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Abstract. The aim of the present study was to establish a
series of criteria based on lymphopenia and thrombocytosis
to determine prognosis for patients with colorectal carcinoma.
Correlation of preoperative lymphopenia and thrombocytosis
with clinicopathological characteristics was investigated in
215 patients with colorectal carcinoma who had undergone
surgical treatment. Multivariate analysis showed that the
presence of at least either lymphopenia or thrombocytosis
(P=0.006), venous invasion (P=0.003) and the stage of tumors
(P=0.019) were independent prognostic indicators. Lymphocyte
percentage and platelet counts that can be determined using
only data from complete blood counts may therefore serve as
simple and useful tools to appropriately determine prognosis
for patients with colorectal carcinoma.

Introduction

An application of the simple data of complete blood count
(CBC) to predict the malignant potential of the tumor and/or
prognosis of patients has been attempted.

Decrease in lymphocytes in peripheral blood means the
tendency of impaired immunity of the cancer-bearing hosts
(1). Therefore, previous investigations have demonstrated that
the prognosis of patients with a decrease in lymphocyte counts
or the lymphocyte/neutrophil ratio in peripheral blood proved
to be markedly worse in carcinoma of the stomach (2), colon
and rectum (3).

Moreover, an increase in the platelet in peripheral blood,
i.e., thrombocytosis, has also been reported to be correlated
with a more aggressive potential of malignant tumors, inclu-
ding colorectal carcinoma (4-6).
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Therefore, it could be hypothesized, that the criteria to
determine prognosis for patients with colorectal carcinoma
should be established with a decrease in lymphocytes and an
increase in the platelet in peripheral blood.

In this study, we attempted to establish some simple
criteria based on lymphopenia and thrombocytosis to predict
prognosis for patients with colorectal carcinoma.

Patients and methods

Patients, collection of blood samples and laboratory measure-
ments. In total, 215 patients with colorectal carcinoma, treated
by resection and lymph node dissection at the Fukuoka
Higashi Medical Center (Koga, Japan) between January, 2003
and February, 2010, were included in this study. Patients with
a history of malignant tumors in other organs were excluded
from this study. The patients were between 24 and 90 years of
age (mean, 70 years), and comprised 125 males and 90 females.
No neoadjuvant therapy had been administered to patients
enrolled in our study.

The blood samples were collected just prior to surgery, to
measure CBC including lymphocyte proportion and platelet
counts in the peripheral blood.

The border value of the lymphocyte proportion and platelet
counts in the peripheral blood in the measuring device at
our institute were estimated to be 20.0% and 35.0x10*/mm?*
respectively. Therefore, in this study, lymphocyte proportion
<20.0% and platelet counts >35.0x10*/mm? were defined as
lymphopenia and thrombocytosis, respectively.

The correlation of preoperative lymphopenia and throm-
bocytosis with the clinicopathological characteristics of the
patients was investigated.

Clinicopathological characteristics. The clinicopatho-
logical characteristics were examined according to the
TNM tumor stages determined by the TNM classification
of malignant tumors prescribed by the International Union
Against Cancer (7).

Patient follow-up. The follow-up for patients was continued
until they succumbed to the disease and only patients who
passed away of colorectal carcinoma were included in the
tumor-related mortality. The time period between the surgery
and the date of death was defined as the survival time. The
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Table I. Correlation between lymphopenia and thrombocytosis
with clinical background of patients.

Patients with  Patients with

either or both neither
Characteristics (n=73) (n=142) P-value
Gender (%)
Male 41 (56.2) 84 (59.2) 0.674
Female 32 (43.8) 58 (40.8)
Age (years, median) 71.3+11.2 69.8+11.6 0.368
Tumor location (%)
Colon 53 (72.6) 96 (67.6) 0452
Rectum 20 (27.4) 46 (32.4)
Depth of tumors (%)
T1,2 13 (17.8) 53 (37.3) 0.003
T3,4 60 (82.2) 89 (62.7)
Histology® (%)
Well 19 (26.0) 49 (34.5) 0.259
Moderate 45 (61.6) 83 (58.5)
Undifferentiated 9(12.4) 10 (7.0)
Lymph node
metastasis (%)
No 36 (49.3) 84 (59.2) 0.170
Yes 37 (50.7) 58 (40.8)
Lymphatic
invasion (%)
No 40 (54.8) 95 (66.9) 0.082
Yes 33 (45.2) 47 (33.1)
Venous
invasion (%)
No 55(75.3) 110 (77.5) 0.728
Yes 18 (24.7) 32 (22.5)
Tumor stage (%)
I,1I 33 (45.2) 83 (58.5) 0.045
I, IV 40 (54.8) 59 (41.5)

*Well, well-differentiated adenocarcinoma; Moderate, moderately-dif-
ferentiated adenocarcinoma; Undifferentiated, poorly-differentiated
adenocarcinoma and mucinous carcinoma.

post-surgery follow-up interval ranged from 2 months to
7 years.

Statistical analysis. Statistical analysis was carried out
using the StatView (SAS Institute Inc., Cary, NC, USA).
The Chi-square test was used to compare the differences
between proportion values. The Mann-Whitney test was used
to compare the age of patients. Survival curves were created
using the Kaplan-Meier method, while the Mantel-Cox test
was used to analyze the equality of the survival curves. A
Cox proportional hazards model was used in a forward step-
wise manner to determine the independent prognoticators by
multivariate analysis. P<0.05 was considered to indicate a
statistically significant difference.
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Figure 1. Survival of patients with lymphopenia (thick line) was significantly
more unfavorable compared to patients without lymphopenia (thin line;
P=0.012).
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Figure 2. Survival of patients with thrombocytosis (thick line) was signifi-
cantly more unfavorable compared to patients without thrombocytosis (thin
line; P=0.013).

Results

Univariate analysis demonstrated that survival rates of patients
with lymphopenia or thrombocytosis was markedly worse
compared to patients without these abnormalities, respectively
(P=0.012 and P=0.013; Figs. 1 and 2).

The clinicopathological characteristics were compared in
patients with either or both lymphopenia and thrombocytosis
and in patients with neither (Table I). A statistically significant
difference was observed regarding depth and stage of the
tumors (P=0.003 and P=0.045, respectively). The 1-, 3- and
5-year survival rates of patients with either or both lymphopenia
and thrombocytosis were 86.8, 70.8 and 60.4%, respectively,
markedly worse compared to patients with neither (98.3, 89.9
and 89.9%, respectively, P=0.0006; Fig. 3).

Multivariate analysis demonstrated that the presence of
either or both lymphopenia and thrombocytosis (P=0.006) as
well as of factors including lymphatic invasion (P=0.009) and
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Table II. Factors independently correlated with prognosis.
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Variable Regression coefficient Odds ratio (95% confidence interval) P-value
Existence of one or both of
lymphopenia and thrombocytosis 1.17 326(141-741) 0.006
Venous invasion 1.27 3.55(1.53-8.26) 0.003
Stage of tumors
I, O vs. 11, 1V) 1.54 4.65 (1.29-16.7) 0.019
100 These findings demonstrate that cytokines produced by tumor
— growth may result in a thrombocytosis in cancer-bearing
o patients, which is possibly associated with an inflammatory
. response of the host to tumor growth. By contrast, a throm-
< bocytosis has also been demonstrated to have the potential to
% 60 promote angiogenesis, reflecting the aggressive potential of
T: the tumors (14). Therefore it cannot be concluded whether or
é 40 — not an increase in the platelet in peripheral blood in tumor-
@ bearing patients is derived from tumor growth or can promote
tumor growth. However, in the present study, we clearly
20 demonstrated that a thrombocytosis may be a good indicator
of the malignant potential of the tumor and the poor prognosis
0 T | | | of patients with colorectal carcinoma.
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Figure 3. Survival of patients with one or both of lymphopenia and thrombo-
cytosis (thick line) was significantly worse than that of patients with neither
(thin line; P=0.0006).

stage of tumors (P=0.003) proved to be independently associ-
ated with worse prognosis for the patients (Table II).

Discussion

An infiltration of inflammatory cells including neutrophils
into the tumors may promote tumor growth by the production
of certain chemokines (8), whereas infiltration of lymphocyte
is involved in the antitumor immune response, that may also
be suppressed by neutrophils (9). Therefore a decrease in
Iymphocytes is likely to reflect an increase in neutrophils that
might eventually be correlated with an increase of cellular
aggressiveness of the tumor.

Preoperative high platelet counts have been used as
indicators of an aggressive potential of the tumor and there-
fore prognosis of patients with digestive malignant tumors
including esophageal (4), gastric (5) and colorectal carcinomas
(6). Certain cytokines including pro-inflammatory cytokines,
such as interleukin-1 (IL-1), IL-6, tumor necrosis factor
(TNF), macrophage colony-stimulating factor and granulocyte
colony-stimulating factor, are known to promote an increase
in the platelet in peripheral blood, termed thrombocytosis, in
tumor-bearing patients (10-12). In the present study, a signifi-
cant correlation between an increase in platelet counts and
preoperative serum elevation of C-reactive protein, which is
also known to be upregulated by certain pro-inflammatory
cytokines including IL-6 (13), was found (data not shown).

On the basis of these findings, we hypothesized that criteria
based on the combination of lymphopenia and thrombocytosis
should be established to classify the prognosis of the patients
with colorectal carcinoma possibly with a more strict stratifi-
cation. Apart form signaling the tumor stage, the presence of
either or both lymphopenia and thrombocytosis, proved to be
an independent prognostic indicator in colorectal carcinoma.

In conclusion, lymphopenia and thrombocytosis may
provide useful information to predict outcome in patients
with colorectal carcinoma with a favorable stratification. The
present study predominantly aimed to establish a series of
criteria for the prognostic classification of colorectal carci-
noma based on only data of CBC that can be applied in the
majority of the institutes.
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