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Chemoradiotherapy and autoimmune disorder often lead to secondary thrombocytopenia in cancer patients, and 

thus, platelet transfusion is needed to stop or prevent bleeding. However, the effect of platelet transfusion remains 

controversial for the lack of agreement on transfusion strategies. Before being transfused, platelets are stored 

in blood banks, and their activation is usually stimulated. Increasing evidence shows activated platelets may 

promote metastasis and the proliferation of cancer cells, while cancer cells also induce platelet activation. Such 

a vicious cycle of interaction between activated platelets and cancer cells is harmful for the prognosis of cancer 

patients, which results in an increased tumor recurrence rate and decreased five-year survival rate. Therefore, it is 

important to explore platelet transfusion strategies, summarize mechanisms of interaction between platelets and 

tumor cells, and carefully evaluate the pros and cons of platelet transfusion for better treatment and prognosis 

for patients with cancer with secondary thrombocytopenia. 

I

 

f  

p  

a  

n  

t  

[  

c  

M  

1  

d  

a  

t  

i

t

b

f

P

M

c

g

b  

i  

p  

t  

s  

t  

t  

s  

a  

n  

T  

T  

t  

t  

i  

h

R

1

(

ntroduction 

Chemoradiation is widely known to be one of the main treatments

or cancer; yet, it is likely to cause bone marrow suppression in cancer

atients. Myelosuppression is dictated by both chemotherapy regimen

nd patient characteristics. The rates of anemia, thrombocytopenia, and

eutropenia differ for each chemotherapy regimen [ 1 , 2 ]. Thrombocy-

openia is estimated to occur in 10-36% of patients with solid tumors

3] . Patients with severe thrombocytopenia will develop skin and muco-

utaneous hemorrhage and even intracranial hemorrhage (ICH) [ 4 , 5 ].

oreover, the frequency of ICH is approximately 0.5% in children and

.5% in adults, and the risk increases with age [6] . Severe bleeding is

istinctly uncommon when the platelet count is > 30 ×10ˆ9/L and usu-

lly occurs only when the platelet count falls < 10 ×10ˆ9/L [6] . Platelet

ransfusion can significantly reduce the mortality of bleeding caused
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predominant; VEGF, vascular endothelial growth factor; CIT, chemotherapy-

-mediated thrombocytopenia; sITP, secondary immune-mediated thrombocy-

factor; IL-1, Interleukin-1; IL-3, Interleukin-3; IL-6, Interleukin-6; TPO, Throm-

TNF 𝛼, tumor necrosis factor 𝛼; MMPs, matrix metalloproteinases; TGF-b, trans-

ressor cells; TCIPA, tumor cell induced platelet aggregation; TF, tissue factor;
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ndin E2; Cox-2, cyclooxygenase 2; CLEC-2, C-type lectin-like receptor-2; CCDD,

ell death protein 1; PD-L1, programmed death-1 ligand; bFGF, basic fibroblast

y platelet reduction after radiotherapy and chemotherapy, and is an

rreplaceable immediate hemostasis method [7] . The commonly used

latelet products in clinical practice are apheresis platelets and concen-

rated platelets, both having similar effects on platelet increase, hemo-

tatic effect, and side effects after transfusion [ 8 , 9 ]. On the other hand,

he function of platelets extends from blood coagulation to their impor-

ant regulation of both innate and adaptive immunity. Platelets demon-

trate their anti-tumor immune regulation through the TGF- 𝛽/GARP

xis. The TGF- 𝛽 receptor to which glycoprotein A repetitions predomi-

antly (GARP) have a high affinity is expressed in activated regulatory

 cells and platelets, and in turn inhibits specific anti-tumor cytotoxic

 cells, which results in immune suppression. [10–12] . Platelet activa-

ion gradually increases with the prolonged storage time [13–16] . Ac-

ivated platelets will release substances with a negative effect on the

mmune function and tumor growth of cancer patients, including bio-
hang). 
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Table 1 

Classification and risk assessment of thrombocytopenia. 

Thrombocytopenia Classification ∗ 

Platelet count Grade 

(75 ∼99) ×10 9 /L Ⅰ 

(50 ∼74) ×10 9 /L Ⅱ 

(25 ∼49) ×10 9 /L Ⅲ 

< 25 ×10 9 /L Ⅳ 

Risk assessment 

Platelet count Danger 

< 50 × 10 9 /L Skin and mucous membranes can bleed, and 

patients are at risk to undergo surgery and 

invasive traumatic examinations 

< 20 × 10 9 /L High risk of spontaneous bleeding 

< 10 × 10 9 /L Extremely high risk of spontaneous bleeding 

∗ U.S. Department of Health and Human Services, National Institutes 

of Health, National Cancer Institute. Common Terminology Criteria for 

Adverse Events (CTCAE) (Version 5.0) 
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ogically active lipids, biochemical factors, chemokines, cytokines, and

icroparticles [ 17 , 18 ]. For example, vascular endothelial growth factor

VEGF) extracted from stored platelets can contribute to tumor growth

19] ; thus, washing platelets before blood transfusion could significantly

mprove overall survival [20] . Platelet injection into patients with can-

er in situ can also significantly increase the tumor proliferation index

nd promote tumor metastasis and angiogenesis [21] . These studies

ave indicated that the impact of platelet transfusion on cancer pro-

ression may be harmful, including increased tumor recurrence rate and

educed five-year overall survival [22–24] . Activated platelets promote

umor cells growth and metastasis and tumor growth in turn promotes

latelet activation [ 25 , 26 ], and such a “vicious circle ” of cooperation

etween platelets and tumors may exist in cancer patients transfused

ith platelets. However, the specific mechanism is still unclear; there-

ore, clinicians should carefully evaluate the pros and cons of platelet

ransfusions when considering this treatment. 

lassification and risk assessment of thrombocytopenia 

Based on the platelet count, the severity of thrombocytopenia can

e categorized into four grades, i.e., grade I to grade IV: Grade I: (75–

9) ×10 9 /L, Grade II: (50–74) ×10 9 /L, Grade III: (25–49) ×10 9 /L, and

rade IV: < 25 ×10 9 /L. In addition to playing a key role in the forma-

ion of thrombosis, platelets also protect the integrity of tumor blood

essels, thus helping to determine whether tumor patients have a bleed-

ng tendency or hemostatic ability [27] . When the platelet count is

 50 ×10 9 /L, bleeding occurs in the skin and mucous membranes, and

atients have some risks when undergoing surgery and invasive trau-

atic examination. The rate of bleeding increased as the platelet count

ecreased and no clear threshold could be demonstrated. For each se-

uential decrease in platelet nadir, the rate of bleeding increased by

0–100% [28] . When the platelet count is < 20 ×10 9 /L, there is a high

isk of spontaneous bleeding, while the risk is extremely high when the

latelet count is < 10 ×10 9 /L ( Table 1 ) [ 28 , 29 ]. 

hrombocytopenia associated with solid tumors 

hrombocytopenia caused by chemotherapy 

Chemotherapy-induced thrombocytopenia (CIT) refers to the in-

ibitory effect of anti-tumor chemotherapy drugs on bone marrow,

articularly megakaryocytes that result in platelet count in peripheral

lood less than 100 ×10 9 /L. Clinically, CIT is a common dose-limiting
2 
oxic reaction of chemotherapeutic drugs and may result in dose reduc-

ions, dose delays, or even discontinuation. Severe thrombocytopenia

an cause spontaneous bleeding of important organs, thereby affecting

linical efficacy and patient survival. The degree of thrombocytopenia

s related to the category, dose, chemotherapeutic cycle, dose form, and

uxiliary measures of chemotherapy drugs as well as individual differ-

nces of patients [30] . Furthermore, severity of bone marrow suppres-

ion and thrombocytopenia are different when the same drug is applied

or different organ tumors [31] . Incidence rates of thrombocytopenia

ary with the type of tumor. According to a report of 43995 cases of

olid tumors in US, incidence rates for CIT in colorectal cancer, non-

mall cell lung cancer, ovarian cancer, and breast cancer are 61.7%,

.5%, 45.6%, and 37.6%, respectively [3] . The preliminary data analy-

is from January 2016 to June 2017 from the Link Doc database shows

hat the incidence rate of CIT in liver cancer is higher than 40%, while

hat in breast cancer is 3.7%, with those in other cancers between 10%

nd 20%. Concerning the chemotherapy regimen, the incidence of CIT in

latinum-containing chemotherapy regimens for many cancers, includ-

ng lung cancer and gynecological cancer is higher [32–36] . Quinidine,

igoxin, valproic acid, quinine, etc. have an incidence at 18% [ 37 , 38 ].

oreover, polytherapy has a higher incidence than monotherapy. For

nstance, 4% of the patients receiving only cisplatin may develop Grade

II or IV thrombocytopenia, and therapy with gemcitabine alone has an

ncidence rate of 3.7%. However, a combination of different drugs may

ave an incidence of thrombocytopenia at 37%, and the rate could be

ven as high as 79% if an invasive regimen for sarcoma is carried out

ith ifosfamide, adriamycin, and dacarbazine [ 3 , 30 ]. 

mmune thrombocytopenia (ITP) 

Immune thrombocytopenia (ITP) is an acquired hemorrhagic disease

haracterized by the excessive destruction of platelets and megakary-

cyte dysmaturity mediated by humoral and cellular immunity, mainly

anifested as bleeding into the skin and mucous membranes, exces-

ive menstruation, and even internal or intracranial hemorrhage; thus,

t can be life-threatening [ 39 , 40 ]. There are two types of ITP, namely,

rimary immune-mediated thrombocytopenia (pITP) and secondary

mmune-mediated thrombocytopenia (sITP). pITP is an acquired au-

oimmune disease characterized by isolated thrombocytopenia without

ther causes, and sITP refers to all forms of immune-mediated thrombo-

ytopenia except pITP [41] . Despite reports on the association between

TP and cancer, the causality of tumor cells in paraneoplastic ITP patho-

enesis and maintenance has not yet been established. Paraneoplastic

TP should be categorized into sITP. The mechanism of sITP may be that

ertain active metabolites of tumors inhibit the differentiation and mat-

ration of megakaryocytes, and that immune dysregulation of patients

roduces platelet antibodies [42–44] . In recent years, the clinical diag-

osis rate of solid tumors complicated with ITP has gradually increased.

rauth’s research has shown that ITP is most common in patients with

ung and breast cancers, followed by renal cell and ovarian cancers, but

are in prostate cancer. Additionally, most ITP occurs when tumors recur

nd metastasize, and 25% of them occur before the diagnosis of tumors.

he molecular factors responsible for the association between ITP and

arcinogenesis are unclear, but Krauth et al. reported that the following

our types of ITP are associated with solid cancers: (i) ITP prior to the

iagnosis of cancer, (ii) ITP concurrent with cancer, (iii)ITP at recur-

ence of cancer or diagnosis of a second/third cancer, and (iv) ITP after

hemotherapy and/or radiation therapy for cancer [45] . 

hrombocytopenia caused by radiotherapy 

As one of the chief treatments for cancer, radiotherapy can con-

rol the proliferation and differentiation of cancer cells by irradiating

umor volume. Nevertheless, radiotherapy can also cause adverse ef-

ects including leukopenia, anemia, and thrombocytopenia. The throm-
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ocytopenia secondary to radiotherapy is hypothesized to be related

o generated free radicals from radiotherapy, which are thought to

amage hematopoietic stem progenitor cells, causing the destruction

f platelets and a low platelet count. Moreover, the DNA repair func-

ion of hematopoietic stem progenitor cells is damaged by radiotherapy,

hich results in platelet dysfunction. When cancer patients receive ra-

iotherapy, particularly radiotherapy for the wider range of the pelvis,

he spine, and the whole lung, their hematopoietic system is affected

nd the platelet count is reduced. If radiotherapy is synchronized with

hemotherapy, the suppression of the bone marrow will be exacerbated,

ausing Grade III or IV thrombocytopenia, bleeding in important organs,

nd even death [46] . Finally, according to a report in 2017, the lung is

lso a hematopoietic organ, with the pulmonary megakaryocytes pro-

ucing over 10 million platelets per hour, so radiotherapy directly af-

ects the function of megakaryocytes in pulmonary circulation, which

esults in a low platelet count [47] . 

latelet transfusion in cancer patients 

latelet transfusion strategy 

Platelet transfusion, one of the treatments for patients with severe

hrombocytopenia, can effectively reduce the incidence of bleeding and

hould be considered for most patients with solid tumors, particularly

hose with a risk of bleeding, such as malignant melanoma, colorectal

umors, bladder cancer, and gynecological tumors. When active bleed-

ng occurs in patients with cancer-related thrombocytopenia, platelet

ransfusion should be a priority if bleeding is believed to be related to a

ow platelet count [ 48 , 49 ]. At present, the two main approaches to sup-

lement platelets are platelet transfusion and the use of recombinant

uman thrombopoietin (rhTPO). When the platelet count is higher than

0 ×10 9 /L, rhTPO is often used. When the platelet count is lower than

0 ×10 9 /L and even when there are any hemorrhagic manifestations,

irect platelet transfusion is used and it also may be combined with

hrombopoietin (TPO) receptor agonists [48] . Wandt et al. have demon-

trated that maintaining a threshold of 10 ×10 9 /L in patients with fever,

nfection, and concomitant medication does not increase the probability

f adverse events [50] . For patients with bleeding, high fever, a rapid

rop in the platelet count, or abnormal blood coagulation (such as acute

eukemia) who are undergoing invasive surgery or in emergencies where

latelets may not be readily available, the higher level (20 ×10 9 /L or

0 ×10 9 /L) of platelet transfusion may be adopted [48] . Randomized

linical trials have also shown that there is no difference in patients with

evere bleeding in the use of a threshold of platelet count at 10 ×109/L

r even higher ( ≤ 20 ×10 9 /L or ≤ 30 ×10 9 /L), while a lower threshold

an reduce the number of platelet transfusions. Thus, the threshold at

0 ×10 9 /L is recommended for patients in a stable state or with no

ymptoms. Therefore, the platelet transfusion monitoring value could

e set to be lower than 10 ×10 9 /L or 20 ×10 9 /L if there are additional

isk factors. For chronic thrombocytopenia, the threshold could even be

 5 ×10 9 /L [49] . Because of the large number and relatively light bleed-

ng of colorectal and bladder tumors, the threshold should be considered

o be higher (approximately 20 ×10 9 /L) [48] . 

When patients have no active bleeding, the dose of transfusion de-

ends on the present and expected platelet count before and after trans-

usion. Generally, an adult receives one therapeutic dose every time.

hen patients have active bleeding, the dosage is determined by the

everity of bleeding and hemostatic effect of transfusion. Usually, the

orresponding standard dose is prescribed based on the degree of throm-

ocytopenia and one full dose is transfused at a time. There have been

rials to determine the effect of the dose of prophylactic infusion in pa-

ients. The infusion volume was determined according to body surface

rea and three groups were specified: the low-dose group at 1.1 ×10 11 ,

he intermediate-dose group at 2.2 ×10 11 , and the high-dose group

.4 ×10 11 . The results showed that there is no difference in the inci-

ence of bleeding episodes or in the probability of adverse reaction, ex-
3 
ept for a higher incidence of wheezing in the high-dose group [ 51 , 52 ].

ther experiments have evaluated platelet transfusion at a low dose

nd their results also indicate that there is no difference in the volume

f transfusion [ 53 , 54 ]. Therefore, an appropriate reduction of platelet

ransfusion dose should be considered to reduce the risk of alloimmu-

ization and costs. 

dverse effects of blood transfusion 

For patients with cancer, the incidence of side effects of platelet

ransfusion, such as fever, allergy, bacterial contamination, and

ransfusion-related acute lung injury, is higher than those of other com-

onents of blood, including suspended red blood cells, suspended leuko-

ytes, and plasma [55] . Some people believe that platelet transfusion in

ancer patients may not be associated with an increased risk of throm-

osis. In a large retrospective cohort study that evaluated the risk of

hrombosis associated with blood transfusion requirements, 15237 pa-

ients (3%), out of the total 504,208 consecutively hospitalized cancer

atients from 1995 to 2003, received at least one platelet transfusion

esides red blood cell transfusions. In the multivariate analysis, dur-

ng the follow-up examinations, however, platelet transfusion (OR 1.2

nd CI 1.11–1.29) was not associated with the increased risk of venous

hromboembolism or arterial thromboembolism (OR 1.55 and CI 1.40–

.71), but it increased the hospital mortality rate (OR 2.40; CI 2.27–2.52;

nd P < 0.001) [46] . Furthermore, the in vitro storage of platelet con-

entrate (with white blood cells removed) will promote the increase of

any growth factors (such as VEGF and platelet-derived growth factor,

PDGF)), fibroblast growth factor-2, brain-derived nerve growth factor,

GF, and TGF- 𝛽1, etc [56] . Additionally, the amount of soluble proin-

ammatory and thrombotic factors in the supernatants increase, and

hese factors may compensate for the loss of platelet function to a certain

xtent, but they may also lead to the formation of thrombus [57–60] . 

The incidence of adverse reactions of blood transfusion can be re-

uced through ABO blood type matching, cross-matching, reducing

hite blood cells, blood irradiation, and other measures [61–65] . The

ncidence of side effects of platelet supernatants can be reduced by wash-

ng platelets [19] . However, it is now believed that platelets are not only

ell debris that promote thrombosis and hemostasis, but also multifunc-

ional immune blood cells. Studies have found that platelets themselves

nteract with tumor cells. Platelets in storage will be activated, and then

romote the growth and metastasis of tumor cells. The growth of tumor

ells can promote the production of platelets and activation at a larger

ange. Therefore, attention to the interaction of platelets and tumor cells

s of great importance to evaluate platelet transfusion in cancer patients.

echanisms of interaction between platelets and tumor cells 

latelets promote tumor cells metastasis in the circulation to form a 

positive feedback loop ”

Platelets promote tumor cells metastasis in circulation. On the one

and, tumor cells themselves transit into an aggressive mesenchymal-

ike phenotype (epithelial to mesenchymal transition, EMT), before they

ttract activated platelets around the tumor cells to form heterotypic

latelet tumor cell aggregates( Fig. 1 1 ○). Thus, platelets help tumor cells

o obtain a phenotype very similar to platelets, thereby protecting tu-

or cells from damage by natural killer cells so that metastasis of tu-

or cells in vivo is enhanced ( Fig. 1 2 ○) [66–68] . On the other hand,

latelets in the blood circulation system stimulate tumor cells to over-

xpress substances, including IL-1, IL-3, IL-6, and leukemia inhibitory

actors ( Fig. 1 3 ○) [69–72] , and these substances in turn induce the liver

o produce TPO ( Fig. 1 4 ○). In response to the stimulation of TPO, bone

arrow enhances platelet production and releases platelets into circu-

ation ( Fig. 1 5 ○). Furthermore, tumor cells can also activate platelets

hrough direct interaction with platelets [ 23 , 73–76 ]. Platelet aggrega-

ion, like a protective thrombus, can prolong the survival time of tumor
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Fig. 1. Platelets promote metastasis of tumor cells to form a “positive feedback loop ” in circulation. 
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ells in the circulatory system and thus protect tumor cells immunolog-

cally [77] . As the increased production of platelets promotes the acti-

ation of more platelets ( Fig. 1 6 ○), and then induces further production

nd metastasis of tumor cells ( Fig. 1 7 ○), leading to more platelet num-

ers and the stimulation of activity levels, platelets eventually promote

etastasis of tumor cells to form a “positive feedback loop ” in circula-

ion ( Fig. 1 ). 

Vicious circle ” of cooperation between platelets and tumor cells 

echanisms of tumor cell-induced platelet activation 

The ability of tumor cells to induce platelet activation and promote

etastasis of tumor cells is closely related to their ability to attract

latelet aggregation. Tumor cells induce platelet aggregation to form

eterotypic platelet tumor cell aggregates, thus protecting circulating

umor cells (CTCs) from death induced by NK cell and tumor necro-

is factor 𝛼. Through a multistep synthesis process, arachidonic acid in

ctivated platelets is converted into thromboxane TXA2, and activates

XA2 receptors on other platelets and endothelial cells; thus, platelets

re activated [78] . Furthermore, to assist their own internal and exter-

al transport, tumor cells release complements C3a, C5a, prostaglandin

2 (PGE2), IL-1 ɑ , and matrix metalloproteinases (MMPs) that partici-

ate in the inflammatory response and indirectly promote platelet ac-

ivation. Egan et al. have found that ovarian cancer tumor cells re-

ease adenosine 5’-diphosphate to mediate platelet activation. This ef-

ect has been shown to be blocked by 5’-adenosine diphosphate recep-

ors P2Y12 and P2Y1 antagonists [79] . Recently, Mitrugno et al. have

emonstrated that tumor cells can directly induce platelet activation

hrough platelet Fc 𝛾 Receptor IIa [80] . These findings have strength-
4 
ned our understanding of the mechanism by which tumor cells in-

uce platelet activation; yet, more mechanisms await to be explored

 Fig. 2 ). 

ctivated platelets further promote tumor cell growth 

After being activated, platelets preferentially release proangiogenic

roteins, promote tumor angiogenesis, significantly increase the adhe-

ion of tumor cells to blood vessels, and release a large number of dense

ranules and 𝛼 granules. On the one hand, 𝛼 granules release growth

actors and small molecules that promote tumor growth and invasion,

uch as PDGF and VEGF [81–83] . PDGF and VEGF can also be released

irectly by platelets themselves. On the other hand, platelet-dense gran-

les secrete ATP to activate endothelial cells P2Y2 and increases the per-

eability of endothelial cells [ 46 , 84 , 85 ]. Furthermore, platelet-dense

ranules can also release G protein-coupled receptor agonists such as

DP and serotonin to promote cancer cell migration and spillover, and

latelets undergo morphological changes and release ADP, the tumor

ells of which also release after being activated. Then, ADP further en-

ances, particularly when the body is hypoxic, the activation of platelets

n the form of autocrine or paracrine, which relies on platelets to express

2Y12 and P2Y1 [ 75 , 86 , 87 ]. The study of Labell et al. suggested that

GF- 𝛽 secreted by platelets induces EMT of cancer cells in blood circu-

ation through BF4-B/Smad and nuclear factor- 𝜅В pathways, and pro-

otes tumor metastasis [88] . Platelets promote extravasation of CTCs

hrough adhesion molecules, including P-selectin, L-selectin, and focal

dhesion kinase (FAK), of which FAK can promote the binding of GPVI

o subendothelial collagen [ 24 , 89–91 ]. These mechanisms clarify the

vicious circle ” of cooperation between platelets and tumor cells, that
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Fig. 2. Biological effects of tumor cells mediated by platelet activation. 
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s, tumor cells can induce platelet activation and increase platelet pro-

uction, and platelets can in turn promote tumorigenesis, growth, and

istant metastasis ( Figure 2 ). 

latelets become “accomplices ” for tumor cells to escape immune 

urveillance 

Tumors must first survive in the circulatory system to metastasize.

latelets also play an important role in immune and inflammatory re-

ctions in addition to hemostasis and coagulation. We already know

hat tumor cells enter the blood to form platelet-tumor cell aggregate

nd that platelets prevent tumor cells from death induced by NK cells

nd TNF- 𝛼. Studies have confirmed that platelets promote the induction

nd differentiation of bone marrow cells by secreting CXCL5 and CXCL7

92] . Furthermore, transforming growth factor- 𝛽 (TGF- 𝛽) secreted by

latelets and PGE2 in the microenvironment can also induce the differ-

ntiation of bone marrow-derived stem cells, including myeloid-derived

uppressor cells, CD8 cytotoxic T cells, TH1, TH17, and T regulatory

ells [75] . A large number of studies have indicated that the main ef-

ector of the immune escape of tumor cells is Treg, which is in contact

ith tumor antigens. Then, macrophages infiltrated by tumor cells se-

rete chemokines, such as CCL4, CCL11, CCL17, CCL20, and CCL22, and

hese chemokines can attract CCR3-, CCR4-, CCR6-, and CCR8-positive

reg [ 93 , 94 ]. Moreover, platelet transforming growth factor b (TGF-b)

an promote the differentiation of neutrophils and macrophages into

n immunosuppressive phenotype, and tumor cells recruit granulocytes

o help tumor cells escape immune surveillance. These effects enable

latelets to be an “accomplice ” of tumor cells for their growth, inva-

ion, and transfer ( Fig. 3 ). 

xtracellular vesicles of tumor cells activate platelets indirectly or directly 

According to some reports, tissue factor (TF) and platelet microparti-

les (PMP) expressed in tumor cells can strengthen the procoagulant en-

ironment generated by the interaction of platelets and cancer cells, pro-
5 
uce thrombin, activate platelets, form thromboembolism, block blood

essels while it increases endothelial permeability, and promotes tu-

or metastasis. Tumor-derived TF is associated with a variety of tumor-

romoting responses, including primary growth, metastasis, angiogene-

is, and tumor-related thrombosis [95–97] , and the mechanism is related

o TF-dependent thrombin. In certain cancer types, such as pancreatic

ancer, there is a clear correlation between elevated circulation of TF-

ositive microbubble levels and the incidence of thrombosis [ 98 , 99 ].

merging studies have shown that exosomes derived from non-small

ell lung cancer, glioma, and prostate cancer can directly interact with

latelets [ 100 , 101 ], but the mechanisms of this interaction or possible

unctional changes in platelets remain unknown. Gomes et al. compared

he extracellular vesicles produced by two types of breast cancer cell

ines with different invasiveness and found that the number of TF vesi-

les in the high-invasive group was larger than that in the low-invasive

roup. Moreover, TF vesicles in the high-invasive group were also highly

ble to form thrombus through TF-dependent thrombin. Furthermore,

fter the plasma coagulation components were removed from washed

latelets, the vesicles in the high-invasive group were found to directly

ct on platelets through P-selectin, independent of TF, and activate and

ggregate platelets [102] ( Figure 4 ). 

latelet-derived extracellular vesicles promote tumor angiogenesis 

A large number of studies have shown that platelet-derived extra-

ellular vesicles (P-EVs) are most abundant in human blood, accounting

or more than 50% of the total amount of peripheral blood extracellular

esicles, and play a very important role in the development of tumors;

hus it has become a hot topic in research [103] . Wolf initially named P-

Vs as “platelet dust ” [104] , but this view was quickly changed. P-EVs

re of two types: exosomes (diameter 40–100 nm) and microvesicles

diameter 100–1000 nm) [105] , both attached to a series of surface re-

eptors, including integrin Ⅱ b 𝛽3 (also known as glycoprotein Ⅲ b/iia

gpIIb/iia), gpib 𝛼-IX-V receptor complex, P-selectin, lysophosphatidic



J. Wang, P. Zhou, Y. Han et al. Translational Oncology 14 (2021) 101022 

Fig. 3. Platelets help tumor cells escape from immune surveillance. 

Fig. 4. Vesicles activate platelets to promote tumor cell metastasis and blood vessels. angiogenesis: A. Extracellular vesicles of tumor cells activate platelets indirectly 

or directly; B. Activated platelets further promote tumor cell growth and platelet-derived extracellular vesicles promote tumor angiogenesis; C. Heterotypic platelet 

tumor cell aggregates promote migration and spillover of cancer cells. TF and PMP expressed in tumor cells can strengthen the procoagulant environment generated 

by the interaction of platelets and cancer cells, produce thrombin, activate platelets, form thromboembolism, block blood vessels while they increase endothelial 

permeability; and D. Platelets promote tumorigenesis, growth, and distant metastasis. 

6 
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Fig. 5. Signaling pathway of platelet-promoting tumor metastasis. 
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cid, and sphingosine 1-phosphate lipids as well as cytoplasm and se-

reted proteins [ 106 , 107 ]. Specific markers such as CD41, CD9, CD63,

SG101, and ALIX are present in exosomes and can promote tissue re-

eneration by transporting proteins and RNA, thereby promoting an-

iogenesis, proliferation, anti-inflammatory, and anti-apoptotic effects

108–110] . Subsequent studies have shown that through the interaction

etween TGF- 𝛽 and YAP, as well as phosphoinositide 3-kinase-Akt and

itogen-activated protein kinase (MAPK) -ERK signaling, P-EVs pro-

ote endothelial repair after vascular injury, thereby they promote tis-

ue regeneration and cell migration [ 111 , 112 ]. Moreover, Janowska-

ieczorek et al. have found that P-EVs can also act on lung cancer cel-

ular MAPK, produce more MMPs, and promote tumor cell proliferation

nd invasion [113] . P-EVs play an indispensable role in the induction of

umor metastasis, vascular reactivity changes, angiogenesis, and the ac-

ivation of signaling pathways [114–116] . Nevertheless, the mechanism

f P-EVs promoting tumor cell proliferation and invasion is still not very

lear. Given the involvement of P-EVs in the occurrence and develop-

ent of tumors, we believed that platelet transfusion in tumor patients

ould be new potential therapeutic targets for antitumor angiogenesis

 Fig. 4 ). 

ignaling pathway of platelet promoting tumor metastasis 

Tumor metastasis is closely related to tissue invasion, blood inflow,

ntravascular phase, capillary extravasation, and distant growth of tu-

or cells, all of which are inseparable from the signal transmission

etween platelets and tumor cells. On the one hand, ADP released by

latelet dense particles and tumor cells act on P2Y1 and P2Y12 recep-

ors of platelets [117] , and G protein-coupled receptor agonists and 5-

ydroxytryptamine (5-HT) released by platelet dense particles promote

igration and spillover of cancer cells. At the same time, the tumor cells

ct on PAR1 and PAR4 on the platelet under the mediation of thrombin

roduced by TFs VII and X, to jointly activate the platelets to produce a

arge amount of TGF-b, help to induce the conversion of tumor cells into

he epithelial mesenchyme and finally promote metastasis [ 118 , 119 ].

latelets can also promote tumor metastasis through the interaction of

LR4 with the ligand HMGB1 protein on tumor cells [120] . Moreover,

latelets can prevent tumor cells from anoikis and also help tumor cells

o successfully metastasize by activating YAP1 signal on tumor cells

121] . Additionally, EP1 and EP3 receptors on platelets are activated

y PGE2 produced by cyclooxygenase 2 on tumor cells [ 122 , 123 ]. On

he other hand, tumor cells can not only interact with platelet P-selectin

hrough mucin, but also promote the growth of cancer cells through the

nteraction of the podoplanin with platelet C-type lectin-like receptor-2

CLEC-2) [124–126] . Furthermore, the TXA2 receptor signal can pro-

ote tumor metastasis through the interaction of P-selectin-mediated

umor cells with platelets and endothelial cells [127] . The signal trans-

uction pathway between platelets and tumor cells is essential in the

rocess of platelet-promoting tumor metastasis ( Fig. 5 ). 
7 
In summary, platelets play a key role in the development of tumors

nd have a “dual personality. ” On the one hand, they are “heroes ” that

top bleeding and help repair damaged tissues of the human body. On

he other hand, they also form blood clots and assist tumor cells to

pread in the circulation, thus becoming “treason officials. ” The increase

nd activation of platelets can promote the growth and metastasis of tu-

ors, which in turn promotes platelets to increase and be activated.

n other words, platelets and tumor cells are closely related. TF and

MP expressed on tumor cells can strengthen the interaction between

latelets and cancer cells. Moreover, tumor extracellular vesicles can in-

irectly and directly activate platelets, and also promote tumor angio-

enesis. The intricate signaling pathways between platelets and tumor

ells suggest that the receptors and signaling mechanisms on platelets

re potential therapeutic targets for anti-tumor metastasis. 

onclusion 

Platelets are closely related to tumors and have a specific target on

ertain cells, and emerging studies have found that there are a variety

f proteins with different functions on the surface of the platelet mem-

rane, such as immunomodulatory function, adhesion function, target-

ng, and a natural targeted affinity for certain cell types [ 26 , 128 ]. There-

ore, there are studies to develop cell combination drug delivery (CCDD)

hat targets cancer cells in circulation or tissues to reduce the recurrence

nd metastasis of cancer. [ 129 , 130 ]. For instance, this technology could

eliver programmed cell death protein 1 antibody, cut off its combina-

ion with programmed death-1 ligand 1 on cancer cells, and activate

 cells to identify, attack, and kill tumor cells [131–133] . However,

latelets used for CCDD are not easily stored for a long time. More-

ver, Anne-Laure et al. have proposed the concept of “cottage platelets ”

platelet bait), a platelet shell obtained after platelets are processed.

ottage platelets combine with tumor cells in the circulatory system to

educe the activation of platelets by tumor cells. In this way, it is difficult

or tumor cells to escape from immune surveillance without the protec-

ion of platelets and thus their metastasis could be effectively inhibited.

urthermore, the patient’s own platelets can be used to make “cottage

latelets, ” and this cell therapy may also avoid dangerous immune re-

ctions. Because of their ability to bind tumor cells, “cottage platelets ”

ay have the potential to be transformed into a drug delivery vehicle to

reat tumors [134] ; however, such a potential is seldom studied, and the

ffective duration of “cottage platelets ” in circulation also needs further

tudy. The angiogenesis of tumor controls its growth and development,

nd platelets contribute to the angiogenesis of tumor [135] . Platelets

tore and release angiogenesis regulators, including VEGF, DGF, TGF- 𝛽,

F4, and P-selectin, among which are not only VEGF and basic fibroblast

rowth factor to promote angiogenesis but also anti-angiogenesis modu-

ators (thrombin and PF4) [ 136 , 137 ]. Therefore, we believe that further

lucidating the intracellular signal mechanism that controls the release
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f platelet proangiogenic or anti-angiogenesis regulator particles can be

sed to formulate corresponding cancer treatment strategies. Neverthe-

ess, these studies have laid the foundation for the immunotherapy of

umors, and indicate that platelets are a potential target for the treat-

ent of tumors in the future. 

Platelets in storage will be activated and they release cytokines.

latelet activation and degranulation may be more severe along with the

rocess of storage [ 138 , 139 ]. Therefore, platelet transfusion likely pro-

otes tumor growth and metastasis and harms the treatment and prog-

osis of cancer patients. Although the effects of platelet products stored

or different times on cancer and the role of platelets in this process

ave yet to be determined, we suggest that platelets with shorter stor-

ge time may have better therapeutic effects. However, the indications

f platelet transfusion should be strictly examined to minimize platelet

ransfusion for cancer patients. If transfusion is really needed, platelets

hould be treated with leukocyte reduction and irradiation to prevent

mmune response caused by leukocytes and transfusion-associated graft

ersus host disease caused by lymphocytes. In addition, the development

f a new platelet maintenance solution to inhibit platelet activation is

lso a worthy topic of research. Given the role of platelets in tumor

rowth, invasion, and metastasis, it is necessary to study strategies that

lock platelets to promote tumorigenesis and development. 
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