2019;133:511-	
520. doi:10.1182/blood - 2018- 07- 818211

https://twitter.com/JosephSPalumbo1
https://doi.org/10.1182/blood-2006-10-053736
https://doi.org/10.1182/blood-2006-10-053736
https://doi.org/10.1055/s-0039-1693472
https://doi.org/10.1055/s-0039-1687894
https://doi.org/10.4137/bic.S29318
https://doi.org/10.1038/sj.bjc.6605406
https://doi.org/10.1126/sciimmunol.aaw8405
https://doi.org/10.1016/s0049-3848(20)30408-4
https://doi.org/10.1016/j.thromres.2017.12.020
https://doi.org/10.18632/oncotarget.21015
https://doi.org/10.1158/0008-5472.Can-15-0964
https://doi.org/10.1158/0008-5472.Can-15-0964
https://doi.org/10.1158/0008-5472.Can-11-1432
https://doi.org/10.1158/0008-5472.Can-11-1432
https://doi.org/10.1002/pros.20920
https://doi.org/10.3389/fimmu.2018.00014
https://doi.org/10.3389/fimmu.2018.00014
https://doi.org/10.3389/fimmu.2020.00940
https://doi.org/10.3389/fimmu.2020.00940
https://doi.org/10.1038/s41467-020-17670-y
https://doi.org/10.1182/blood-2018-07-818211


    | 7 of 8CANTRELL ANd PALUMBO

	17.	 van	der	Poll	T,	Levi	M.	Crosstalk	between	inflammation	and	coagu-
lation: the lessons of sepsis. Curr Vasc Pharmacol.	2012;10:632-	638.	
doi:10.2174/15701	61128	01784549

	18.	 Keragala	CB,	Draxler	DF,	McQuilten	ZK,	Medcalf	RL.	Haemostasis	
and innate immunity -  a complementary relationship: a review 
of the intricate relationship between coagulation and comple-
ment pathways. Br J Haematol.	 2018;180:782-	798.	 doi:10.1111/
bjh.15062

	19.	 Weidmann	H,	Heikaus	L,	Long	AT,	Naudin	C,	Schlüter	H,	Renné	
T. The plasma contact system, a protease cascade at the 
nexus of inflammation, coagulation and immunity. Biochim 
Biophys Acta Mol Cell Res. 2017;1864:2118- 2127. doi:10.1016/j.
bbamcr.2017.07.009

	20.	 Koupenova	 M,	 Clancy	 L,	 Corkrey	 HA,	 Freedman	 JE.	 Circulating	
platelets as mediators of immunity, inflammation, and thrombosis. 
Circ Res.	2018;122:337-	351.	doi:10.1161/circr	esaha.117.310795

	21.	 Palumbo	 JS,	Degen	 JL.	Mechanisms	 linking	 tumor	 cell-	associated	
procoagulant function to tumor metastasis. Thromb Res. 
2007;120:S22- S28.

	22.	 Palumbo	JS,	Talmage	KE,	Massari	 JV,	et	al.	Platelets	and	 fibrin(o-
gen) increase metastatic potential by impeding natural killer cell- 
mediated elimination of tumor cells. Blood. 2005;105:178- 185.

	23.	 Zingoni	 A,	 Molfetta	 R,	 Fionda	 C,	 et	 al.	 NKG2D	 and	 its	 ligands:	
"one for all, all for one". Front Immunol.	2018;9:476.	doi:10.3389/
fimmu.2018.00476

	24.	 Placke	T,	Örgel	M,	Schaller	M,	et	al.	Platelet-	derived	MHC	class	 I	
confers a pseudonormal phenotype to cancer cells that subverts 
the antitumor reactivity of natural killer immune cells. Cancer Res. 
2012;72:440- 448. doi:10.1158/0008- 5472.Can- 11- 1872

	25.	 Stegner	D,	Dütting	S,	Nieswandt	B.	Mechanistic	explanation	for	plate-
let contribution to cancer metastasis. Thromb Res.	 2014;133(suppl	
2):S149-	S157.	doi:10.1016/s0049	-	3848(14)50025	-	4

	26.	 Servais	 L,	Wéra	 O,	 Dibato	 Epoh	 J,	 et	 al.	 Platelets	 contribute	 to	
the initiation of colitis- associated cancer by promoting immuno-
suppression. J Thromb Haemost. 2018;16:762- 777. doi:10.1111/
jth.13959

 27. Steinbrecher KA, Horowitz NA, Blevins EA, et al. Colitis- associated 
cancer is dependent on the interplay between the hemostatic 
and	 inflammatory	 systems	 and	 supported	 by	 integrin	 alpha(M)
beta(2) engagement of fibrinogen. Cancer Res.	2010;70:2634-	2643.	
doi:10.1158/0008-	5472.Can-	09-	3465

	28.	 Yang	Y,	Stang	A,	Schweickert	PG,	et	al.	Thrombin	signaling	promotes	
pancreatic adenocarcinoma through PAR- 1- dependent immune 
evasion. Cancer Res.	2019;79:3417-	3430.	doi:10.1158/0008- 5472.
Can-	18-	3206

	29.	 Schweickert	 PG,	Yang	Y,	White	 EE,	 et	 al.	 Thrombin-	PAR1	 signal-
ing in pancreatic cancer promotes an immunosuppressive micro-
environment. J Thromb Haemost.	 2021;19:161-	172.	 doi:10.1111/
jth.15115

	30.	 Adams	GN,	 Sharma	 BK,	 Rosenfeldt	 L,	 et	 al.	 Protease-	activated	
receptor- 1 impedes prostate and intestinal tumor progression 
in mice. J Thromb Haemost.	 2018;16:2258-	2269.	 doi:10.1111/
jth.14277

	31.	 Haist	 M,	 Stege	 H,	 Pemler	 S,	 et	 al.	 Anticoagulation	 with	 factor	
Xa inhibitors is associated with improved overall response and 
progression- free survival in patients with metastatic malignant 
melanoma receiving immune checkpoint inhibitors- a retrospec-
tive, real- world cohort study. Cancers (Basel).	 2021;13(20):5103.	
doi:10.3390/cance	rs132	05103

	32.	 Popov	Aleksandrov	A,	Mirkov	I,	Ninkov	M,	et	al.	Effects	of	warfa-
rin on biological processes other than haemostasis: a review. Food 
Chem Toxicol.	2018;113:19-	32.	doi:10.1016/j.fct.2018.01.019

	33.	 Naldini	 A,	 Carney	 DH,	 Bocci	 V,	 et	 al.	 Thrombin	 enhances	 T	 cell	
proliferative responses and cytokine production. Cell Immunol. 
1993;147:367-	377.	doi:10.1006/cimm.1993.1076

	34.	 Hurley	A,	 Smith	M,	Karpova	T,	 et	 al.	 Enhanced	effector	 function	
of CD8(+) T cells from healthy controls and HIV- infected patients 
occurs through thrombin activation of protease- activated receptor 
1. J Infect Dis.	2013;207:638-	650.	doi:10.1093/infdi	s/jis730

	35.	 Chen	 H,	 Smith	 M,	 Herz	 J,	 et	 al.	 The	 role	 of	 protease-	activated	
receptor 1 signaling in CD8 T cell effector functions. iScience. 
2021;24:103387.	doi:10.1016/j.isci.2021.103387

	36.	 Gong	 J,	 Drobni	 ZD,	 Alvi	 RM,	 et	 al.	 Immune	 checkpoint	 inhibi-
tors for cancer and venous thromboembolic events. Eur J Cancer. 
2021;158:99-	110.	doi:10.1016/j.ejca.2021.09.010

	37.	 Roopkumar	J,	Swaidani	S,	Kim	AS,	et	al.	Increased	incidence	of	ve-
nous thromboembolism with cancer immunotherapy. Med (N Y). 
2021;2:423-	434.	doi:10.1016/j.medj.2021.02.002

	38.	 Moik	 F,	 Chan	 WE,	 Wiedemann	 S,	 et	 al.	 Incidence,	 risk	 factors,	
and outcomes of venous and arterial thromboembolism in im-
mune checkpoint inhibitor therapy. Blood.	 2021;137:1669-	1678.	
doi:10.1182/blood.20200 07878

	39.	 Deschênes-	Simard	X,	 Richard	C,	Galland	 L,	 et	 al.	 Venous	 throm-
botic events in patients treated with immune checkpoint inhib-
itors for non- small cell lung cancer: a retrospective multicentric 
cohort study. Thromb Res.	 2021;205:29-	39.	 doi:10.1016/j.throm 
res.2021.06.018

	40.	 Sussman	TA,	Li	H,	Hobbs	B,	Funchain	P,	McCrae	KR,	Khorana	AA.	
Incidence of thromboembolism in patients with melanoma on im-
mune checkpoint inhibitor therapy and its adverse association with 
survival. J Immunother Cancer.	 2021;9(1):e001719.	 doi:10.1136/
jitc-	2020-	001719

 41. Icht O, Darzi N, Shimony S, et al. Venous thromboembolism in-
cidence and risk assessment in lung cancer patients treated with 
immune checkpoint inhibitors. J Thromb Haemost.	 2021;19:1250-	
1258. doi:10.1111/jth.15272

	42.	 Gutierrez-	Sainz	 L,	Martinez-	Marin	 V,	 Viñal	 D,	 et	 al.	 Incidence	 of	
venous thromboembolic events in cancer patients receiving im-
munotherapy: a single- institution experience. Clin Transl Oncol. 
2021;23:1245-	1252.	doi:10.1007/s1209	4-	020-	02515	-	3

	43.	 Goel	A,	Khorana	A,	Kartika	T,	 et	 al.	Assessing	 the	 risk	of	 throm-
boembolism in cancer patients receiving immunotherapy. Eur J 
Haematol. 2022;108(4):271- 277. doi:10.1111/ejh.13734

	44.	 Khorana	 AA,	 Kuderer	 NM,	 Culakova	 E,	 Lyman	 GH,	 Francis	
CW. Development and validation of a predictive model for 
chemotherapy- associated thrombosis. Blood.	 2008;111:4902-	
4907.	doi:10.1182/blood	-	2007-	10-	116327

 45. Johnsrud A, Craig J, Baird J, et al. Incidence and risk factors asso-
ciated with bleeding and thrombosis following chimeric antigen re-
ceptor T- cell therapy. Blood Adv. 2021;5:4465- 4475. doi:10.1182/
blood advan ces.20210 04716

 46. Parks AL, Kambhampati S, Fakhri B, et al. Incidence, management 
and outcomes of arterial and venous thrombosis after chimeric anti-
gen receptor modified T cells for B cell lymphoma and multiple my-
eloma. Leuk Lymphoma.	 2021;62:1003-	1006.	 doi:10.1080/10428 
194.2020.1852474

	47.	 Melody	M,	Gandhi	 S,	 Saunders	H,	 et	 al.	 Incidence	of	 thrombosis	
in relapsed/refractory B- cell lymphoma treated with axicabta-
gene	ciloleucel:	Mayo	clinic	experience.	Leuk Lymphoma. 2022:1- 6. 
doi:10.1080/10428	194.2022.2030475

	48.	 Abdol	Razak	NB,	Jones	G,	Bhandari	M,	Berndt	MC,	Metharom	P.	
Cancer- associated thrombosis: an overview of mechanisms, risk 
factors, and treatment. Cancers.	 2018;10(10):380.	 doi:10.3390/
cance	rs101	00380

	49.	 Sparsa	 A,	 Durox	 H,	 Doffoel-	Hantz	 V,	 et	 al.	 High	 preva-
lence and risk factors of thromboembolism in stage IV mel-
anoma. J Eur Acad Dermatol Venereol.	 2011;25:340-	344.	
doi:10.1111/j.1468-	3083.2010.03795.x

 50. Blom JW, Osanto S, Rosendaal FR. The risk of a venous thrombotic 
event in lung cancer patients: higher risk for adenocarcinoma than 

https://doi.org/10.2174/157016112801784549
https://doi.org/10.1111/bjh.15062
https://doi.org/10.1111/bjh.15062
https://doi.org/10.1016/j.bbamcr.2017.07.009
https://doi.org/10.1016/j.bbamcr.2017.07.009
https://doi.org/10.1161/circresaha.117.310795
https://doi.org/10.3389/fimmu.2018.00476
https://doi.org/10.3389/fimmu.2018.00476
https://doi.org/10.1158/0008-5472.Can-11-1872
https://doi.org/10.1016/s0049-3848(14)50025-4
https://doi.org/10.1111/jth.13959
https://doi.org/10.1111/jth.13959
https://doi.org/10.1158/0008-5472.Can-09-3465
https://doi.org/10.1158/0008-5472.Can-18-3206
https://doi.org/10.1158/0008-5472.Can-18-3206
https://doi.org/10.1111/jth.15115
https://doi.org/10.1111/jth.15115
https://doi.org/10.1111/jth.14277
https://doi.org/10.1111/jth.14277
https://doi.org/10.3390/cancers13205103
https://doi.org/10.1016/j.fct.2018.01.019
https://doi.org/10.1006/cimm.1993.1076
https://doi.org/10.1093/infdis/jis730
https://doi.org/10.1016/j.isci.2021.103387
https://doi.org/10.1016/j.ejca.2021.09.010
https://doi.org/10.1016/j.medj.2021.02.002
https://doi.org/10.1182/blood.2020007878
https://doi.org/10.1016/j.thromres.2021.06.018
https://doi.org/10.1016/j.thromres.2021.06.018
https://doi.org/10.1136/jitc-2020-001719
https://doi.org/10.1136/jitc-2020-001719
https://doi.org/10.1111/jth.15272
https://doi.org/10.1007/s12094-020-02515-3
https://doi.org/10.1111/ejh.13734
https://doi.org/10.1182/blood-2007-10-116327
https://doi.org/10.1182/bloodadvances.2021004716
https://doi.org/10.1182/bloodadvances.2021004716
https://doi.org/10.1080/10428194.2020.1852474
https://doi.org/10.1080/10428194.2020.1852474
https://doi.org/10.1080/10428194.2022.2030475
https://doi.org/10.3390/cancers10100380
https://doi.org/10.3390/cancers10100380
https://doi.org/10.1111/j.1468-3083.2010.03795.x


8 of 8  |     CANTRELL ANd PALUMBO

squamous cell carcinoma. J Thromb Haemost. 2004;2:1760- 1765. 
doi:10.1111/j.1538-	7836.2004.00928.x

	51.	 Malgor	 RD,	 Bilfinger	 TV,	 Labropoulos	N.	 A	 systematic	 review	 of	
pulmonary embolism in patients with lung cancer. Ann Thorac Surg. 
2012;94:311-	316.	doi:10.1016/j.athor	acsur.2012.03.025

 52. Tagalakis V, Levi D, Agulnik JS, Cohen V, Kasymjanova G, Small 
D. High risk of deep vein thrombosis in patients with non- small 
cell	 lung	 cancer:	 a	 cohort	 study	 of	 493	 patients.	 J Thorac Oncol. 
2007;2:729-	734.	doi:10.1097/JTO.0b013	e3181	1ea275

	53.	 Vitale	C,	D'Amato	M,	Calabrò	P,	Stanziola	AA,	Mormile	M,	Molino	
A. Venous thromboembolism and lung cancer: a review. Multidiscip 
Respir Med. 2015;10:28. doi:10.1186/s4024 8- 015- 0021- 4

	54.	 Zhang	Y,	Yang	Y,	Chen	W,	et	al.	Prevalence	and	associations	of	VTE	
in patients with newly diagnosed lung cancer. Chest. 2014;146:650- 
658. doi:10.1378/chest.13-	2379

	55.	 Geddings	 JE,	 Mackman	 N.	 Tumor-	derived	 tissue	 factor-	positive	
microparticles and venous thrombosis in cancer patients. Blood. 
2013;122:1873-	1880.	doi:10.1182/blood	-	2013-	04-	460139

 56. 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.	 doi:10.3390/
jcm80 60762

 57. Wang J, Doran J. The many faces of cytokine release syndrome- 
related coagulopathy. Clin Hematol Int.	2021;3:3-	12.	doi:10.2991/
chi.k.210117.001

	58.	 Kim	 AS,	 Khorana	 AA,	 McCrae	 KR.	 Mechanisms	 and	 biomarkers	
of cancer- associated thrombosis. Transl Res.	 2020;225:33-	53.	
doi:10.1016/j.trsl.2020.06.012

	59.	 Yuen	KC,	Liu	LF,	Gupta	V,	et	al.	High	systemic	and	tumor-	associated	
IL- 8 correlates with reduced clinical benefit of PD- L1 blockade. Nat 
Med.	2020;26:693-	698.	doi:10.1038/s4159	1-	020-	0860-	1

	60.	 Martinod	K,	Wagner	DD.	Thrombosis:	 tangled	up	 in	NETs.	Blood. 
2014;123:2768-	2776.	doi:10.1182/blood	-	2013-	10-	463646

How to cite this article: Cantrell R, Palumbo JS. Hemostasis 
and tumor immunity. Res Pract Thromb Haemost. 
2022;6:e12728. doi:10.1002/rth2.12728

https://doi.org/10.1111/j.1538-7836.2004.00928.x
https://doi.org/10.1016/j.athoracsur.2012.03.025
https://doi.org/10.1097/JTO.0b013e31811ea275
https://doi.org/10.1186/s40248-015-0021-4
https://doi.org/10.1378/chest.13-2379
https://doi.org/10.1182/blood-2013-04-460139
https://doi.org/10.3390/jcm8060762
https://doi.org/10.3390/jcm8060762
https://doi.org/10.2991/chi.k.210117.001
https://doi.org/10.2991/chi.k.210117.001
https://doi.org/10.1016/j.trsl.2020.06.012
https://doi.org/10.1038/s41591-020-0860-1
https://doi.org/10.1182/blood-2013-10-463646
https://doi.org/10.1002/rth2.12728

	Hemostasis and tumor immunity
	Abstract
	1|INTRODUCTION
	2|HEMOSTATIC SYSTEM COMPONENTS REGULATE INNATE AND ADAPTIVE TUMOR IMMUNITY IN THE CONTEXT OF CANCER PATHOGENESIS
	3|ADAPTIVE IMMUNE DIRECTED CANCER THERAPY AND THROMBOEMBOLISM
	4|CONCLUSIONS AND FUTURE DIRECTIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	RELATIONSHIP DISCLOSURE
	REFERENCES


