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Abstract

Background Disorders in the blood coagulation system

are often associated with malignancy. Patients with colo-

rectal cancer (CRC) have been shown to have abnormal

data for various coagulation tests.

Methods We retrospectively analyzed the relation

between the preoperative plasma fibrinogen level and

tumor recurrence in 569 patients with CRC who underwent

curative surgical resection and were followed up without

adjuvant chemotherapy.

Results The plasma fibrinogen level showed a positive

association with tumor recurrence, age, sex, T stage, and

TNM classification. When divided with the median value,

hyperfibrinogenemia is positively correlated with tumor

recurrence, although it lost independence in the multivar-

iate analysis. In the C-reactive protein (CRP)-negative

population, hyperfibrinogenemia is independently corre-

lated with tumor recurrence and recurrence-free survival.

In contrast, hyperfibrinogenemia has no effect on recur-

rence in CRP-positive patients.

Conclusions Hyperfibrinogenemia is clinically relevant

in tumor recurrence before a systemic inflammatory

response and thus can be a useful predictor of recurrence in

the preinflammatory stage of CRC.

Introduction

Colorectal cancer (CRC) is one of the most common forms

of cancer in the world. Surgical removal is the main

treatment modality when overt dissemination of cancer

beyond the surgically resected area is not evident. How-

ever, even after macroscopically curative resection of the

tumor, a certain proportion of the patients with CRC

develop recurrent disease, with reduced survival. Adjuvant

chemotherapy has been shown to be effective to reduce the

recurrence rate in those patients. Because the toxicity of

anticancer drugs is not negligible, however, selecting

patients with high recurrence possibility who may obtain

real benefit from adjuvant chemotherapy is clinically

important.

Pathologic staging is the most powerful predictor of

clinical outcome in CRC [1], and many randomized trials

have shown that adjuvant chemotherapy has successfully

reduced the rate of recurrent disease with stage III CRC

[2–4], although the effectiveness for stage II disease

remains debatable. To identify the patients with high risk

of recurrence without a pathologically determined stage,

some serologic markers have been used to predict clinical

outcome in CRC. Carcinoembryonic antigen (CEA) is one

of the widespread markers in CRC. Although the prog-

nostic significance of preoperative CEA is still

controversial, the preoperative serum CEA level has been

reported to be an independent prognostic marker in much

of the current literature [5–10]. However, preoperative

serum CEA is negative in more than half of patients with

CRC [7, 11], and patients with CEA-negative CRC do

develop recurrent disease at a constant rate. Therefore,

preoperative CEA is not a powerful marker to select

candidates for adjuvant chemotherapy or other additional

treatments.
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Previously, we demonstrated that elevated plasma

fibrinogen level was associated with lymph node metastasis

and liver metastasis, but not with peritoneal metastasis, in

gastric cancer [12, 13]. Furthermore, hyperfibrinogenemia

was also associated with worse clinical outcome in serosal

invasion-negative advanced gastric cancer [13], suggesting

that hyperfibrinogenemia had an impact on hematogenous

and lymphatic metastasis and/or relapse in this population.

Fibrinogen is known to be elevated during the systemic

inflammatory response, and thus hyperfibrinogenemia is

supposed to result in increased tumor volume [14]. How-

ever, recent studies support the hypothesis that fibrinogen

can assist hematogeneous metastasis [15, 16]. For CRC, the

major determinant of clinical outcome is mainly

hematogenous and/or lymph node recurrence. Thus, we

hypothesized that hyperfibrinogenemia is associated with

the outcome of CRC as well. Hence, we retrospectively

examined the preoperative plasma fibrinogen level of

patients with CRC who underwent curative resection. Fur-

thermore, because the plasma fibrinogen level is critically

affected by inflammation, a high plasma fibrinogen level

might be only a secondary event in tumor progression

due to inflammatory cytokines. To clarify this point, we

simultaneously evaluated the serum C-reactive protein

(CRP) level, a major inflammatory marker, and assessed

whether the inflammation is clinical or subclinical in

patients with CRC.

Patients and methods

A total of 569 patients, from February 1988 to January

2002, with colorectal adenocarcinoma were enrolled in this

study. None of the patients had distant metastasis. They

underwent curative resection of the tumor at the First

Department of Surgery, University of Tokyo Hospital,

Tokyo. At our institution, most patients with T3 or T4

rectal cancer undergo preoperative irradiation therapy, and

these patients were excluded from this study. Patients with

neoadjuvant chemotherapy or another synchronous cancer

were also excluded from the study.

The patients were followed up for 0.1–18.1 years

(median 5.3 years). The follow-up consisted of a complete

history, physical examination, complete blood count,

chemistry tests, and tumor markers—CEA and cancer

antigen (CA) 19-9—every 3 months for 1 year and then

biannually thereafter. Computed tomography (CT) was

done biannually for 3 years and then annually thereafter. If

clinically indicated, additional CT was performed for sur-

veillance. Endoscopic surveillance was done annually.

Patients with acute inflammatory disease and liver cirrhosis

were also excluded to minimize confounding factors

because the plasma fibrinogen level was critically affected

by the presence of inflammation and liver cirrhosis. In

addition, the impact of the preoperative plasma fibrinogen

level on the outcome were evaluated in all patients as well

as in a population with negative CRP values to evaluate the

difference between having or not having clinical inflam-

mation. Patients in this study were all followed up without

adjuvant chemotherapy.

For this study we referred to the classifications estab-

lished by the Japanese Research Society for Colorectal

Carcinoma, which define T2 as a tumor invading the

muscularis propria, T3 as a tumor invading through the

muscularis propria into the subserosa or into nonperitone-

alized pericolic or perirectal tissues, and T4 as a tumor

directly invading other organs or structures and/or perfo-

rating visceral peritoneum.

The preoperative plasma fibrinogen level, serum CEA,

and CRP were measured from early morning samples taken

before breakfast 5–10 days before surgery. A serum CEA

level \5 ng/ml and CRP level \0.3 mg/dl were taken as

normal.

The association of the fibrinogen level with clinico-

pathologic factors was assessed with Fisher’s exact test or

Pearson’s chi-squared test. Plasma fibrinogen levels were

compared with one-way analysis of variance (ANOVA)

followed by Tukey’s HSD test. Age was compared by

unpaired Student’s t-test or Wilcoxon’s rank sum test. A

multivariate stepwise logistic regression analysis was per-

formed to identify independently associated variables that

were correlated with tumor recurrence. Recurrence-free

survival rates were calculated from the date of the opera-

tion. Data on patients who were alive without recurrence at

the end of our study or at the last follow-up visit were

censored for recurrence-free survival analysis. The Cox

regression model was used to investigate the relation

between fibrinogen and recurrence-free survival. We

include the interaction term between fibrinogen (continu-

ous) and CRP category (\0.3/C0.3) to estimate the hazard

ratio (HR) of fibrinogen within each CRP level. Values of

p \ 0.05 were considered significant. Statistical analysis

was carried out using JMP 6.0.0 and SAS (version 9.1.3).

Results

Association of preoperative plasma fibrinogen level

with clinical parameters in patients with colorectal

cancer

The preoperative plasma fibrinogen level in patients with

CRC showed a positive association with many factors,

including age, sex, T stage, and TNM classification. For

example, the fibrinogen level was increasingly elevated as

the T stage of the tumor increased (Fig. 1). The median
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(interquartile range) plasma fibrinogen level in the 569

patients studied was 336 mg/dl (283–397 mg/dl). In the

following analysis, the patients were divided into two

groups with this median value ([336 mg/dl and B336 mg/

dl) to clarify the associated variables with hyperfibrinoge-

nemia. As shown in Table 1, the hyperfibrinogenemia was

increased in older and male patients with advanced tumor

stage. Hyperfibrinogenemia is also strongly associated with

higher serum CRP and CEA levels.

Impact of hyperfibrinogenemia on tumor recurrence

in colorectal cancer

Among the 569 patients with CRC, 112 patients developed

recurrent tumors during their follow-up. The site of the

recurrence was the liver in 56, lung in 30, lymph node in

15, peritoneum in 10, local in 16, bone in 2, and brain in 2,

respectively. Eleven patients had recurrences at two sites,

and four patients had recurrences at three sites. We next

evaluated the associations of clinicopathologic variables

with the tumor recurrence. In agreement with previous

reports, the depth of invasion, lymphatic invasion, venous

invasion, and lymph node metastasis were associated with

tumor recurrence by univariate analysis (Table 2). In

addition to these pathologic parameters, hyperfibrinoge-

nemia and an elevated CEA level were positively

associated with tumor recurrence, although they did not

show independence by multivariate analysis. An elevated

CRP level did not show a significant association with

recurrence.

Impact of hyperfibrinogenemia on tumor recurrence

in CRP-negative colorectal cancer

Hyperfibrinogenemia was significantly associated with a

high CRP level in our series, as shown in Table 1

(p \ 0.0001). However, 150 (37.6%) of 399 patients with

normal CRP values also exhibited hyperfibrinogenemia.

We next evaluated the association of clinicopathological

variables with tumor recurrence in a CRP-negative popu-

lation. Hyperfibrinogenemia was associated with tumor

recurrence in this population by univariate analysis

(Table 3). Multivariate analysis indicated that hyperfi-

brinogenemia had an independent association with tumor

recurrence with an odds ratio (OR) of 1.98 [95% confi-

dence interval (CI) 1.15–3.43, p \ 0.05], whereas all of the

other variables lost their independence. This relation was

more marked when the site of recurrence was confined to a

hematogenously metastasized organ (liver, lung, bone,

brain) (OR 2.23, 95% CI 1.22–4.11, p \ 0.01). Cox

regression analysis showed that the plasma fibrinogen level

was associated with recurrence-free survival among those

with CRP-negative status—hazard ratio (HR) 1.38 (/100

mg/dl), 95% CI 1.07–1.78, p \ 0.05—whereas no associ-

ation was found in those with CRP-positive status

(Table 4).

Discussion

Previous studies have indicated that patients with CRC

often show abnormal coagulation parameters, including

platelet counts [17] and D-dimer [18], fibrinopeptide A

[19], fragment 1 ? 2, thrombin–antithrombin complex,

and soluble fibrin assays [20]. Those reports have also

shown that the abnormalities of these coagulation factors

are associated with worse clinical outcome [17, 18, 21]. In

particular, preoperative plasma fibrin and fibrinogen deg-

radation products (FDP) levels were increased in patients

with metastatic diseases [21]. Because elevated plasma

fibrin and FDP levels indicate enhanced fibrinogen con-

version by activated coagulation cascade and fibrinolytic

activity, these facts suggest that CRC cells have a potential

to activate and interact with the host hemostatic system for

progression.

Fibrinogen, an essential hemostatic factor, is converted

to fibrin (a final product of the hemostatic pathway) by

activated thrombin. Interestingly, however, a large-scale

study to determine the association of plasma fibrinogen and

CRC has not been documented, although a Chinese study
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Fig. 1 Preoperative plasma fibrinogen in colorectal cancer with

various T stages (T2–T4). The mean values of plasma fibrinogen

were significantly different between groups T2 and T3

(** p \ 0.001) and between groups T2 and T4 (* p \ 0.01) by

analysis of variance with Tukey’s HSD test
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described an increased fibrinogen level in advanced-stage

CRC [22]. In this study, we found that the plasma fibrin-

ogen level is positively associated with tumor recurrence

and the T stage in a CRP-negative population. The plasma

fibrinogen level was critically affected by the presence of

inflammation, suggesting that the systemic inflammatory

response of the host to CRC might elevate the plasma

fibrinogen level. It has been shown that the serum level of

CRP, another systemic imflammatory marker, is associated

with distant metastasis as well as lymph node metastasis

and consequently is correlated with a worse clinical out-

come of the CRC [23]. An elevated serum CRP level has

also been reported to be a biomarker for recurrence

development with some types of tumor [24, 25]. However,

it is still controversial whether a high CRP level is an

independent predictor for poor prognosis [26–28]. In our

study, a positive CRP value did not have any relation with

the event of tumor recurrence or recurrence-free survival

after curative surgical resection. However, among 115

patients with Dukes D CRC during the same period, 64

patients (55.7%) had a positive CRP value, and their

clinical outcome was much worse than that of the patients

in this study (data not shown). In contrast, the CRP-posi-

tive rate was much smaller in Dukes A (15.6%), Dukes B

(34.3%), and Dukes C (29.3%) CRCs, which is consistent

with other studies. This suggests that a high serum CRP

level might indicate a systemic inflammatory response to

the tumor burden according to the disease stage and may

simply be a by-product of cancer spread, making it func-

tionally irrelevant to the metastatic process.

Table 1 Patient characteristics according to preoperative plasma fibrinogen level

Characteristic Total Plasma fibrinogen level p

B336 mg/dl (n = 285) [336 mg/dl (n = 284)

No. of patients % No. of patients %

Age (years)

Median 62 65

Range 32–90 34–92 \0.01

Mean 62.5 65.2

SD 10.8 11.1 \0.01

Sex

Male 373 172 60 201 71

Female 196 113 40 83 29 \0.05

Histology

Well differentiated 411 203 71 208 73

Moderately differentiated 127 71 25 56 20

Poor/mucinous 31 11 4 20 7 NS

Depth of invasion

T2 97 63 22 34 12

T3 444 212 74 232 82

T4 28 10 4 18 6 \0.01

Dukes classification

A 77 51 18 26 9

B 274 120 42 154 54

C 218 114 40 104 37 \0.01

Location

Colon 382 199 70 183 64

Rectum 187 86 30 101 36 NS

CRP

B0.3 mg/dl 399 249 87 150 53

[0.3 mg/dl 170 36 13 134 47 \0.0001

CEA

B5 ng/ml 327 195 68 132 46

[ng/ml 242 90 32 152 54 \0.0001

CRP C-reactive protein, CEA carcinoembryonic antigen, SD standard deviation, NS not significant
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Our data demonstrate that the fibrinogen levels are

considerably different from CRP levels in CRC patients. In

fact, 134 of 170 patients (78.8%) with positive CRP values

showed hyperfibrinogenemia. However, 399 of 569

patients (70.1%) in this series were CRP-negative preop-

eratively even with CRC, and 150 of the 399 CRP-negative

patients (37.6%) showed a high plasma fibrinogen level

in our series. Moreover, a preoperative high plasma

fibrinogen level was associated with tumor recurrence of

CRP-negative CRC whereas it had no impact in the CRP-

positive population. Both plasma fibrinogen and CRP are

proteins synthesized predominantly in the liver. Both are

up-regulated by proinflammatory cytokines, such as inter-

leukin-6 (IL-6) and IL-1b [29]. However, our results raise

the possibility that the plasma fibrinogen level is regulated

differently from CRP to respond to the cancer as a systemic

Table 2 Tumor recurrence and

clinicopathologic features in

curatively resected CRC

patients

CRC colorectal cancer
a Forward stepwise logistic

regression model

Characteristic Tumor recurrence

Total

patients

No.

of patients

Univariate

analysis p
Multivariate

analysis pa

Age (years)

B64 297 65

[64 272 47 0.1719

Sex

Male 373 78

Female 196 34 0.3208

Location

Colon 382 67

Rectum 187 45 0.0728

Depth of invasion

T2 97 3

T3 444 99

T4 28 10 \0.0001 0.0006

Histology

Well differentiated 411 73

Moderately differentiated 127 31

Poor/mucinous 31 8 0.1747

Tumor size

B4.5 cm 313 53

[4.5 cm 256 59 0.0723

Lymphatic invasion

Negative 406 62

Positive 163 50 \0.0001 0.0293

Venous invasion

Negative 253 30

Positive 316 82 \0.0001 0.0093

Lymph node metastasis

Negative 350 44

Positive 219 68 \0.0001 0.0029

Plasma fibrinogen

B336 mg/dl 285 45

[336 mg/dl 284 67 0.0205 0.0999

CRP

B0.3 mg/ml 399 84

[0.3 mg/ml 170 28 0.2493

CEA

B5 ng/ml 327 48

[5 ng/ml 242 64 0.0006 0.2271

1302 World J Surg (2009) 33:1298–1305

123



event in CRC patients. In fact, Kleemann et al. has shown

that ciprofibrate, a statin drug that has been shown to

reduce the risk of CRC development [30], decreases IL-1-

induced CRP synthesis but does not affect IL-1-induced

fibrinogen synthesis in human hepatocytes [31].

Hyperfibrinogenemia may enhance the metastatic pro-

cess of CRC through several possible mechanisms. Recent

studies in fibrinogen-deficient mice provided clear evidence

that fibrinogen plays a crucial role in hematogenous and

Table 3 Association of recurrence with clinicopathologic parameters in patients with CRP-negative CRC

Characteristic Recurrence Hematogenous recurrence (liver/lung/bone/brain)

Total No. of

patients

Univariate

analysis P
Multivariate

analysis P*

Odds ratio

(95% CI)

No. of

patients

Univariate

analysis P
Multivariate

analysis P*

Odds ratio

(95% CI)

Age (years)

B64 216 50 30

[64 183 34 0.2708 29 0.6714

Sex

Male 246 54 38

Female 153 30 0.615 21 0.6664

Location

Colon 267 52 38

Rectum 132 32 0.2972 21 0.6555

Depth of invasion

T2 81 3 1

T3 306 76 0.2175 55 0.0693

T4 12 5 \0.0001 0.0644 3 0.0005 0.1268

Histology

Well differentiated 287 54 40

Moderate

differentiated

94 23 17

Poor/mucinous 18 7 0.0833 2 0.5574

Tumor size

B4.5 cm 260 45 32

[4.5 cm 139 39 0.0144 0.7402 27 0.0749

Lymphatic invasion

Negative 279 45 34

Positive 120 39 0.0004 0.053 25 0.0312 0.3147

Venous invasion

Negative 175 23 17

Positive 224 61 0.0008 0.198 42 0.0152 0.4698

Lymph node metastasis

Negative 244 36 27

Positive 155 48 0.0001 0.0536 32 0.0134 0.204

Plasma fibrinogen

B336 mg/dl 249 39 25

[336 mg/dl 150 45 0.0009 0.0144 1.98(1.15–3.43) 34 0.0008 0.0092 2.23(1.22–4.11)

CEA

B5 ng/ml 254 38 26

[5 ng/ml 145 46 0.0001 0.096 33 0.0011 0.1276

Table 4 Multivariate analysis of recurrence-free survival

Variable Hazard ratio SE 95% CI P

Fibrinogen (/100 mg/dl)

CRP \0.3 mg/ml 1.38 0.18 1.07–1.78 0.01

CRP [0.3 mg/ml 0.79 0.13 0.57–1.08 0.14

The effect of an increased fibrinogen level (100 mg/dl) on recurrence-

free survival was analyzed with the Cox regression method

SE standard error
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lymphatic metastasis of cancer cells [15, 16]. The role of

fibrinogen in the development of hematogenous metastasis

is mainly protection against natural killer (NK) cells [32].

Fibrinogen is a dimeric molecule with multiple integrin- or

non-integrin-binding motifs, and malignant cells often

express high levels of fibrinogen receptors, such as a5b1,

avb3 integrins or intercellular adhesion molecule-1 (ICAM-1).

If fibrinogen were to bind to ICAM-1 on endothelial cells, it

might promote stable adhesion of tumor cells to the endo-

thelium of target organs. In addition, tumor cells and

platelets can form large aggregates through binding fibrin-

ogen because platelet aIIbb3 integrin receptors have a high

affinity for fibrinogen. These aggregates effectively form

microemboli in target organs, which can protect tumor cells

from the innate immune system [33, 34]. Moreover, tumor

cells have been shown to produce tumor procoagulant,

causing fibrin formation around the tumor cell surface and

thus make them adhere to the surrounding tissue [35]. In this

situation also, hyperfibrinogenemia may be advantageous

for tumor metastasis. In fact, hyperfibrinogenemia showed

an independent association with lymph node and liver

metastasis in human gastric cancer [12, 13]. Together with

the data on CRC in this study, one can supposed that

fibrin(ogen) may function to protect circulating cancer cells

(from various malignancies) in the blood as well as those at

other sites before the increasing tumor mass induces a

systemic inflammatory response.

Conclusion

Hyperfibrinogenemia is clinically relevant to recurrence of

CRC. Our results show that the plasma fibrinogen level

may be considered a possible biomarker to predict dis-

seminating tumor cells before distant metastasis manifests

in patients without a systemic inflammatory response. CRC

patients with hyperfibrinogenemia might be potential can-

didates for neoadjuvant/adjuvant chemotherapy.
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