
RESEARCH ARTICLE

Incidence of anemia, leukocytosis, and thrombocytosis
in patients with solid tumors in China

Miao-zhen Qiu & Rui-hua Xu & Dan-yun Ruan &

Zhuang-hua Li & Hui-yan Luo & Kai-yuan Teng &

Zhi-qiang Wang & Yu-hong Li & Wen-qi Jiang

Received: 8 May 2010 /Accepted: 6 July 2010 /Published online: 23 July 2010
# International Society of Oncology and BioMarkers (ISOBM) 2010

Abstract Despite the fact that malignancies are associated
with hematological abnormalities, some clinical studies
have been unable to detect such a relation. The aim of our
study was to detect the prevalence of pretreatment
hematologic abnormalities in patients with common solid
tumors and to determine if such a profile could be used for
prognostic evaluations. We identified all patients in Cancer
Center of Sun Yat-sen University who were diagnosed as
solid tumors (breast carcinoma, hepatocellular carcinoma,
nasopharyngeal carcinoma, esophageal carcinoma, gastric
cancer, cervical carcinoma, endometrial cancer, renal cell
carcinoma, and non-small cell lung cancer) between
January 2000 and August 2009. All subjects were investi-
gated regarding levels of white blood cells, platelets, and
hemoglobin concentration. We identified 3,180 patients
with solid tumors and 285 patients with benign diseases for
the final analysis. The percentages of leukocytosis, anemia,
and thrombocytosis in patients with solid tumors ranged
from 4.0% to 25.6%, 3.3% to 29.2%, and 2.1% to 9.7%,
respectively. The multivariate Cox analysis revealed that
anemia was an independent prognostic factor in patients
with breast cancer (P=0.006), hepatocellular carcinoma
(P=0.002), nasopharyngeal carcinoma (P=0.008), and

esophageal carcinoma (P=0.001). Leukocytosis was an
independent prognostic factor in patients with cervical
cancer (P=0.007). The incidence of hematological abnor-
malities in Chinese patients with solid tumors was relatively
lower than that of the counterparts in the Western countries.
A pretreatment anemia or leukocytosis can serve as a useful
marker to predict outcome of patients in some of the solid
tumors.
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Introduction

Although many investigators have suggested a relationship
between the hematologic abnormalities and malignant
diseases, other studies conflict with their findings. The
relationship between elevated platelet count and the
malignant tumors was first reported by Reiss et al. in
1872 [1]. Tumor-related thrombocytosis has been reported
among patients with types of solid tumors. The ranges of
frequencies previously reported in the same disease were
inconsistent: 12.0% to 42.5% in gynecologic cancer
patients [2–4], 5.83% to 53.0% in lung cancer patients
[5–7], and 19.5% to 56.8% in renal cell carcinoma patients
[8, 9]. Moreover, it was identified as an adverse prognostic
indicator in bronchial cancer patients [10], lung cancer
patients [10, 11], gastric cancer patients [12], colorectal
cancer patients [11, 13], esophageal cancer patients [14],
hepatocellular cancer patients [15], pancreas cancer patients
[16], glioblastoma patients [17], renal cell carcinoma
patients [18], oral squamous cell carcinoma patients [19],
and in different gynecological malignancies and breast
cancer patients [2, 20, 21]. But, not as consistently, Hefler

M.-z. Qiu : R.-h. Xu :D.-y. Ruan : Z.-h. Li :H.-y. Luo :
K.-y. Teng : Z.-q. Wang :Y.-h. Li :W.-q. Jiang
State Key Laboratory of Oncology in South China,
Guangzhou, People’s Republic of China

M.-z. Qiu : R.-h. Xu (*) :D.-y. Ruan : Z.-h. Li :H.-y. Luo :
K.-y. Teng : Z.-q. Wang :Y.-h. Li :W.-q. Jiang
Department of Medical Oncology,
Sun Yat-Sen University Cancer Center,
651 Dong Feng Road East,
Guangzhou 510060, People’s Republic of China
e-mail: xurh@sysucc.org.cn

Tumor Biol. (2010) 31:633–641
DOI 10.1007/s13277-010-0079-8



noted that thrombocytosis was not an independent predictor
of survival for patients with vulvar cancer [21]. It seems
that the percentage and the prognostic value of thrombocy-
tosis varies from disease to disease, and even for the same
kind of solid tumor, it changes with the geological
distribution [5, 6]. A similar phenomenon was found in
the condition of anemia and leukocytosis. The incidence
rates of anemia and leukocytosis in patients with solid
tumors were in a range of 9% to 42.6% [7, 22] and 7.4% to
39.0% [7, 22, 23], respectively.

We have previously [23] shown that the percentages of
leukocytosis, anemia, and thrombocytosis were significantly
higher in colorectal cancer patients than in patients with
benign diseases. Moreover, we found that both pretreatment
anemia and thrombocytosis were independent prognostic
variables for survival of colorectal cancer patients. However,
multivariate Cox regression analysis failed to indicate
leukocytosis as a prognostic factor. In order to determine
the incidence of hematological abnormalities in Chinese
patients with solid tumors, a further study was conducted in

Table 1 Clinicopathologic features of the 3180 solid tumor patients

Breast
cancer (%)

HCC (%) NPC (%) Esophageal
cancer (%)

Gastric
cancer (%)

Cervical
cancer (%)

Renal cell
carcinoma (%)

Endometrial
cancer (%)

NSCLC (%)

Age (years) Median, 49 Median, 50 Median, 45 Median, 59 Median, 60 Median, 43 Median, 60 Median, 52 Median, 59

≤40 64 (21.5) 86 (23.0) 208 (31.6) 2 (0.9) 58 (9.4) 128 (40.3) 21 (14.6) 16 (12.9) 36 (8.4)

41–50 92 (30.9) 106 (28.3) 230 (35.0) 44 (20.2) 90 (14.6) 108 (34.0) 21 (14.6) 32 (25.8) 64 (14.9)

51–60 112 (37.6) 108 (28.9) 160 (24.3) 72 (33.0) 174 (28.2) 56 (17.6) 30 (20.8) 64 (51.6) 142 (33.0)

61–70 20 (6.7) 44 (11.8) 48 (7.3) 74 (33.9) 204 (33.1) 24 (7.5) 48 (33.3) 12 (9.7) 120 (27.9)

>70 10 (3.4) 30 (8.0) 12 (1.8) 26 (11.9) 90 (14.6) 2 (0.6) 24 (16.7) 68 (15.8)

Gender

Male 8 (2.7) 338 (90.4) 514 (78.1) 162 (74.3) 400 (64.9) 0 108 (75.0) 0 310 (72.1)

Female 290 (97.3) 36 (9.6) 144 (21.9) 56 (25.7) 216 (35.1) 318 (100) 36 (25.0) 124 (100) 120 (27.9)

TNM stage

I 66 (22.2) 29 (7.6) 19 (2.9) 17 (7.9) 33 (5.3) 185 (58.3) 96 (67.0) 68 (55.2) 91 (21.2)

II 135 (45.2) 110 (29.5) 89 (13.5) 78 (35.6) 418 (67.9) 99 (31.1) 23 (16.0) 21 (17.2) 25 (5.7)

III 78 (26.2) 221 (59.0) 312 (47.4) 52 (23.8) 84 (13.6) 30 (9.3) 18 (12.7) 30 (24.1) 145 (33.7)

IV 19 (6.3) 14 (3.8) 238 (36.2) 71 (32.7) 81 (13.2) 4 (1.3) 7 (4.3) 5 (3.5) 169 (39.4)

HCC hepatocellular carcinoma, NPC nasopharyngeal carcinoma, NSCLC non-small cell lung cancer, TNM tumor node metastasis

Table 2 The comparison of pretreatment hematologic abnormalities between patients with solid tumors and benign diseases

Samples WBC PLT HGB

Normal Leukocytosis (%) pa Normal Thrombocytosis pa Normal Anemia pa

Breast 298 286 12 (4.0) 0.04 288 10 (3.4) 0.098 268 30 (10.1) 0.069

HCC 374 334 40 (10.7) 0.256 354 20 (5.3) 0.262 348 26 (7.0) 0.611

NPC 658 598 60 (9.1) 0.602 640 18 (2.7) 0.521 636 22 (3.3) 0.063

Esophageal 218 190 28 (12.8) 0.079 208 10 (4.6) 0.540 206 12 (5.5) 0.826

Gastric 616 544 72 (11.7) 0.100 572 44 (7.1) 0.033 436 180 (29.2) <0.001

Cervical 318 294 24 (7.5) 0.811 294 24 (7.5) 0.032 250 68 (21.4) <0.001

Endometrium 124 108 16 (12.9) 0.126 112 12 (9.7) 0.011 96 28 (22.6) <0.001

Renal 144 135 9 (6.2) 0.498 141 3 (2.1) 0.606 132 12 (8.3) 0.356

NSCLC 430 320 110 (25.6) <0.001 394 36 (8.4) 0.009 402 28 (6.5) 0.768

Benign 285 262 23 (8.1) 275 10 (3.5) 268 17 (6.0)

WBC white blood cell, PLT platelet, HGB hemoglobin, HCC hepatocellular carcinoma, NPC nasopharyngeal carcinoma, NSCLC non-small cell
lung cancer
a Comparison of hematologic abnormalities percentage between patients with solid tumors and benign diseases
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patients diagnosed with breast cancer, hepatocellular carci-
noma (HCC), nasopharyngeal carcinoma (NPC), esophageal
cancer, gastric cancer, cervical cancer, renal cell carcinoma,
endometrial carcinoma, and non-small cell lung cancer
(NSCLC). All these nine kinds of solid tumors are most
common in China. The prognostic value of hematologic
abnormalities in these tumors is also investigated.

Patients and methods

Patients

Between January 2000 and August 2009, the medical
records of pathology-proven solid tumor patients (including
patients with breast cancer, HCC, NPC, esophageal cancer,
gastric cancer, cervical cancer, renal cell carcinoma,
endometrial carcinoma, and NSCLC) who were diagnosed
and received treatment in the Cancer Center of Sun Yat-Sen
University were retrospectively analyzed. In addition to
these patients, we randomly selected a control group of 285
patients who had benign diseases, including uterine
fibroids, breast fibroadenoma, nodular goiter, liver cyst,
polycystic kidney, and gallbladder polyps. We excluded
patients who received blood transfusion, or had a history of
more than one kind of primary cancer.

Blood samples were collected at initial diagnosis 1 day
before the treatment. Two-milliliter blood sample was
obtained from the peripheral vein and then transported to
the hematology laboratory in our cancer center. A full blood
count including white blood cells, hemoglobin concentra-
tion, and platelet counts was performed, using an electronic
particle counting device (Sysmex XE-5000, Japan) before

treatment. Other clinical data collected for subsequent
analysis included age at diagnosis, gender, tumor staging,
and histological grade. Staging was performed according to
the tumor node metastasis (TNM) classification of the
American Joint Committee on Cancer (AJCC, sixth edition,
2002).

All patients provided written informed consent; we
obtained separate consent for use of blood sample. Study
approval was obtained from independent ethics committees
at Cancer Center of Sun Yat-Sen University. The study was
undertaken in accordance with the ethical standards of the
World Medical Association Declaration of Helsinki.

Definition of leukocytosis, anemia, and thrombocytosis

Tumor-related leukocytosis was defined as a pretreatment
white blood cell count >10×109/L without known inflam-
matory or infectious diseases [21]. A hemoglobin <110 g/L
without acute blood loss was defined as tumor-related
anemia [24].Thrombocytosis was defined as a pretreatment
platelet count >400×109/L without known inflammatory
conditions [10].

Statistical analysis

The statistical analysis was performed by Statistical
Package of Social Sciences 13.0 software. P value <0.05
was considered to be statistically significant. The Kaplan–
Meier method was used to estimate the 3-year overall
survival. For patients who remained alive, data were
censored at the date of the last contact. Kaplan–Meier
analysis with log-rank test was used for univariate analysis.
Variables showing a trend for association with survival

Table 3 Univariate analysis of the influence of hematologic abnormalities on the 3-year-long overall survival in solid tumor patients

Samples WBC PLT HGB

Normal
(%)

Leukocytosis
(%)

pa Normal
(%)

Thrombocytosis
(%)

pa Normal
(%)

Anemia
(%)

pa

Breast 298 91.9 81.3 0.04 92.0 80.0 0.014 92.2 84.0 0.02

HCC 374 50.7 16.6 <0.001 48.4 27.4 0.161 49.4 19.0 <0.001

NPC 658 87.4 79.9 0.01 87.4 62.5 <0.001 87.6 40.9 <0.001

Esophageal 218 51.3 68.6 0.984 53.8 33.3 0.100 53.9 40.0 0.015

Gastric 616 73.0 71.5 0.111 72.7 75.4 0.327 72.8 72.9 0.923

Cervical 318 87.4 57.8 <0.001 85.8 77.9 0.265 85.5 85.6 0.627

Endometrium 124 92.6 100.0 0.256 92.6 100.0 0.335 95.8 83.3 0.021

Renal 144 92.4 100.0 0.399 93.0 100.0 0.265 94.8 75.0 0.002

NSCLC 430 67.0 68.3 0.573 66.9 66.3 0.768 69.0 0 0.04

WBC white blood cell, PLT platelet, HGB hemoglobin, HCC hepatocellular carcinoma, NPC nasopharyngeal carcinoma, NSCLC non-small cell
lung cancer
a Comparison of overall survival rates between normal groups and hematologic abnormalities groups
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(P<0.05) were selected in the final multivariate Cox
proportional hazards model. The difference of hematologic
profile between solid tumors and benign diseases was
examined by a chi-square test.

Results

Patient demographics

We identified 3,500 patients with solid tumors in our
institution, but excluded 135 patients (3.9%) because of
incomplete follow-up, 102 patients (2.9%) because of
missing baseline characteristics, and 63 patients (1.8%)
because of thrombus and acute or chronic inflammatory
diseases (including 25 patients who were taking anticoag-
ulant agents to prevent the coronary heart disease, 20
patients with deep vein thrombosis, 10 patients with
pneumonia, three patients with Crohn’s disease, and five
patients with tuberculosis). Twelve patients (0.3%) who
received transfusion because of severe anemia before
coming to our hospital and eight patients (0.2%) with acute
blood loss were also excluded. The median follow-up was
31.0 months (range 3.0–115.0 months). The treatments of
the reviewed patients were basically planned according to
the principles of The National Comprehensive Cancer
Network (NCCN) guidelines. The characteristics of the
3,180 patients with solid tumors are shown in Table 1. Until
January 2010, there were 689 patients who died from
malignant diseases.

The incidence rate of pretreatment hematologic
abnormalities in solid tumors

The percentage of leukocytosis, anemia, and thrombocy-
tosis in the whole group of patients were 11.7% (371/
3,180), 12.8% (406/3,180), and 5.6% (177/3,180), respec-
tively, while for the patients with benign diseases, it was
8.1% (23/285), 6.0% (17/285), and 3.5% (10/285), respec-
tively. More in detail, the incidence of hematologic
abnormality in patients with solid tumors is shown in
Table 2, and the difference of hematologic profile abnor-
malities between patients with solid tumors and benign
diseases was also compared. Patients with NSCLC cancer
had a significant higher percentage of leukocytosis (25.6%)
and thrombocytosis (8.4%) than the benign disease patients,
while only 4.0% of breast cancer patients present leukocy-
tosis, significantly lower than the benign disease patients.
Moreover, the percentages of thrombocytosis and anemia in
patients with gastric cancer, cervical cancer, and endome-
trium cancer were all significantly higher than patients with
benign disease, which were 7.1% and 29.2%, 7.5% and
21.4%, and 9.7% and 22.6%, respectively. The percentages

of hematological abnormalities in patients with HCC, NPC,
esophageal cancer, and renal cell carcinoma were signifi-
cantly indifferent from that of patients with benign diseases.

Influence of pretreatment hematologic profile on survival

The median overall survival for patients with breast cancer,
HCC, NPC, esophageal cancer, gastric cancer, cervical cancer,
renal cell carcinoma, endometrial carcinoma, and NSCLC
were 29.1 months (range from 3.0 to 107.0 months),
16.4 months (range from 3.0 to 51.6 months), 30.5 months
(range from 3.2 to 89.6 months), 16.9 months (range from 3.0
to 74.7 months), 49.5 months (3.0 to 171.0 months),
29.8 months (range from 3.0 to 80.3 months), 29.2 months
(range from 3.0 to 77.2 months), 28.0 months (range from 3.3
to 50.0 months), and 12.6 months (range from 3.0 to
36.0 months), respectively. Table 3 showed the influence of
hematologic abnormalities on the 3-year-long overall surviv-
al in solid tumor patients. The 3-year-long overall survival of
the patients who had breast cancer associated leukocytosis,
thrombocytosis, and anemia were significantly lower than
that of the patients without any hematological abnormalities
(81.3% vs. 91.9%, P=0.04; 80.0% vs. 92.0%, P=0.014; and
84.0% vs. 92.2%, P=0.02). The 3-year-long overall survival
of the patients who had NPC associated leukocytosis,
thrombocytosis, and anemia were significantly lower than
that of the patients without any hematological abnormalities
(79.9% vs. 87.4%, P=0.01; 62.5% vs. 87.4%, P<0.001; and
40.9% vs. 87.6%, P<0.001). Furthermore, patients with
leukocytosis in HCC and cervical cancer also had a lower 3-
year-long overall survival than patients without leukocytosis
(16.6% vs. 50.7%, P<0.001 for HCC; 57.8% vs. 87.4%,
P<0.001 for cervical cancer). Patients with anemia in HCC,
esophageal cancer, endometrium cancer, renal cell carcinoma,
and NSCLC had a lower 3-year-long overall survival than
patients without anemia (19.0% vs. 49.4%, P<0.001 for
HCC; 40.9% vs. 87.6%, P<0.001 for NPC; 40.0% vs.

Fig. 1 Univariate analysis of patients with different status of
pretreatment hematologic profile. a Survival curve of breast cancer
patients according to the condition of hemoglobin. Hemoglobin <110
vs. ≥110 g/L (3-year-long overall survival, 84.0% vs. 92.2%, P=0.02).
b Survival curve of hepatocellular carcinoma patients according to the
condition of hemoglobin. Hemoglobin <110 vs. ≥110 g/L (3-year-long
overall survival, 19.0% vs. 49.4%, P<0.001). c Survival curve of
nasopharyngeal carcinoma patients according to the condition of
hemoglobin. Hemoglobin <110 vs. ≥110 g/L (3-year-long overall
survival, 40.9% vs. 87.6%, P<0.001). d Survival curve of esophageal
carcinoma patients according to the condition of hemoglobin.
Hemoglobin <110 vs. ≥110 g/L (3-year-long overall survival, 40.0%
vs. 53.9%, P=0.015). e Survival curve of cervical cancer patients
according to the condition of white blood cell. White blood cell >10×
109 vs. ≤10×109 cells/L (3-year-long overall survival, 57.8% vs.
87.4%, P<0.001)

b
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53.9%, P=0.015 for esophageal cancer; 83.3% vs. 95.8%
P=0.021 for endometrial carcinoma; 75.0% vs. 94.8%,
P=0.002 for renal cell carcinoma; 0% vs. 69.0%, P=0.04
for NSCLC). However, patients with hematologic abnormal-
ities in gastric cancer did not show a survival difference with
patients without hematologic abnormalities.

The multivariate Cox analysis

To test the independent prognostic effects of these clinical
factors, Cox’s proportional hazard model was applied.
Variables showing a trend for association with survival
(P<0.05) were selected in the final multivariate Cox
proportional hazards model. The results revealed that
anemia was an independent prognostic factor in patients
with breast cancer (P=0.006), HCC (P=0.002), NPC
(P=0.008), and esophageal carcinoma (P=0.001). Leuko-
cytosis was an independent prognostic factor in patients
with cervical cancer (P=0.007). The survival curve was
shown in Fig. 1. But, thrombocytosis was not confirmed as
an independent prognostic factor in the given nine kinds of
solid tumor patients.

Discussion

It is the first report about the distribution of hematologic
abnormalities in patients with malignant diseases in China.
We found that the incidence of leukocytosis, thrombocytosis,
and anemia varied in the different malignant diseases patients,
and it ranged from 4.0% to 25.6%, 2.1% to 9.7%, and 3.3% to
29.2%, respectively. The incidence of hematologic abnormal-
ities of patients with solid tumors in China was relatively
lower than the previous reports in other countries. More than
50% of the patients with lung cancer or renal cell carcinoma
were reported to have pretreatment thrombocytosis in Euro-
pean or American countries [5, 9]. The interpretation of the
difference is open to question. Hideaki Shimade once
showed [14] that in Japan, if they set the cut-off platelet
count as higher than 400×109/L, which was commonly
agreed, thrombocytosis was present only in 5.1% of the
esophageal carcinoma. It was relatively lower than the
previous reports, and the author suspected that the difference
relied in the types of solid tumors. So, they defined the
thrombocytosis as a platelet count higher than 293×109/L for
the esophageal carcinoma, which was the mean plus one
standard deviation of platelet count in healthy control. Using
this definition, the incidence rate of thrombocytosis was
21.1%. Here, we proposed that ethnic and racial background
could be one possible explanation. It is reported that only
5.83% of NSCLC patients in Japan [6] had pretreatment
thrombocytosis, which was also lower than the reports in
European countries or American. One of the limitations of

the previous studies was that no incidence of hematologic
abnormalities in patients with non-malignant diseases was
provided. It is totally possible that people without malignant
diseases in countries with high incidence of hematologic
abnormalities in malignant diseases also have high incidence
of leukocytosis, thrombocytosis, and anemia. Further studies
are needed to confirm our hypothesis. In our study, the
comparison of hematologic abnormalities between patients
with solid tumor and benign diseases was provided, and we
found that only 8.1%, 3.5%, and 6.0% of the benign disease
patients present leukocytosis, thrombocytosis, and anemia,
respectively.

Not all the patients with solid tumors had a significant
higher rate of hematologic abnormalities than the benign
diseases. Only patients with NSCLC had a higher rate of
leukocytosis than benign diseases. As for thrombocytosis
and anemia, we are surprised to find out that thrombocy-
tosis appeared with anemia together, except in NSCLC.
Although patients with gastric cancer, cervical cancer, and
endometrial carcinoma were in a high risk of bleeding, Jale
Matindir thought that [22] this was rarely severe enough to
cause anemia, while cytokines induced by tumors, such as
interleukins, interferon gamma, and tumor necrosis factors,
can induce hemolysis, suppress erythropoiesis, and inhibit
the response of erythroid progenitor cells to erythropoietin
[25, 26]. Other probable explanations include disorders of
iron metabolism [27]. Absolute or relative erythropoietin
deficiency seems to be the final pathway leading to anemia
in patients with solid tumors [28]. Erytropoietin may be
involved in the development of thrombocytosis associated
with tumor anemia and has been shown to promote platelet
formation in rats [28]. This may explain the high
correlation between thrombocytosis and anemia.

Till now, less is known about the association of
pretreatment peripheral white blood cells and prognosis
in patients with malignant diseases. Tumor-related leuko-
cytosis is considered to be an important paraneoplastic
syndrome [24]. Kasuga et al. reported that lung carcinoma
cells autonomously produced hematopoietic cytokines,
including granulocyte colony stimulating factor (G-CSF),
granulocyte–macrophage colony stimulating factor (GM-
CSF), and interleukin-6 [29]. These cytokines can hence
stimulate the proliferation of leukocytes [29]. Several
studies have also demonstrated that leukocytosis induced
by G-CSF, and GM-CSF is closely associated with tumor
progression and is a poor prognostic factor for lung and
colon cancer [29, 30]. But, in the present study, we only
found that leukocytosis was an independent risk factor for
cervical cancer patients.

Anemia is a well-established poor prognostic factor in
several types of cancers [31]. Our study showed that
anemia was a strong predictor of shorter survival in patients
with breast cancer (P=0.006), HCC (P=0.002), NPC
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Table 4 Data from literature for detection of hematologic abnormalities in solid tumors

Hematologic
abnormalities

Authors Journal Country Diseases Criteria Incidence rate Value

Leucocytosis Qiu [23] Tumour
Biol 2010

China Colorectal
cancer

>10×109/L 7.4% (27/363) Not related with
the survival

Chen [24] J Cancer
Res Oncol
2009

Taiwan Head and
neck cancer

>10×109/L 14.4%
(39/270),

Not related with
the survival

Kasuga [29] Cancer 2001 Japan Lung cancer >10×109/L 14.5%
(33/227)

Gislason [7] Eur J Respir
Dis 1985

Bronchial
carcinoma

>9×109/L 39%
(101)

Prognostic factor

Thrombocytosis Qiu [24] Tumour Biol
2010

China Colorectal
cancer

>400×109/L 8.3%
(30/363)

Prognostic factors

Chen [25] J Cancer
Res Clin
Oncol 2009

Tai wan Head and
neck cancer

>400×109/L 7.2%
(19/270)

Prognostic factors

Gungor [4] Arch Gynecol
Obstet 2009

Turkey Epithelial
ovary cancer

>400×109/L 42.5%
(124/292)

Negative
prognostic factor

Tomita [6] Interactive
Cardiovascular
and Thoracic
Surgery 2008

Japan Non-small
cell lung cancer

>400×109/L 5.83%
(14/240)

Negative
prognostic factor

Erdemir [8] Urol Int 2007 Turkey Renal cell
carcinoma

>400×109/L 19.5%
(23/118)

Useful prognostic
factor

Brockmann
[17]

Neuro-oncology
2006

Germany Glioblastoma >400×109/L 19.0%
(29/153)

Prognostic
factors

Li [2] Gynecologic
Oncology 2004

USA Epithelial
ovary cancer

>400×109/L 22.4%
(41/183)

A marker of
aggressive tumor
biology

Lerner [3] Gynecologic
Oncology 2004

USA Uterine papillary
serous cancer

>400×109/L 12.0%
(8/68)

Negative
prognostic factor

Shimada [14] J Am Coll
Surg 2004

Japan Esophageal
carcinoma

>400×109/L 5.1%
(19/374)

>293×109/L 21.1%
(79/374)

Negative
prognostic factor

Pedersen [5] Oncol Rep
2003

Denmark Lung cancer >400×109/L 53.0%
(27/51)

Predict malignance

Symbas [9] BJU Int
2000

USA Renal cell
carcinoma

>400×109/L 56.8%
(147/259)

Useful prognostic
factor

Hefler [21] Tumour Biol
2000

USA Vulvar cancer >300×109/L 27.4% Not independent
predictor of
survival

Gislason [7] Eur J Respir
Dis 1985

Bronchial
carcinoma

>400×109/L 13%
(34/258)

Prognostic factor

Anemia Qiu [23] Tumour
Biol 2010

China Colorectal
cancer

<110 g/L 20.7%
(75/363)

Prognostic factor

Chen [24] J Cancer Res
Clin Oncol 2009

Tai wan Head and
neck cancer

<110 g/L 12.2%
(33/270)

Prognostic factor

Metindir [22] J Cancer Res
Clin Oncol 2009

Turkey Endometrial
carcinoma

<120 g/L 42.6%
(26/61)

Negative
prognostic factor

Hefler [21] Tumour Biol
2000

USA Vulvar cancer <120 g/L 30.6% Not independent
predictor of
survival

Gislason [7] Eur J Respir Dis 1985 Bronchial
carcinoma

<110 g/L 9% (23/258) Not related with
survival
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(P=0.008), and esophageal carcinoma (P=0.001). It was
reported that pretreatment anemia was associated with
shorter survival in numerous carcinoma patients, including
lung carcinoma [31], cervical carcinoma [31, 32], head and
neck cancer [31, 33], lymphoma [31], prostate carcinoma
[34], and esophageal cancer [34]. Severe anemia was
associated with poor tumor oxygenation. Intratumoral
hypoxia is an important factor in activation of hypoxia-
inducible factor-1, which can promote tumor metastasis
[35].

The multivariate analysis in our study did not confirm
the prognostic role of thrombocytosis in patients with the
nine kinds of solid tumors, which is conflicted with
previous reports (Table 4). The discrepancy between our
study and the previous reports, in which thrombocytosis
represent a key prognostic variable, may be explained in
several ways. First, as we mentioned before, the incidence
rate of thrombocytosis at the time of diagnosis was lower
than previous studies. This means that the exact number of
patients with thrombocytosis was small; therefore, a larger
group of patients was needed to get a significant survival
difference at the consideration of statistics. Second, the
retrospective nature of our study may limit us to address a
casual relationship between thrombocytosis and poor
survival of patients with solid tumors.

In conclusion, our study is the first to demonstrate the
incidence of hematologic abnormalities in patients with
common solid tumors. Moreover, it suggests that abnor-
malities in the hematologic profile are an important sign
of more severe disease. A pretreatment anemia or
leukocytosis can serve as a useful marker to predict
outcome of patients in some of the solid tumors. The
limitation of current study is in its retrospective analysis
setting. It remains questionable whether hematological
profile abnormality is simply an end result of tumor
growth or the underlying killer causing mortality. Several
other limitations may apply to our findings. The impact
of various treatments related outcome could not be
evaluated in this study. Although the present study only
focuses on survival, hematological abnormalities may
have a stronger effect on disease recurrence. Therefore,
separate analyses are needed to elucidate the prognostic
significance of these variables in recurrence prediction.
Confirming the prognostic effect of pretreatment hema-
tologic profile in studies with prospective design is
mandatory. Despite these and other limitations, our data
provide an important insight into the patients of solid
tumors with hematologic abnormalities in China.

Acknowledgments This work was funded by National Natural
Science Foundation of China grant 30672408, Guangzhou Bureau of
Science and Technology grant 2006Z3-E0041, and Sun Yat-sen
University 985 Program Initiation Fund (China). We thank Professor
Qing Liu in the Epidemiology Department for his suggestion in the

statistical analysis. Besides, we thank the staff members in the
Department of Medical Oncology, NPC Oncology, Gastric Surgery
Oncology, Thoracic Surgery Oncology, Hepatocellular Surgery On-
cology, and Gynecology Oncology at Sun Yat-sen University Cancer
Center for their assistance.

References

1. Tranum BL, Haut A. Thrombocytosis: platelet kinetics in
neoplasia. J Lab Clin Med. 1974;84:615–9.

2. Li AJ, Madden AC, Cass I, Leuchter RS, Lagasse LD, Karlan BY.
The prognostic significance of thrombocytosis in epithelial
ovarian carcinoma. Gynecol Oncol. 2004;92:211–4.

3. Lerner DL, Walsh CS, Cass I, Karlan BY, Li AJ. The prognostic
significance of thrombocytosis in uterine papillary serous carci-
nomas. Gynecol Oncol. 2007;104:91–4.

4. Gungor T, Kanat-Pektas M, Sucak A, Mollamahmutoglu L. The
role of thrombocytosis in prognostic evaluation of epithelial
ovarian tumors. Arch Gynecol Obstet. 2009;279:53–6.

5. Pedersen LM, Milman N. Diagnostic significance of platelet count
and other blood analyses in patients with lung cancer. Oncol Rep.
2003;10:213–6.

6. Tomita M, Shimizu T, Hara M, Ayabe T, Onitsuka T. Prognostic
impact of thrombocytosis in resectable non-small cell lung cancer.
Interact Cardiovasc Thorac Surg. 2008;7:613–5.

7. Gislason T, Nou E. Sedimentation rate, leucocytes, platelet count
and haemoglobin in bronchial carcinoma: an epidemiological
study. Eur J Respir Dis. 1985;66:141–6.

8. Erdemir F, Kilciler M, Bedir S, Ozgok Y, Coban H, Erten K.
Clinical significance of platelet count in patients with renal cell
carcinoma. Urol Int. 2007;79:111–6.

9. Symbas NP, Townsend MF, El-Galley R, Keane TE, Graham SD,
Petros JA. Poor prognosis associated with thrombocytosis in
patients with renal cell carcinoma. BJU Int. 2000;86:203–7.

10. Pedersen LM, Milman N. Prognostic significance of thrombocy-
tosis in patients with primary lung cancer. Eur Respir J.
1996;9:1826–30.

11. Costantini V, Zacharski LR, Moritz TE, Edwards RL. The platelet
count in carcinoma of the lung and colon. Thromb Haemost.
1990;64:501–5.

12. Ikeda M, Furukawa H, Imamura H, Shimizu J, Ishida H, Masutani
S, et al. Poor prognosis associated with thrombocytosis in patients
with gastric cancer. Ann Surg Oncol. 2002;9:287–91.

13. Monreal M, Fernandez-Llamazares J, Pinol M, Julian JF, Broggi
M, Escola D, et al. Platelet count and survival in patients with
colorectal cancer—a preliminary study. Thromb Haemost.
1998;79:916–8.

14. Shimada H, Oohira G, Okazumi S, Matsubara H, Nabeya Y,
Hayashi H, et al. Thrombocytosis associated with poor prognosis
in patients with esophageal carcinoma. J Am Coll Surg.
2004;198:737–41.

15. Chen CC, Yang CF, Yang MH, Lee KD, Kwang WK, You JY, et
al. Pretreatment prognostic factors and treatment outcome in
elderly patients with de novo acute myeloid leukemia. Ann Oncol.
2005;16:1366–73.

16. Suzuki K, Aiura K, Kitagou M, Hoshimoto S, Takahashi S, Ueda
M, et al. Platelets counts closely correlate with the disease-free
survival interval of pancreatic cancer patients. Hepatogastroenter-
ology. 2004;51:847–53.

17. Brockmann MA, Giese A, Mueller K, Kaba FJ, Lohr F, Weiss C,
et al. Preoperative thrombocytosis predicts poor survival in
patients with glioblastoma. Neuro Oncol. 2007;9:335–42.

640 Tumor Biol. (2010) 31:633–641



18. Gogus C, Baltaci S, Filiz E, Elhan A, Beduk Y. Significance of
thrombocytosis for determining prognosis in patients with
localized renal cell carcinoma. Urology. 2004;63:447–50.

19. Lu CC, Chang KW, Chou FC, Cheng CY, Liu CJ. Association of
pretreatment thrombocytosis with disease progression and survival
in oral squamous cell carcinoma. Oral Oncol. 2007;43:283–8.

20. Taucher S, Salat A, Gnant M, Kwasny W, Mlineritsch B, Menzel
RC, et al. Impact of pretreatment thrombocytosis on survival in
primary breast cancer. Thromb Haemost. 2003;89:1098–106.

21. Hefler L, Mayerhofer K, Leibman B, Obermair A, Reinthaller A,
Kainz C, et al. Tumor anemia and thrombocytosis in patients with
vulvar cancer. Tumour Biol. 2000;21:309–14.

22. Metindir J, Bilir DG. Preoperative hemoglobin and platelet count
and poor prognostic factors in patients with endometrial carcino-
ma. J Cancer Res Clin Oncol. 2009;135:125–9.

23. Qiu MZ, Yuan ZY, Luo HY, Ruan DY, Wang ZQ, Wang FH, et al.
Impact of pretreatment hematologic profile on survival of
colorectal cancer patients. Tumour Biol. 2010;31:255–60.

24. Chen MH, Chang PM, Chen PM, Tzeng CH, Chu PY, Chang SY,
et al. Prognostic significance of a pretreatment hematologic profile
in patients with head and neck cancer. J Cancer Res Clin Oncol.
2009;135:1783–90.

25. Dowlati A, R'Zik S, Fillet G, Beguin Y. Anaemia of lung cancer is
due to impaired erythroid marrow response to erythropoietin
stimulation as well as relative inadequacy of erythropoietin
production. Br J Haematol. 1997;97:297–9.

26. Spivak JL. Cancer-related anemia: its causes and characteristics.
Semin Oncol. 1994;21:3–8.

27. DeRienzo DP, Saleem A. Anemia of chronic disease: a review of
pathogenesis. Tex Med. 1990;86:80–3.

28. Moliterno AR, Spivak JL. Anemia of cancer. Hematol Oncol Clin
North Am. 1996;10:345–63.

29. Kasuga I, Makino S, Kiyokawa H, Katoh H, Ebihara Y, Ohyashiki
K. Tumor-related leukocytosis is linked with poor prognosis in
patients with lung carcinoma. Cancer. 2001;92:2399–405.

30. Mroczko B, Groblewska M, Wereszczynska-Siemiatkowska U,
Okulczyk B, Kedra B, Laszewicz W, et al. Serum macrophage-
colony stimulating factor levels in colorectal cancer patients
correlate with lymph node metastasis and poor prognosis. Clin
Chim Acta. 2007;380:208–12.

31. Caro JJ, Salas M, Ward A, Goss G. Anemia as an independent
prognostic factor for survival in patients with cancer: a systemic,
quantitative review. Cancer. 2001;91:2214–21.

32. Dunst J, Kuhnt T, Strauss HG, Krause U, Pelz T, Koelbl H, et al.
Anemia in cervical cancers: impact on survival, patterns of
relapse, and association with hypoxia and angiogenesis. Int J
Radiat Oncol Biol Phys. 2003;56:778–87.

33. Baghi M, Wagenblast J, Hambek M, Moertel S, Gstoettner W,
Strebhardt K, et al. Pre-treatment haemoglobin level predicts
response and survival after tpf induction polychemotherapy in
advanced head and neck cancer patients. Clin Otolaryngol.
2008;33:245–51.

34. Rades D, Schild SE, Bahrehmand R, Zschenker O, Alberti WA,
Rudat VR. Prognostic factors in the nonsurgical treatment of
esophageal carcinoma with radiotherapy or radiochemotherapy:
the importance of pretreatment hemoglobin levels. Cancer.
2005;103:1740–6.

35. Yang MH, Wu MZ, Chiou SH, Chen PM, Chang SY, Liu CJ, et al.
Direct regulation of twist by hif-1alpha promotes metastasis. Nat
Cell Biol. 2008;10:295–305.

Tumor Biol. (2010) 31:633–641 641


	Incidence of anemia, leukocytosis, and thrombocytosis in patients with solid tumors in China
	Abstract
	Introduction
	Patients and methods
	Patients
	Definition of leukocytosis, anemia, and thrombocytosis
	Statistical analysis

	Results
	Patient demographics
	The incidence rate of pretreatment hematologic abnormalities in solid tumors
	Influence of pretreatment hematologic profile on survival
	The multivariate Cox analysis

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


