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Abstract
Purpose Although thrombocytosis has been reported in
patients with various cancers including the colorectal one,
the impact of elevated platelet counts on the response to
chemoradiotherapy (CRT) for rectal cancer has not been fully
investigated. We investigated the clinical significance of pre-
and post-CRT platelet counts in patients with rectal cancer.
Methods The medical records of 101 patients with rectal
cancer, who had received CRT followed by surgical resec-
tion, were retrospectively reviewed. The correlations be-
tween the clinicopathological variables and the pre- or
post-CRT platelet counts were analyzed. The correlations
between tumor regression rate induced by CRT, as evaluated
by barium enema and pathological examination, and the pre-
or post-CRT platelet counts were also evaluated. Finally, the
impact of pre-CRT thrombocytosis on the prognosis of these
patients was assessed.
Results The pre-CRT platelet count correlated with venous
invasion and tumor size, and it strongly correlated with the
response rate evaluated by barium enema and the grade of
pathological tumor regression. Furthermore, patients with
pre-CRT thrombocytosis had significantly shorter local
recurrence-free survival.

Conclusion Platelet count before CRT should be a promis-
ing biomarker for predicting the efficacy of CRT and the risk
of local recurrence in rectal cancer patients after CRT.
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Introduction

Clinically evident coagulation disorders may be detected as
the first sign of malignancy. It is reported that patients without
an evident cancer, who develop symptomatic idiopathic
thromboembolism, have an approximately 10 % risk of sub-
sequently being diagnosed as cancer [1]. Furthermore, various
associations of coagulation abnormalities with malignancies
have been documented. Elevated plasma D-dimer level corre-
lates with poor prognosis in lung cancer, colorectal cancer,
and sarcoma, as well as with clinical stage and lymph node
metastasis in gastric cancer [2–5]. We hitherto reported a
strong association of hyperfibrinogenemia with lymph node
metastasis, liver metastasis, and consequently poor prognosis
in gastric cancer [6, 7]. Elevated plasma fibrinogen was also a
relevant factor associated with depth of tumor invasion and
poor prognosis in colorectal cancer [8]. On the other hand, we
recently demonstrated that pre-operative thrombocytosis in
colorectal cancer patients significantly correlates with tumor
size, depth of invasion, and poor prognosis [9]. Thus, the
abnormal activation of the hemostatic system may be closely
associated with cancer progression [10].

Pre-operative chemoradiotherapy (CRT) is currently rec-
ognized as one of the standard therapeutic strategies for ad-
vanced rectal cancer. Many clinical studies have demonstrated
that CRT contributes to reduce the rate of postoperative local
recurrence and increase the rate of sphincter-preserving sur-
gery [11–13]. Since the response to CRT differs among
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patients, and poor response usually impairs prognosis, the
prediction of the response to therapy preoperatively would
help the decision of the indication of CRT, avoiding the time
loss and the high expenses of a therapy for those who will not
benefit of it. If the sensitivity of radio- or chemoradiotherapy
could be accurately predicted, and those cases with low or
without sensitivity to radiotherapy could be withdrawn, such
cases would avoid receiving an unnecessary burden prior to
receiving a surgical resection. Several markers for the pre-
operative prediction of the sensitivity of rectal cancer to radio-
or chemoradiotherapy have been reported, such as p53 [14],
endothelial growth factor receptor [15, 16], Ki-67 [17], and
p21 [15]. We have also reported Ku70, Ku86, P16, and
telomerase reverse transcriptase as promising biomarkers in
predicting the radiosensitivity of rectal cancer [18–20]. Fur-
thermore, we recently reported that the gene expression pro-
files of rectal cancer determined by DNA microarray analysis
were correlated with histological regression [21]. However,
complex procedures, such as immunohistochemistry and
mRNA analysis using biopsy specimens from tumors, are
necessary for the identification of these markers, and very
often the small biopsy specimens do not adequately reflect
the total tumor, the different results being obtained from
biopsy specimens and the surgically resected ones. Therefore,
predictive markers, which can be more easily and convenient-
ly analyzed prior to radio- or chemoradiotherapy, are desired.

We recently reported that the decrease in plasma fibrino-
gen levels during CRT significantly correlates with the tu-
mor regression induced by CRT [22]. Post-CRT, but not pre-
CRT, fibrinogen level significantly correlated with the post-
CRT local extent of rectal tumor such as depth of invasion,
tumor size, and poor prognosis. These results backed our
hypothesis that plasma fibrinogen level reflects local tumor
volume; however, the use of post-CRT fibrinogen level as a
predictive factor of the response rate to pre-operative CRT
would not be feasible. In the present study, we focused on
thrombocytosis, another coagulation disorder which we re-
cently reported to be significantly associated with the pro-
gression of colorectal cancer [9]. We assessed the peripheral
blood platelet count in patients receiving pre-operative CRT
and evaluated its correlation with the clinicopathological
features, response to CRT, and prognosis.

Methods

The medical records of 108 consecutive patients with rectal
adenocarcinoma diagnosed between November 2003 and June
2012 and who received CRT at the Department of Surgical
Oncology, the University of Tokyo Hospital, were retrospec-
tively reviewed. Patients with concomitant unresectable metas-
tases and uncontrollable neoplasm of extracolonic origin
diagnosed before CRT and those who developed unresectable

metastasis during CRT were excluded from this study. All
patients enrolled in the study received a total dose of 50.4 Gy
of radiation and concomitant 5-FU-based chemotherapy and
underwent standardized curative resection, following an interval
of 6–8 weeks after CRT. The following three regimens were
used in this study: tegafur–uracil and leucovorin by oral admin-
istration, tegafur–gimeracil–oteracil potassium by oral adminis-
tration, and continuous intravenous infusion of 5FU.

Pre-CRT blood samples were obtained from patients within
2 weeks prior to CRT and post-CRT samples between 3 and
5 weeks after CRT. In the present study, platelet count >36.5×
10,000 /μl was defined as thrombocytosis according to the
normal range of platelet count in our institution. Computed
tomography (CT) was also performed before and after CRT,
and tumor size reduction was classified into partial response
and stable disease according to the Response Evaluation Cri-
teria in Solid Tumors (RECIST) [23]. Presence of distant
metastasis was also evaluated by these CTs. Also, double-
contrast barium enema, performed prior to and after the CRT,
was used to calculate the tumor shrinkage rate using the
longitudinal dimension of the tumor, as described by Suzuki
et al. [24, 25], which gave the same result as the CT. After
resection of the tumor, all specimens were histopathologically
analyzed, and the pathological TNM classification and staging
were determined according to the classification established by
the American Joint Committee on Cancer. Tumor regression
grading was also determined as proposed by Dworak et al.
[26]. Briefly, tumor samples without any fibrosis/regression
were considered as grade 0, whereas complete regression
(grade 4) was defined as the absence of viable tumor cells in
the primary tumor and the lymph nodes. Tumor samples with>
50 % viable tumor cells (< 50 % fibrosis) were considered as
grade 1. A regression within 50–80 % was classified as grade
2, and if regression exceeded 80 %, they were classified as
Grade 3. This study was conducted with the approval of the
Ethics Committee of the University of Tokyo.

The univariate analyses of clinicopathological variables
were carried out as follows: the continuous variables, i.e.,
age and tumor size, were analyzed using correlation coeffi-
cients; variables were categorized into two groups, i.e., gen-
der, histological type, and presence/absence of metastasis,
using unpaired t-test; and ordinal-scale variables were catego-
rized into three or more groups, i.e., depth of invasion, node
metastasis, and pathological tumor regression grading, using
Spearman rank correlation coefficients. Kaplan–Meier estima-
tor, log-rank test, and Cox proportional hazard model were
used for survival analysis, and the percentage of patients
without recurrence 5 years after surgery, as estimated by the
Kaplan–Meier estimator, was defined as 5-year survival rate.
Similarly, the percentage of alive patients at 5 years was
defined as 5-year overall survival, that of patients without
local recurrence as 5-year local recurrence-free survival, and
that of patients without distant metastasis as 5-year distant
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metastasis-free survival. Parameters with P<0.2 in log-rank
test were used in Cox proportional hazard model. All analyses
were performed with JMP8.0 software, and differences at P<
0.05 were considered as statistically significant.

Results

The general characteristics of the patients are shown in
Table 1. Of the 108 rectal cancer patients who received
CRT, 62 (57.4 %) were male and 46 (42.6 %) were
female. The mean platelet count before CRT was 29.2±
12.0×10,000/μl, and thrombocytosis was observed in
20.4 % of patients. As shown in Fig. 1, the majority
of plotted dots located below the slant line, which
means that the platelet counts decreased during CRT

in most cases. There were no cases of post-CRT throm-
bocytosis among those without pre-CRT thrombocytosis.

Table 2 shows the univariate analysis of the association
between pre- and post-CRT platelet counts and the clinico-
pathological features. Pre-CRT platelet counts significantly
correlated with the response rate evaluated by barium enema
and RECIST, venous invasion, tumor size, depth of inva-
sion, and pathological tumor regression grading, whereas
post-CRT platelet counts correlated with the response rate
evaluated by barium enema and RECIST, venous invasion,
tumor size, and depth of invasion, but not with pathological
tumor regression grading. Post-CRT platelet counts elevated
along with the extent of tumors, which means that the
deeper the tumor invasion and the larger the tumor size,
the higher platelet counts were found. On the other hand,
pre- and post-CRT platelet counts showed no correlation
with metastasis of cancer, either lymph nodal or hemato-
genic. Figure 2a, b shows the correlation between the pre-
CRT platelet counts and the tumor regression evaluated by
barium enema, RECIST, and the pathological findings. El-
evated platelet count before CRT strongly correlated with
poor response, i.e., lower tumor regression as analyzed by
both methods. It is known that anemia can induce thrombo-
cytosis, and the pre-CRT anemia is correlated with the
response to radiation therapy [27]. Indeed pre-CRT hemo-
globin levels and platelet counts, in our series, were
significantly correlated (Fig. 2c). Therefore, we also eval-
uated other factors which could be affecting the response
to CRT, i.e., hemoglobin level before CRT, interval be-
tween CRT and surgery, dose reduction of chemotherapy,
and variation of the chemotherapy regimen (Table 3).
Among these factors, platelet count before CRT was the
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Fig. 1 Correlations of platelet counts before and after CRT. Dots
below the slashed line represent the cases in which the platelet counts
decreased during CRT and those dots above the line as the cases in
which the platelet counts increased

Table 1 Patient characteristics

No. of patients
(%)

Pre-CRT Post-CRT

Total 108

Gender

Male 62 (57.4 %)

Female 46 (42.6 %)

Age 63.3±9.6 yearsa

Regimen of chemotherapy

Tegafur–uracil and
leucovorin

94

Tegafur– gimeracil–
oteracil potassium

6

Continuous intravenous
infusion of 5FU

8

Reduction of chemotherapy dose

No 104

Yes 4

Depth of invasionb

T0 0 9

T1 0 13

T2 5 27

T3 94 51

T4 9 8

Regional lymph node metastasisb

N0 62 83

N1 37 16

N2/N3 9 9

Distant metastasisb

M0 106 100

M1 2 8

Platelet count (×10,000/ml) 29.2±12.0a 23.1±7.4a

Thrombocytosis 22 (20.4 %) 4 (3.7 %)

a Data are presented as mean ± S.D.
b Data are presented as cTNM for pre-CRT and ypTNM for post-CRT
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only factor affecting pathological tumor regression (P0
0.027). Table 4 shows the correlation of thrombocytosis
and pathological grade 1–3, which is defined as “cases
which could not achieve pathological complete response”.
Because there were many cases of pathological grade 1–3
without thrombocytosis, the sensitivity and its negative
predictive value remained very low (21.2 and 9.3 %,

respectively). In contrast, the specificity and its positive
predictive value were markedly high (88.9 and 95.5 %,
respectively).

Because the response to CRT had a better correlation
with pre-CRT platelet counts rather than the post-CRT ones
and post-CRT thrombocytosis was observed in only a few

Table 2 Univariate analysis of the association between clinicopatho-
logical factors and pre- or post-CRT platelet count

Pre-CRT
platelet count
(×10,000/ml)a

P value Post-CRT
platelet count
(×10,000/ml)a

P value

Gender

Male 29.4±14.1 23.1±8.4

Female 28.9±8.5 0.8308 23.1±6.1 0.9978

Age −0.196b 0.0419 −0.224b 0.0196

RECIST

Partial response 26.4±8.3 21.2±5.9

Stable disease 32.6±14.7 0.0086 25.5±8.5 0.0033

Response rate
evaluated by
barium enema

−0.271b 0.0048 −0.306b 0.0013

Pathological findings with resected specimen

Lymphatic invasion

Absent 28.9±12.2 22.9±7.5

Present 31.9±10.3 0.4372 24.4±7.2 0.5313

Venous invasion

Absent 26.7±10.0 21.6±6.0

Present 31.6±13.3 0.033 24.5±8.4 0.0426

Tumor size 0.289b 0.0025 0.316b 0.0009

Depth of invasion

ypT0 27.4±9.5 20.4±3.7

ypT1 28.8±8.2 21.5±5.0

ypT2 26.3±9.1 21.1±5.8

ypT3 29.0±13.6 23.6±6.4

ypT4 42.4±11.1 0.0208 32.2±15.7 0.0025

Regional lymph node metastasis

ypN0 28.8±10.2 23.6±7.8

ypN1 34.2±19.7 22.9±6.1

ypN2/N3 24.3±7.1 0.1145 19.5±5.7 0.2988

Tumor regression grading

1 34.5±18.0 24.6±7.0

2 28.5±8.5 23.3±9.1

3 25.5±8.4 22.2±6.6

4 28.2±9.2 0.0287 21.2±4.2 0.529

Distant metastasis

yM0 29.1±12.1 23.1±7.2

yM1 29.5±12.1 0.9388 23.4±10.7 0.9175

aMean ± S.D. values were presented except for age and tumor size
b Spearman correlation coefficients were presented for age and tumor
size
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Fig. 2 Correlations between pre-CRT platelet counts and the tumor
regression rate or pre-CRT hemoglobin level. a, b The correlation
between the pre-CRT platelet counts and the tumor regression rate as
evaluated by pathological tumor regression grading (a) and barium
enema (b) is shown. c The correlation between platelet counts and
hemoglobin level of pre-CRT is shown
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cases (4.0 %), we then evaluated the association between
pre-CRT platelet count and prognosis. Since the prognosis
of cases with distant metastasis, i.e., UICC stage IV, had a
quite worse prognosis than those without distant metastasis,
two cases with pre-CRT distant metastasis and six cases
which developed distant metastasis during CRT were ex-
cluded from further prognostic analysis (Fig. 3). Figure 4
shows the survival rate of the cases with and without throm-
bocytosis by Kaplan–Meier analysis. Pre-CRT thrombocy-
tosis was associated with a relatively worse disease-free
survival rate, but the difference was marginally significant
(P00.0513). Interestingly, thrombocytosis was not associat-
ed with distant metastasis-free survival (P00.6360), where-
as it significantly shortened the local recurrence-free
survival (P<0.0001). However, pre-CRT thrombocytosis
did not affect the patients’ overall survival (data not shown).
It can be attributed to the relatively short median follow-up
time (22.5 months) of the present study; thus, most of the
patients with cancer recurrence are still alive and receiving
chemotherapy. By the multivariate analysis, as shown in
Table 5, both depth of invasion and presence of lymph node
metastasis, but not the presence of distant metastasis, were
independent factors associated with local recurrence. Pre-
CRT thrombocytosis seemed to be the factor more strongly

associated with local recurrence after CRT, followed by
surgical resection than the previously known ypT and ypN
factors. In contrast, pre-CRT thrombocytosis was not an
independent prognostic factor for distant metastasis.

Discussion

During the last decades, the close association of the hemostat-
ic and coagulation systems with the progression of different
types of cancer has been focused. The various distinct factors
involved in the complex process of hemostasis are now rec-
ognized as important factors also involved in different steps of
cancer progression. Recently, platelets have been suggested to
play a central role in the complex interaction between the
hemostatic system and cancer progression [28]. Clinically,
thrombocytosis has been observed to correlate with poor
prognosis in various types of malignancies, such as gastric,
lung, endometrial, and esophageal cancer [29–32]. Recently,
we reported that pre-operative thrombocytosis is a significant
prognostic factor associated with poor cancer survival also in
colorectal cancer patients [9].

Based on our previous finding that platelet counts signifi-
cantly correlated with local cancer progression in colorectal
cancer patients [9], in the present study, we aimed to investi-
gate the possible role of thrombocytosis as a marker for the
prediction of response to CRT, and for this purpose, we
evaluated the correlation between thrombocytosis and the
response to CRT in rectal cancer patients. Although in the
majority of cases platelet count was reduced by CRT, the
reduction range did not correlate with the tumor regression
rate as evaluated by double-contrast barium enema, RECIST,
and pathological examination (data not shown). Therefore, the
thrombocytopenia induced by CRTmight be dependent on the
myelosuppression induced by CRT rather than on the tumor
volume reduction. Although both platelet counts before and
after CRT correlated with local cancer progression, the post-
CRT platelet count showed a higher correlation with response
to CRT in terms of tumor size, depth of invasion, and

Table 3 The association be-
tween pathological tumor re-
gression grading and parameters
which could affect tumor
regression

Pathological tumor regression Grade
1/2

Grade
3/4

P value

Platelet count (x10,000/ml) 31.2±13.8 26.0±8.5 0.027

Hemoglobin concentration (g/dl) 12.7±2.1 12.8±1.4 0.739

Interval between CRT
and surgery

(days) 46.7±3.0 42.5±10.2 0.27

Dose reduction of
chemotherapy

No 58 43

Yes 2 2 0.791

Regimen of chemotherapy Tegafur–uracil and leucovorin 54 37

Tegafur–gimeracil–oteracil potassium 5 3

Continuous intravenous infusion
of 5FU

1 5 0.108

Table 4 Sensitivity and specificity of thrombocytosis in detecting
failure of pathological CR

Pathological CR

No Yes

Thrombocytosis

Present 21 1

Absent 78 8

Sensitivity 21/99 21.2 %

Specificity 8/9 88.9 %

Positive predictive value 21/22 95.5 %

Negative predictive value 8/86 9.3 %
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lymphatic invasion. In contrast, neither the pre- nor post-CRT
platelet counts showed correlation with the metastatic state of
cancer, either nodal or hematogenic. In a previous report, we
have demonstrated that pre-operative thrombocytosis is not
only an independent indicator of poor cancer-specific survival
in patients with colorectal cancer but also an independent
predictor of poor disease-free survival in patients with stage
II colorectal cancer [9]. In the present study, we found that pre-
CRT thrombocytosis also strongly correlated with poor re-
sponse to CRT, as confirmed by barium enema, RECIST, and
pathological examination, and consequently, a significantly
higher risk of local recurrence, but not distant metastasis.
ypN was also found to be an independent prognostic factor
for local recurrence, but not for distant metastasis. Whereas
ypN status is affected by the CRT effect, the incidence of
distant metastasis is not; therefore, the absence of correlation
between ypN and distant metastasis may be reasonable. No
other factors evaluated, including pre-CRT hemoglobin level
and the variation of chemotherapy regimen, correlated with
response to CRT. Since only one case out of 22 with pre-CRT

thrombocytosis resulted in pathological CR, it can be hypoth-
esized that achieving pathological CR by CRT is difficult in
rectal cancer patients with thrombocytosis. Thrombocytosis
may be a factor negatively affecting the achievement of path-
ological CR by CRT in rectal cancer patients. It still remains
inconclusive whether rectal cancer patients with thrombosis
should receive immediate surgery without pre-operative CRT
because there is no randomized trial comparing the effect of
pre-operative CRT on the prognosis of those patients with
thrombocytosis. However, at least postoperative adjuvant che-
motherapy should be considered for those cases with pre-CRT
thrombocytosis, regardless of ypN or ypT, because pre-CRT
thrombocytosis is a strong independent predictive factor for
local recurrence.

Various mechanisms of platelet-induced cancer progres-
sion, through platelet-cancer interaction, have been reported.
Upon activation, platelets release microparticles which contain
platelet membrane- and cytoplasm-derived proteins. These
microparticles have been shown to increase adhesion, prolif-
eration, chemotaxis, and survival of cancer cells [33, 34].

Total Patients

n=108

Patients who had distant

metastasis before CRT

n=2

Patients who developed

distant metastasis during CRT

n=6

Thrombocytosis before CRT

n=20

Present

n=80

absent

Patients who developed local

recurrence  during follow-up

time

n=7

Patients who developed

distant metastasis  during

follow-up time

n=4

Patients who developed local

recurrence  during follow-up

time

n=3

Patients who developed

distant metastasis  during

follow-up time

n=11

Fig. 3 Flow chart of the patient
outcome during the follow-up
period
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Platelets are also able to bind directly to cancer cells through
various receptors expressed on their surface, such as P-selectin,
GPIIb-IIIa, and β1- and β3-integrins [35–37], and this aggre-
gation of platelets and the fibrin network formation around
tumor cells increase their metastatic potential. Platelets protect
cancer cells from the cytolytic activity of natural killer cells, the
important effectors of the immune machinery that eliminate
circulating cancer cells [38]. In addition, platelets store various
angiogenesis-inducing factors such as vascular endothelial
growth factor, platelet-derived growth factor, fibroblast growth
factor, and epidermal growth factor (EGF), and promote an-
giogenesis by releasing these factors [39]. Furthermore, in

recent years, lysophospholipids, such as sphingosine 1-
phospate (S1P) and lysophosphatidic acid (LPA), which are
abundantly stored in platelets, and released upon activation,
have been focused as important chemical mediators, exerting
various effects on surrounding cells by binding specific recep-
tors [40, 41]. They also play an important role in transactivat-
ing the EGF receptor and increasing cyclooxygenase-2
expression [42–45], consequently promoting the growth and
migratory properties of cancer cells, such as gastric and colo-
rectal types. Therefore, there is a possibility that S1P and LPA
are the key mediators of platelet-mediated cancer progression.

Presently, no reports have shown the role or the involve-
ment of platelets in radio-resistance of cancer cells. There-
fore, we believe that our present findings have important
implications in the context of platelet-induced cancer pro-
gression and platelet-regulated chemo/radio-resistance. For
the first time, we demonstrated that platelets may play a
pivotal role in the regulation of radio-resistance in colorectal
cancer. However, the mechanisms underlying the radio-
resistance conferred by platelets remain to be completely
elucidated. As discussed above, S1P and LPA may be abun-
dantly released by platelets once activated, and cancer cells
may activate them. The released S1P and LPA, acting
through the S1P or LPA receptors, which are expressed on
the different cells types, may have modulatory effects on the
immune system [46, 47]. Another interesting finding here
was that thrombocytosis may be a promising marker for the
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Table 5 Univariate and multivariate analysis of prognostic variables
for local recurrence- or distant metastasis-free survival

Univariate
analysis

Multivariate analysis

P value P value Relative
risk

95 % CI

Local recurrence

ypT (ypT0-2 vs
ypT3-4)

0.0348 0.0671 5.048 0.90–45.11

ypN (ypN0 vs ypN1-2) 0.0092 0.0022 12.481 2.53–74.55

Lymphatic invasion
(absent vs present)

0.0573 0.7191 1.382 0.19–7.15

Venous invasion
(absent vs present)

0.141 0.5555 1.621 0.33–9.73

Pre-CRT platelet
(low vs high)

<0.0001 <0.0001 29.271 5.88–211.25

Distant metastasis

ypT (ypT0-2 vs
ypT3-4)

0.0378 0.0354 3.158 1.08–11.40

ypN (ypN0 vs
ypN1-2)

0.9484

Lymphatic invasion
(absent vs present)

0.286

Venous invasion (absent
vs present)

0.3645

Pre-CRT platelet
(low vs high)

0.636
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prediction of sensitivity to radiotherapy. We observed that
thrombocytosis diagnosed pre-CRT was significantly asso-
ciated with local recurrence of rectal cancer after CRT.
Predicting one’s response to CRT is an important matter
when deciding on the treatment strategy for rectal cancer
patients, especially for the selection of those who will ben-
efit of a pre-operative CRT, which would allow conservative
approaches such as local excision or sphincter-sparing sur-
gery or the indication of adjuvant chemotherapy immediate-
ly after surgical procedure for the group of patients who had
a predicted poor prognosis. Although we have previously
shown that low post-CRT plasma fibrinogen level signifi-
cantly correlated with response to CRT in rectal cancer
patients [22], its application as a predictive factor of the
treatment response is not feasible, such being limited to the
evaluation of the response rate after the treatment.

In conclusion, platelet count is a simple test, available in
every hospital, which does not need special techniques or
expertise and can be tested prior to CRT as a potential predic-
tive biomarker of the response to treatment and of the risk of
local recurrence after treatment in rectal cancer patients re-
ceiving CRT.
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