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Abstract

Background Although thrombocytosis has been reported

in patients with various types of cancer, the association

between thrombocytosis and the clinicopathological fea-

tures of patients with colorectal cancer (CRC) has not been

fully investigated. We evaluated the clinical features

associated with thrombocytosis in CRC.

Materials and methods The medical records of 636

consecutive CRC patients undergoing surgery in our

department between January 2002 and July 2008 were

retrospectively reviewed. The correlation between the

clinicopathological variables and the preoperative platelet

count was analyzed by univariate and multivariate analy-

ses. The impact of thrombocytosis on the prognosis of

these patients was assessed, in comparison with the other

clinicopathological variables.

Results Platelet count showed significant correlation with

gender, age, venous involvement, tumor size, depth of

invasion, regional lymph node metastasis, distant metas-

tasis in univariate analysis, and tumor size and depth of

invasion were independent factors in multivariate analysis.

The cancer-specific survival (CSS) of CRC patients with

thrombocytosis was significantly shorter than that for

those without thrombocytosis (P \ 0.001), specifically in

patients with stage III CRC (P \ 0.001). Multivariate

analysis indicated that thrombocytosis was an independent

prognostic factor of CSS (hazard ratio = 2.96, 95% con-

fidence interval [CI] = 1.72–5.00). Moreover, within stage

II CRC, the univariate analysis revealed that disease-free

survival (DFS) was associated with preoperative throm-

bocytosis, but not the other clinicopathological variables.

Conclusions Preoperative thrombocytosis is not only an

independent indicator of poor CSS in CRC patients but also

an independent predictor of poor DFS in patients with stage

II CRC.

Introduction

Colorectal cancer (CRC) is a leading cause of cancer-

related death in developed countries [1]. Although surgical

resection remains the only established curative treatment for

colon cancer, at least one-third of patients receiving poten-

tially curative resection die within 5 years of diagnosis [2].

Therefore, it is pivotal to define reliable prognostic indica-

tors to identify CRC patients at high risk of recurrence who

might benefit from adjuvant treatment, such as chemother-

apy. Although TNM staging strongly correlates with post-

operative prognosis [3], prognosis varies even among the

cases in the same stage. Therefore, many reports have been

directed at evaluating the prognostic value of numerous

molecular based factors [4]. There remains a continuing

need to find clinically relevant indicators that would

improve the prediction of survival in patients receiving

potentially curative resection for CRC [5].

For more than a century, many abnormalities of the

hemostatic system have been reported to be associated with

malignancy. Elevated plasma fibrinogen has been demon-

strated to be associated with tumor progression in many

kinds of malignancies [6–8]. Levitan et al. showed that the

frequency of deep vein thrombosis or pulmonary embolus

was significantly higher in patients with malignancy, as

compared with those without malignancy [9]. Among these
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coagulation abnormalities, thrombocytosis has been sug-

gested to be strongly associated with various types of

malignancies [10–14]. Thrombocytosis has been reported

to have prognostic significance in patients with lung can-

cer, endometrial cancer, esophageal cancer, and breast

cancer.

There are some reports on the association of thrombo-

cytosis and clinicopathological features or prognosis of

CRC, but the results are conflicting, and consensus has not

been achieved [13, 15–17]. Thus, the clinical association

between thrombocytosis and prognostic relevance remain

to be investigated. In the present study, we attempted to

assess the relationship between the preoperative platelet

count and tumor progression, metastasis, recurrence, and

outcome in CRC patients.

Patients and methods

The medical records of 814 consecutive patients who

underwent surgical resection for CRC in our department

between January 2002 and July 2008 were retrospectively

reviewed. Among them, 42 patients were excluded on the

basis of the following criteria (Table 1): (1) synchronous

extracolonic malignancy, or association with apparent

acute inflammatory disease, such as colorectal perforation,

ulcerative colitis, Crohn’s disease, cholecystitis, or pneu-

monia, in which the platelet count can be positively

affected, or (2) association with severe liver cirrhosis,

which may negatively affect the platelet count [18, 19].

Ninety-nine patients were excluded because of preopera-

tive treatment, such as radiation or chemoradiation. Thirty-

seven patients with noncurative resection were also

excluded, leaving 636 patients enrolled in the study.

Preoperative blood samples were obtained from patients

with CRC within 2 weeks prior to operation. Platelet count

was measured, and platelet count C 370,000/ll was

defined as thrombocytosis, according to the normal range

of platelet count of our institution. In our institution, the

normal platelet count ranges from 140,000/ll to 370,000/ll

of blood. These limits are the 2.5th lower and upper per-

centiles of the values obtained by examination of the blood

from 100 healthy volunteers in our institution in 2004.

After resection of CRC, all specimens were histopatho-

logically analyzed by the pathologists, and the pathological

TNM classification and staging were given, according to

the classification of the American Joint Committee on

Cancer [20]. Of the 636 patients enrolled in the study, 30

had two or more primary CRCs. In these cases with mul-

ticentric cancer, the histopathological variables were

determined by assessing the dominant lesion, that is, the

largest/deepest one with respect to tumor size or invasion.

Univariate analyses of the correlation between platelet

counts and clinicopathological variables were carried out

according to nonparametric methods. The individual statis-

tical methods used were as follows: the variables categorized

into two groups, i.e., gender, age (\65 years, [64 years),

tumor location, tumor size (\50 mm,[49 mm), histological

type, lymphatic involvement, venous involvement, tumor

depth (T1-2, T3-4), lymph node involvement, and presence

of metastasis, were analyzed using the Mann–Whitney

U-test. The ordinal variable categorized into four groups, i.e.,

depth of invasion (T-factor), was analyzed with the Kruskal–

Wallis test. The continuous variable, i.e., tumor size, were

analyzed with the Spearman rank correlation coefficient. The

association between thrombocytosis and clinicopathological

variables was examined by the Chi-square test. Significant

risk factors affecting platelet counts were assessed by mul-

tivariate analysis with a logistic regression model. The

Kaplan–Meier estimator, log-rank test, and Cox proportional

hazard model were used for survival analysis. For patients

who remained alive, data were censored at the date of the last

contact. Cancer-specific survival (CSS) is calculated for

all patients from the date of surgery until death from colo-

rectal cancer, and disease-free survival (DFS) is calculated

from the date of surgery until the time of relapse. Two-

sided P values \ 0.05 were considered to be statistically

significant.

Results

Platelet count and the clinicopathological variables

The general characteristics of the patients are shown in

Table 2. Of the 636 CRC patients analyzed, 398 (62.6%) were

male and 238 (37.4%) female. The age of the patients ranged

from 26 to 94 years (mean, 65.9 ± 10.8 years), and the mean

platelet count in the study population was 27.0 ± 8.6 9

10,000/ll. Thrombocytosis, defined as platelet count [
370,000/ll, was observed in 77 patients (12.1%). Table 3

represents the results of univariate analysis of the association

Table 1 Patient exclusion criteria

Synchronous extracolonic malignancy

Inflammatory disease

Colorectal perforation

Ulcerative colitis

Crohn’s disease

Cholecystitis

Pneumonia

Liver cirrhosis

The existence of preoperative treatment

Noncurative resection
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between preoperative platelet count and clinicopathological

variables. The variables associated with higher platelet counts

were: female gender (P \ 0.001), age under 65 years old

(P \ 0.001), large tumor size (P \ 0.001), venous involve-

ment (P = 0.045), deep tumor invasion (P \ 0.001), regional

lymph node metastasis (P = 0.006), and distant metastasis

(P = 0.003). Table 4 presents the results of univariate anal-

ysis of the association between preoperative thrombocytosis

and clinicopathological variables. The variables associated

with thrombocytosis were: age under 65 years old (P =

0.015), large tumor size (P \ 0.001), venous involvement

(P = 0.035), deep tumor invasion (P \ 0.001).

The positive correlation between the platelet count and

maximum tumor diameter (Spearman correlation = 0.307;

P \ 0.001) was observed, as shown in the scatter diagram in

Fig. 1. Also, the positive correlation between the platelet

count and the progression of T-factor (P \ 0.001) was found,

as shown in the boxplot in Fig. 2. The results of the multi-

nomial logistic regression analysis to identify independent

variables that correlate with the platelet count are shown in

Table 5. Tumor size (Odds ratio 3.79; P = 0.006) and depth

of tumor invasion (Odds ratio 2.58; P = 0.019) were inde-

pendently correlated with thrombocytosis, and regional

lymph node involvement or distant metastasis were not.

Prognostic significance of platelet count

We then assessed the prognostic impact of the high preop-

erative platelet count. The median follow-up period of the

study population was 49.1 months. Seventy-one patients

(11.2%) died of cancer, and a further 18 patients (2.8%) died

of an intercurrent disease.

Figure 3 shows the Kaplan–Meier survival curves of

patients with or without thrombocytosis. Both the CSS and

the DFS of those patients with thrombocytosis were

markedly shorter compared to those without thrombocy-

tosis (P \ 0.001 and P \ 0.001, respectively). In those

patients with thrombocytosis, the 5-year CSS rate was

62.9% (95% confidence interval [CI], 50.1–74.2), whereas

patients without thrombocytosis had a longer 5-year CSS

rate, 89.9% (95% CI 86.5–92.5). In those patients with

thrombocytosis, the 5-year DFS rate was 41.7% (95% CI

30.8–53.6), whereas patients without thrombocytosis had a

longer 5-year DFS rate, 79.6% (95% CI 75.8–82.9).

Table 2 Patient characteristics

No. of patients Number (%)

Total 636

Gender

Male 398 (62.6%)

Female 238 (37.4%)

Age 65.9 ± 10.8 yearsa

Location

Cecum 37 (5.8%)

Ascending colon 93 (14.6%)

Transverse colon 68(10.7%)

Descending colon 31 (4.9%)

Sigmoid colon 184 (28.9%)

Rectum 223 (35.1%)

Platelet count 27.0 ± 8.6 9 10,000/lla

Platelet count C370,000/ll 77 (12.1%)

a Data are presented as mean ± SD

Table 3 Univariate analysis of the association between clinicopath-

ological factors and platelet count

Variable Number of

patients

Platelet count

(910,000/ll)

Median

(inter-quartile

range)

P value

Gender

Male 398 25.0 (20.0–30.3) \0.001

Female 238 27.9 (23.1–33.4)

Age

\65 years 273 27.5 (22.8–33.8) \0.001

[64 years 363 24.5 (20.2–35.9)

Tumor location

Colon 414 26.9 (21.1–31.7) 0.476

Rectum 222 27.3 (21.5–31.8)

Tumor size

\50 mm 425 24.0 (20.7–29.0) \0.001

[49 mm 211 30.0 (24.0–36.5)

Histological type

Well/moderately

differentiated

605 26.0 (21.1–31.6) 0.135

Others 31 28.9 (22.9–34.8)

Lymphatic involvement

Positive 475 26.0 (21.3–31.5) 0.956

Negative 161 25.8 (21.2–32.9)

Venous involvement

Positive 287 25.6 (20.7–30.9) 0.045

Negative 349 26.0 (21.8–32.8)

Tumor depth

T1-2 215 23.7 (20.2–27.9) \0.001

T3-4 421 27.6 (21.9–33.5)

N factor

Negative 399 25.0 (21.0–31.0) 0.006

Positive 237 27.0 (21.9–33.3)

M factor

Negative 589 25.6 (21.0–31.5) 0.003

Positive 47 30.0 (24.0–35.7)
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Next, we evaluated whether the preoperative thrombo-

cytosis could be a predictive factor of the prognosis of

patients with each tumor stage (Fig. 4). In stage III, the

group of patients with thrombocytosis, 34/212 patients

(16.0%), have significantly shorter CSS (P \ 0.001) and

DFS (P \ 0.001) than the group of patients without

thrombocytosis. In stage I and IV, CSS and DFS of those

patients with thrombocytosis were not significantly differ-

ent in comparison to those patients without thrombocytosis.

In stage II, notably, the group of patients with thrombo-

cytosis, 27/194 patients (13.9%), had significantly shorter

DFS than the group of patients without thrombocytosis

(P = 0.001), but significance could not be achieved for

CSS. In the univariate DFS analysis of these patients with

Table 4 Univariate analysis of the association between clinicopath-

ological factors and thrombocytosis

Variables Platelet P value

C370,000/ll

(n = 77)

\370,000/ll

(n = 559)

Gender

Male 44 (57.1%) 354 (63.3%) 0.293

Female 33 (42.9%) 205 (36.7%)

Age

\65 years 43 (55.8%) 230 (41.1%) 0.015

C65 years 34 (44.2%) 329 (58.9%)

Tumor location

Colon 56 (72.7%) 358 (64.0%) 0.134

Rectum 21 (27.3%) 201 (36.0%)

Tumor size

\50 mm 26 (33.8%) 400 (71.6%) \0.001

C50 mm 51 (66.2%) 159 (28.4%)

Histological type

Well/moderately

differentiated

72 (93.5%) 533 (95.3%) 0.482

Others 5 (6.5%) 26 (4.7%)

Lymphatic involvement

Positive 55 (71.4%) 419 (75.0%) 0.506

Negative 22 (28.6%) 140 (25.0%)

Venous involvement

Positive 26 (33.8%) 260 (46.5%) 0.035

Negative 51 (66.2%) 299 (53.5%)

Tumor depth

T1-2 9 (11.7%) 206 (36.9%) \0.001

T3-4 68 (88.3%) 353 (63.1%)

N factor

Negative 42 (54.5%) 357 (63.9%) 0.113

Positive 35 (45.5%) 202 (36.1%)

M factor

Negative 68 (88.3%) 521 (93.2%) 0.124

Positive 9 (11.7%) 38 (6.8%)

Fig. 1 Correlation between platelet count and the maximum tumor

diameter. The scatter diagram shows the strong positive correlation

between platelet count and the maximum tumor diameter

(P \ 0.001). The P values were determined using Spearman rank

correlation coefficients

Fig. 2 Relation between platelet count and the depth of tumor

invasion. The boxplot shows that platelet count also positively

correlated with the depth of tumor (P \ 0.001). Horizontal lines

within boxes represent median values, and boxes denote values

between the 25th and 75th percentiles. Horizontal lines without boxes

indicate the 0th and 100th percentile. The P values were determined

using Kurskal-Wallis test

Table 5 Multivariate logistic regression analysis

Variables Platelet count

P value Odds ratio

(95% CI)

Gender (female versus male) 0.318 1.30 (0.77–2.16)

Age (\65 years versus [64 years) 0.160 1.50 (0.86–2.68)

Venous involvement (negative

versus positive)

0.270 1.36 (0.80–2.35)

Tumor size (\50 mm

versus [49 mm)

\0.001 3.79 (2.22–6.61)

Tumor depth (T1-2 versus T3-4) 0.019 2.58 (1.22–6.01)

N factor (negative versus positive) 0.955 0.98 (0.58–1.67)

M factor (negative versus positive) 0.722 0.86 (0.35–1.92)
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Fig. 3 Kaplan-Meier survival curves of 636 patients, according to the

preoperative platelet counts. Patients were allocated into the high or

normal platelet groups according to the preoperative platelet counts.

Platelet count between 140,000–370,000/ll was considered normal

and that [370,000/ll, high platelet. a Cancer-specific survival

(P \ 0.001) and b disease-free survival (P \ 0.001). The P values

were determined using the log-rank test

Fig. 4 Kaplan-Meier survival

curves of each stage colorectal

cancer patients, according to the

platelet counts. Patients were

allocated into the high or normal

platelet groups according to the

preoperative platelet counts.

Platelet count between

140,000–370,000/ll was

considered normal and that

[370,000/ll, high platelet.

Cancer specific survival and

disease-free survival of each

stage were shown. The P values

were determined using the

log-rank test
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stage II CRC, only thrombocytosis (P = 0.001) was the

independent risk factor among the clinicopathological

variables evaluated (Table 6).

To investigate the independent prognostic factors in

those patients with CRC, Cox’s proportional hazard model

was applied. In the multivariate Cox hazard model of

cancer-specific survival, depth of tumor invasion (Hazard

ratio 3.81, 95% CI 1.73–10.1; P \ 0.001), regional lymph

node metastasis (Hazard ratio 1.85, 95% CI 1.13–3.08;

P = 0.014), and platelet count (Hazard ratio 3.04, 95% CI

1.82–4.96; P \ 0.001) were the independent risk factors of

poor survival (Table 7). In the multivariate Cox hazard

model of DFS, depth of tumor invasion (Hazard ratio 3.22,

95% CI 1.90–5.85; P \ 0.001), regional lymph node

metastasis (Hazard ratio 1.86, 95% CI 1.31–2.66;

P \ 0.001), distant metastasis (Hazard ratio 4.20, 95% CI

2.83–6.15; P \ 0.001), and platelet count (Hazard ratio

2.54, 95% CI 1.75–3.60; P \ 0.001) were independent risk

factors for DFS (Table 7).

As the criteria of thrombocytosis vary among the insti-

tutions, CSS was analyzed with three different criteria: (1)

[370,000 (the criteria in our institution; Fig. 3), (2)

[400,000, and (3)[450,000 (Fig. 5). The number of cases

with thrombocytosis decreased, according to the criteria

applied, from 77 in (1), to 47 in (2), and 19 in (3). In

determining the CSS of those patients with thrombocytosis

using other criteria, both (2) and (3) were markedly shorter

than in those patients without thrombocytosis (P \ 0.001).

In addition, to evaluate the applicability of the criteria used

in our institution, the 5-year CSS was analyzed in the

following groups of patients: (1) platelet count \ 370,000

(n = 559), (2) 370,000 B platelet count \ 400,000 (n =

30), (3) 400,000 B platelet count \ 450,000 (n = 28), and

(4) platelet count C 450,000 (n = 19). As shown in

Table 8, the significant difference in the CSS was found

only between group (1) and group (2) (P \ 0.001), but not

between groups (2) and (3) (P = 0.836) or groups (3) and

(4) (P = 0.418).

Discussion

We examined the preoperative platelet count as a possible

prognostic factor in 636 patients with CRC. In the uni-

variate analysis, platelet count was associated with disease

progression, higher values being observed in cases with

deeper tumor invasion, presence of regional lymph node

metastasis, and presence of distant metastasis. In the mul-

tivariate analysis, high platelet count correlated with tumor

size and depth of invasion. In addition, the progression of

T-factor, especially T3-T4, was strongly correlated with

the platelet count (Fig. 2). From these results, we can

speculate that platelet count increases along with local

tumor progression, and especially that serosal invasion of

cancer, is markedly correlated with increased circulating

platelets.

The cut-off level of preoperative platelet count of

patients with colorectal cancer was defined from 310,000/

ll to 450,000/ll in previous reports [13, 15–17]. Although

some reports defined thrombocytosis as a platelet count

higher than 400,000/ll or 450,000/ll [15–17], we defined it

as a platelet count higher than 370,000/ll according to the

normal range of platelet count of our institution. From our

results using three different criteria, the number of cases

with thrombocytosis decreased according to the criterion

applied, but independent of the criterion applied, throm-

bocytosis was found to be a significant predictor of poor

prognosis in patients with CRC after surgery. In addition,

the significant difference in cancer-specific survival was

found only between group (1) (platelet count \ 370,000)

Table 6 Univariate analysis of prognostic significance using log-

rank test in stage II

Variables Cancer-specific

survival

Disease-free

survival

P value P value

Gender (female versus male) 0.300 0.851

Age (\65 years) 0.638 0.557

Location (rectum versus colon) 0.406 0.195

Histology 0.663 0.585

Lymphatic involvement 0.719 0.514

Venous involvement 0.866 0.190

Tumor size ([50 mm) 0.385 0.897

Platelet count 0.148 0.001

Table 7 Multivariate analysis of prognostic significance with the

Cox hazard model

Variables Cancer-specific survival

P value Hazard ratio

(95% CI)

Tumor depth (T1-2 versus T3-4) \0.001 3.81 (1.73–10.1)

N factor (negative versus positive) 0.014 1.85 (1.13–3.08)

M factor (negative versus positive) 0.207 1.53 (0.77–2.82)

Platelet count (low versus high) \0.001 3.04 (1.82–4.96)

Disease-free survival

P value Hazard ratio

(95% CI)

Tumor depth (T1-2 vs. T3-4) \0.001 3.22 (1.90–5.85)

N factor (negative versus positive) \0.001 1.86 (1.31–2.66)

M factor (negative versus positive) \0.001 4.20 (2.83–6.15)

Platelet count (low versus high) \0.001 2.54 (1.75–3.60)
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and group (2) (370,000 B platelet count \ 400,000), but

not between groups (2) and (3) (400,000 B platelet

count \ 450,000) or groups (3) and (4) (platelet

count C 450,000). Therefore, we concluded that the crite-

rion applied in our institution is appropriate for the deter-

mination of thrombocytosis, and for the detection of

patients at higher risk of poor prognosis of CRC.

The presence of thrombocytosis in some solid tumors

has been associated with poor prognosis [10–12, 21, 22].

Also in CRC, preoperative thrombocytosis has been shown

to correlate with poor prognosis [13, 16, 17]. In addition,

Qiu et al. demonstrated the cumulative effect of anemia

and thrombocytosis as a prognostic marker in patients with

CRC. In cancer environment, anemia and thrombocytosis

might be closely associated [16]. On the other hand,

Nyasavajjala et al. [15] have denied the value of preoper-

ative thrombocytosis as a prognostic indicator of survival

in CRC, regardless of pathological stage, and the positive

association between thrombocytosis and poor survival

found in previous studies was attributed to the small

number of cases compared to their large-scale series, in

which 627 patients were investigated. Therefore, the

association between preoperative thrombocytosis and poor

prognosis in patients with CRC remained debatable.

In our series, we enrolled 636 patients, a number close to

the earlier study by Nyasavajjala et al. [15], but contra-

dictory to their finding, we clearly demonstrated that

preoperative thrombocytosis is a potential predictive factor

of poor survival and high recurrence rate in patients with

CRC who undergo curative resection. The basic differences

between the previous report [15] and ours are the definition

of thrombocytosis and the length of the follow-up period.

We defined thrombocytosis as platelet count [370,000/ll,

according to the normal range of our institution, whereas

they defined it as platelet count [450,000/ll. As a result,

the incidence of thrombocytosis was higher in our series

than in theirs (12.1% [77/636] versus 8.1% [51/627],

respectively). In addition, the median period of follow-up

was longer in our series than in theirs (49.1 versus

22 months, respectively). In our series, 35 patients (49.3%,

35/71) died of cancer during the postoperative period,

between the 22nd and the 49th months. Therefore, we

speculated that both the follow-up period and the definition

of thrombocytosis, but in particular, the follow-up period,

influenced the results obtained, and different results in

prognosis were obtained. Therefore, here we identified

preoperative thrombocytosis as a potential and useful

prognostic marker of CRC. Because platelet count is a

routinely available test, without the need of an additional

cost to the routine preoperative testing, it would be easily

applied in clinical setting.

In our study, the most significant result was that pre-

operative thrombocytosis was an independent prognostic

factor for both CSS and DFS in the multivariate analysis.

Fig. 5 Kaplan-Meier survival curves of 636 patients, according to the

other criteria of preoperative thrombocytosis. a Platelet count

between 140,000–400,000/ll was considered normal and that

[400,000/ll, high platelet. Cancer-specific survival was shown

(P \ 0.001). b Platelet count between 140,000–450,000/ll was

considered normal and that [450,000/ll, high platelet. Cancer-

specific survival was shown (P \ 0.001). The P values were

determined using the log-rank test

Table 8 Five-year cancer-

specific survival rate classified

by the degree of preoperative

platelet counts (plt)

Group number (platelet counts) Number Cancer-specific survival

rate (5-year, 95% CI)

P value

1. (plt \ 370,000/ll) 559 89.9% (86.5–92.5) \0.001

2. (370,000/ll B plt \ 400,000/ll) 30 67.7% (46.0–83.7) 0.836

3. (400,000/ll B plt \ 450,000/ll) 28 67.1% (46.3–82.9) 0.418

4. (plt C 450,000/ll) 19 49.2% (25.7–73.0)
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Thrombocytosis was found to be a predictor of poor

prognosis, as well as a marker to predict patients at high

risk of recurrence. The detailed analysis of the prognostic

usefulness of thrombocytosis was evaluated in each tumor

stage. Thrombocytosis was a prognostic factor of CSS in

patients at stage III, but it lost significance in patients at

stage I, II, and IV. Also, thrombocytosis was found to be a

prognostic factor for DFS in patients at stages II and III, but

significance was lost in patients at stage I and IV. Although

a tendency toward lower survival in the group of patients

with thrombocytosis was also observed in stage I and IV

cases, statistical significance could not be achieved,

and this was attributed to the small number of samples.

Also, significance was not achieved for CSS in stage II

patients, which may have been affected by the period of

postoperative follow-up (median: 49 months). A longer

follow-up period may be necessary to confirm the useful-

ness of thrombocytosis as a prognostic factor of CSS in this

group of patients. The most evident prognostic significance

of thrombocytosis for both CSS and DFS could be

observed in stage III cases.

Based on the predictive factors of prognosis, it is pos-

sible to improve survival by the addition of an adjuvant

treatment, such as chemotherapy. Adjuvant chemotherapy

is the standard of care for stage III colon cancer, but its role

in stage II disease remains controversial [23]. At present

the NCCN guideline does not recommend routine admin-

istration of adjuvant chemotherapy for all stage II CRC

patients receiving complete resection [24]. However, its

administration should be considered for patients with high-

risk factors, including T4 tumor, lymphovascular invasion,

and poorly differentiated histology [25]. In our results, the

cumulative 5-year DFS of stage II patients with preopera-

tive thrombocytosis was 55%, similar to that of stage III

patients in previous reports [3], but shorter than that of

stage III patients in our series (64.3%). In contrast, stage II

patients without thrombocytosis had a 5-year DFS rate of

83.9%. Accordingly, from our present results, we believe

that preoperative thrombocytosis should be considered a

useful indicator to predict the postoperative prognosis and

should be taken into consideration in determining those

cases that will benefit from adjuvant chemotherapy.

Although the pathophysiological mechanisms of cancer-

thrombocytosis association have not been fully clarified,

several hypotheses have been suggested. Cancer cells, by

secreting thrombopoietic factors such as interleukin-6, can

stimulate the bone marrow to produce megakaryocytes,

leading to thrombocytosis [26, 27]. Similarly, cancer cells

secrete vascular endothelial growth factor (VEGF), which

activates the coagulation cascade, leading platelets to be

activated, increasing platelet adhesion to endothelial cells

of tumor vessels [28]. The peripheral blood platelets can

also be activated when they circulate through the tumor

vasculature. Activated platelets produce various stimula-

tors of angiogenesis, such as platelet-derived growth factor

or VEGF, and the resulting angiogenesis accelerates tumor

growth [28, 29]. Activated platelets also release thrombo-

poietin, which stimulates bone marrow to generate new

platelets [30]. Thus, platelets and cancer cells cooperate,

forming a positive feedback cascade in which each stim-

ulates the other, potentiating the effect.

Moreover, cancer cells express various membrane

receptors that can bind directly to platelets and mediate

cancer cell-platelet binding and activate platelets [31].

When activated, platelets release microparticles, which

increase the invasive potential of cancer cells by increasing

the abilities of adhesion, proliferation, and chemotaxis

[32]. These observations suggested that platelet-tumor cell

emboli contribute to the formation of distant metastatic foci

by tumor cells. Additionally, it has been proposed that

platelets form a sheath around the tumor cells, interfering

with the recognition of tumor cells by natural killer

cells [33]. These observations corroborate our findings on

the pivotal role of platelets in the prognosis of colorec-

tal cancer, which is similar to that reported in other

malignancies.

In conclusion, in the present study we clearly identified

preoperative thrombocytosis not only as an independent

indicator for the prediction of poor cancer-specific survival

in patients with colorectal cancer but also as an indepen-

dent predictor of poor disease-free survival in patients with

stage II colorectal cancer. In the preoperative period, most

surgeons carefully check for anemia, leukocytopenia, or

thrombocytopenia in the hemogram. In addition to these

findings, there is a need to pay special attention to preop-

erative thrombocytosis, which may significantly affect

prognosis. Therefore, we recommend the careful check of

the hemogram preoperatively for the presence of throm-

bocytosis, which may be used as a useful clinical marker

informing the decision of whether to recommend additional

adjuvant therapy. It is a simple and costless test routinely

performed perioperatively, and it should be more appro-

priately employed.
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