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Novel predictive biomarkers for cervical cancer prognosis
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Abstract. High hypoxic, glycolytic and acidosis metabolisms
characterize cervical cancer tumors and have been described
to be involved in chemoradioresistance mechanisms. Based on
these observations, the present study assessed four selected
novel biomarkers on the prognosis of locally advanced cervical
carcinoma. A total of 66 patients with stage IIB/IIIB cervical
cancer were retrospectively included. The protein expression
levels of glucose transporter 1 (GLUT1), carbonic anhy-
drase 9 (CAIX) and hexokinase 1 (HKII) were investigated
by immunohistochemistry on tumor biopsies, hemoglobin
was measured and the disease outcome was monitored. A
total of 53 patients (80.3%) presented a complete response.
For these patients, the protein expression levels of GLUT]I,
CAIX and HKII were overexpressed. A significant difference
was observed (P=0.0127) for hemoglobin levels (<11 g/dl)
in responsive compared with non-responsive patients. The
expression of GLUT] is associated with a lower rate of both
overall and disease-free survival, with a trend of decreased
risk of 1.1x and 1.5x, respectively. Co-expression of GLUT1
and HKII is associated with a decreased trend risk of 1.6x for
overall survival. Patients with hemoglobin levels <11 g/dl had
a4.3-fold risk (P=0.02) in decreasing both to the rate of overall
and disease-free survival. The presence of anemic hypoxia
(hemoglobin <11 g/dl) and the expression of GLUT1 and/or
HKII influence treatment response and are associated with
a lower overall and disease-free survival. The present results
demonstrated that these biomarkers may be used as predictive
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markers and suggested that these metabolic pathways can be
used as potential novel therapeutic targets.

Introduction

The proposed model for the development of cervical cancer
involves the involvement of phenotypes, including glycolytic,
hypoxic and acidosis. Previous experimental and clinical
studies have shown that cervical cancer tumors are charac-
terized by a highly hypoxic metabolism (1-5) and a high rate
of glycolysis (2,6-8). Additionally, these high hypoxic, glyco-
lytic and acidosis metabolisms are implicated in resistance
to treatments, including radiotherapy and chemotherapy.
These phenotypes are associated with genetic instability,
which may be reflected by the increased expression of certain
proteins, including glucose transporter 1 (GLUT1), carbonic
anhydrase 9 (CAIX) and hexokinase 1 (HKII) (3,8-10). These
proteins are considered as potential prognostic markers of
disease progression, metastasis and survival. GLUTI, also
termed SLC2A, is part of a family composed of 14 GLUT
proteins (glucose transporters). Their expression is dually
controlled via hypoxia inducible factor (HIF)-1 in response
to reduced oxidative phosphorylation (11) and by the
Akt/PI3K signaling pathway, which is activated by insulin
and growth factors induced by glucose metabolism (12,13).
CAIX is considered an endogenous marker of hypoxia, a
condition that increases its expression levels, thus leading to
acidosis (decreased extracellular pH). CAIX is regulated by
HIF-1 (14,15) and may also depend on factors including low
levels of glucose, which prevents its expression (14,16,17),
low levels of bicarbonate and cellular density (14,18). HKII is
involved in the conversion of glucose to glucose-6-phosphate
for glycolysis (19,20). It serves a role in apoptosis and inhibi-
tion of cell death by binding and stabilizing the mitochondrial
membrane. Therefore, it is hypothesized that its increased
activity assists with the maintenance of the malignant cell
phenotype (9,10,21,22).

The presence of hypoxia in solid tumors is a concern
in clinical practice as a result of its negative impact on the
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prognosis and treatment response in cancer. Both experimental
and clinical studies suggest a direct association between
the decrease in hemoglobin (Hgb) levels and decreased
oxygenation in the tumor (23). In squamous cell carcinoma,
as with cervical cancer, it is noted that the maximum level of
oxygenation occurs when the Hgb range is between 12 and
14 g/dl. Hgb levels <11 g/dl are directly associated with tumor
hypoxia (24-26). Under this condition, in cervical cancer, low
levels of hemoglobin (anemia) have been associated with poor
local control of the disease (16,25) and low survival rates (4,27).
However, it is controversial whether Hb is a prognostic factor
in cancer; a significant correlation with tumor hypoxia (pO2
<5 mg) prior to radiotherapy or radiochemotherapy in cervical
cancer remains to be established (25).

Certain previous studies reportd that GLUT1, CAIX,
HKII and Hgb level can be considered as biomarkers,
suggesting they can be used as prognostic markers for
improved therapeutic management of cervical cancer (1,6).
The purpose of the present study was to determine whether
baseline expression of GLUT1, CAIX and HKII, as well as
pre- and post-treatment Hgb levels are associated with treat-
ment response and survival in cancer patients with locally
advanced cervical carcinoma.

Materials and methods

Study design, selection and patient characteristics. The
present study was a retrospective study in a prospective data
bank. Between January 2001 and December 2007, 66 patients
were selected with locally advanced cervical carcinoma staged
IIB (n=24) and IIIB (n=42) according to the International
Federation of Gynecology and Obstetrics. These patients were
treated at the National Cancer Institute (Bogota, Colombia). The
histological types were squamous cell carcinoma in all cases.
The median age was 47 years, ranging between 26 and 72. A
performance status of 0-1 was observed in 65/66 patients. The
protocols followed in the present study were consistent with
medical standards of practice and administrative techniques
for health research from the Ministry of Health Colombia.
Each patient was first informed of the objectives of the study
and voluntarily agreed to take part by signing the informed
consent, previously approved by the Ethics Committee of
Neuwirth Cancer Institute (Saint Priest En Jarez, France).

The clinicopathological characteristics of the patients,
as conditions and parameters considered for the making and
reading of the immunohistochemistry to GLUT1, CAIX and
HKII, were previously described (1). With regards to the
expression of GLUT1, CAIX and HKII, a greater increase was
observed for the expression of GLUT-1 (74%), followed by
CAIX (41%) and HKII (18%).

Treatment. All 66 patients included in the present study under-
went radiotherapy. Treatment consisted of pelvic external
beam radiotherapy (EBRT) using 6-18 MV photons with a
standard four-field technique, delivering a total dose of 45 Gy
in 25 fractions (1.8 Gy/fraction on 5 consecutive days/week
with an overall EBRT treatment time of 5 weeks). Following
the initial EBRT, an intracavitary brachytherapy-boost of
35 Gy at point A was delivered, according the International
Commission on Radiation Units and Measurements (ICRU). A
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total of 44 patients received weekly concomitant chemotherapy
(cisplatin, 40 mg/m’) and 22 patients treated with radiotherapy
alone.

Assessment of response. Follow-up was scheduled 6 weeks
following the completion of EBRT, and then every 3 months
during the subsequent 5 years. Complete response was defined
as an absence of residual disease at clinical examination and
radiological imaging 3 months after the completion of treat-
ment. The responder group was defined as the group of patients
who presented complete response and the non-responder group
was the patients that presented partial response, stable disease
or tumor progression.

Statistical analysis. Statistical analysis was performed using
SPSS 18.0 (IBM SPSS, Chicago, IL, USA) and Stata 11.1
software (National Cancer Institute, Bogota, Colombia). The
present study calculated measures of central tendency and
dispersion for continuous variables, and proportions for cate-
gorical variables. Correlations between the levels of Hgb, the
expression levels of GLUT1, CAIX and HKII, and the outcome
during follow-up were analyzed using Kaplan-Meier survival
tests and the differences were calculated using the log-rank test.
To determine which variables were associated with survival,
a Cox regression model was constructed, calculating crude
and adjusted hazard ratio. Variables with significant results in
the test log-rank test and those with biological plausibility were
used for adjustment. Analyses were two-tailed. P<0.05 were
considered to indicate a statistically significant difference.

Results

A total of 53 patients (80.3%) exhibited a complete response.
Non-responders, based on concomitant chemotherapy or
not, were as follows: 6/22 (27.2%) and 7/44 (15.9%) patients
revealed no response with exclusive radiotherapy and radio-
chemotherapy, respectively.

When comparing the Hgb levels, a significantly higher
average Hgb level was observed in the complete response
group compared with the no response group (Fig. 1). The
average levels of Hgb were: 12.7 g/dl (range, 5.2-16.0) for the
complete response group and 10.6 g/dl (range, 4.3-15.3) for the
no response group. Pre-treatment Hgb <11 g/dl was associated
with non-response to treatment in univariate logistic regres-
sion analysis [odds ratio (OR)=3.99; 95% confidence intervals
(CI)=1.13-14.14; P=0.032]. In multivariate analyses, the risk
was close to significance (OR=4.31; 95% CI=0.89-20.93;
P=0.05). No significant difference between post-treatment
hemoglobin levels and response to treatment (data not shown).

There was no significant difference was observed for the
expression levels of GLUT, HKII and CAIX. The following
characteristics appeared to have a tendency to no response:
Stage IIIB (OR=2.19), keratinizing tumors (OR=1.42),
poorly differentiated tumors-G3 (OR=1.33), tumors >4 cm
(OR=2.13), bilateral involvement of parametrium (OR=1.48),
receive exclusive radiotherapy (OR=1.98) and high dose rate
brachytherapy (OR=1.69).

Cox-model analysis on factors influencing disease-free
survival (DFS) and overall survival (OS) are presented in
Table I. Only two factors were associated with a decrease
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Table I. Cox analysis of disease-free survival and global survival.

Multivariate analysis®

Disease-free survival Global survival

Variable HR 95% CI P-value HR* 95% CI P-value
Treatment response

Complete response 1.00 1.00

No response 34.70 7.95-151.45 0.00 40.6 8.10-203.5 0.00
FIGO

1B 1.00 1.00

111B 0.31 0.75-1.33 0.12 0.22 0.04-1.13 0.07
Differentiation grade

Gl 1.00 1.00

G2 5.07 0.38-68.28 0.22 2.57 0.15-44.9 0.52

G3 1.72 0.70-42.11 0.74 1.49 0.051-43.23 0.82
Tumor keratinization

Presence 1.00 1.00

Absence 248 0.42-14.63 0.32 2.37 0.29-19.44 0.42
Parametrial commitment

Unilateral 1.00 1.00

Bilateal 249 0.63-9.78 0.19 2.04 0.47-8.84 0.33
Tumor size >4 cm

No 1.00 1.00

Yes 1.22 0.12-12.06 0.86 1.01 0.097-10.59 0.99
Hgb <11g/dl

No 1.00 1.00

Yes 433 1.22-15.44 0.02 433 0.88-21.33 0.05
Treatment type

Concurrent radiochemotherapy 1.00 1.00

Exclusive radiotherapy 3.02 0.63-14.45 0.17 4.58 0.67-31.50 0.12

Brachytheraphy

Low-dose rate 1.00 1.00
High-dose rate 0.74 0.17-3.25 0.69 1.07 0.19-6.09 0.94

Protein expression

Negative 1.00 1.00

GLUT1 1.50 0.37-2.48 0.12 1.12 0411-3.04 0.16

GLUTI and CAIX 0.89 0.21-3.65 0.87 0.89 0.18-4.28 0.88

GLUT1 and HKII 1.60 0.19-4.24 0.14 0.90 0.25-5.60 0.90

GLUT1, CAIX and HKII 0.15 0.01-2.01 0.15 0.013 0.00-0.59 0.03

*Hazard Ratio (HR) adjusted by these variables: Tumors with moderate (G3) and poor (G4) differentiation; non-keratinizing tumors, bilat-
eral compromiso parametria, tumor size >4 cm, Hb <11 g/dl, receive exclusive radiotherapy and brachytherapy high rate. Expression or
co-expression of GLUT1 and CAIX HKII proteins. Hgb, hemoglobin; GLUT1, glucose transporter 1; CAIX, carbonic anhydrase 9; HKII,
hexokinase 1; HR, hazard ratio; CI, confidence interval.

of DFS: Low levels of hemoglobin <11 g/dl (OR=4.33) and
no response to treatment (OR=34.7). No response to treat-
ment was associated with an unfavorable outcome on OS
(OR=40.6). Other factors appeared to have a tendency towards
OS: Stage I1IB, keratinizing tumors, tumors >4 cm, bilateral
involvement of parametrium, management with exclusive
radiotherapy, moderate G2 and poor G3 differentiation.

A significantly positive impact on the OS (OR=0.013)
and DFS (OR=0.15) was observed with the expression levels
of GLUTI1, CAIX and HKII when all three markers were
expressed (Table I). No significant influence on the OS and
DFS was observed from individual marker expression. The
5-year DFS and OS rates were 60 and 62.5%, respectively,
among patients with GLUT1 expression. By contrast, the DFS
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Figure 1. Hemoglobin levels and treatment response. The point 61 denotes an
outlier that was verified.
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Figure 2. Disease-free survival and GLUTI1 expression. Kaplan-Meier

survival curves were produced, according to protein expression of GLUTI.
GLUT]1, glucose transporter 1.
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Figure 3. Disease-free survival and the co-expression of GLUT1 and HKII.
Kaplan-Meier survival curves were produced, according to the protein
expression levels of GLUT1 and HKII. GLUT], glucose transporter 1; HKII,
hexokinase II.

and OS were 75 and 60%, respectively, among those with no
GLUT!1 expression (Fig. 2). The DFS and OS rates were both
55% among patients with GLUT1 and HKII co-expression,
whereas the DFS and OS were 75 and 62.5%, respectively,
among those with no GLUT1 and HKII co-expression (Fig. 3).
The DFS and OS were 75 and 62.5%, respectively, among
those without co-expression of GLUT1 and HKII.
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Discussion

The present study evaluated whether baseline expression levels
of GLUTI, CAIX and HKII, and Hgb levels, were associated
with treatment response and survival in patients with locally
advanced cervical carcinoma.

A number of patients do not respond adequately in the
management of invasive cervical cancer, and this number
increases when treated with exclusive radiotherapy compared
with radiochemotherapy, a situation observed in the present
study. A potential survival benefit of 12% is attributable to the
use of chemoradiotherapy (28). This confirms the recommen-
dation made by the American Society of Clinical Oncology,
which advises to privilege concomitant radiochemotherapy for
patients with locally advanced cervical cancer.

No response to treatment, as in the 13 reported cases, may
be explained by two reasons: The first is based on squamous cell
carcinoma, including cervical cancer, and are characterized by
having a marked ability to repopulate with rapidly dividing cells
replacing those who die by radiation or chemical agents (29).
The other possible explanation is related to the involvement
of different pre-existing factors that may be involved in the
response to treatment, including low Hgb levels (anemia), low
immune function, tumor status (e.g. the degree of differentia-
tion), the tumor micro-environment that meets tumor hypoxia,
increased glycolysis and extracellular acidosis (10,30-33).

The presence of hypoxia in solid tumors is a concern at
the clinical level due to its negative impact on the prognosis
and treatment response. Previous experimental and clinical
studies suggest that there is a direct association between
the decrease in Hgb levels and decreased oxygenation in a
tumor (23). In squamous cell carcinoma, like that of the cervix,
the prognostic impact of anemia is well-established (23). The
present study revealed that Hgb levels <11 g/dl pretreatment,
were observed in the group of patients who did not present
complete response to exclusive radiotherapy. The results of
the comparative analysis demonstrated a significant differ-
ence (P=0.0127) between the levels of Hgb in patients with
no response compared with the complete response group.
Multivariate analysis revealed a close risk to the significance
for patients with anemia that failed to respond to exclusive
radiotherapy. This finding was consistent with reports that it is
considered that anemia is a risk factor predictive of treatment
outcome (23), since it has been associated with an unfavor-
able local control of disease (16,25,26) and low survival
rates (4,25,27). Retrospective studies, similar to the present
study, show that those patients with Hgb levels <11 g/dl have
a high risk of reducing DFS, which can be improved with the
correction of the anemia (25).

Direct measurement of oxygen levels in tumor tissues
presents technical limitations, which has promoted the use
of endogenous and exogenous markers associated with tumor
hypoxia, endogenous markers including hypoxia-related
proteins (HIF-1a, GLUT-1, CAIX) and exogenous markers
including bio-reductive drugs (34-36). In the evaluation of
GLUT 1 and CAIX in this study, tumor hypoxia was measured
indirectly. We observed differences in their levels of expres-
sion, the expression of GLUT-1 was higher compared to CAIX;
This result suggests that the tumors showed episodic hypoxia
possibly due to intratumoral heterogeneity. These findings
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suggested an effect of GLUTI associated with response to
treatment. These results supported the hypothesis that a combi-
nation of biomarkers is more robust compared with a single
marker, so further work is required to confirm the usefulness
of incorporating multiple biomarkers to identify patients with
hypoxic tumors for future targeting (37). Further prospective
studies are required to confirm the present results. The study
and detection of these markers may contribute to determining
the metabolic and hypoxic state of tumors, allowing the opti-
mization of the therapeutic management by considering such
markers as predictive markers and/or molecular targets.
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