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Abstract

CD44 is a transmembrane glycoprotein involved in numerous cellular functions, including cell
adhesion and extracellular matrix interactions. It is known to be functionally diverse, with
alternative splice variants increasingly implicated as a marker for tumor-initiating stem cells
associated with poor prognosis. Here, we evaluate CD44 as a potential marker of long-term breast
cancer outcomes. Tissue specimens from patients treated on the National Cancer Institute 79-
C-0111 randomized trial of breast conservation versus mastectomy between 1979 and 1987 were
collected, and immunohistochemistry was performed using the standard isoform of CD44.
Specimens were correlated with patient characteristics and outcomes. Survival analysis was
performed using the log rank test. Fifty-one patients had evaluable tumor sections and available
long-term clinical follow up data at a median follow up of 25.7 years. Significant predictors of OS
were tumor size (median OFS 25.4 years for <2 cm vs. 7.5 years for >2 cm, p= 0.001), nodal
status (median OS 17.2 years for node-negative patients vs. 6.7 years for node positive patients, p
=0.017), and CD44 expression (median OS 18.9 years for CD44 positive patients vs. 8.6 years for
CD44 negative patients, p = 0.049). There was a trend toward increased PFS for patients with
CDA44 positive tumors (median PFS 17.9 vs. 4.3 years, p= 0.17), but this did not reach statistical
significance. These findings illustrate the potential utility of CD44 as a prognostic marker for early
stage breast cancer. Subgroup analysis in patients with lymph node involvement revealed CD44
positivity to be most strongly associated with increased survival, suggesting a potential role of
CD44 in decision making for axillary management. As there is increasing interest in CD44 as a
therapeutic target in ongoing clinical trials, the results of this study suggest additional investigation
regarding the role CD44 in breast cancer is warranted.
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Introduction

Despite advances in screening and staging studies for treatment stratification, early stage
breast cancer patients continue to have varying outcomes and responses to standard cancer
treatments. Due to the heterogeneity of outcomes in these patients, increasing efforts have
been made to personalize cancer treatment based on grade and molecular subtyping, with the
recent development of commercially available multigene assays for clinical use. Two such
assays, Oncotype Dx and Mammaprint, have been prospectively evaluated and are routinely
used to aid decision making regarding the use of adjuvant chemotherapy [1, 2]. Although
these assays provide valuable information and can even be cost saving or cost-effective
through reduced utilization of chemotherapy [3], widespread use has been limited due to
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high cost, lack of insurance coverage, and delays in the initiation of adjuvant treatment [4].
In addition, due to the relatively recent availability of these technologies, there is lack of
data regarding their usefulness to predict for long-term outcomes and late recurrences.

In contrast to these multigene panels, simpler protein-based expression assays utilizing
immunohistochemistry have long been used to aid treatment decisions for patients with
breast cancer [5]. Due to their accessibility and simplicity, they are widely implemented in
clinical laboratories for a number of disease sites. Immunohistochemical detection of ER,
PR, and HER-2 receptor status is currently part of the standard of care and help guide
adjuvant treatment decisions [6]. Recent data may even suggest molecular subtyping by
immunohistochemistry may outperform gene expression analysis in the neoadjuvant setting
[7]. Other molecules, such as Ki-67, are more controversial, but may have a role in providing
valuable prognostic information [8]. Given the heterogeneity of breast cancer, further
investigation into novel protein biomarkers predictive of long-term clinical outcomes in
selected patient subgroups is needed.

CD44 is an intriguing biomarker that has been increasingly studied in invasive breast cancer.
It is a transmembrane glycoprotein of the hyaluronate receptor family that is primarily
involved in cell adhesion and extracellular matrix interactions [9]. It acts as a ligand receptor
and coreceptor, capable of modulating the function of other membrane tyrosine receptors.
Recently, it has also been implicated as a surrogate marker for tumor stem cells [10]. Early
preclinical studies have suggested CD44 positive cells exhibit the ability to initiate tumors,
serially propagate, and demonstrate the ability for self-renewal [11-13]. However, when
translated clinically, a substantial body of clinical data has shown conflicting outcomes in
regards to CD44 expression, with a number of studies showing both favorable and
unfavorable clinical outcomes associated with increased CD44 expression [14-20].

As patients with early stage breast cancer generally have an excellent prognosis, we sought
to utilize a protein-based expression assay to determine the long-term prognostic value of
CD44 using tissue samples from patients treated on a large, randomized trial from the
National Cancer Institute comparing breast-conserving therapy versus modified radical
mastectomy.

Materials and methods

Information regarding the study design, preplanned hypotheses, patient and specimen
characteristics, assay methods, and statistical analysis is reported as per REMARK criteria
[21]. In an IRB approved protocol, tissue specimens from patients enrolled in the National
Cancer Institute trial 79-C-0111 were collected and analyzed for immunohistochemical
detection of the standard variant of the membrane marker CD44. Detailed descriptions of the
study design, eligibility requirements, radiotherapeutic and surgical techniques, and
comparison of the characteristics of the patients in each treatment group have been described
previously [22, 23]. Briefly, 237 patients at the NCI between 1979 and 1987 with biopsy
proven clinical Stage | or Stage Il primary breast cancer were randomized to receive either
modified radical mastectomy or lumpectomy and adjuvant radiation to the entire breast
followed by a boost to the tumor bed.
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Tumor specimens obtained from initial surgery were stored as formalin-fixed, paraffin-
embedded tissue blocks, however, since excisional biopsies were standard for initial
diagnosis at the time and may have been performed at outside hospitals, these patients were
excluded. Specimens without evaluable tumor on reaccessioning were excluded.
Immunohistochemical staining was performed using a monoclonal antibody to the standard
variant isoform (CD44s) of CD44 (clone DF1485, Dako Corp. Carpinteria, CA 1:50
dilution). Following heat-induced antigen retrieval in modified citrate buffer, pH 6.1,
detection was performed utilizing the Dako EnVision visualization system (EnVision™+,
Dual Link) with diaminobenzidine (DAB) as the chromogen. The presence of CD44 in areas
of tumor was scored utilizing a binary scoring system with negative scoring for the absence
of CD44 and positive scoring for having any amount of CD44 present. Scoring was read by
two independent pathologists blinded to any patient outcomes data.

Clinical endpoints included progression-free survival (PFS) and overall survival (OS). PFS
was defined as the length of time from entry onto the study defined by the NCI diagnosis,
until recurrence of the original breast cancer or death. Development of a contralateral breast
cancer or a nonbreast cancer was considered a competing risk for disease progression (i.e.,
led to censorship from PFS calculation). OS was measured from the date of NCI breast
cancer diagnosis.

Fisher’s exact test was used to compare patient characteristics after grouping by CD44
expression. Bivariate tests for predictors of PFS and OS were performed using log rank
testing. CD44 expression was also tested as a predictor of PFS and OS in patient subsets
after grouping by known prognostic factors (tumor size and nodal status). Statistical
analyses were performed in SPSS version 18 (SPSS; Chicago, IL).

Evaluation of tumor specimens was performed for all 238 patients initially enrolled on the
randomized trial; however, adequate tumor sections were obtained from 51 randomized
patients. Median follow up for living patients was 27.3 years. Patient characteristics are
summarized in Table 1. Mean age at diagnosis was 53 years. 41 % of patients was
premenopausal, 53 % of patients had high grade disease, 57 % had lymph node involvement,
and 51 % received chemotherapy. Twenty-two patients (43 %) were found to be CD44
positive. Figure 1 displays immunohistochemical examples of CD44 negative and CD44
positive tissue samples. CD44 positivity was not significantly correlated with any clinical
characteristics using Fisher’s exact test.

Bivariate analyses for predictors of PFS and OS are noted in Table 2. Significant (p < 0.05
using Log Rank test) predictors of PFS were tumor size (median PFS not reached for <2 cm
vs. 4.2 years for >2 cm, p= 0.003) and nodal status (median PFS 17.9 years for node-
negative patients vs. 4.0 years for node positive patients, p = 0.036). There was a trend
toward increased PFS for patients with CD44 positive tumors (median PFS 17.9 vs. 4.3
years, p=0.171, Fig. 2). Significant predictors of OS were tumor size (median OS 25.4
years for <2 cm vs. 7.5 years for >2 cm, p=0.001), nodal status (median OS 17.2 years for
node-negative patients vs. 6.7 years for node positive patients, p=0.017), and CD44
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expression (median OS 18.9 years for CD44 positive patients vs. 8.6 years for CD44
negative patients, p=0.049, Fig. 3).

Table 3 depicts the results of testing CD44 expression as a predictor of PFS and OS after
grouping patients by tumor size and nodal status. In all patient subsets, median PFS and OS
were numerically greater for CD44 positive patients than for CD44 negative patients. This
relationship reached statistical significance in the PFS analysis for the subset of patients with
tumor size <2 cm (median PFS not reached years for CD44 positive vs. 11.0 years for CD44
negative, p = 0.019). CD44 expression was also associated with a significant increase in OS
in the subset of patients with lymph node involvement (median OS 15.6 years for CD44
positive vs. 6.3 years for CD44 negative, p = 0.021). Node positive patients who were CD44
positive also experienced prolonged progression-free survival (median PFS 10.3 years for
CD44 positive vs. 3.4 years for CD44 negative), but this did not reach statistical significance
(p=10.069). These results are displayed graphically in Figs. 4 and 5.

Discussion

Breast cancer is one of the few disease entities in which personalized treatment based on
molecular subtypes has led to significant improvements in OS [24]. Despite having excellent
prognosis overall, patients with early stage breast cancer have tremendous variation in
clinical outcomes. A simple, protein-based assay would be useful in identifying high risk
patients, particularly those at risk for late events. By identifying patients better suited for
adjuvant treatment, opportunities for treatment de-escalation and toxicity sparing are also
made available for investigation.

In this study, CD44 expression was found to be a long-term predictor of OS in patients with
early stage breast cancer enrolled on a large, randomized, prospective trial. Interestingly,
patient subgroup analysis revealed that CD44 positivity was most strongly associated with
increased survival in the patients with lymph node involvement, suggesting a possible
protective effect of CD44 expression in patients with advanced disease. This has been
previously reported in other studies [25, 26]. In addition, this difference in survival was
noted only with long-term follow up, with a significant amount of recurrences occurring
after 5 years. A survival benefit correlating with CD44 overexpression was validated using
gene expression data and survival information of an independent cohort of 1,809 patients. A
statistically significant increase in survival in lymph node positive patients in this
independent cohort was observed by use of a publicly available integrative data analysis tool
[27]. Currently, management of the axilla in early stage disease remains a controversial
topic, with studies supporting de-escalation of nodal therapy [28], and others supporting
more comprehensive treatment [29]. Biomarkers used in node positive setting would be
particularly helpful to stratify patients most likely to benefit from more aggressive treatment.

Although, CD44 has been studied with respect to its association with tumor initiating stem
cells in breast cancer [10], it has also been found to be intimately involved in several
processes of the cell cytoskeleton and surrounding extracellular matrix. CD44 is a known
cell surface receptor for hyaluronic acid and may have complex interactions between tumor
suppression and metastasis promotion involving ligand binding, coreceptor signaling, and
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maintenance of the actin cytoskeleton [30]. Recently, it has been found that CD44-mediated
binding of high molecular weight hyaluronic acid may be responsible for early contact
inhibition and unusual cancer resistance in the genus Heterocephalus [31].

There has been considerable variation in the literature regarding the prognostic value of
CD44. Early studies by Al-Hajj and colleagues identified CD44 as a marker for stem cell-
like progenitor breast cancer cells [10], and this has been recapitulated in several in vitro
studies [13, 32-34]. However, clinico-pathological correlation in human studies has been
more equivocal. While some studies have demonstrated negative prognosis associated with
CD44 [186, 18, 35, 36], others have demonstrated CD44 to be independent predictor of both
prolonged breast cancer specific survival and metastasis free survival [14]. This positive
correlation in survival has also been demonstrated in the node-negative setting as well [17].
In many of these studies, short-term follow up from heterogeneous patient populations was
investigated, potentially obscuring results. The current study is unique in that the patient
population was derived from a prospective trial with over 25 years of follow up, representing
a uniform population of patients with early stage disease meeting specific entry criteria.

Alternative splicing of CD44 into its variant forms may be responsible for the conflicting
results in the literature. CD44 is encoded by a 20-exon gene, and can be expressed in
standard form (CD44s) or undergo alternative splicing resulting in the production of at least
12 variant isoforms (CD44v1-12) [37]. Several of the variant isoforms have been linked to
poor prognosis in animal models [12, 34, 38] and in clinical series [39, 40]. Expression of
the CD44v6 isoform has received the most attention to date, with evidence suggesting
inferior outcomes in breast cancer [41-43]. However, other studies have shown conflicting
data in this arena as well [44, 45]. All variants of CD44 are noted to share a 90 AA amino
terminal domain [46], with the stem portion composing the variant isoforms. The standard
variant of CD44 is noted to be smallest isoform and contains only this common amino
terminal region in its extracellular domain. Interactions through this domain are thought to
principally mediate its interactions with hyaluronan [9]. In the current study, a monoclonal
antibody to the standard (CD44s) isoform of CD44 was used. In a murine model of knockout
CD44s and its variants, implantation of an orthotopic breast tumor resulted in significantly
increased pulmonary metastases [47]. Deficiencies in CD44 expression are therefore thought
to increase the risk of disease metastasis by disrupting the interactions between CD44 and
hyaluronan [48].

Currently, several clinical trials are investigating the role anti-CD44 therapies in the context
of cancer treatment [49-53]. Based on our findings and conflicting data in the literature, it
should be cautioned that therapeutics targeting variant isoforms of CD44 or stem cell
precursors expressing CD44 may exhibit cross reactivity between the constitutively
expressed interactive hyaluronan domain and its common epitopes. In multiple murine
models of cancer, silencing of CD44 was shown to promote metastasis [47, 54, 55]. Due to
the variable data in the literature regarding the role of CD44, careful consideration should be
made regarding the inhibition of CD44 and its downstream pathways. Given the common
pathways involved in CD44-mediated pathways, future research is needed to investigate the
role of each variant isoform and potential downstream effector molecules from these
pathways that can be more specifically targeted.
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Some limitations of the current study include its retrospective design with a small sample
size due to the extended period of follow up. In addition, due to the archival nature of the
specimens, it was not technically feasible to perform double staining in order to identify the
CD44+/CD24- phenotype commonly associated with breast cancer stem cells [10, 35].

In summary, the current study has linked expression of the standard isoform of CD44 in
early stage breast cancer patients with improved OS in the setting of extended follow up.
CDA44 expression appears to be a significant prognostic marker in early stage patients and
may be useful in determine long-term outcomes, warranting future investigation of this
molecule. Given the conflicting literature, however, caution should be exercised in the usage
of future therapeutics targeting the CD44 receptor due to the extensive overlap with other
tumor regulating pathways.

Supplementary Material
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Immunohistochemical staining for CD44. Examples of negative (a) and positive (b) staining

Fig. 1.
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Fig. 2.

Progression-free survival trend correlates with CD44 positivity. After grouping by CD44
expression, Kaplan—Meier curves for 51 patients demonstrate a trend toward improved
progression-free survival. Log Rank test reveals p=0.171
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Fig. 3.

Improved OS correlates with CD44 positivity. After grouping by CD44 expression, Kaplan—
Meier curves for 51 patients demonstrate improved overall survival. Log Rank test reveals p
=0.049
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Fig. 4.

Lygmph node positive patients with CD44 positivity have a trend toward improved
progression-free survival. After grouping by CD44 expression, Kaplan—Meier curves for 29
patients demonstrate a trend toward improved progression-free survival in patients with
nodal involvement. Log Rank test reveals p= 0.069
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Lymph node positive patients with CD44 positivity have improved overall survival. After
grouping by CD44 expression, Kaplan—Meier curves for 29 patients demonstrate improved
OS in patients with nodal involvement. Log Rank test reveals p=0.021
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Patient characteristics

Characteristic CD44 negative  CD44 positive  p
Age 0.410
<50 11 11
>50 18 11
Menopausal status 1.000
Pre 12 9
Post 17 13
Tumor size 0.242
<2cm 8 10
>2.cm 21 12
Tumor grade 0.368
1 3 2
2 8 10
3 18 9
Nodal status 0.410
Negative 11 11
Positive 18 11
ER status 0.787
Negative 8 6
Positive 16 14
Unknown 5 2
Treatment arm 0.782
MRM 13 11
BCT 16 11
Chemotherapy use 0.577
No 13 12
Yes 16 10
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Table 2

Bivariate analyses for predictors of PFS and OS

Characteristic Median PFS (years) p Median OS (years) p

Age 0.957 0.344
<50 (n=22) 10.2 115
>50 (7= 29) 85 103

Menopausal status 0.943 0.499
Pre (n=21) 8.5 10.2
Post (7= 30) 10.2 118

Tumor size 0.003 0.001
<2 cm (n=18) Not reached 254
>2cm (n=33) 42 7.5

Nodal status 0.036 0.017
Negative (7=22) 17.9 17.2
Positive (7=29) 4.0 6.7

ER status 0.912 0.374
Negative (7=14) 8.1 9.8
Positive (7=30)  10.2 12.9
Unknown (n=7) 85 7.6

Treatment arm 0.064 0.103
MRM (1= 24) 17.9 14.9
BCT (n=27) 42 7.6

Chemotherapy use 0.015 0.074
No (1= 25) 17.9 14.4
Yes (n=26) 4.0 7.1

CD44 expression 0.171 0.049
Negative (7=29) 4.3 8.6
Positive (7=22)  17.9 18.9

Median PFS and OS values are Kaplan—Meier estimates. p values obtained using Log Rank test

Bold values indicate a statiscally significant result (i.e., p< 0.05)
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Table 3

Tests of CD44 expression as a predictor of PFS and OS after grouping patients by tumor size and nodal status

Characteristic Median PFS (years) p Median OS (years) p
Tumor size €2 cm 0.019 0.133
CD44 negative (1= 8) 11.0 9.4
CD44 positive (7=10)  Not reached Not reached
Tumor size >2 cm 0.800 0.346
CD44 negative (n=21) 3.9 75
CD44 positive (n=12) 5.3 8.4
Node negative 0.997 0.776
CD44 negative (n=11) 17.1 14.4
CD44 positive (n=11)  17.9 22.2
Node positive 0.069 0.021
CD44 negative (71=18) 3.4 6.3
CD44 positive (n=11)  10.3 15.6

Median PFS and OS values are Kaplan—Meier estimates. p values obtained using Log Rank test

Bold values indicate a statiscally significant result (i.e., p< 0.05)
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