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Tumoral Expression of CD44 and HIF 1« Predict Stage I Oral Cavity
Squamous Cell Carcinoma Outcome

Johannes Dunkel, MD; Samuli Vaittinen, MD, PhD; Petri Koivunen, MD, PhD; Jussi Laranne, MD, PhD;
Markus J. Makinen, MD, PhD; Satu Tommola, MD; Heikki Irjala, MD, PhD

Objectives/Hypothesis: No biomarkers are used to estimate the prognosis in oral cavity squamous cell carcinoma
(OSCC). In our previously published work, we have reported the prognostic value of CD44 and hypoxia inducible factor
(HIF)—1o in patients with stage I disease.

Study Design: In this study, we tested our previous observations in a larger cohort. We also studied the predictive value
of common lymphatic endothelial and vascular endothelial receptor (CLEVER)—1 in this material.

Methods: CD44, HIF1e, and CLEVER-1 were immunohistochemically analyzed in paraffin-embedded tissue material of
stage I OSCC patients treated at three Finnish university hospitals. Microscopy results were correlated with OSCC outcome.

Results: As in our pilot study, the CD44'°"HIF10"8" signature was associated with poorer disease-free survival. Clear
correlations between CLEVER-1 expression and clinical outcome were not evident.

Conclusion: Our results suggest that immunohistochemistry of CD44 and HIFlo may be useful in identification of
patients with poor prognoses. These parameters could be used to select the optimal treatment modalities for stage I OSCC

patients.
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Level of Evidence: 2b.

INTRODUCTION

About 300,000 people are diagnosed with oral cavity
squamous cell carcinoma (OSCC) worldwide each year.!
In the Finnish population, this translates to roughly 250
newly diagnosed cases of OSCC, in a total population of
5.4 million, according to data from the NORDCAN regis-
try.2 The most widely studied etiological factors in OSCC
include tobacco and alcohol. The human papilloma virus
status and p16 expression as prognostic markers in SCC
have gained attention in oropharyngeal tumors,® but the
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role in OSCC is not clear.* In SCC of the oral cavity, sev-
eral immunohistochemical biomarkers for clinical deci-
sion making have been studied, but none are yet widely
used. The modern gold standard of care includes surgical
resection of the primary tumor, with sufficient margins
combined with sentinel node biopsy or elective neck dis-
section levels I-III.°

CD44, the most important cell surface receptor for
extracellular hyaluronan, mediates cell adhesion to its
surroundings. Its functional role in head and neck can-
cer includes interaction with the epidermal growth fac-
tor receptor (EGFR), which influences EGFR signaling
into the cytoplasm.® Hypoxia inducible factor-la is a
master transcription factor that is stabilized in hypoxic
conditions, after which it translocates into the nucleus
to interact with hypoxia responsive elements.” A recent
meta-analysis on the prognostic significance of HIF1o in
oral cavity cancer has shown HIF1lo up-regulation to be
associated with poorer overall survival.®

Common lymphatic endothelial and vascular endo-
thelial receptor (CLEVER-1)/Stabilin-1 is a scavenger
receptor expressed by lymphatic and inflamed vascular
endothelium and a subset of type 2 polarized macro-
phages.® CLEVER-1 expression has been reported in
several tumor types such as head and neck cancer and
breast cancer.'® Macrophage polarization to type 2 has
been shown to be correlated with tumor aggressiveness
in cervical lymph nodes (LN) of OSCC patients.!* Recent
observations in a mouse model indicate CLEVER-1 to be
important in supporting tumor growth.'2

We have previously reported on the predictive value
of combined tumor cell expression of HIF1a and CD44 in
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Fig. 1. Figure Legends: Example images of immunohistochemistry. Whole-slide scans were zoomed in to 20X magnification. The different
staining patterns of HIF1a and CD44 are displayed, along with common lymphatic endothelial and vascular endothelial receptor staining

(Stab-1).
HIF = hypoxia inducible factor; Stab = stabilin.

stage I OSCC. The expression of these markers allowed
us to define patients with dramatically different clinical
outcomes in a small pilot study with 35 tissue speci-
mens.'® In our pilot study, up to 75% of the patients
with a CD44"°“/HIF1x"¢" signature experienced a local
recurrence or metastasis within 5 years after primary
therapy.

Our primary objective in this work was to validate
our previous results with HIFla and CD44 in a larger
sample, with more emphasis also on clinical parameters
such as tumor size, grade, and smoking status. Our sec-
ondary objective in this study was to evaluate if
CLEVER-1 expression correlates with cancer-specific
outcome in stage I OSCC patients.

MATERIALS AND METHODS

Patients and Samples

This is a population-based study conducted with archive
material from three university hospital districts in Finland, cov-
ering a population of 2.7 million inhabitants. Tissue specimens
have been collected at Oulu University Hospital, Turku Univer-
sity Hospital, and Tampere University Hospital as a part of nor-
mal patient care. Patients who were diagnosed with stage I oral
cavity squamous cell carcinoma (C01-06 in the International
Classification of Diseases, 10th Revision, classification) during
the years 2000 through 2009 were included in the study. For
Turku University Hospital, samples collected in 2000 through
2004 were omitted because the material has been previously
published in the earlier study.'!® Clinical parameters were
traced from patient records, and formalin-fixed paraffin-embed-
ded tissue specimens were collected at the hospital archives.
The patients whose clinical data were not retrievable were
excluded from all analyses.

Ethical Considerations
Ethical permission for the study was admitted by the ethi-
cal committee of Turku University Hospital, Turku, Finland,
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and by the Finnish National Supervisory Authority for Welfare
and Health (Valvira). Tissue specimens and clinical data have
been collected in the archives and have not influenced patient
care.

Immunohistochemistry

Five micrometer tissue sections were cut from representa-
tive tissue blocks and mounted on coated objective slides. Paraf-
fin was removed with xylene, and samples were rehydrated
with descending ethanol. Epitope retrieval was performed by
boiling in citrate for 5 minutes (CD44 and HIF1lo stainings) or
Proteinase K (CLEVER-1 stainings) pretreatment for 5 minutes
at +37°C. Vectastain ABC antimouse and antirat kits (Vector
laboratories, Burlingame, CA) were used according to the man-
ufacturer’s recommendations. Primary antibodies were used at
the following concentrations: anti-CD44 (mouse antihuman,
Hermes-3 clone'®) at 0.20 pg/ml, anti-HIF1o (mouse antihuman,
Hlalpha67 clone, Thermo Fisher Scientific, Waltham, MA) at
1:25, and anti-CLEVER-1 (2-7 clone'®) at 1:10. Diaminobenzi-
dine (Dako, Glostrup, Denmark) was used as a chromogen and
Mayer’s hematoxylin for counterstaining.

Microscopic Evaluation

All slides were scanned with a Pannoramic 250 slide scan-
ner (3DHistec, Budapest, Hungary), and digital files were
viewed on CaseViewer v1.3 software (3DHistec). Hypoxia induc-
ible factor-la—stained samples were graded as negative/low,
intermediate, or high in histologically cancerous areas (Fig. 1).
CLEVER-1 positive vessels and macrophages were separately
counted in peritumoral areas (Fig. 1). Exact CLEVER-1 positive
macrophage densities were calculated. CLEVER-1 positive flat-
walled vessel densities were determined semiquantitatively as
missing, scarce, or abundant.

Representative JPEG-quality captions of CD44 stained
samples were exported from the CaseViewer v1.3 software
(3DHistec) for quantitative analysis (Fig. 1). CD44 staining
intensity was graded on a scale of 1 to 20 with the Immuno-
Membrane plugin for Imaged'® (Supp. Fig. S1). Optimal cutoff
value determination was assisted by receiver operating
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TABLE I.
Clinical Features of the Patients in this Study.
n %
Gender Male 78 45.6
Female 93 54.4
Center Turku 58 33.9
Tampere 48 28.1
Oulu 65 38.0
Grade 1 86 50.3
2 63 36.8
3 9 5.3
4 0 0.0
Data missing 13 7.4
Smoking status Non-smoker 51 29.8
Previous smoker 50 29.2
Current smoker 17 9.9
Data missing 53 31.0
Tumor site Tongue 123 71.9
Floor of mouth 21 12.3
Upper gingiva 3 1.8
Lower gingiva 14 8.2
Hard palate 2 1.2
Soft palate 3 1.8
Cheek mucosa 5 2.9
Median Range
Age at diagnosis (years) 65 (23-91)
Tumor diameter (mm) 12 (2-40)
Operation margin (mm) 4 (0-17)
Follow-up time (months) 55 (0-168)

characteristic (ROC) analys_is, with the intent to stratify
patients as CD44'°" or CD44Meh,

Statistical Analyses

All analyses were performed on SPSS Statistics 21 (IBM
Corp., Armonk, NY). Relationships among the patient’s immu-
nohistochemical score, clinicopathological variables, and progno-
ses were evaluated. Receiver operating characteristic curves
were constructed for continuous covariates, with a cancer recur-
rence (local or metastatic) as the explanatory variable.

Optimal cutoff points for tumor diameter, operation mar-
gin, age, and immunohistochemical scores were sought man-
ually, assisted by ROC analyses, for wunivariate and
multivariate survival analyses. In survival statistics, disease-
free survival (DFS) and disease-specific survival (DSS) were
analyzed over 60 months after primary treatment.

Cox proportional hazards regression model and the Kaplan-
Meier method with log-rank tests were used for univariate
analyses. Multivariate analyses were performed with the Cox pro-
portional hazards regression model. The covariates that reached
statistical significance in multivariate analyses of clinical parame-
ters were included in multivariate analyses with the biomarkers.
Results were considered statistically significant when P < 0.05.

RESULTS
Similar to our pilot study,!®> more than half of the
patients in this study were female. Of those patients,
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whose smoking status was retrievable, 14% reported to
be current smokers and 43% reported to have no smok-
ing history. The most common tumor site for patients in
this study was the tongue (Table I).

All but eight patients were primarily treated surgi-
cally. Surgical margins with at least 5-mm healthy tis-
sue were considered sufficient. The primary treatment of
some patients was supplemented with elective neck dis-
section (44 patients) or sentinel node biopsy (17
patients). Twenty-eight patients received secondary
treatment, mostly due to insufficient surgical margins in
the primary surgery (Supp. Table SI).

After primary treatment, patients were routinely
followed by a specialist for 60 months, when a clinical
examination and medical imaging on demand were per-
formed. With 171 patients in this study, 21 local recur-
rences, 36 neck metastases, and nine distant metastases
were observed. Treatment results were similar in all
centers (P=0,70; P=0,69; and P=0,69 respectively,
Fisher’s exact test). Eighteen of the recurrent diseases
were treated surgically, one with radiotherapy, three
with chemoradiation, and 26 with combined therapy.
Three patients had only palliative treatment. Within 5
years from primary treatment, 24 patients died of rea-
sons attributable to OSCC (Fig. 2).

Correlations Between Clinical Parameters and
Outcome

Correlations between gender, age, smoking status,
grade, tumor size, operation margin, and sentinel node
biopsy (SNB) or elective neck dissection (END) with can-
cer recurrence (DFS) or cancer-associated mortality
(DSS) were analyzed with the Cox proportional hazards
model in univariate and multivariate analyses. Where
correlations were found, Kaplan-Meier curves were also
constructed. Smoking status was analyzed in the univar-
iate analyses, but it was omitted from the multivariate
analyses because the categories are not clearly hierar-
chic (current vs. never vs. previous smoking) and data
was not retrievable for 31% of the patients.

Tumor size was a predictive factor of poor DFS and
DSS among patients with stage I OSCC, when all cancer
recurrences and cancer-associated deaths within 60
months after primary treatment were taken into account
(log-rank P=0.01 and 0.04, respectively) (Supp. Fig.
S2). Among patients with ¢T1 OSCC, those whose
tumors exceeded 15 mm in diameter had a poorer DFS
and DSS (P =0.02 and P = 0.04, respectively, in multi-
variate analyses) (Table IIB).

A statistically significant correlation was seen
between advancing tumor grade and poorer DSS in uni-
variate analyses (log-rank P =0.03) (Supp. Fig. S2). A
nonsignificant trend was observed between advancing
tumor grade and poor DFS within 5 years from primary
treatment (log-rank P =0.09) (Supp. Fig. S2). Patients
treated primarily with SNB or END had a trend to bet-
ter DFS (P = 0.09), but this did not affect DSS (P =0.61)
(Supp. Fig. S3).
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Fig. 2. Kaplan-Meier analyses of disease-free and disease-specific survival of all patients in this study.

Correlations between gender, age, or smoking sta-
tus and DFS or DSS were not seen in univariate analy-
ses (Tables IIA, IIB).

Correlations Between Biomarkers and Clinical
Outcome

In order to improve reproducibility in grading of
CD44 analyses, virtual microscopy was implemented. We
found analyses done with the ImmunoMembrane plugin

for Imaged to yield in results similar to those of an expe-
rienced microscopist (Supp. Fig. S1). Results from micro-
scopic evaluations are summarized in the supplements
(Supp. Table SII).

CD44 score was categorized to high versus low by
manually testing different cutoff points. An optimal cut-
off was found at 12 points (scale 0—20 points).

Statistically borderline-significant trends were
observed between low CD44 expression or high HIF1la
expression and decreased DFS in univariate analyses

TABLE II.
Correlations Between Clinical Features and Disease-Free or Disease-Specific Survival.

A. Results From Univariate Cox Proportional Hazards Model.

Disease free survival Disease specific survival

Cox P-value Hazard Ratio Cox P-value Hazard Ratio
Univariate analyses Gender: Men vs. women 0.986 0.995 0.748 1.142
Age: Over 60 vs. under 60 years 0.292 0.736 0.32 1.538
Smoking: Ever vs. never 0.363 0.741 0.643 0.808
Smoking: Current vs. previous 0.421 1.496 0.674 1.347
Grade:1vs. 2 or 3 0.124 0.631 0.033 0.371
Tumor size over 15mm vs. under 15mm 0.019 2.055 0.051 2.277
Operation margin over 5mm vs. under 5mm 0.573 0.812 0.846 1.097
SNB or END: yes vs. no 0.098 0.577 0.615 0.798

B. Results From Multivariate Cox Proportional Hazards Model.

Disease free survival Disease specific survival

Cox P-value Hazard Ratio Cox P-value Hazard Ratio
Multivariate analyses Gender: Men vs. women 0.759 1.11 0.884 0.932
Age: Over 60 vs. under 60 years 0.16 1.676 0.128 2.409
Grade:1vs. 2 or 3 0.397 0.754 0.14 0.491
Tumor size over 15mm vs. under 15mm 0.023 2.214 0.037 2.659
Operation margin over 5mm vs. under 5mm 0.496 0.758 0.943 1.038
SNB or END: yes vs. no 0.304 0.694 0.936 0.962

END = elective neck dissection; SNB = sentinel node biopsy.
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TABLE lIl.

Correlations Between Disease-Free or Disease-Specific Survival and Immunohistochemical Scores.

A. Univariate Cox Proportional Hazards Model Analyses of Immunohistochemical Scores

Disease free survival

Disease specific survival

Cox P-value Hazard Ratio Cox P-value Hazard Ratio
Univariate analyses HIF1o high vs. low 0.216 1.569 0.911 0.946
CD44 low vs. high 0.154 1.718 0.146 2.12
Stab1 Mg low vs. high 0.777 0.915 0.187 1.917
Stab1 vessels low vs. high 0.303 0.701 0.326 0.6

B. Three Separate Multivariate Analyses of Immunohistochemical Scores.

Disease free survival

Disease specific survival

Variables in the Equation Cox P-value Hazard Ratio Cox P-value Hazard Ratio
Multivariate analyses HIF1o high vs. low 0.059 2.24 0.931 1.048
CD44 low vs. high 0.135 1.769 0.145 2.137
Stab1 Mg low vs. high 0.299 0.678 0.167 0.449
Stab1 vessels low vs. high 0.32 0.69 0.2 0.475

Variables in the Equation
Tumor size over 15 mm
HIF1o high vs. low
CD44 low vs. high

Variables in the Equation

Tumor size over 15 mm
HIFM"CD44'°" vs. others

Disease free survival

Cox P-value Hazard Ratio
0.186 1.741
0.129 1.856
0.114 1.984

Disease free survival

Cox P-value Hazard Ratio
0.187 1.727
0.038 1.915

Disease specific survival

Cox P-value Hazard Ratio
0.324 1.782
0.234 1.952
0.997 0.998

Disease specific survival

Cox P-value Hazard Ratio
0.251 1.934
0.461 1.396

Tumor size (cutoff at 15 mm) was included in some analyses because it was the only examined clinical parameter that yielded a significant P value in

previous analyses.
HIF = hypoxia inducible factor; Stab = stabilin.

and multivariate analyses with tumor size (hazard ratio
[HR]=1.984, P =0.144 and HR=1.856, P = 0.13, respec-
tively, in multivariate analyses). Thus, low CD44 score
or high HIF1x score were risk factors for cancer recur-
rence or OSCC-associated death. Clear correlations
between CLEVER-1 expression on tumor-associated
macrophages or flat-walled vessels and DFS or DSS
were not seen (Tables IIIA, IIIB).

We stratified patients according to CD44 and HIF1«
score into CD44'°VHIF1o™&" CD44'°VHIF14°%, CD44""
HIF1oM8? and CD44MePHIF14°Y strata. Because low
CD44 grade and high HIF1a grade were associated with
elevated risk, patients with CD44°YHIF14°" or
CD44"e"HIF10M8" signature were processed together as
intermediate risk patients. Improved DFS in patients
with CD44M#"HIF14°Y tumors was observed, whereas
those with CD44"°VHIF10"#" tumors had the worst DFS.
Five-year cancer recurrence rates of CD44"°VHIF1x"&h
intermediate risk, and CD44"#"HIF1/°" tumors were
53%, 30%, and 19%, respectively (Fig. 3) (P =0.03 in log-
rank). Disease-specific mortality rates were 33%, 11%,
and 15%, respectively (Fig. 3) (P =0.08 in log-rank).The
clinical parameters that reached statistical significance
in multivariate analyses were analyzed together with
immunohistochemical markers. Tumor size was analyzed
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with CD44 and HIF1« independently, or with the combi-
nation of CD44 and HIF1lo. In these analyses, a signifi-
cant P value was only seen between the combination of
CD44 and HIF1o and DFS (P = 0.04) (Table IIIB).

DISCUSSION

Oral cavity cancer is a growing problem due to
steadily rising incidence levels. Despite recent advances
in imaging techniques, identification of patients with
high risk of metastasis and worse prognoses from all the
patients with ¢cNO OSCC at the time of diagnoses
remains difficult.!” Whereas different cancer therapy
modalities such as chemoradiotherapy, surgical techni-
ques, and emerging new immunotherapeutics exist, the
key to successful patient care lies in a standardized way
to select the correct treatment modality for each patient.
Most patients do well with standard treatment, but
some of the patients would need more aggressive treat-
ment from the beginning. At the moment, we do not
have tools to separate these groups.

Our previous results indicated CD44 and HIF1« to
be highly applicable biomarkers for stage I OSCC in a
small pilot study.!® In the current study, we have vali-
dated our previous results in a larger series of patient

Dunkel et al.: CD44 and HIF1« Predict Stage | OSCC Outcome
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Fig. 3. Kaplan-Meier analyses of disease-free and disease-specific survival. The impact of CD44 and HIF1x was analyzed. CD44hioh-
HIF15M9" and CD44"°"HIF14°" patients were grouped as an intermediate risk group. P values: log-rank test.

HIF = hypoxia inducible factor.

samples collected in three Finnish tertiary cancer treat-
ment centers. Although we did not get as clear black-
and-white results in this work as we did in our pilot
study, we could still identify the patient population with
only 47% DFS, which is unacceptably poor for stage I
disease. These 14% of the patients had high HIF1a- and
low CD44-expressing tumors, and they were at the larg-
est risk of cancer recurrence. These two biomarkers
might provide new opportunities for clinicians in recur-
rence risk evaluation and therapy planning. Patients
with CD44"°VHIF15"¢" tumors should be candidates to
receive more aggressive initial cancer therapy.

The microscopy analyses in this study were par-
tially assisted by virtual microscopy, where immunohis-
tochemically stained tissue samples are digitized and
analyses are assisted by computer software.'® This
method improves the reproducibility of grading, and we
presume that it might ease the implementation of new
immunohistochemical  biomarkers, particularly in
smaller cancer units due to improved opportunities of
virtual case-by-case consultation. At the moment, this
method is not reliable in analyses where the identifica-
tion of tissue structures is necessary, such as CLEVER-1
in our case, but it can be used in clear cytoplasmic cell
stainings on definite areas, such as CD44 expression of
cancer cells in this study. Computer-assisted analysis is
thought to reduce operator-dependent and operator-
independent variation.

Alternative biomarkers for clinical prognosis of
OSCC have been studied. Epidermal growth factor
receptor (EGFR), proliferation marker Ki67, and tumor
suppressor protein p53 are most widely studied, but the
results are heterogeneous and none of the studied prog-
nostic markers are in routine clinical use.!® Most of the
markers studied earlier have been reported only once. In
this study, we have wanted to avoid typical pitfalls of
immunohistochemical studies by combining the material
of three university hospitals for validation this series, by
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using standardized virtual microscopy as much as possi-
ble, and finally by performing multivariate analyses to
confirm the significance of immunohistochemical results.

As more knowledge considering cancer of the head
and neck is gathering, it has become evident that this is
not a consistent disease group. First of all, the nature of
the disease is dependent on the site of the tumor.'® Sec-
ondly, the nature of the tumor changes as the tumor
grows, and therefore it is not surprising that uniform
molecular markers for the prognoses have not been
found. For example, CD44 as a cell adhesion molecule in
normal conditions is shown to be a predictor of good
prognoses in our study, but the very same CD44 has also
been associated with poor prognoses in more advanced
stages and even recognized as a cancer stem cell
marker.2® Therefore, we need to limit our analyses to
reasonable subgroups when unraveling the prognostic
markers for carcinoma of the head and neck.

Among clinically T1-classified OSCC, tumor diame-
ter showed to be of predictive importance. Particularly
tumors whose size exceeded 15 mm in diameter had a
high probability of recurrence. In this series, we had
three tumors exceeding 20 mm in pathological analyses,
although they were clinically classified as T1, which
may affect this result. This raises the question of the
optimal cutoff value between T1 and T2 in a prognostic
sense. Evidently our material is too limited to make any
deeper conclusions considering this classification, but it
is important to remember that tumor size is not a cate-
gorical variable in the real life. Also, tumor grade corre-
lated with disease-specific survival, as we saw in our
pilot study.'® There are several studies showing the pre-
dictive value of tumor grade, but in general it is consid-
ered to be too subjective and unreliable, and therefore it
is not used for treatment decision making in the clinic.?!

This patient population was collected between 2000
and 2009. Sentinel node biopsy or END were imple-
mented to routine treatment of T1 OSCC during this
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interval, and therefore more than half of these patients
have still had only local surgery as their primary treat-
ment modality. Controlling the neck improved disease-
free survival, as suspected, but it did not have an effect
on disease-specific survival. This reflects an effective
follow-up protocol and active secondary treatment when
any recurrences are detected. This is also consistent
with the studies showing no survival advantage for END
patients in comparison to watchful waiting in clinically
NO neck in T1-2 head and neck cancer.?>?3

CONCLUSION

In conclusion, current clinical protocol without pre-
dictive biomarkers either leads to overtreatment of 70%
to 80% of these patients, or inversely to under treatment
of 20% to 30% of the stage I OSCC patients, depending
on which treatment protocol we choose to use. In many
other cancer types, an immunohistochemical panel is
used to determine the optimal treatment protocol, but
there are no such panels in head and neck carcinoma.
We believe that combination of CD44 and HIF1lwa could
be used as diagnostic aid to find the patients with poor
prognoses, who would benefit from more aggressive ini-
tial treatment. Both CD44 and HIF1x are well known,
and antibodies are easily available to any immunohisto-
chemistry laboratory. Clinical implementation of this
panel still requires a prospective study, which we are
planning to conduct.
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