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ABSTRACT
OBJECTIVES: The objective of the study was to investigate prognostic and predictive value of pretreatment soluble 
carbonic anhydrase IX (CA IX) blood serum concentration in patients with locally advanced head and neck cancer. 
BACKGROUND: Increased expression of CA IX in tumor tissues has been associated with treatment resis-
tance and worth prognosis. Soluble form of CA IX, released from tumor cells, is detectable in blood serum and 
could be a convenient predictive factor of treatment effectiveness that would enable treatment individualization. 
METHODS: The prospective study evaluated 48 patients with locally advanced squamous cell carcinomas of 
head and neck, treated by radiotherapy or chemo-radiotherapy. Pretreatment soluble CA IX serum concentra-
tions were examined using enzyme-linked immunosorbent assay.
RESULTS: Soluble CA IX serum concentration failed to predict radiotherapy effectiveness in the studied patient 
population (p = 0.26). However, high CA IX serum concentrations have been associated with shorter overall 
survival (p = 0.035)
CONCLUSION: High pretreatment CA IX serum concentration is a negative prognostic factor in locally advanced 
head and neck cancer patients (Tab. 1, Fig. 2, Ref. 23). Text in PDF www.elis.sk.
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Introduction

Despite remarkable advances in radiation oncology in recent 
decades, head and neck cancer still remains a serious medical and 
social problem. Up to 60 % of cases are diagnosed in advanced 
stages, causing anatomical deformities and functional defects. De-
spite modern radiotherapy techniques, combined with concurrent 
chemotherapy or biological treatment, long term local control rates 
in advanced stages remain as low as 20 to 30 % (1). Such aggres-
sive therapy, on the other hand, is associated with substantial acute 
and late toxicity in virtually all of these patients which increases 
their morbidity and decreases their quality of life.

Tumor hypoxia represents a well-documented cause of radio-
therapy resistance and treatment failure in head and neck cancer. 
Radiotherapy in patients with hypoxic tumors achieves inferior 
local control and shorter overall survival compared to well oxy-
genated tumors (2). 

Over the years, different methods of overcoming the tumor 
hypoxia problem have been studied in clinical trials, including 

radiation with heavy particles, hyperbaric oxygen, hypoxic radio-
sensitizers, altered fractionation, carbogen breathing, and nicotin-
amide administration (3, 4). Most of these procedures, however, 
are very complex, costly and time consuming, often associated 
with signifi cantly increased toxicity that disables their routine use 
in clinical practice. Moreover, not all patients benefi t from such 
procedures. Hence simple and reliable method of tumor hypoxia 
detection and quantitative measurement is desired, that would en-
able patients stratifi cation and treatment individualization.

Tumor hypoxia can be measured directly, using Eppendorf ox-
ygen electrodes, or by administration and subsequent detection of 
external markers of hypoxia, such as nitroimidazoles (5, 6). None-
theless, both these methods have their drawbacks and limitations. 
Electrode measurement is invasive and can only be performed in 
a limited tumor volume in anatomically accessible locations in a 
limited time. Administration of external markers of hypoxia also 
represents an invasive procedure, requiring subsequent biopsy and 
the acquired information is also very limited in space and time. 
Less invasive techniques, based on positron emission tomography 
or nuclear magnetic resonance imaging have signifi cantly lower 
specifi city and sensitivity (7, 8). Thus neither oxygen electrode 
measurement nor external hypoxia markers can be routinely ap-
plied in everyday clinical practice.

Carbonic anhydrase IX (CA IX) represents an endogenous 
marker of tumor hypoxia. It is detectable not only in tumor tis-
sues but also in blood and other body fl uids of cancer patients. CA 
IX is a zinc-containing multi-domain transmembrane metallopro-
tein coded by a homonymous gene. Its physiological function is 
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maintaining pH homeostasis by catalytic reversible hydration of 
carbon dioxide to bicarbonate ions and protons. Under hypoxic 
conditions, the expression of CA IX in tumor cells rapidly in-
creases. It represents one of the mechanisms enabling survival of 
tumor cells in hypoxic environment by maintaining stable intra-
cellular pH and acidifi cation of extracellular microenvironment. 
This process also promotes proliferation, adhesion and invasion 
of tumor cells (9, 10). 

Soluble form of CA IX is a protein, released from cellular 
surface by proteolytic cleavage of the extracellular part of the 
transmembrane protein CA IX. This process is termed CA IX 
ectodomain shedding. Precise biological function of soluble CA 
IX is yet unclear but it is assumed that it might be involved in in-
tercellular paracrine signaling. It is important that hypoxia itself 
does not infl uence the rate of CA IX ectodomain shedding, thus the 
amount of soluble CA IX in body fl uids should refl ect the amount 
of CA IX produced by the hypoxic cells (11, 12).

The amount of soluble CA IX protein in blood serum can be 
easily measured by enzyme-linked immunosorbent assay (ELISA). 
The test can be performed from a routine blood sample. Therefore 
soluble CA IX serum concentration, at least in theory, appears to 
be an ideal endogenous marker of tumor hypoxia causing radio-
therapy resistance as it can be evaluated repeatedly during patient’s 
follow-up visits and without any need of invasive procedure or 
special equipment. 

Materials and methods

The prospective clinical study evaluated 48 patients (47 men 
and 1 woman), age 45–81 years, treated in the Department of 
Radiation Oncology at Jan Adam Reiman Faculty Hospital with 
Policlinic in Presov, Slovak Republic, between 2011 and 2014. 
All evaluated patients had histologically verifi ed locally advanced 
squamous cell carcinoma of head and neck, defi ned as clinical stage 
III–IVB, according to the 7th edition of TNM Classifi cation of 
Malignant Tumors (13). Patients with carcinoma of nasopharynx 
and carcinoma of paranasal sinuses were excluded from the study. 
Detailed patients characteristics are listed in Table 1.

All patients were treated with curative intent by radiothera-
py as a primary treatment modality with or without concurrent 
chemotherapy with weekly cisplatin or biological therapy with 
cetuximab. The applied dose of radiotherapy was 70 Gy in 35 
fractions using conventional fractionation. The decision about 
concurrent systemic treatment was made by the treating physi-
cian based on patient’s clinical condition, regardless of patient’s 
enrollment in study. The patients were enrolled prospectively in 
a consecutive order as they came to the Department of Radiation 
Oncology. The study was approved by the local ethics committee 
and all patients had signed a written informed consent form prior 
to their enrollment.

Blood samples were taken from all participating patients prior 
to the initiation of radiotherapy. 10 ml of peripheral venous blood 
was driven into a standard biochemical test tube for serum exami-
nation. The blood sample was than centrifuged at 4000 revolu-
tions per minute for 10 minutes. The obtained blood serum was 
frozen and temporarily stored at –20 ºC. Serum concentrations 
of soluble CA IX were determined by sandwich ELISA, using a 
commercially available system from R&D Systems, Inc., USA, 
catalogue number DY2188.

Treatment effectiveness was being evaluated 6 weeks after 
the completion of radiotherapy. Patients were clinically examined 
by two experts – otorhinolaryngologist and radiation oncologist. 
Endoscopy and radiological imaging such as ultrasonography, 
computerized tomography, and magnetic resonance imaging were 
performed according to the clinical situation. In case of uncer-
tainty, a biopsy was performed. The median follow-up time was 
30 months (range 10–48 months). Patients were divided into two 
categories, according to their response to radiotherapy. Complete 
response was defi ned as a complete disappearance of tumor 6 
weeks after radiotherapy, with no signs of local recurrence dur-
ing the subsequent follow up. Patients with tumor persistence 6 
weeks after radiotherapy as well as patients with local recurrence 
during the follow-up, were classifi ed as having persistent disease. 
In patients with persistent disease and good performance status, 
salvage surgery was fi rst considered. In the inoperable cases or in 
case of patient’s refusal of surgery, palliative chemotherapy was 
administered according to local standards. Patients in poor per-
formance status were given best supportive care.

For the purpose of subgroup analysis, patients were divided 
into 4 subgroups according to the location of their primary tumor: 
Oral cavity, oropharynx, larynx/hypopharynx and other. Laryn-
geal and hypopharyngeal tumors were grouped into one category 
because in most cases both organs were affected by an advanced 
tumor, so it was impossible to determine where the tumor had 
originated from. The other subgroup included one patient with 
parotid gland carcinoma and one patient with malignant cervical 
lymphadenopathy of unknown origin.

The primary objective of the study was to determine whether 
pretreatment serum CA IX concentration could predict the effec-
tiveness of radiotherapy. Secondary objective was to investigate 
whether pretreatment CA IX serum concentration had an impact 
on patient’s prognosis, expressed by overall survival. We also in-
vestigated whether an association between pretreatment CA IX 

Tumor location Oral 
cavity

Oropharynx Larynx/
hypopharynx

Other Total

Number of patients 19 13 14 2 48
T1 

a 1 1 0 0 2
T2

 a 2 1 2 0 5
T3

 a 6 6 9 0 21
T4

 a 10 5 3 0 18
Tx

 a 0 0 0 2 2
N0 

b 2 2 3 0 7
N1 

b 5 2 3 0 10
N2 

b 11 8 7 1 27
N3 

b 1 1 1 1 4
Radiotherapy alone 3 3 0 1 7
Cisplatin 5 4 11 1 21
Cetuximab 11 6 3 0 20
a T – extent of primary tumor according to TNM classifi cation (13), b N – extent of 
nodal involvement according to TNM classifi cation (13)

Tab. 1. Patients characteristics.
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concentration and tumor location (diagnostic subgroup), tumor 
extent (T-category), or a degree of nodal involvement (N-category) 
could be found.

Data were analyzed using statistical software StatsDirect 
3.0.95 and Microsoft Excel 2010. Data were normalized, using 
logarithmic transformation. Differences in mean CA IX concen-
trations between the groups were analyzed using unpaired t-test. 
The survival curves were generated using Kaplan–Meier analy-
sis with the log-rank test to test for differences. Cox proportional 
hazard regression model was used to calculate the relative risk 
and hazard ratio and its 95% confi dence interval in the survival 
analysis. All p values were two-sided and p < 0.05 was considered 
statistically signifi cant.

Results

Among 48 evaluated patients, 16 patients (33.3 %) had com-
plete remission of the disease, whereas 32 patients (66.7 %) had 
persistent disease after radiotherapy. 7 patients (6.3 %) were treated 
by radiotherapy only, 21 patients (43.8 %) were treated by radio-
therapy with concurrent cisplatin chemotherapy, and 20 patients 
(41.7 %) were treated by radiotherapy with concurrent cetuximab.

Measured serum CA IX concentrations varied substantially 
between individual patients, ranging from 0 to 1933.44 pg/ml. In 
the group with complete remission, the mean CA IX serum con-
centration was 74.07 pg/ml (range 0–393.72 pg/ml). In the group 
with persistent disease, the mean serum CA IX concentration was 
153.91 pg/ml (range 0–1933.4 pg/ml). We found no statistically 
signifi cant difference between the two groups (p = 0.26) (Fig. 1).

Median serum concentration of CA IX in the entire studied 
population was 28.62 pg/ml. Median overall survival in the group 
with high CA IX concentration (above median) was 22.2 months 
(range 16.2–49.7 months) whereas median overall survival in the 
group with low CA IX concentration (below median) was 109.2 
months (range 29.8–110.7 months). The difference was statisti-
cally signifi cant (p = 0.035), hazard ratio 2.30 (1.04–5.12) (Fig. 2). 

We also investigated whether there were differences in serum 
CA IX concentrations between different tumor locations, so we 
performed a subgroup analysis. We compared CA IX concentra-
tions between three diagnostic subgroups (oral cavity, oropharynx, 
larynx/hypopharynx). We found no statistically signifi cant dif-
ference between the subgroups (p = 0.79). Neither we found any 
association between serum CA IX concentration and T-category 
(p = 0.37) or N-category (p = 0.25) of the TNM classifi cation. No 
infl uence of systemic therapy on the effectiveness of radiotherapy 
was observed in the studied patient population (p = 0.63).

Discussion

CA IX represents an endogenous marker of tumor hypoxia. 
Tumor hypoxia in head and neck cancer, measured by Eppendorf 
oxygen electrodes, has been associated with decreased effective-
ness of radiotherapy (2). Increased expression of CA IX in many 
tumor types is considered to be a marker of worse prognosis. Re-
cently published meta-analysis reported a signifi cantly reduced 
overall survival and disease free survival of head and neck cancer 
patients with positive CA IX expression in tumor tissue samples 
(14). However, most of the available data comes from small ret-
rospective studies and only few of them focused primarily on ra-
diotherapy effectiveness.

Very little is known so far about the biological function of the 
soluble form of CA IX. 

Increased soluble CA IX serum concentration has been associ-
ated with increased CA IX expression in tumor tissues in patients 
with renal cell carcinoma. It is caused by constitutional activation 
of the hypoxia inducible factor (HIF) pathway as a result of defec-
tive von-Hippel–Lindau (VHL) protein. In renal cell carcinoma, 
increased CA IX serum concentration has been associated with 
better prognosis and better response to treatment (15). 

In other types of tumors, published clinical data investigating 
the prognostic value of soluble CA IX are very limited. In the sur-
gical series, increased CA IX serum concentration before surgery 
has been associated with worst disease-free survival in patients 

Fig. 1. Pretreatment soluble CA IX serum concentrations. Normalized 
data after logarithmic transformation are presented in the form of 
box and whiskers plot, showing pretreatment CA IX concentrations 
in the group with persistent disease and in the group with complete 
remission after radiotherapy. No signifi cant difference between the 
groups was found (p = 0.26).

Fig. 2. Survival plot. Overall survival time of patients with low pre-
treatment serum CA IX concentrations (below median) was signifi -
cantly longer than in patients with high CA IX concentrations (above 
median) (p = 0.035).



Bratisl Med J 2016; 117 (4)

201 – 204

204

with vulvar carcinoma (16). In patients with non-small cell lung 
cancer, increased CA IX plasma levels have been associated with 
shorter overall survival and disease specifi c survival, mostly in 
early stages (I and II) (17). On the contrary, no impact of CA IX 
serum concentration on the prognosis has been observed in pa-
tients with cervix (18), ovarian (19), and breast cancer (20). One 
study investigated plasma CA IX concentrations in patients with 
oral cancer. These patients exhibited signifi cantly higher levels of 
soluble CA IX compared to healthy controls (21). No association 
between CA IX plasma levels and treatment effectiveness has been 
evaluated in that study. High pretreatment plasma levels of CA 
IX as well as other hypoxia markers were independent predictors 
of overall survival in non-small cell lung cancer patients treated 
by radiotherapy (22). 

To our knowledge, this the fi rst study investigating relation 
between CA IX serum concentration and survival in head and 
neck cancer. In our study, pretreatment serum CA IX concentra-
tion failed to predict the effectiveness of radiotherapy in locally 
advanced head and neck cancer patients treated by radiotherapy 
with curative intent. This is in agreement with our previously 
published data (23). These fi ndings are in contrast with the re-
ports evaluating the predictive role of CA IX expression in tumor 
tissues. However, high pretreatment CA IX serum concentration 
was associated with signifi cantly shorter overall survival. No cor-
relation between CA IX serum concentration and tumor location, 
tumor extent or lymph node involvement was found. CA IX se-
rum concentration thus remained an independent prognostic factor 
of overall survival in the studied patient population. The clinical 
application of these fi ndings could be in treatment individualiza-
tion and patient selection for specifi c therapies such as hypoxia 
targeting treatments. 

Learning points

High level of carbonic anhydrase IX in blood serum is asso-
ciated with shorter overall survival in locally advanced head and 
neck cancers treated by radiotherapy. 
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