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ABSTRACT: Background. The purpose of this study was to examine the
predictive value of hypoxia-inducible factor (HIF)21a, carbonic anhy-
drase (CA)-IX, glucose transporter (GLUT)21, cyclooxygenase (COX)22,
Ki-67, and erythropoietin receptor (EPOR) as immunohistochemical
markers for determining the optimal treatment modality for early stage
laryngeal carcinoma.
Methods. Tissue samples from 42 early stage laryngeal carcinomas
treated with radiotherapy alone were analyzed immunohistochemically
for the expression of 6 markers. The Kaplan–Meier method, univariate
and multivariate analyses, and the Cox proportional hazards model were
used to analyze the associations between patient and tumor characteris-
tics and immunohistochemical results, and locoregional control.

Results. Increased expression of HIF-1a and CA-IX was significantly cor-
related with residual tumor; no correlations were observed for the other
immunohistochemical markers.
Conclusion. High levels of HIF-1a or CA-IX expression were significantly
correlated with residual tumor after radiotherapy for early stage laryngeal
carcinomas. Alternative treatment modalities to primary radiotherapy
should be considered for early stage laryngeal carcinomas showing high
HIF-1a or CA-IX expression. VC 2014 Wiley Periodicals, Inc. Head Neck
37: 505–510, 2015
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INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is the
fifth most common cancer in men and the eighth most
common in women worldwide, with approximately
600,000 new cases each year.1 Despite improvements in
treatment modalities, which include a combination of sur-
gery, radiotherapy, and chemotherapy, the 5-year survival
rate for patients with advanced disease is approximately
50%.2

Patients with HNSCC with similar histological grade
and clinical stage often have different prognosis; these
differences may be associated with the expression of spe-
cific immunohistochemical markers. Therefore, the identi-
fication of immunohistochemical markers associated with
the clinicopathological features of HNSCC is very impor-
tant. Endogenous hypoxia-related markers are associated
with the prognoses of patients with different types of car-
cinoma. Clinically relevant hypoxia is detected in approx-
imately 50% of all solid tumors.3 Hypoxia is the result of

an imbalance between oxygen delivery and oxygen con-
sumption, and is one of the most important events during
carcinoma progression.4 Moreover, hypoxic tumor cells
are resistant to radiation and to many anticancer drugs;
therefore, many approaches to circumventing hypoxia-
induced resistance have been examined in laboratory
studies and clinical trials.5 A recent study investigating
hypoxia-related biomarkers in early glottic cancer showed
that overexpression of hypoxia-inducible factor (HIF)21a
and carbonic anhydrase (CA)-IX was correlated with
local failure.6 In addition to endogenous hypoxia-
related markers, several studies have examined immuno-
histochemical markers associated with the prognosis of
patients with cancer.

In this study, we identified 6 immunohistochemical
markers of potential prognostic significance in patients
with early stage laryngeal carcinoma, one of the most
common forms of HNSCC. These markers, which are
also prognostically relevant for patients with carcinoma,
include HIF-1a, CA-IX, glucose transporter-1 (GLUT-1),
cyclooxygenase 2 (COX-2), Ki-67, and erythropoietin
receptor (EPOR). The purpose of this study was to assess
the clinical significance of these markers for predicting
radioresistance and residual tumor after radiotherapy in a
consecutive series of 42 patients who underwent primary
radiotherapy for early-stage (T1 and T2) squamous cell
carcinoma of the larynx.
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MATERIALS AND METHODS

Patients

Forty-two patients with early-stage (T1 and T2) squa-
mous cell carcinoma of the larynx treated at the Depart-
ment of Otolaryngology–Head and Neck Surgery at
Gyeongsang University Hospital, Jinju, Korea, between
1991 and 2009 were examined. Of these, 29 had glottic
(T1, 26; T2, 3) and 13 had supraglottic (T1, 2; T2, 11)
tumors. All patients were treated with continuous course
radiotherapy (once daily, 5 days per week) using a linear
accelerator. Patients with glottic cancer received a median
total dose of 6628 cGy (range, 6000–7020 cGy) adminis-
tered in daily 180- to 225-cGy fractions using the
parallel-opposed 2-field technique. Patients with supra-
glottic cancer received a median total dose of 6968 cGy
(range, 6600–7020 cGy) administered in daily 180- to
200-cGy fractions using the 3-field technique (opposed
lateral field and lower anterior field) for elective nodal
irradiation. The inclusion criteria were histologically pro-
ven squamous cell carcinoma of the larynx, stage T1 to
T2, and curative treatment with radiotherapy alone.
Demographic and clinicopathologic data, including sex,
age, pretreatment hemoglobin level, and T category, were
retrospectively collected by reviewing the patients’ charts.
Anemia was defined as a Hb level �11 g/dL based on
previously published studies in patients with HNSCC.7

Tissue microarrays

Paraffin-embedded, pretreatment biopsy specimens con-
taining sufficient carcinoma cells for immunohistochemi-
cal staining were available. Core tissue biopsies (2 mm in
diameter) were obtained from individual formalin-fixed
and paraffin-embedded archival tissue (donor blocks) and
arranged in a new recipient paraffin block using a tre-
phine apparatus (The Quick-RAY, Unitma, Seoul, Korea).
One tissue core from the most representative portion was
analyzed in each case. The collection of specimens was
approved by the Gyeongsang University Hospital Institu-
tion Review Board, Jinju, Korea.

Immunohistochemistry

Immunohistochemical staining was performed on 4-mm
thick sections as follows: sections were deparaffinized
and rehydrated and then incubated in 3% H2O2 for 10
minutes to reduce nonspecific background staining caused
by endogenous peroxidases. For epitope retrieval, speci-
mens were placed in 10 mmol/L citrate buffer (pH 6.0)
and heated in a microwave oven (700 watts) for 20
minutes. After incubation with Ultra V Block (Lab
Vision, Fremont, CA) for 7 minutes at room temperature
to block background staining, the slides were incubated
with rabbit polyclonal anti-COX-2 (dilution 1:100; Epito-
mics, Burlingame, CA), mouse monoclonal anti-GLUT-1
(dilution 1:200; Thermoscientific, Fremont, CA), mouse
monoclonal anti-Ki-67 (dilution 1:1000; DAKO, Carpinte-
ria, CA), rabbit polyclonal anti-CA-IX (dilution 1:1000;
Novus Biologicals, Littleton, CO), rabbit polyclonal anti-
HIF-1a (dilution 1:200; Epitomics) or rabbit polyclonal
anti-EPOR (dilution 1:100; Santa Cruz Biotechnology,
Santa Cruz, CA) antibodies at room temperature. Anti-

body binding was detected using the UltraVision LP
detection system (Lab Vision) in accord with the manu-
facturer’s recommendations. Color development was per-
formed with 3-30-diaminobenzidine and the slides were
counterstained with hematoxylin.

Assessment of protein expression

Antigen expression was examined by an investigator
who was blinded to the clinical data. For COX-2, GLUT-
1, Ki-67, and HIF-1a, the samples were scored according
to the percentage of positively stained cells as follows:
11, 1% to 10%; 21, 11% to 50%; 31, 51% to 80%; and
41, >80% of cancer cells stained. For CA-IX, the sam-
ples were scored as follows: 11, 1% to 10%; 21, 11% to
30%; 31, 31% to 50%; and 41, >50% of positively
stained cancer cells. A cutoff point was used to define 2
groups of low and high expression: negative, 11, or 21
staining patterns were regarded as low expression. The
staining patterns 31 and 41 were regarded as high
expression patterns. For EPOR, the samples were consid-
ered positive if 50% or more cancer cells were stained.
Negative was classified as low expression; positive was
classified as high expression (Figure 1).

Statistical analysis

Locoregional control was analyzed using the Kaplan–
Meier method and prognostic factors were assessed using
the log-rank test. Univariate and multivariate analyses and
the Cox proportional hazards model were used to analyze

FIGURE 1. Positive staining for immunohistochemical markers.
(A) Hypoxia-inducible factor-1a (HIF-1a), (B) carbonic anhydrase
9 (CA-IX), (C) glucose transporter-1 (GLUT-1), (D) cyclooxygenase
2 (COX-2), (E) Ki-67, and (F) erythropoietin receptor (EPOR). Origi-
nal magnification, 3200. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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the association between patient and tumor characteristics
and immunohistochemical results, and locoregional
control.

Residual tumor was defined as tumor tissue detected
within 6 months from the last day of radiotherapy.
Locoregional recurrence was defined as tumor recurrence
at the primary tumor site after 6 months from the last day
of radiotherapy.

Differences were considered statistically significant
when p< .05. All statistical analyses were performed
using the Statistical Package for Social Sciences, version
14.0.0 (SPSS, Chicago, IL).

RESULTS

Follow-up data

The clinicopathologic characteristics of the patients
included in the study are shown in Table 1. The mean
follow-up period was 89 months (range, 6–206 months) at
the time of the study. Of the 42 patients enrolled, 4 died
of their disease, 7 died of other causes, and 31 were alive
at the last follow-up. Six patients (14.3%) had residual
tumor after primary radiotherapy and 11 patients (26.2%)
developed local recurrence. Seventeen patients (40.5%)
presented with residual or recurrent locoregional disease

after primary radiotherapy. Of the 17 patients with resid-
ual or recurrent tumor, 10 underwent total laryngectomy.
Of the remaining 7 patients, 2 refused other treatment and
5 received conservative laryngeal surgery. Immunohisto-
chemical staining of tissue microarrays showed that most
tumors were negative or weakly positive for HIF-1a and
Ki-67 and moderately or strongly positive for CA-IX,
COX-2, GLUT-1, and EPOR.

High hypoxia-inducible factor-1a or carbonic anhydrase-
IX expression level predicts residual tumor

Univariate Cox regression analysis showed that high
HIF-1a (hazard ratio [HR], 5.17; 95% confidence interval
[CI], 1.043–25.618) and CA-IX (HR, 8.65; 95% CI,
1.010–74.095) expression were predictive of residual
tumor (Table 2); this was confirmed by the Kaplan–Meier
survival curves (Figure 2A and 2B). Low expression of
HIF-1a and CA-IX was significantly associated with bet-
ter locoregional control (Figure 2C); however, high HIF-
1a and CA-IX expression was not predictive of locore-
gional recurrence (Figure 2D and2E). There was no statis-
tically significant association between locoregional
control and other clinicopathological variables (age, T
classification, hemoglobin level, and other immunohisto-
chemical markers). Kaplan–Meier survival curves showed
no significant association between any of the immunohis-
tochemical markers and disease-specific survival.

Multivariate analysis

On multivariate Cox regression analysis, high CA-IX
expression (HR, 72.29; 95% CI, 3.239–1613.499) was
significantly associated with residual tumor (Table 3).

DISCUSSION
In early glottic cancer, radiotherapy alone has been

reported to be about 80% to 90% effective for local con-
trol of T1 glottic cancer and 65% to 80% effective for T2
glottic cancer.8 According to recently published guide-
lines for the treatment of head and neck cancer, all
patients with T1 to T2 laryngeal cancer should be treated,
at least initially, with the intent of larynx preservation.
The recommended strategies for early laryngeal cancer
with the intent of larynx preservation are radiation ther-
apy, transoral laser therapy, and partial laryngectomy.8

Surgery and radiotherapy are well established and
effective treatment modalities for early-stage laryngeal
carcinoma. Both show similar local control and survival
rates, although radiotherapy is associated with better func-
tional results.6 Because the larynx is an important organ
for vocalization, breathing, and swallowing, the optimal
management of early-stage laryngeal carcinoma is aimed
at treating the tumor while preserving laryngeal function.
Radiotherapy is a generally accepted treatment modality
that meets both of these criteria, and its association with
the preservation of laryngeal function has made it the pre-
dominant treatment for early-stage laryngeal carcinoma in
most countries.

Tumor hypoxia is a well-known prognostic factor for
locoregional control after primary radiotherapy. A large
body of clinical evidence suggests that tumor hypoxia has
a negative impact on the outcome of radiotherapy.9

TABLE 1. Clinical and pathologic characteristics of patients.

Characteristic No. of patients (%)

Sex
Male 37 (88.1)
Female 5 (11.9)

Age, y
Median 63.5
Range 34 – 88

Primary site
Supraglottis 13 (30.9)
Glottis 29 (69.1)

T classification
T1 28 (66.7)
T2 14 (33.3)

Hemoglobin level (mmol/L)
High (>11 mmol/L) 40 (95.2)
Low (<11 mmol/L) 2 (4.8)

GLUT-1 expression
High 28 (66.7)
Low 14 (33.3)

COX-2 expression
High 29 (69.0)
Low 13 (31.0)

Ki-67 expression
High 8 (19.0)
Low 34 (81.0)

CA-IX expression
High 17 (40.5)
Low 25 (59.5)

HIF-1a expression
High 7 (16.7)
Low 35 (83.3)

EPOR expression
High 17 (40.5)
Low 25 (59.5)

Abbreviations: GLUT, glucose transporter; COX, cyclooxygenase; CA-IX, carbonic anhydrase
9; HIF, hypoxia-inducible factor; EPOR, erythropoietin receptor.
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Hypoxia is correlated with poor locoregional control and
survival after radiotherapy for various types of cancer,
including HNSCC, and is associated with decreased
radiosensitivity.10,11 Recurrence in patients with HNSCC
is associated with a poor prognosis and is the main cause
of death.12 Therefore, extensive research efforts have
focused on developing novel methods to improve tumor
oxygenation, target hypoxic tumor cells, and otherwise
modulate the effect of hypoxia on the response of tumors
to radiation.

Several proteins are related to the transcriptional
response to hypoxia and are expressed in tumor tissues.
These include HIF-1a, CA-IX, and GLUT-1, which are
currently being discussed as “endogenous hypoxia-related
markers.”13

HIF-1a is a transcription factor that responds to a
decrease in oxygen levels within a cell and can be used
as an indirect marker of tumor hypoxia.14 Furthermore,
HIF-1a is a master gene that regulates the cellular
response to hypoxia15 and promotes the transcription of
CA-IX. CA-IX is 1 of 15 isoforms of carbonic anhydrase
in humans and has recently emerged as one of the most
promising endogenous hypoxia-related markers.16 GLUT-
1 is an integral membrane glycoprotein that plays a key
role in facilitating glucose transport. Glucose uptake is
increased in cancer cells, and increased expression of glu-
cose transporters, especially GLUT-1, is frequently
observed in many types of cancer.17 Studies show that
these endogenous hypoxia-related markers are associated
with a poor probability of locoregional control and with

reduced overall and disease-free survival.18–20 However,
other studies show no significant relationship between
overexpression of endogenous hypoxia-related markers
and clinical outcome.21,22 In the present study, GLUT-1
was not correlated with poor clinical outcome. However,
HIF-1a and CA-IX levels were associated with poor
locoregional control but not with disease-free survival.
With regard to locoregional control, the incidence of
residual tumor, but not tumor recurrence, was correlated
with HIF-1a and CA-IX expression; even the expression
of 1 of the 2 markers was correlated with a higher preva-
lence of residual tumor. These results suggest that HIF-
1a and CA-IX levels should be assessed in patients with
early stage laryngeal carcinoma.

In addition to endogenous hypoxia-related markers, sev-
eral immunohistochemical markers are associated with a
poor clinical outcome in patients with cancer. The present
study assessed the expression of COX-2, Ki-67, and
EPOR. Two COX enzymes, COX-1 and COX-2, have
been identified in human cells. COX-2 is an immediate-
early response gene that is induced by a variety of stimuli
and can rapidly elicit a response to tumor-promoting cyto-
kines and growth factors through pathological pathways
that affect mitosis, cell adhesion, and immune monitoring.
Several recent studies confirmed that COX-2 plays a role
in the development and prognosis of many cancers.23,24

However, other studies show that COX-2 expression does
not have prognostic significance.25,26 Ki-67 is expressed
exclusively in cells in the G1, S, G2, and mitotic
phases.27 Clinically, Ki-67 antigen detection is used to

TABLE 2. Patient and disease characteristics related to residual tumor after radiotherapy.

Characteristic Total Residual tumor Univariate HR (95% CI) p value

Age, y .890
>60 13 2 1
�60 29 4 0.89 (0.163–4.846)

T classification .395
T1 28 3 1
T2 14 3 2.00 (0.404–9.926)

Hemoglobin level .233
High (>11 mmol/L) 40 5 1
Low (<11 mmol/L) 2 1 3.69 (0.431–0.31.628)

GLUT-1 expression .383
High 28 5 2.60 (0.304–22.257)
Low 14 1 1

COX-2 expression .890
High 29 4 0.887 (0.163–4.846)
Low 13 2 1

Ki-67 expression .374
High 8 2 2.16 (0.396–11.803)
Low 34 4 1

CA-IX expression .049*
High 17 5 8.65 (1.010–74.095)
Low 25 1 1

HIF-1a expression .044*
High 7 3 5.17 (1.043–25.618)
Low 35 3 1

EPOR expression .764
High 17 2 0.77 (0.141–4.210)
Low 25 4 1

Abbreviations: HR, hazard ratio; CI, confidence interval; GLUT, glucose transporter; COX, cyclooxygenase; CA-IX, carbonic anhydrase 9; HIF, hypoxia-inducible factor; EPOR, erythropoietin receptor.
*p< .05.
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estimate the growth rate of human malignant neoplasms,
and, as a marker of active DNA synthesis, it is an indica-
tor of the biological behavior of disease.28 However, the
association between Ki-67 expression and the prognosis
of several cancers is controversial. Although the upregula-
tion of Ki-67 expression is associated with neck metasta-
sis,29,30 recurrence, and poor survival,31,32 some studies
report a lack of association between Ki-67 expression and
survival.33,34 The hypoxia-responsive hematopoietic fac-
tor, erythropoietin, is one of the molecules regulated by
HIF.35 Erythropoietin and EPOR expression are associ-
ated with poor prognosis in patients with cancer.36 In the
present study, these 3 markers were not correlated with
poor locoregional control or survival.

Anemia is an important factor in the treatment out-
come of patients with cancer, including patients with
HNSCC.37 As the antitumor activity of radiotherapy is
mediated by its interaction with oxygen to form labile
free radicals, the intratumoral oxygen level affects the
ability of radiotherapy to kill malignant cells.38 Anemia
decreases the oxygen-carrying capacity of the blood,
resulting in intratumor hypoxia and activation of the HIF
pathway. In the present study, anemia was not correlated
with the clinical outcome of patients with cancer,
although few patients with anemia were included in the
analysis.

The 6 immunohistochemical markers assessed in the
present study may be potential prognostic factors for dif-
ferent cancers, including HNSCC. However, their useful-
ness as markers is controversial. Because of the
importance of preserving laryngeal function, radiotherapy
is the primary treatment for early-stage laryngeal carci-
noma in most countries. However, approximately 15% to
20% of patients die from intercurrent disease within 5
years of radiotherapy.39 The identification of factors pre-
dictive of the success of locoregional control after radio-
therapy may help determine the optimal treatment
modality for patients with early-stage laryngeal carci-
noma. The results of the present study indicate that HIF-
1a and CA-IX may be useful markers of treatment out-
come. In a previous study, high levels of HIF-1a were
associated with resistance to radiation in oral squamous

FIGURE 2. Kaplan–Meier survival curves were calculated for hypoxia-inducible factor (HIF)21 a and carbonic anhydrase 9 (CA-IX). (A) HIF-1a in
residual tumor, (B) CA-IX in residual tumor, (C) HIF-1a plus CA-IX in residual tumor, (D) HIF-1a in recurrence, (E) CA-IX in recurrence. [Color figure
can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

TABLE 3. Patient characteristics related to residual tumor after
radiotherapy.

Characteristic Multivariate HR (95% CI) p value

CA-IX 72.290 (3.239–1613.499) .007*

Abbreviations: HR, hazard ratio; CI, confidence interval; CA-IX, carbonic anhydrase 9.
*p< .05.
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cell carcinoma cells,40 whereas a different study reported
that HIF-1a and CA-IX have no prognostic significance
for predicting the failure of locoregional control in early
glottic squamous cell carcinoma managed with radiother-
apy.41 In the present study, increased expression of HIF-
1a and CA-IX was a statistically significant predictor of
residual tumor, but was not associated with locoregional
recurrence or disease-specific survival, suggesting that
HIF-1a and CA-IX are associated with radioresistance.

CONCLUSION
HIF-1a and CA-IX are predictive of residual tumor,

but not recurrence, in patients with early-stage laryngeal
carcinoma treated with radiotherapy alone. Therefore,
HIF-1a and CA-IX may be useful for identifying patients
who would benefit from alternative treatment modalities
other than primary radiotherapy.
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