
REVIEW ARTICLE

Colorectal cancer and hypercoagulability

Kazushige Kawai • Toshiaki Watanabe

Received: 9 January 2013 / Accepted: 1 April 2013 / Published online: 14 May 2013

� Springer Japan 2013

Abstract Since the first report of the spontaneous

appearance of venous thrombophlebitis as a sign of visceral

cancer by Trousseau in 1865, many other studies have doc-

umented the existence of cancer-associated coagulation

disorders. In this review, we describe the hypercoagulable

state associated with colorectal cancer, from three perspec-

tives: first, the incidence, risk factors and prevention of

clinically symptomatic thromboembolic conditions associ-

ated with cancer, such as venous thromboembolism and

arterial thrombosis; second, the association between hyper-

coagulable conditions, such as thrombocytosis, hyperfi-

brinogenemia, or D-dimer elevation, and the clinical

progression and poor prognosis of cancer patients; third, the

experimental approach to elucidate the role of various

coagulation-related factors in the process of cancer pro-

gression, focusing specifically on the role of platelets and

tissue factors.
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Introduction

It is well known that patients with solid tumors frequently

present with an abnormal activation of the coagulation sys-

tem, and consequently have a high incidence of thrombo-

embolism. Since the first report on the spontaneous

appearance of venous thrombophlebitis as a sign of visceral

cancer by Trousseau in 1865 [1], many other studies have

documented the existence of cancer-associated coagulation

disorders. Reports related to the association between

malignancy and coagulation abnormalities can be divided

into the following three categories: first, the association

between the incidence and risk factors of clinically symp-

tomatic thromboembolic conditions and cancer. Patients

without any evident cancer who develop symptomatic idio-

pathic thromboembolism have an approximately 10 % risk

of subsequently being diagnosed with cancer [2]. The second

category is the association between hypercoagulable condi-

tions and the clinical progression and prognosis in cancer

patients. A number of coagulation abnormalities, such as

thrombocytosis, hyperfibrinogenemia, and an elevation of

the D-dimer levels, fibrin degradation products (FDP) or von

Willebrand factor (vWF) levels have been reported to cor-

relate with the progression or a poor prognosis of different

types of solid tumors, including esophageal, gastric, bladder,

ovarian, lung and colorectal cancer [3–9]. The third category

is papers describing the experimental approaches used to

elucidate the role(s) of various coagulation-related factors in

the process of cancer progression. Platelets and fibrinogen,

by inhibiting the natural killer (NK) cell-mediated elimina-

tion of tumor cells, have been shown to increase the meta-

static potential of cancer in a mouse experimental metastasis

model [10]. In this review, we discuss the available literature

concerning coagulation abnormalities and cancer progres-

sion, focusing specifically on colorectal cancer.

Colorectal cancer and thromboembolic conditions

Thromboembolism is a common condition observed in

patients with malignancies. The incidence of venous
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thromboembolism (VTE) in patients with a cancer burden

has been reported to be significantly higher than that in

non-cancer patients [11], and a 2.2–12 % prevalence of

occult cancer detection within 2 years after the venous

thromboembolic event has been reported [12]. The

thromboembolic event may be venous or arterial. VTEs

include deep vein thrombosis (DVT) and pulmonary

embolism (PE), while arterial events include stroke, myo-

cardial infarction and arterial embolism. The actual inci-

dence of VTE in the postoperative period in colorectal

cancer patients varies among the reports, depending largely

on the different follow-up periods or races of the patients.

However, the surgical procedures used for colorectal can-

cer are abdominal, cancer-related and often involve the

pelvis; therefore, the risk of thromboembolism is high. In

cases without perioperative anticoagulation therapy, the

incidence of symptomatic DVT occurring within 30 days

after surgery was 1.4 % [13], and with a cumulative inci-

dence of 3.1 % during a 2-year follow-up [14]. In a large

population-based cohort study, including 68,142 colorectal

cancer patients, the incidence of VTE was shown to be the

highest during the first 6 months after the diagnosis [14].

Therefore, in the American College of Chest Physicians

(ACCP) evidence-based clinical practice guidelines, colo-

rectal cancer surgery patients are considered to be the

highest-risk group for VTE, and even for those cases

without a high risk of major bleeding complications, the

introduction of pharmacologic prophylaxis with low-

molecular-weight heparin (LMWH) for periods as long as

4 weeks is recommended [15]. There is another guideline

for the prophylaxis of VTE in cancer patients [16], but

neither of the guidelines take into account the levels of

coagulation-related biomarkers, such as D-dimer elevation

or thrombocytosis. Because a number studies have docu-

mented that the incidence of VTE in cancer patients cor-

relates with the levels of hemostatic biomarkers, such as

the D-dimer level, prothrombin fragment 1 ? 2 level or

platelet count [17], the establishment of a novel guideline

for VTE prevention that includes recommendations for

individualized treatment with pharmacological prophylaxis

based on the individual coagulation abnormalities is

desired.

Another coagulation-relevant complication is arterial

thrombosis. Although most of the thromboembolic diseases

associated with cancer are venous events, distinct from

other cancers, colorectal cancer patients have also been

shown to develop thrombosis associated with chemother-

apy. One of the mainstream agents used for the treatment

of advanced and recurrent colorectal cancer, bevacizumab,

has been reported to increase the incidence of arterial

thrombosis. The pooled analysis of randomized controlled

trials performed in 2007, including a total of 1,745 patients,

demonstrated an increased risk of arterial thrombosis by

the use of bevacizumab [18]. In a recently published meta-

analysis, which included 13,026 patients from 20 ran-

domized trials, the overall relative risk for arterial throm-

boembolic events with bevacizumab-based therapy versus

controls was 1.46, and bevacizumab treatment significantly

increased the incidence of arterial thromboembolism [19].

Coagulation disorders and colorectal cancer

progression

The reports on the association between coagulation

abnormalities and the progression or a poor prognosis of

colorectal cancer are summarized in Table 1. Several

reports have shown that an elevation of the platelet count

was associated with cancer progression [20, 21], but in

most of these reports, the number of cases analyzed was

limited. Recently, we analyzed the preoperative platelet

counts in a relatively large cohort of colorectal cancer

patients [22], and observed that the presence of preopera-

tive thrombocytosis independently correlated with the

tumor diameter and depth of invasion, but not with lymph

node or distant metastasis, suggesting that thrombocytosis

may reflect the local progression of colorectal cancer, but

not its metastatic state. In our study, thrombocytosis was

also found to be a predictive factor for a shorter disease-

free survival and shorter cancer-specific survival, inde-

pendent of the TNM classification. Similar results were

reported in studies of the D-dimer and fibrinogen levels

[23–26]. For example, Oya et al. [23] demonstrated that

preoperative D-dimer elevation significantly correlated with

the tumor size and pathological T factor, but not with

lymph node metastasis, and it also independently correlated

with a shorter overall survival. In our series, preoperative

hyperfibrinogenemia significantly correlated with the depth

of invasion and a shorter disease-free survival [25], and

Tang et al. [26] reported that preoperative plasma fibrino-

gen elevation correlated with positive venous invasion and

a worse 5-year survival. Taken together, these results

suggest that thrombocytosis, hyperfibrinogenemia and

D-dimer elevation are all events that simultaneously occur

along with local cancer progression, but are not necessarily

associated with the metastatic progression of cancer. These

abnormalities of the coagulation system also correlate with

a worse prognosis of colorectal cancer, independent of the

TNM factors. These abnormalities are likely an integral

part of the colorectal cancer-associated coagulation disor-

der, however, no report has concurrently investigated the

correlation between the platelet counts, D-dimer level and

fibrinogen level in colorectal cancer patients.

The association of other coagulation-related factors with

colorectal cancer remains controversial. Wang et al. [27]

reported that elevation of vWF in the peripheral blood
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correlated with a higher stage, the presence of multiple

metastases and a shorter survival. However, Schellerer

et al. [9] failed to demonstrate any correlation. Although

prothrombin fragment F1 ? 2 has been reported to be

elevated in gynecological [28] and gastric cancer [29], its

role in colorectal cancer has not yet been investigated.

There have been several reports concerning the efficacy

of chemotherapy or radiotherapy and the presence of pre-

treatment coagulation abnormalities in other types of can-

cers. For example, a pretherapeutic high d-dimer level

significantly correlated with a poor response to neoadju-

vant chemotherapy in patients with advanced esophageal

cancer [30], and pretreatment thrombocytosis correlated

with a shorter survival in patients with non-small cell lung

cancer who received radiotherapy with curative intention

[31]. However, until a few years ago, there had been no

such study involving patients with colorectal cancer, partly

because adjuvant therapy was not routinely indicated in

colon cancer patients. Since preoperative chemoradiother-

apy (CRT) has recently become a standard therapy for

rectal cancer, we investigated the correlation between

coagulation abnormalities and the response to neoadjuvant

CRT, and found that pre-CRT thrombocytosis and post-

CRT fibrinogen elevation strongly correlated with a low

regression rate, poor pathological response and higher rate

of local recurrence [32, 33]. Further investigations to elu-

cidate the role of the hypercoagulable state in the response

to chemo- and/or radiotherapy in colorectal cancer will be

necessary.

Experimental models of coagulation abnormalities

in colorectal cancer

Presently, many abnormalities of the coagulation system

have been reported to be associated with cancer pro-

gression and prognosis, and recently, several clotting

factor gene polymorphisms were reported to significantly

increase the risk of colorectal cancer, supporting the

importance of coagulation abnormalities in cancer devel-

opment [34]. Although the involvement of various

procoagulant factors in the process of cancer development

has been speculated (Fig. 1), the detailed mecha-

nism(s) remain unclear, but increasing evidence indicates

that two key coagulation factors, namely, platelets and

tissue factor (TF), play a central role in the malignancy-

associated hypercoagulable state. A metastasis-promoting

ability of platelets has been suggested. The in vivo

depletion of platelets markedly reduced experimental

metastasis, and the formation of platelet aggregates

around tumor cells has been shown to inhibit the in vitro

tumor lysing activity of natural killer cells [35]. Several

experimental models have also demonstrated that vWF,

by connecting tumor cells and platelets, can promote the

aggregation of platelets around tumor cells, protecting

cancer cells from the innate immune system [36, 37].

However, the clinical reports indicate that abnormal

thrombocytosis strongly correlates with local cancer pro-

gression of the primary tumor, but not with distant

metastasis [20, 22]; thus, the protective effect of platelets

Table 1 A summary of the reports on the association between coagulation disorders and colorectal cancer progression

Reference Publication

year

No. of

patients

Investigated

abnormalities

in coagulation

Association with

cancer

progression

Association

with

a poor

prognosis

Other results

Kandemir et al. [20] 2005 198 Platelet count Yes Yes

Sasaki et al. [22] 2012 636 Platelet count Yes Yes

Oya et al. [23] 2001 93 D-dimer Yes Yes

Stender et al. [24] 2012 157 D-dimer Yes Yes

Yamashita et al. [25] 2009 569 Fibrinogen Yes Yes

Tang et al. [26] 2010 341 Fibrinogen Yes Yes

Wang et al. [27] 2005 86 von Willebrand factor Yes Yes

Schellerer et al. [9] 2011 79 von Willebrand factor No No

Kawai et al. [32] 2011 82 Fibrinogen Not stated Yes Correlated with tumor

regression induced by

neoadjuvant

chemoradiotherapy

Kawai et al. [33] 2012 101 Platelet count Not stated Yes Correlated with tumor

regression induced by

neoadjuvant

chemoradiotherapy
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does not seem to be relevant in the biology of colorectal

cancer metastasis.

Upon activation, platelets release various biologically

active metabolites, which can activate cancer cells. The

a-granules released by activated platelets contain storage

pools of active substances, including angiogenic factors,

such as platelet-derived growth factor (PDGF), epidermal

growth factor (EGF) and vascular endothelial growth

factor (VEGF), which contribute to the formation of new

vessels by cancer tissue. a-granules also contain a vari-

ety of cytokines, such as TGF-b, IL-1, RANTES

(CCL5), IL-8 and MIP-1a, which promote the prolifer-

ation and migration of cancer cells, or proteases such as

matrix metalloproteinase, which are involved in the

invasion of cancer cells [38]. Upon stimulation, platelets

also secrete sphingosine-1-phosphate (S1P) and lyso-

phosphatidic acid (LPA), active lipids which promote

strong migratory and proliferative activities, as well as

the transactivation of the EGF receptor [39–42]. Micro-

particles (MPs) are circulating cellular membrane frag-

ments (0.1–1 mm) which convey the plasma membrane

and cytoplasmic components of apoptotic cells. The

majority of MPs in the peripheral blood are platelet-

derived MPs (PMPs), known as procoagulant metabo-

lites, which are strongly correlated with the tumor

aggressiveness and a poor clinical outcome [43]. PMPs

can adhere to cancer cells, increasing their adhesiveness

to endothelial cells and the extracellular matrix. PMPs

Fig. 1 A schematic diagram of

the coagulation cascade

activated locally in cancer

tissue. Tissue factors expressed

in cancer tissue initiate a

coagulation cascade, resulting

in the generation of thrombin

and formation of a fibrin

polymer matrix. The thrombin

and exposed subendothelial

matrix activate platelets, which

secrete various biologically

active substances, such as

PDGF, EGF, TGF-b, S1P and

microparticles
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also facilitate tumor cell invasiveness by increasing the

metalloproteinase synthesis and secretion [44].

Another important procoagulant factor is TF, also called

clotting factor III, which is a membrane-bound glycopro-

tein that is the primary initiator of the extrinsic coagulation

cascade. TFs are expressed in 70 % of tumor cells and

53 % of tumor vascular endothelial cells in colorectal

cancer. The overexpression of TFs in colorectal cancer is

speculated to be dependent on the mutations of oncogenes,

such as K-ras or p53 [45–47]. TFs expressed in cancer

tissue react with clotting factor VIIa and activate a

sequential coagulation cascade, resulting in thrombin

generation and fibrin polymer formation. Thrombin acti-

vates platelets in cancer tissues and promotes the release of

the above-mentioned chemical mediators. It was also

reported that the expression of TFs is closely associated

with the vascularization of cancer tissue. Increased levels

of TFs resulted in the promotion of angiogenesis and a

larger tumor size in mice injected with colorectal cancer

cells, whereas TF knockdown largely abolished tumor

angiogenesis [47]. In patients with high TF-expressing

pancreatic cancer, the incidence of symptomatic VTE was

reported to be markedly higher than that in patients with

low TF expression [48]. Therefore, the local activation of

the coagulation cascade induced by TFs appears to result in

a systemic hypercoagulable state.

Another important coagulation trigger is collagen,

which is abundantly present in the tumor stroma. Tumor

vessels frequently lack endothelial cell integrity, and col-

lagen can infiltrate into the blood stream through holes in

the endothelium, activating platelets, together with vWF

(Fig. 1) [49]. Inversely, the increased vascular permeability

results in the leakage of plasma proteins, including pro-

thrombin and fibrinogen, into the subendothelial extracel-

lular matrix. Prothrombin is converted to thrombin by the

activated coagulation pathway, and may result in platelet

activation and the production of fibrin from fibrinogen [50].

Thrombin can also bind directly to cancer cells, thereby

increasing their adhesion to the microvascular endothelium

and expression of hypoxia-inducible factor-1a [51, 52].

Furthermore, factor VII, a counterpart of TFs, is reported to

be synthesized by colorectal cancer cells, and promotes

tumor invasion and metastasis [53]. Thus, the interactions

of these many and complex factors may result in the pro-

motion of the local progression and metastasis of tumors.

Because these findings suggest that a hypercoagulable

state promotes cancer development and progression, there

is a possibility that the suppression of abnormal hyperco-

agulation by anticoagulant or antiplatelet drugs can result

in cancer prevention or improvement of the prognosis of

cancer. The use of anticoagulants such as warfarin or

clopidogrel has been shown to improve the biochemical

control of prostate cancer treated with radiotherapy [54],

and LMWH or warfarin has been reported to improve the

survival in lung cancer patients both by preventing VTE-

related mortality and by inducing anti-metastatic effects

[55, 56]. Recently, it was reported that aspirin use was

significantly associated with a longer survival in colorectal

cancer patients with a phosphatidylinositol 3-kinase

mutation [57]. Further investigations concerning the clini-

cal application of anticoagulant drugs as anti-cancer rem-

edies are awaited.

Conclusion

Although the first report of the association of a hyperco-

agulable state and malignancy was in 1865 [1], it still

remains a hot topic in cancer research. Activated coagu-

lation and cancer tissue form a mutual positive-feedback

loop, and strategies that interfere with this loop may be an

interesting new strategy for cancer prevention or treatment.

The potential efficacy of anticoagulant or antiplatelet drugs

for the treatment of cancer has not been clearly determined,

and further investigations are warranted.
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