J Cancer Res Clin Oncol (2009) 135:1783-1790
DOI 10.1007/s00432-009-0625-1

ORIGINAL PAPER

Prognostic significance of a pretreatment hematologic profile
in patients with head and neck cancer

Ming-Huang Chen - Peter Mu-Hsin Chang -
Po-Min Chen - Cheng-Hwai Tzeng - Pen-Yuan Chu -
Shyue-Yih Chang - Muh-Hwa Yang

Received: 22 December 2008 / Accepted: 8 June 2009 / Published online:

© Springer-Verlag 2009

Abstract

Background The purpose of this retrospective study was
to test whether the pretreatment hematologic profile can
predict the prognosis of patients with head and neck cancer.
Methods Medical records from 278 patients with head
and neck cancer were reviewed, and 270 cases were evalu-
able. Clinical data including age, gender, stage, pretreat-
ment hematologic profile (including white blood cell,
platelet, and differential counts, and hemoglobin level)
were recorded. Statistical analyses were performed to deter-
mine the prognostic effect of these hematologic indicators,
as well as clinical variables. The association between the
hematologic indicators and clinical factors was also ana-
lyzed.

Results  Pretreatment monocytes >1,000 cells/pl (P = 0.028),
hemoglobin <11.0 g/dl (P =0.022), and platelet count
>400 x 103 cells/ul (P = 0.017) were identified as indepen-
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dent prognostic factors in addition to the nodal status and
metastasis. A significant correlation between T-stage/
monocyte or platelet count and metastasis/platelet count
were shown. Monocytosis, anemia, and thrombocytosis
were demonstrated to have a cumulative effect on the prog-
nosis of head and neck cancer patients (normal vs. abnor-
mality in one lineage, P =0.001; abnormality in one vs.
more than one lineage, P = 0.005).

Conclusions A pretreatment hematologic profile can be
considered as a useful prognostic marker in patients with
head and neck cancer.

Keywords Head and neck cancer - Monocytosis -
Anemia - Thrombocytosis

Introduction

Head and neck cancer, including cancers originating from
the oral cavity, oropharynx, hypopharynx, and larynx, rep-
resents the 5th most common cancer in men and the 8th
most common cancer in women worldwide (Parkin et al.
2001). Head and neck cancer is one of the major cancers in
Taiwan and ranks 4th in male cancer-related deaths
(Department of Health, ExecutiveYuan 2004). Greater than
90% of head and neck cancer are squamous cell carcino-
mas. Multimodality therapies, including surgery, radiother-
apy, and chemotherapy are adapted to treat SCCHN.
However, the prognosis of advanced head and neck cancers
remains poor and more reliable clinical predictors of out-
come are needed to select high risk patients who may ben-
efit from receiving more aggressive therapy (Van Belle and
Cocquyt 2003).

An abnormal hemogram has been suggested as a sign of
dismal prognosis of human cancers due to the implication
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of pathophysiologic responses to disseminated disease.
Tumor-related leukocytosis which is defined as an increas-
ing level of white blood cells has been shown to correlate
with poor prognosis in patients with lung caner (Kasuga
et al. 2001). Pretreatment anemia is associated with shorter
survival for patients with lung carcinoma (Caro et al. 2001),
cervical carcinoma (Caro et al. 2001; Dunst et al. 2003),
head and neck cancer (Becker et al. 2000; Caro et al. 2001;
Rudat etal. 1999; Baghi etal. 2008), lymphoma (Caro
etal. 2001), prostate carcinoma (Caro etal. 2001), and
esophageal cancer (Rades et al. 2005). Pretreatment throm-
bocytosis indicating the abnormally high level of platelets,
has been reported to be associated with poor prognosis for
patients with lung carcinoma (Pedersen and Milman 1996,
2003), glioblastoma (Brockmann et al. 2007), esophageal
carcinoma (Shimada et al. 2004), breast cancer (Taucher
et al. 2003), gastric carcinoma (Ikeda et al. 2002), hepato-
cellular carcinoma (Chen etal. 2005), pancreas cancer
(Suzuki et al. 2004), renal cell carcinoma (Gogus et al.
2004), and oral squamous cell carcinoma (Lu et al. 2007).

Because a change in the hematologic profile reflects the
systemic response to disseminated disease, abnormalities in
more than one lineage of blood cells may indicate a more
severe disease status. However, reports regarding the
cumulative effect of multiple lineage abnormalities on the
prognosis of human cancers are still limited. In order to
determine whether a pretreatment hematologic profile
could be regarded as a useful prognostic marker for
SCCHN and if a cumulative effect of abnormalities in mul-
tiple lineages of blood cells on cancer prognosis indeed
occurs, we analyzed the prognostic significance of a pre-
treatment hematologic profile in a retrospective cohort of
head and neck cancer patients.

Patients and methods
Patient population and treatment of SCCHN

The medical records of 278 pathology-proven head and
neck cancer patients who were diagnosed and received
treatment in Taipei Veterans General Hospital between
July 2003 and July 2007 were retrospectively analyzed.
Clinical information collected for subsequent analysis
included age at diagnosis, gender, primary tumor site, pre-
treatment tumor staging, and the pretreatment hematologic
profile (white blood cells with differential count, hemoglo-
bin level, and platelet counts). The American Joint Com-
mittee on Cancer (AJCC) staging system (sixth edition)
was applied in our study (Greene et al. 2002). The AJCC
staging is based on the evaluation of the T, N and M
components: the T stage is divided into fours major parts
(T1-T4), expressing increasing size or spread of the
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primary tumor (Greene and Leslie 2008); the N stage is
also divided into four parts (NO-N3), indicating the
absence or increasing numbers of tumor involved in the
regional nodes; whereas the M stage identifies the absence
(MO) or the presence (M1) of distant metastases including
lymph nodes that are not regional. To facilitate the statisti-
cal analysis, we grouped the patients into different T
(T1 + T2 vs. T3 +T4), N (NO vs. N+, i.e., NI-3) and M
status (MO vs. M1). Subjects with medical conditions asso-
ciated with reactive leukocytosis or thrombocytosis (e.g.,
acute or chronic inflammatory diseases) or anemia caused
by acute blood loss were excluded from this retrospective
study (n = 8). The remaining 270 cases include 246 males
and 24 females with a median age 56.5 years (range 36—
89 years). The median follow-up was 24 months (range 0—
63.5 months).Among these 270 evaluable cases, 253
patients received definitive treatment, including primary
chemoradiotherapy (CRT), surgery alone, or surgery plus
postoperative radiotherapy/CRT. For patients with distant
metastasis on initial presentation (n = 17), palliative che-
motherapy was arranged for symptomatic relief. The char-
acteristics of the 270 head and neck cancer patients are
shown in Table 1.

Definition of tumor-related leukocytosis, monocytosis,
anemia, and thrombocytosis

Tumor-related leukocytosis was defined as a pretreatment
white blood cell (WBC) count >10 x 10° cells/pl without
known inflammatory or infectious diseases, and tumor-
related thrombocytosis was defined as a pretreatment plate-
let count >400 x 10° cells/ul without known inflammatory
conditions (Kasuga et al. 2001; Pedersen and Milman 2003;
Brockmann et al. 2007; Sugitani et al. 2001). To determine
whether monocytosis is a prognostic marker of head and
neck cancer, a monocyte count >1,000 cells/pl was defined
as monocytosis. A hemoglobin <11 g/dl without acute
blood loss was defined as tumor-related anemia (Becker
et al. 2000; Dunst et al. 2003).

Statistical analysis

All statistical analyses were performed by Statistical Pack-
age of Social Sciences 13.0 software (SPSS, Inc. Chicago,
IL). A P value < 0.05 was considered to be statistically sig-
nificant. The Kaplan—Meier estimate was used for survival
analysis and the log-rank test was selected to compare the
cumulative survival durations in different patient groups
(i.e., the univariate survival analysis; Peto and Pike 1973).
To test the independent prognostic effect of variables which
showed significance in separated analysis by log-rank test,
the Cox’s proportional hazards model (i.e., the multivariate
survival analysis; Cox 1972) was applied for variables with
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Table 1 Baseline characteristics and univariate survival analysis in
patients with squamous cell carcinoma of head and neck cancer
(n=270)

Variable Patients (%) Relative risk 95% CI P value
Age (year)

>65 79 (29.3) 1.000

<65 191 (70.7)  0.760 0.445-1.298 0.313
Gender

Male 246 (91.1) 1.000

Female 24 (8.9) 1.678 0.612-4.599 0.309
Tumor site

Oral cavity 120 (44.4) 1.000

Oropharynx 22 (8.1) 0.890 0.310-2.560 0.829
Hypopharynx 84 (31.1) 2.033 1.200-3.443 0.008
Larynx 42 (15.6) 1.378 0.704-2.699 0.349
Other® 2(0.7)

T status

T1+ T2 99 (36.7) 1.000

T3 + T4 171 (63.3) 2354 1.366—4.058 0.002
N status

NO 101(37.4) 1.000

N+ 169(62.6) 2.361 1.388-4.017 0.002
M status

MO 253 (93.7) 1.000

M1 17 (6.3) 3.479 1.717-7.049  <0.001
WBC (x10° cells/ul)

<10.0 231 (85.6) 1.000

>10.0 39 (14.4) 1.852 1.048-3.275 0.031
Monocytes (cells/pl)

<1,000 244 (92.8) 1.000

>1,000 19 (7.2) 2.453 1.387-4.339  <0.001
Hb (g/dl)

>11.0 237 (87.8) 1.000

<11.0 33 (12.2) 2.453 1.387-4.339 0.001
Plt (x 10° cells/pl)

<400 245 (92.8) 1.000

>400 19 (7.2) 4.064 2.160-7.647 <0.001

# 2 patients got salivary gland tumor and could not be enrolled to anal-
ysis due to limited numbers (1 = 2)

T status status of tumor spread or tumor size, N status status of lymph
node involvement, M status status of distant metastasis, WBC white
blood cell count, Hb hemoglobin, Plt platelet, RR relative risk; 95%CI
95% confidence interval

a P value < 0.05 in the log-rank test. The relative risk of
survival analysis indicates the risk of death with reference
to the first item of each analysis. The association between
the abnormality of the pretreatment hemogram (leukocyto-
sis, monocytosis, anemia, and thrombocytosis) and clinical
factors was examined by a chi-square test.

Results

Abnormalities of pretreatment hemograms are associated
with a worse outcome and advanced disease of head
and neck cancer

Univariate survival analysis was performed to test the prog-
nostic significance of clinical variables in 270 head and
neck cancer cases, and the following seven factors were
shown to have an adverse impact on survival: advanced T
disease (P =0.002), nodal involvement (P = 0.002), distant
metastasis  (<0.001), leukocytosis (WBC > 10.0 x 103
cells/pl; P =0.031), monocytosis (monocytes > 1,000 cells/
pul; P<0.001), anemia (Hb< 11 g/dl; P=0.001), and
thrombocytosis (platelets > 400 x 10° cells/ul, P <0.001)
(Table 1). These results suggest that abnormalities of all
three lineages of blood cells before treatment indicate a
worse prognosis of head and neck cancers.

To fully demonstrate the correlation between hemato-
logic profile (WBC count, monocyte count, hemoglobin,
platelets) and TNM staging, statistical analysis to evalu-
ate the correlation between T/N/M status and hematologic
variables was performed. A significant correlation
between T-stage/monocyte count, T-stage/platelet count,
and M stage/platelet count were shown (Table 2). Taken
together, these results suggest that abnormalities of pre-
treatment hemogram not only indicate a worse prognosis
but also correlate with an advanced disease of head and
neck cancers.

Table 2 The relationship among T, M status and other clinical factors

T status N status M status

T1+ T2 T3 + T4 P value®* NO N+ P value® MO M1 P value®

Leukocytes (cells/pl)

<10,000 90 141 0.057 87 144 0.083 216 15 0.745
>10,000 9 30 14 25 37 2
Monocytes (cells/ul)

<1,000 93 151 0.081 91 153 0.619 229 15 0.455
>1,000 3 16 6 13 17 2

Hb (g/dl)

>11.0 96 141 <0.001 93 144 0.095 22215 0.953
<11.0 3 30 8 25 31 2

Plt (x 10° cells/pl)

<400 95 150 0.013 94 1510.132 232 13 0.007
>400 2 17 4 15 15 4

% Chi-square test

T status status of tumor spread or tumor size, N status status of lymph node
involvement, M status status of distant metastasis, Hb hemoglobin, Plt
platelet
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Table 3 Multivariate survival analysis in patients with squamous cell
carcinoma of head and neck cancer (n = 270)

Factors RR 95%Cl1 P value
T status

T1+ T2 1.000

T3 + T4 1.736 0.952-3.165 0.072
N status

NO 1.000

N+ 2.124 1.186-3.806 0.011
M status

MO 1.000

M1 2.130 1.033-4.393 0.041
Monocytes (cells/pl)

<1,000 1.000

>1,000 2.190 1.089-4.404 0.028
Hb (g/dl)

>11.0 1.000

<11.0 2.008 1.108-3.641 0.022
Plt (x 103 cells/pl)

<400 1.000

>400 2.298 1.160-4.553 0.017

T status status of tumor spread or tumor size, N status status of lymph
node involvement, M status status of distant metastasis, Hb hemoglo-
bin, Plt platelet, RR relative risk, 95%CI 95% confidence interval

Pretreatment monocytosis, but not leukocytosis,
is an independent prognostic factor

To test the independent prognostic effect of these clinical
factors, Cox’s proportional hazard model was applied. The
results demonstrated that when TMN status, and leukocyto-
sis, anemia, and thrombocytosis were tested first, leukocy-
tosis and T status were not independent prognostic factors.
However, if we substituted leukocytosis with monocytosis
in multivariate survival analysis, the following five vari-
ables were shown to be independent prognostic factors
(Table 3): nodal involvement (P =0.014); metastasis
(P =0.043); monocytosis (P =0.028); anemia (P = 0.02),
and thrombocytosis (P = 0.003). These results indicate that
an abnormal pretreatment hemogram, including pretreat-
ment monocytosis, anemia, and thrombocytosis, are impor-
tant prognostic indicators for head and neck cancers.
Pretreatment monocytosis demonstrates a more significant
impact on patient survival than leukocytosis.

Cumulative effect of monocytosis, anemia,
and thrombocytosis on the prognosis of head

and neck cancer patients

Because an abnormal hemogram may reflect the systemic
responses to advanced disease, we speculate that abnormal-
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Fig. 1 Patients who had more abnormalities in the complete blood
count had shorter survival. Each finding scored 1: monocytes > 1,000
cells/ul, Hb< 11 g/dl or Plt>400 x 10° cells/ul. Other findings
scored 0: monocytes < 1,000 cells/ul, Hb > 11 g/dl or Plt <400 x
103 cells/pl. The sum of numbers was calculated and patients were di-
vided into three groups. (score 0 vs. score 1 vs. scores 2 and 3). Score
0 versus score 1, P =0.001; score 1 vs. scores 2 and 3, P = 0.005

ities in more than one lineage may be associated with a
more severe disease. We therefore divided patients into
three groups according to the number of abnormalities in
the lineages of the blood cells. The results demonstrated
that the increased number of abnormal lineages of blood
cells, the worse prognosis was observed (Fig. 1, normal vs.
abnormality in one lineage, P = 0.001; abnormality in one
vs. more than one lineage, P = 0.005). This important result
indicates the cumulative effect of an abnormal hemogram
on the prognosis of head and neck cancer patients.

Abnormal hemogram provides additive effect on prognosis
in advanced T or N cases

Subgroup analyses were performed to identify if the hema-
tologic profile had additional effect in advanced tumor stage
patients. The results showed that monocytosis, anemia, and
thrombocytosis were still poor prognostic factors in
advanced T stage (T3 + T4) and nodal involvement groups
(N+) groups (Figs. 2 and 3, respectively). However, a simi-
lar effect was not observed in patient with distant metastasis
due to the limited case number with metastasis (n=17)
(data not shown). The independent prognostic effect of
monocytosis, anemia, and thrombocytosis was confirmed
by Cox’s proportional hazard model in patients with
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T3 + T4 disease or nodal involvement (data not shown). Discussion
These results indicate that the pretreatment hematologic
profile indeed carries an additive effect to TNM stage on  In the present study, we found that monocytosis
prognosis in patients with head and neck cancers. (P=0.028), anemia (P=0.022), and thrombocytosis

The follow-up patients who had pretreatment hemogram
abnormalities

Sixty-eight patients had at least one abnormal lineage of
blood cells before treatment. Twenty-four patients
(35.3%) are still alive and free from disease, 14 patients
(20.6%) are still alive, but have had disease recurrence or
metastasis, 29 patients (42.6%) died due to cancer or its
related complications, and 1 patient (1.4%) died due to
liver cirrhosis. Comparing these cases with patients with
normal hemograms, a significant increased proportion
died of disease (42.6 vs. 21.3%, P < 0.001) and alive with
recurrence/metastasis (20.6 vs. 16.3%, P =0.058) was
observed.

(P=0.017) were independent risk factors for head and
neck cancer patients (Table 3). Furthermore, our data dem-
onstrated that patients with an abnormality in more than
one series of blood cells was associated with a worse out-
come (normal vs. abnormality in one lineage, P = 0.001;
abnormality in one vs. more than one lineage, P = 0.005;
Fig. 1). This study is the first to report the cumulative effect
of abnormalities in more than one lineage of blood cells on
the prognosis of head and neck cancers.

Tumor-related leukocytosis is considered an important
paraneoplastic syndrome. Kasuga et al. reported that lung
carcinoma cells autonomously produce hematopoietic cyto-
kines, such as granulocyte colony stimulating factor
(G-CSF), granulocyte—macrophage colony stimulating factor
(GM-CSF), and interleukin-6, which can in turn stimulate
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the proliferation of leukocytes (Kasuga et al. 2001). Several
studies have also demonstrated that G-CSF- and GM-CSF-
induced leukocytosis is closely associated with tumor pro-
gression and is a poor prognostic factor for lung and colon
cancer (Uemura et al. 2006; Kasuga et al. 2001; Mroczko
et al. 2007). However, our study revealed that monocytosis,
but not leukocytosis, was an independent prognostic factor
for patients with head and neck cancers (P =0.028,
Table 3); this is the first report regarding the prognostic sig-
nificance of monocytosis in head and neck cancer patients.
A possible explanation for this observation is that monocy-
tosis might be associated with the increased number of
bone marrow-derived myelomonocytic cells, which can sta-
bilize the tumor vasculature (Ahn and Brown 2008; De
Palma etal. 2003; Lyden etal. 2001). Bone marrow-
derived myelomonocytic cells may infiltrate the tumor and
differentiate into tumor-associated macrophages, which
release many angiogenic factors, including vascular endo-
thelial growth factor, tumor necrosis factor alpha, and
matrix metalloproteinase-9 (Dirkx et al. 2006; Lewis and
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Pollard 2006; Yang et al. 2004). Pollard (2004) also found
that the presence of increasing numbers of tumor-associ-
ated macrophages was associated with poor prognosis in
cancers.

Anemia is a well-established poor prognostic factor in
several types of cancers (Caro et al. 2001). Becker et al.
reported that severe anemia is associated with poor tumor
oxygenation (Becker et al. 2000). Intratumoral hypoxia is
an important factor in radioresistance (Hockel et al. 1996)
and activation of hypoxia-inducible factor-1 (HIF-1) pro-
motes tumor metastasis (Yang et al. 2008). Platelets can
release vascular endothelial growth factor (VEGF) to pro-
mote tumor angiogenesis and to create a hyper-permeable
environment for the extravasations of circulating tumor
cells (Patruno et al. 2008; Verheul et al. 2000). This result
confirms the prognostic role of thrombocytosis in head and
neck cancers, which is consistent with previous reports (Lu
et al. 2007).

The limitation of current study is in its retrospective
analysis: the treatment modalities were not uniform and
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randomized. The impact of various treatments related out-
come could not be evaluated in this study. Confirming the
prognostic effect of pretreatment hematologic profile in
studies with prospective design is mandatory.

In conclusion, our study is the first to demonstrate that
monocytosis is a prognostic factor for patients with head
and neck cancer. Abnormalities in more than one lineage of
blood cells has a cumulative effect on the prognosis. This
suggests that abnormalities in more than one lineage of
blood cells is an important sign of more severe disease
because changes in the pretreatment hematologic profile
may reflect systemic responses to disseminated cancer. We
therefore suggest that a pretreatment hematologic profile
can serve as a useful marker to predict outcome of patients
with head and neck cancer.
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