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Abstract
Background: Carbonic anhydrase 9(CA9), as a member of the carbonic anhydrase enzyme family, was an
endogenous marker of hypoxia. Previous studies suggested CA9 expression was correlated with poor
prognosis in multiple types of malignancies. The purpose of current study was to evaluate the role of CA9
as a prognostic marker in sinonasal squamous cell carcinoma(SNSCC).

Patients and methods: We assessed the immunohistochemical expression of CA9 in 63 tumor specimens
of patients who underwent curative surgery and evaluated the relationship between the expression levels
and clinicopathological factors as well as outcome.

Results: We observed positive expression of CA9 in 21(33.3%) patients. Positive expression of CA9 in
patients with SNSCC was significantly correlated with local recurrence (p=0.016) and both overall survival
(OS) (p=0.003) and disease-free survival (DFS) (p=0.002). In Cox's multivariate analysis, CA9 expression
was an independent negative prognostic factor for OS (p=0.027) and DFS (p=0.018).

Conclusions: Our findings demonstrated that CA9 overexpression could be used as an independent
prognostic biomarker and therapeutic target in SNSCC.

Background
Malignant tumors of the nasal cavity and paranasal sinuses are very rare, representing approximately
3%-6% of head and neck cancers[1]. The most frequent malignant types of the sinonasal region are
squamous cell carcinomas (SCCs). Although early diagnosis and treatment methods have been improved
in the past few years, local recurrence remains the major factors influencing the prognosis of patients
with SNSCC, and the 5-year survival rate has not significantly improved over the past several decades
ranging from 30.2% to 59.5%[2-4]. Hence, it is crucial to identify novel biomarkers that could provide a
better understanding of the molecular mechanisms implicated in tumor development and progression, in
order to identify better diagnostic methods and more effective prognostic indicators for SNSCC patients.

The survival and proliferation of cancer cells under hypoxic conditions mainly depends on the energy
produced by glycolysis, which leads to the production of a large amount of lactic acid and protons.
Carbonic anhydrase 9 (CA9), as a member of the carbonic anhydrase enzyme family, plays a pivotal role
in stabilizing the extracellular pH value by catalyzing the reversible conversion of carbon dioxide into
bicarbonate ions and protons and thus promoting intracellular proton carboxylation and excretion[5].
Previous studies have confirmed that the acidification of tumor microenvironment could promote tumor
cell migration and invasion[6]. Physiologically, CA9 is only presented with low expression in a small set of
normal tissues such as gastric mucosa epithelium, small intestine epithelium, and gallbladder. Whereas,
overexpression of CA9 has been reported in multiple types of malignancies including lung cancer, colon
cancer, breast cancer, cervical cancer, renal cell carcinoma, and bladder cancer[7]. Moreover, increased
expression of CA9 has been suggested to be a poor prognostic factor in different types of cancer (e.g.
breast, head and neck, stomach, liver, pancreas, colorectal carcinomas)[5]. To the best of our knowledge,
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there have not been any studies focusing on CA9 expression in SNSCC to date. In the current study, we
aimed to investigate the immunohistochemical expression pattern of CA9 in SNSCC, and then determine
its potential as a prognostic biomarker and for future therapeutic stratification.

Patients And Methods
Patient cohort

This study was carried out according to the Code of Ethics of the World Medical Association (Declaration
of Helsinki) and approved by the Research and Ethical Committee of Fudan University Affiliated Eye, Ear,
Nose, and Throat Hospital (EENT). Sixty-three patients with histologically diagnosed SNSCC who were
surgically treated at Fudan University Affiliated EENT Hospital between January 2014 and December
2017 were retrospectively reviewed. All clinical data including age, sex, smoking status, surgical history,
tumor location and pathological grade were obtained from patients’ medical records. Disease in all
patients was staged using the 7th edition of the American Joint Committee on Cancer (AJCC) Staging
Manual. The normal control group consisted of 10 patients (7 male patients; mean age, 42 years; range,
19–68 years), and uncinate tissue (UT) was obtained from these patients during endoscopic optic nerve
decompression or endonasal repair of cerebrospinal fluid rhinorrhea. The median age of patients with
SNSCC was 57 years (range, 22–85 years), and the mean follow-up time was 25.7 months (range, 3–57
months). Table 1 shows the patient details and their clinicopathological characteristics.

Immunohistochemical (IHC) staining

All tumor samples were fixed in 10% neutral formalin solution, embedded in paraffin, and cut into 4-mm-
thick sections. The sections were deparaffinized in xylene and rehydrated, and then incubated in 3%
hydrogen peroxide for 15 minutes to reduce nonspecific background staining caused by endogenous
peroxidases. Subsequently, the sections were placed in 10 mM citrate buffer and heated in a microwave
oven for 20 minutes for antigen epitope retrieval. Then the sections were incubated in 3% bovine serum
albumin to block nonspecific staining. The serial sections were incubated with the primary antibody
specific for CA9(D47G3, Cell Signaling Technology, Danvers, US) at a dilution of 1:100 in a humidified
chamber at 4°C overnight. After washing with PBS, the sections were incubated with a horseradish
peroxidase-conjugated secondary antibody (Gene Tech, HK) for 30 minutes at room temperature. Color
development was performed with diaminobenzidine and the slides were counterstained with hematoxylin.

Quantitative scoring of IHC staining

Immunohistochemically stained sections were reviewed by two independent authors who was blinded to
the clinical data. The expression of CA9 was evaluated under high-power (×100) microscopy in five
randomly selected fields. The samples were scored according to the percentage of positively stained
tumor cells. Samples were considered positive for CA9 when at least 10% of cancer cells showed a
reaction for CA9, as previously reported[8].
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Statistical analysis

All data analysis was performed with IBM SPSS 22.0 statistical software (SPSS, Chicago, IL, USA). The
χ2 test or independent t-test was used to evaluate the associations between CA9 expression and clinical
features. OS was calculated from the date of initial surgery in our hospital to the date of death or the date
of the last follow-up. Disease-free survival (DFS) was defined as the period between the initial surgery in
our hospital and the detection of residual or recurrent disease or death. Survival curves were constructed
using the Kaplan–Meier method and survival rates were compared using the log-rank test. Multivariate
analysis of prognostic factors related to survival was performed using Cox proportional hazards analysis.
A p-value of<0.05 indicated statistical significance.

Results
CA9 expression in SNSCC and normal control tissue

From the immunohistochemistry experiments, positive staining for CA9 was detected in cancer cells of
patients with SNSCC (Figure 1A-C). However, no CA9 was detected in the stromal cells of these patients
(Figure 1A-D). CA9 expression was exclusively localized on the plasma membrane of SNSCC tumor cells.
Positive immunoreactivity of CA9 in cancer cells was observed in 21 (33.3%) patients. In contrast, the
normal mucosa of uncinate process from ten control patients showed absence of positive staining.
Statistical analysis revealed a significant difference between CA9 expression in SNSCC and normal
control tissues (p < 0.05).

Correlation between CA9 expression and clinical features

To explore whether CA9 expression was associated with clinical features of SNSCC, we divided the
SNSCC patients into two groups according to the presence of CA9 expression in SNSCC samples and
compared CA9 expression with clinicopathological data. Table 2 summarizes the relationship between
CA9 expression and the clinicopathological characteristics as well as clinical outcome of the 63
sinonasal SCC patients. Notably, the chi-square test showed that patients with positive CA9 expression
had significantly higher local recurrence rates than those with negative CA9 expression. However, no other
parameters of clinicopathological features and treatment outcomes were significantly associated with
CA9 expression.

Survival analysis

To evaluate the potential role of CA9 for prognosis in SNSCC patients, OS and DFS rate was determined
by Kaplan-Meier survival analysis. Log rank analysis revealed that OS and DFS in SNSCC patients with
positive CA9 expression was significantly shorter than that in patients with negative CA9 expression (p =
0.003 and p=0.002, Figure2). The Cox proportional hazard model was applied for univariate and
multivariate analyses to assess the effects of CA9 and clinicopathological factors on OS as well as DFS
in SNSCC patients. Univariate analysis demonstrated that age, pT stage, clinical stage and CA9
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expression were significantly correlated with overall and disease-free survival rates. Multivariate analysis
for OS and DFS was performed using a multivariate Cox hazards model and included age, higher pT
stage and CA9 expression. In multivariate analysis, only the level of CA9 expression was found to be
independent risk factor predicting poor overall survival. As for disease-free survival, high CA9 expression
and older age was independent risk factors.

Discussion
Hypoxia often occurs in some regions of solid tumors and has also been suggested to be associated with
aggressive tumor behavior, treatment resistance to chemotherapy and radiotherapy, and poor outcome.
CA9, an endogenous marker for hypoxia, is induced by HIF-1a transcriptionally, but more stable than HIF-
1a as the marker of hypoxia. CA9 is upregulated and has been described with prognostic and predictive
value as well as a compelling therapeutic target in diverse tumor types due to its role in promoting tumor
cell survival, invasiveness and metastasis. In the current study, we first observed CA9 expression in
SNSCC and demonstrated that CA9 overexpression in cancer cells was associated with tumor recurrence
postoperatively. Furthermore, we found CA9 could serve as an independent adverse prognostic factor for
SNSCC.

In a meta-analysis published in 2016, 147 studies and more than 24 thousand patients with solid tumors
were included to evaluate the prognostic value of CA9 expression[9]. The authors demonstrated strong
significant associations between CA9 expression in cancer cells assessed by immunohistochemistry and
all endpoints including overall survival, disease-free, locoregional control, disease-specific, metastasis-
free survival, and progression-free survival. In the subgroup analyses, similar associations in the majority
of tumor sites and types including breast, bladder, lung, liver and head and neck cancer were observed.
Additionally, previous studies shown that overexpression of CA9 was associated with more advanced T
stage and lymphatic spread to the cervical region[10-12]. In line with previous meta-analysis, we also
observed a significant correlation between CA9 overexpression and local recurrence, shorter OS as well as
DFS of patients with SNSCC. However, we did not observe a correlation between CAXI overexpression and
advanced T stage or lymph node metastases. This may be related to the occult growth pattern of SNSCC
which leads to high percentage of patients with advanced T stage and low incidence of neck nodal
metastases. In combination with previous reports, our findings demonstrated that CA9 may serve as a
universal prognostic marker which indicates higher risk of disease progression in patients with higher
expression of CA9 independent of tumor type or site.  Furthermore, numerous studies showed that CA9
positivity could predict the treatment resistance to chemotherapy and radiotherapy[13-15]. Therefore, the
prognostic value of CA9 in treatment response of SNSCC patients after chemotherapy or radiotherapy is
deserved to further evaluated.

In our analysis, advanced pT stage or advanced age was significantly associated with worse OS and
DFS. This is in agreement with a recent study by Jain et al[4] who demonstrated increased age at
diagnosis and higher stage as prognostic factors associated with poor survival by analyzing data from
the Surveillance, Epidemiology and End Results (SEER) database. Similarly, Michel et al[16] reported that
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patients with stage T3 or T4 disease had significantly worse OS than patients with stage T1 or T2
disease. However, in the multivariate regression analysis, we only found that advanced age was an
independent prognostic factor for worse OS and DFS.

Accumulating experimental evidences suggested that increased expression of CA9 under hypoxic
conditions play pivotal roles in tumor development. A majority of studies reported the expression of CA9
was significantly increased in head and neck carcinoma, breast carcinoma, brain tumors, lung, and
colorectal carcinoma. CA9 was functionally implicated in adaptation to metabolism generating excess of
acidic products, thus allowing for cancer cell survival and proliferation. Moreover, CA IX may promote the
tumor growth and progression by exacerbating extracellular acidosis that can activate proteases to
degrade extracellular matrix, affect cell adhesion, facilitate epithelial-mesenchymal transition and
invasion, and support angiogenesis. Overexpression of CA9 was shown to be a potential hypoxic
biomarker for head and neck squamous cell carcinoma, and correlated with advanced stage and poor
survival[9, 17]. Hoogsteen further et al[18] reported that CA9 positive expression in cancer cells of HNSCC
was also indicative of proliferative capacity. In the present study, we observed that CA9 expression in the
SNSCC group was significantly higher than that in the normal control group. In spite of only 33.3%
(21/63) of patients with positive CA9 expression in our cohort, the mechanisms that upregulate CA9
expression in SNSCC are unclear. We also found that patients with positive CA9 expression was more
likely to have postoperative recurrence and poor survival than patients without CA9 expression. Our
findings implied that CA9 was associated with tumor progression of SNSCC, but further studies are
required to investigate the molecular mechanism controlling CA9 expression as well as its role in
regulating the survival and growth of SNSCC cancer cells.

In recent years, new treatment options such as tumor immunotherapy and targeted therapy have made
great breakthroughs for various malignancies including lung cancer, breast cancer, liver cancer and
HNSCC. However, these new treatment strategies were rarely explored in SNSCC and the entity is always
not incorporated into the research of HNSCC due to the extremely low incidence of sinonasal SCC. CA9
has been investigated as a potential therapeutic target by utilization of specific monoclonal antibodies to
detect and cause selective killing of CA9-positive cancer cells or synthetic compounds to inhibit CA9
enzymatic activity in preclinical and early clinical stages of various cancers[19, 20]. Our study firstly
showed the positive expression of CA9 in a subset of SNSCC patients and its predictive value for patient
survival. Therefore, CA9 expression is a potentially useful biomarker for therapeutic targeting using
monoclonal antibodies or synthetic inhibitors for SNSCC.

In conclusion, our findings showed that CA9 is an independent prognostic marker for SNSCC patients
who have undergone surgical treatment. To our knowledge, this is the first study demonstrating CA9
expression as a strong predictor for tumor recurrence and poor prognosis in patients with SNSCC after
curative resection. These findings suggest that CA9 may serve as a novel therapeutic target for SNSCC.

Abbreviations
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CA9: carbonic anhydrase 9; SNSCC: sinonasal squamous cell carcinoma; SCCs: squamous cell
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Tables
Table 1. Clinicopathological characteristics of 63 patients with sinonasal squamous cell carcinoma.
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Variable Number (%)

Sex  

Male 47 (74.6%)

Female 16 (25.4%)

Age (years), median age at diagnosis (range) 57(22-85)

Smoking history  

Ever-smoker 19 (30.2%)

Never-smoker 44 (69.8%)

Surgical history  

Yes 9 (14.3%)

No 54 (85.7%)

Tumor differentiation  

Well+Moderate 34 (54%)

Poor 29 (46%)

Primary site  

Nasal cavity 14 (22.2%)

Maxillary sinus 33 (52.4%)

Ethmoid sinus 16 (25.4%)

T stage  

T1 3 (4.8%)

T2 8 (12.7%)

T3 16(25.4%)

T4 36 (57.1%)

N stage  

N0 61(96.8%)

N+ 2(3.2%)

Clinical stage  

I 3 (4.8%)

II 8 (12.7%)



Page 11/15

III 16(25.4%)

IV 36 (57.1%)

Treatment  

Surgery plus adjuvant radiotherapy 18

Surgery plus adjuvant chemoradiotherapy 21

Neoadjuvant therapy plus surgery 24

 

Table 2. Association between clinicopathological characteristics and CA9 expression.
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  CA9 expression (no. of patients)

Variables Positive (n=21) Negative (n=42) P-value

Sex     0.222

Male 18 29  

Female 3 13  

Age (years, mean±SD) 60±12.5 54.5±14.7 0.152

Smoking history     0.332

Ever-smoker 8 11  

Never-smoker 13 31  

Surgical history     0.466

Yes 4 5  

No 17 37  

Tumor differentiation     0.063

Well+Moderate 15 19  

Poor 6 23  

Primary site     0.789

Ethmoid sinus+Nasal cavity 9 21  

Maxillary sinus 12 21  

T stage     0.310

T1+T2 2 9  

T3+T4 19 33  

Local recurrence     0.016*

Yes 16 18  

No 5 24  

Regional recurrence     0.595

Yes 2 2  

No 19 40  

Distant metastasis     0.595

Yes 2 2  
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No 19 40  

 

Table 3. Univariate analysis of various prognostic factors in patients with sinonasal squamous cell
carcinoma.

Prognostic factor Overall survival Disease-free survival

  HR 95% CI P-
value

HR 95% CI P-
value

Age (years) (≥56 vs<56) 2.263 0.989-
5.177

0.042* 2.504 1.185-
5.291

0.012*

Sex (male vs female) 0.943 0.399-
2.231

0.892 1.29 0.56-
2.964

0.544

Smoking history (ever vs never) 0.908 0.397-
2.076

0.815 1.077 0.524-
2.212

0.838

Surgical history (yes vs no) 1.633 0.618-
4.32

0.307 2.178 0.938-
5.057

0.059

Tumor differentiation (well+moderate vs
poor)

0.44 0.192-
1.006

0.04* 0.712 0.359-
1.413

0.322

Primary site (nasal cavity+ ethmoid
sinus vs maxillary sinus)

0.603 0.276-
1.317

0.189 0.797 0.4-
1.587

0.512

T stage (T3+T4 vs T1+T2) 7.072 0.959-
52.176

0.022* 4.358 1.041-
18.239

0.026*

CA9 expression in cancer cells (positive
vs negative)

2.978 1.382-
6.416

0.003* 2.732 1.376-
5.424

0.002*

HR, hazard ratio; CI, confidence interval at the 95% level; CAFs, cancer-associated fibroblasts

*The P value is significant

 

Table 4. Multivariate Cox regression analyses of prognostic factors associated with overall survival and
disease-free survival in patients with sinonasal squamous cell carcinoma.
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Prognostic factor Overall survival Disease-free survival

  HR 95% CI P-
value

HR 95% CI P-
value

Age (years) (≥56 vs<56) 2.07 0.898-
4.768

0.084 2.441 1.151-
5.177

0.02*

T stage (T3+T4 vs T1+T2) 5.885 0.789-
43.889

0.088 3.882 0.919-
4.655

0.065

CA9 expression in cancer cells (positive
vs negative)

2.401 1.103-
5.226

0.027* 2.32 1.157-
4.655

0.018*

HR, hazard ratio; CI, confidence interval at the 95% level

* The P value is significant

Figures
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Figure 1

Representative images of immunohistochemical staining for CA9 in sinonasal squamous cell carcinoma
tissues. (original magnification ×200). (A-C) Representative positive staining. (D) Representative negative
staining.

Figure 2

Kaplan–Meier survival curves for the overall (A) and disease-free (B) survival of 63 patients with
sinonasal squamous cell carcinoma according to the CA9 expression status in sinonasal squamous cell
carcinoma cells.
P values were calculated by the logrank test.


