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To evaluate the predictive value of CD44 and aldehyde dehydrogenase 1 (ALDH1) 
expression for prognosis and radiotherapy (RT) response in patients with early-stage 
laryngeal cancer receiving RT.
Forty-four patients with early-stage laryngeal cancer diagnosed between 2002 
and 2016 were included in the study. The correlation between RT response and 
pre-treatment immunohistochemical ALDH1 and CD44 staining was evaluated. 
In addition, survival times were compared between groups.
The mean age of the 44 patients was 59.8 ±9.0 (43-81) years and 41 were male. 
There were 20 patients in the non-recurrent group (all men) and 24 patients in 
the recurrent group (21 men). Immunohistochemical positivity for ALDH1 was 
found to be a significant risk factor for RT failure (p = 0.0001), whereas CD44 
positivity (p = 0.114) and age group (p = 0.287) were not significant. 
ALDH1 positivity was identified as a significant predictor of DFS and RT sensitiv-
ity, while CD44 positivity did not differ according to RT response.
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Introduction

Although new treatment protocols for head and 
neck cancer have been developed in recent years, 
head and neck cancer is still the sixth most common 
cancer worldwide, mainly due to its association with 
human papillomavirus (HPV) and tobacco and alco-
hol usage [1]. The most common histopathological 
type is squamous cell carcinoma (SCC), and the oral 
cavity, larynx, and pharynx are most frequently in-
volved [2].

Laryngeal SCC is the most common head and 
neck cancer, affecting an estimated 100,000 people 
per year [3]. For patients who present with advanced 
disease, the mainstay of treatment is total laryngec-
tomy with or without adjuvant therapy [4]. Howev-

er, the survival rate is low. Among laryngeal cancers, 
glottic carcinomas are the most common subgroup, 
with the glottis being involved approximately 3 times 
more often than the supraglottic larynx. Glottic can-
cers are usually diagnosed in the early stage due to 
symptoms of hoarseness. 

Early-stage laryngeal cancers, inclusive of T1-2/
N0 disease, are treated successfully with a single, lo-
cally directed treatment modality. If the tumor has 
grown deeper, but it is only in the vocal cords, and 
they move normally it is called T1, and if the tumor 
has grown into the supraglottis or subglottis, and/or 
the vocal cords move normally it is called T2 tumor. 
If there is no lymph node involvement in both cases, 
these tumors are called early stage glottic carcino-
ma. In early glottic cancer, lymph node metastasis 
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is rarely seen, with an incidence of clinically positive 
lymph nodes of nearly zero for stage T1 and < 2% 
for stage T2 disease, and a complete cure can often 
be achieved by radiotherapy (RT) or surgery [5-7]. 
Therefore, the goal is to achieve the best local con-
trol leading to a complete cure and optimal functional 
results. At present, there are various treatment mo-
dalities for treating early glottic cancer; namely, RT 
or partial laryngectomy techniques. Although surgery 
has been used for decades, its use has greatly decreased 
in recent years because of declining functional results 
and advances in RT [8]. The optimal treatment for 
early glottic cancer has remained an issue of debate, 
primarily due to a lack of evidence from large prospec-
tive randomized trials [9]. Recent studies have shown 
similar local control between RT and surgery. Men-
denhall et al. reported local control rates ranging from 
approximately 80% to 94% for T1 tumors and 70% 
to 85% for T2 tumors with both modalities [10, 11]. 

Several prognostic factors can be used for the eval-
uation of laryngeal cancer. Microscopic grade is an in-
dependent prognostic factor and correlates with clin-
ical stage [12]. Recurrence is related to aneuploidy 
[13]. The presence of S100-positive Langerhans cells 
around the tumor is called the host reaction and has 
been associated with a favorable prognosis [14]. 

The most accepted prognostic factors are the TNM 
classification. However, the TNM system cannot dis-
tinguish aggressive tumors from nonaggressive tu-
mors of the same size. Identifying one or more bio-
markers to predict the biological behavior of head and 
neck squamous cell carcinomas (HNSCCs) would be 
beneficial. Recently, a small population of cancer cells 
referred to as cancer stem cells (CSCs) was found to 
be responsible for tumor initiation, relapse, and resis-
tance to chemotherapy or RT; therefore, eradicating 
CSCs is considered critical in cancer therapy [15, 16]. 
The CSC hypothesis has also been proposed for HN-
SCCs; some cell surface markers have been reported 
as CSC markers in HNSCC, such as CD44, CD133, 
ALDH1, and ABCG2 [17-19], and high expression 
of these markers is usually regarded as an indicator 
of poor prognosis. Among them, CD44 is the most 
reported CSC marker in HNSCC [20-22]. 

In this study, we aimed to evaluate the predictive 
value of CD44 and ALDH1 expression for prognosis 
and treatment response in patients with early-stage 
laryngeal cancer receiving RT.

Materials and methods

Forty-four patients diagnosed as having ear-
ly-stage laryngeal cancer and treated with RT in 
the Department of Otorhinolaryngology, Faculty 
of Medicine of the Cukurova University between 
2002 and 2016 were included in the study. Ethics 
committee approval of the study was obtained from 

the ethics committee of the Cukurova University (ap-
proval number-March 3,2017;62/27). Patients were 
treated with curative radiotherapy with a linear ac-
celerator with a peak energy of 6 megavoltage (MV). 
All patients were treated with 225 cGy/28 days in 
the same radiotherapy center. The demographic and 
clinical data, pathology reports, prognostic parame-
ters, and survival rates of the patients were retrieved 
retrospectively from their medical records. Among 
patients with early-stage disease, patients with recur-
rent disease and cured were studied with the same 
sampling method. Patients with anterior commissure 
involvement were excluded from the study. The pa-
tients were divided into two groups, those who 
showed complete response with RT (non-recurrent 
group) and those who developed local recurrence de-
spite RT (recurrent group). The correlation between 
treatment response and immunohistochemical stain-
ing for ALDH1 and CD44 at the time of diagnosis 
was evaluated. Survival rates were also compared be-
tween the groups.

Histopathological analysis

For each patient, slides stained with hematoxy-
lin-eosin were reviewed by the same pathologist, tu-
mor tissues were selected, and ALDH1 and CD44 
immunohistochemistry was performed on these tis-
sues. For immunohistochemical staining, 4-micron 
thick sections were obtained from paraffin-embed-
ded blocks in positively charged glasses and then de-
paraffinized. Rehydration, blockade with hydrogen 
peroxide, and 20 minutes of antigen retrieval were 
performed with sodium citrate buffer in a microwave. 
Samples were incubated overnight at 2-8°C with an-
ti-ALDH1 rabbit monoclonal antibody (ab9883, Ab-
cam) (1:500) (5 µg/ml) and CD 44 antibody (1:50) 
(Santa Cruz). After incubation with antibody, sam-
ples were stained with DAB chromogen. Finally, all 
samples were stained with Mayer hematoxylin and 
washed with distilled water and PBS.

For immunohistochemical analysis, a semiquanti-
tative evaluation was performed. The intensity and 
extent of staining were scored for ALDH1. Densi-
ty was scored as 0: no staining; 1: weak staining; 
2: moderate staining; 3: strong staining. Extent 
of staining was evaluated based on the percentage 
of positive cells. A total score was obtained by add-
ing the density and extent scores. The evaluation 
of CD44 staining was based on membranous staining 
and was performed using the same scoring method.

Statistical analyses

The χ2 test or Fisher’s exact test was used to com-
pare the groups. The Kaplan-Meier method and Cox 
proportional regression model were used to estimate 
the mean/median survival rates, failure rates, and 
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hazard ratios (HRs). The log-rank test was used to 
compare the survival distributions between groups. 
The prognostic ability of ALDH1 and CD44 were 
evaluated for DFS in both univariate and multivari-
able analyses. DFS was defined as the time from diag-
nosis to any documented clinical progression, relapse, 
or death from any cause. The results were reported 
as mean ±SD, median, number (n) and percent 
(%). A p value < 0.05 was considered significant. 
The analyses were performed using IBM SPSS Statis-
tics version 22.0 (IBM Corp., Armonk, NY).

Results

Forty-four patients with early-stage laryngeal can-
cer and treated with RT were retrospectively eval-
uated. Their mean age was 59.8 ±9.0 (43-81) and 
41 were men. Before treatment, all patients were 
confirmed as having early-stage disease according 
to the findings of indirect laryngoscopic and radio-
logic evaluation and were reported as SCC accord-
ing to pre-treatment biopsy. Tumor grade was I in 
19 patients (9 non-recurrent group/10 recurrent 
group), II in 12 patients (5 non-recurrent group/7 
recurrent group) and III in 13 patients (6 non-recur-
rent group/7 recurrent group). Thirty-four patients 
had T1 glottic tumor and 11 had T2 glottic tumors. 
There was no anterior commissure involvement seen 
in any patients. All of the patients were diagnosed 
with early-stage glottic carcinoma according to 
the classification system of AJCC 2017 [23]. 

There were 20 patients (all men) in the non-recur-
rent group (15 patients were diagnosed as T1 and 
5 T2 according to the classification system of AJCC 
2017 ) and 24 patients (22 men and 2 women) in 
the recurrent group (18 patients were diagnosed as 
T1 and 6 T2 according to the classification system 
of AJCC 2017). There was no statistically signifi-
cant difference between tumor grade and recurrence 
of disease. Median follow-up time was 48 months 
(22-88 months). Treatment failure was observed in 
24 cases. Table I shows the demographic and clinical 
features of the patients. 

Table II shows demographic and clinical features 
of the patients according to treatment response. 
While positive ALDH1 staining (p = 0.0001) was 
found to be significant risk factor for treatment fail-
ure, positive CD44 staining (p = 0.114) and age 
group (p = 0.287) were not significant factors. 

Means and medians for disease-free survival (DFS) 
time are shown in Table III. The mean OS was 60.7 
months (median: 62.0 months). The cumulative 
proportion of surviving patients was 81% at 12 
months (1 year), 56% at 24 months (2 years), and 
42% at 36 months (3 years). DFS was shorter in cas-
es with positive ALDH1 staining and CD44 staining 
(p = 0.0001); Fig. 1A shows DFS times according 

Table I. Demographic and clinical features of patients

parameter n %

Age groups (years)

0-55 14 31.8

56+ 30 68.2

Gender

Male 41 93.2

Female 3 6.8

Response to RT

CR 20 45.5

TF 24 54.5

Salvage surgery

TL 19 43.2

PL 5 11.4

RT 20 45.5

ALDH1 staining

Negative 21 47.7

Positive 23 52.3

CD44 staining

Negative 41 93.2

Positive 3 6.8

mean ±sd median (min-max)

Age (years) 59.8 ±9.0 59 (43-81)

Follow-up time 
(months)

52.1 ±20.5 48 (22-88)

ALDH1 total score 1.25 ±2.11 0 (0-7)

CD44 total score 0.25 ±0.83 0 (0-4)
RT – radiotherapy; CR – complete response; TF – treatment failure; TL – 
total laryngectomy; PL – partial laryngectomy; SD – standard deviation

Table II. Demographic and clinical features of patients ac-
cording to prognosis status

respOnse tO radiOtHerapy

cOmplete 
respOnse

treatment 
failure

n % n % p value

Age group

0-55 8 57.1 6 42.9 0.287

56+ 12 40.0 18 60.0

ALDH1 staining

Negative 19 90.5 2 9.5 0.0001

Positive 1 4.3 22 95.7

CD44 staining

Negative 20 50.0 20 50.0 0.114

Positive 0 0.0 4 100.0
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Table III. Means and medians for disease-free survival (DFS) time

mean dfs
(mOntHs)

median dfs
(mOntHs)

number 
Of events/ 
censOred

percent 
censOred

p

Age groups

0-55 68.6 80.0 8/6 57.1

56+ 57.2 48.0 18/12 40.0 0.187

Gender

Male 61.4 69.0 21/20 48.8

Female 58.3 62.0 0/3 0.0 0.437

ALDH1 staining

Negative 82.8 - 2/19 90.5

Positive 45.8 39.0 22/1 4.3 0.0001

CD44 staining

Negative 63.4 69.0 20/20 50.0

Positive 35.2 24.0 4/0 0.0 0.001

Overall 60.7 62.0 44/24 45.5

Table IV. Results of Cox regression model

b Hr 95% ci p

Age groups (>55 years) 0.71 2.0 0.7-5.5 0.167

ALDH1 positivity 2.80 16.4 3.6-73.5 0.0001

CD44 positivity 0.62 1.9 0.5-5.8 0.284

Fig. 1. DFS curves according to ALDH1 positivity (A) and CD44 positivity (B)
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to ALDH1 positivity and Fig. 1B shows DFS times 
according to CD44 positivity.

Table IV shows the results of the Cox regression 
analyses. Two Cox regression models were created 
using significant parameters detected in univari-
ate survival analysis: age, ALDH1 positivity, CD44 
positivity. According to Cox regression model, only 
the ALDH1 positivity was found to be a significant 
independent factor for DFS, with positivity associated 
significantly increasing the poor prognosis HR:16.4 
(95% CI: 3.6-73.5, p = 0.0001).

Discussion

Laryngeal carcinoma (LC) is the second most 
prevalent head and neck cancer, with rising mor-
tality rates in the United States [24]. According to 
several previous constructive clinical trials, surgery, 
radiotherapy, and chemotherapy are the effective 
treatment approaches of LC based on different tumor 
stages [24, 25, 26]. Identifying novel biomarkers 
is necessary for its diagnosis, treatment, and prog-
nostic assessment. Several prognostic factors can be 
used for the evaluation of laryngeal cancer. Micro-
scopic grade is an independent prognostic factor and 
correlates with clinical stage [12]. Diabetes, under-
weight, and conventional dose fractionation decrease 
the probability of curative effect of radiotherapy in 
elderly glottic cancer patients. A high number of co-
morbid diseases diminishes the probability of long-
term survival in elderly glottic cancer patients [27]. 
For example, the overexpression of cycloxygenase-2 
(COX-2), p53, epithelial cell adhesion molecule  
(EpCAM), hypoxia inducible factor 1α subunit, and 
carbonic anhydrase IX has been reported as a risk fac-
tor for a high local recurrence rate, and a high total 
microvessel perimeter per tumor area was a predictor 
of 337 optimized radiation therapy strategies for ear-
ly GC [28, 29, 30, 31]. However, in a recent system-
atic review, EGFR and P53 could not predict LC after 
radiation therapy [31] and other clusters of mark-
ers (markers involved in angiogenesis and hypoxia, 
apoptosis markers, cell cycle markers, COX-2, and 
DNA properties) also did not provide evidence for 
the prediction of LC after radiation therapy. Another 
biomarker is Cdc42-interacting protein-4 (CIP4). In 
a study of Fung et al., the authors reported that CIP4 
is a potential prognostic factor in patients with larynx 
carcinoma. The CIP4 expression level was downregu-
lated with tumor progression [32]. Recently, a small 
population of cancer cells referred to as CSCs has 
been implicated in tumor initiation, relapse, and re-
sistance to chemotherapy or RT; as a result, eradica-
tion of CSCs is considered essential in cancer therapy 
[15, 16]. The CSC hypothesis has also been coined for  
HNSCC in the head and neck; some cell surface 
markers have been reported as CSC markers in  

HNSCC cancers, such as CD44, CD133, ALDH1 and 
ABCG2 [17, 18, 19], and high expression of these 
markers is usually considered an indicator of poor 
prognosis. Among them, CD44 is the most report-
ed CSC marker in HNSCC [20, 21, 22]. Chen et al. 
reported that ALDH1-positive cells are phenotypic 
and functional precursors of CSCs. These cells devel-
op from ALDH1 cell lines and have more prolifera-
tive activity [33]. In the same study, it was found that 
ALDH1-positive cells had similar genetic structure 
to mesenchymal stem cells. Guided by these studies, 
ALDH1 expression is thought to be a good biomark-
er for CSCs in head and neck cancers [33, 34]. 

A study by Chen et al. showed that colony for-
mation was stimulated with 0-10 Gy radiation in 
isolated ALDH1-positive cells. The study also com-
pared CD44-positive, CD24-negative cells that were 
positive and negative for ALDH1. A total of 226 
HNSCC patients who were positive for ALDH1 were 
evaluated, and ALDH1 levels were found to be as-
sociated with advanced-stage disease and undiffer-
entiated tumors. In addition, it was determined that 
patients who were positive for ALDH1 had poorer 
survival with oncological treatment [35]. In an ex-
perimental study, the authors reported that a small 
portion of the population of CD 44 positive cancer 
cells, which typically comprise < 10% of the cells 
in a head and neck squamous cell carcinoma tumor, 
but not CD44 negative cancer cells, gave rise to new 
tumor in vivo. Immunohistochemistry showed that 
CD44 positive cancer cells have a primitive cellular 
structure and costain with the basal cell marker cy-
tokeratin 5/14, whereas CD44 negative cancer cells 
resemble differentiated squamous epithelium and ex-
press the differentiation marker involucrin. The tu-
mors that arose from purified CD44 positive cells re-
produced the original tumor heterogeneity and could 
be serially passaged, thus demonstrating the two de-
fining properties of stem cells: ability to self-renew 
and to differentiate [36]. 

In our study, the prevalence of ALDH1 positivity 
was significantly higher among patients with tumor 
recurrence due to RT failure. Al-Assar et al. report-
ed that several biomarkers such as CD44, CD24, 
CD133, and epithelial-specific antigen may be relat-
ed to radiosensitivity. In this study, it was found that 
CSCs, except those that were CD24-negative, did 
not have a radioresistant phenotype [37]. In a me-
ta-analysis, ALDH1 expression was reported to be as-
sociated with low overall and disease-related survival 
[38]. In contrast, Lopez-Gonzales reported that pa-
tients with stage 1-2 lung cancer and ALDH1 nucle-
ar expression showed good survival [39]. This seems 
completely opposite to our study, in which ALDH1 
positivity was significantly more common among 
patients with failed RT while CD44 positivity was 
not significantly different between the two groups. 
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ALDH1 positivity was found to be an independent 
risk factor for DFS and significantly associated with 
poor prognosis. 

There are some limitations for this study, e.g. 
The sample size is very small because patients with 
anterior commissure involvement were excluded 
from the study, and not specifying the smoking sta-
tus and comorbidities of the patients. 

Conclusions

The results of our study demonstrate that ALDH1 
positivity was associated with disease-related survival 
and RT sensitivity. CD44 positivity did not differ be-
tween patients with and without recurrence after RT. 
In our study, the sample size was small and there need 
to be larger cohort studies to confirm the predictive 
effects of these markers. For ALDH1 positivity to be 
used as a biomarker when making treatment deci-
sions, it is necessary to conduct studies with a larger 
patient series and determine its correlation with other 
biomarkers.

Key points:
• Immunohistochemical positivity for ALDH1 was 

found to be significant risk factor for RT failure in 
patients with laryngeal SCC.

• CD44 positivity and age group were not signifi-
cantly associated with RT response.

• ALDH1 positivity was a significant predictor 
of disease-related survival and RT sensitivity. 

• ALDH1 positivity may be a useful biomarker 
when determining choice of treatment.
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