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Abstract

Background and Purpose—Tumors with high expression of excision repair cross
complementation 1 (ERCC1) are resistant to platinum-based chemotherapy or chemoradiotherapy.
We evaluated the prognostic value of ERCC1 expression in a cohort of laryngeal cancer treated
with radiotherapy alone, to determine if expression correlated with clinicopathologic risk factors,
local control, or overall survival.

Material and Methods—The study included 123 patients with stages | — Il laryngeal squamous
cell carcinoma treated to a median dose of 66 Gy using standard fields and fractionation. ERCC1
expression was examined by immunohistochemical analysis of tissue microarrays.

Results—ERCC1 expression did not correlate with standard prognostic factors, local control, or
overall survival. At 5 years, local control was 75% vs. 71% (p = 0.78) and overall survival was
68% vs. 54% (p = 0.65), for non-expressors and expressors of ERCC1, respectively. Multivariate
analysis identified T stage as the only independent predictor for local control, and T stage and age
as predictors for overall survival.

Conclusions—ERCC1 expression did not predict for radiotherapy resistance or worse survival
in these laryngeal cancer patients. Though ERCC1 is a marker of resistance to platinum-based
chemotherapy and chemoradiation, radiotherapy remains an effective treatment in tumors with
high ERCCL1 expression.
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Introduction

Laryngeal cancer is the most common cancer of the head and neck [1]. Approximately 60%
of patients present with early stage disease (T1-2NO, stage I-I1) for which treatment is
typically definitive radiotherapy or a larynx conserving surgery. Though not compared in a
randomized fashion, these treatment modalities have been shown to offer equivalent local
control, overall survival, and larynx preservation [2]. A combined-modality approach is
taken for more advanced stage disease, and treatment entails concurrent chemoradiation or
total laryngectomy with possible adjuvant therapy. Local recurrence rates at 5 years after
definitive radiotherapy are 6-16% and 20-28% for T1 and T2 glottic tumors, respectively,
and approximately 25% for T1-2NO supraglottic tumors [3—7]. Salvage treatment after local
failure often involves a total laryngectomy. Therefore, identification of molecular markers
predictive of response to radiotherapy in laryngeal cancer would be beneficial in guiding
clinical decisions.

Excision repair cross complementation 1 (ERCCL1) is emerging as a prognostic marker in
both lung cancer as well as cancers of the head and neck. ERCC1 plays a rate-limiting role
in the nucleotide excision repair pathway. ERCC1 forms a heterodimer with xeroderma
pigmentosum complementation group F (XPF) to form an endonuclease. XPF contains the
catalytic domain of the nuclease, whereas ERCCL1 is required for DNA binding. The
ERCC1-XPF endonuclease cleaves DNA 5" of helix-distorting lesions, and thus is essential
for the repair of platinum-DNA adducts [8]. In addition, ERCC1-XPF functions in
homologous recombination [9] and interstrand crosslink repair [10]. Finally, ERCC1-XPF
plays a role in double-strand break repair, and has been shown to protect against ionizing
radiation in vivo [11].

High levels of ERCC1 mRNA and protein expression have been shown to correlate with
resistance to platinum-based chemotherapy or concurrent chemoradiotherapy, as well as
inferior progression free survival and overall survival in patients with primary lung cancers
or cancers of the head and neck. Handra-Luca et al. demonstrated that high ERCC1
expression was predictive of worse treatment response and disease-specific survival in
patients with locally advanced squamous cell carcinomas of the head and neck treated with
cisplatin-based induction chemotherapy [12]. Several studies have shown that high levels of
ERCC1 expression in locally advanced head and neck tumors predicts for resistance to
concurrent chemoradiation [13—-15]. ERCC1 expression has also been shown to correlate
with worse progression free survival and overall survival in patients with either small cell or
non small cell lung cancer treated with platinum-based chemotherapy alone or in
combination with radiotherapy [8, 16—24]. Studies have also demonstrated that ERCC
expression is a marker for inferior outcomes in esophageal, gastric, colorectal, and ovarian
cancer after treatment with platinum-based chemotherapy [8, 25-29].
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In addition to the data demonstrating the role of ERCC1 as a marker of resistance to
chemoradiation, there is evidence to indicate that ERCC1 expression is also predictive of
resistance to radiation alone. Cell lines deficient in ERCC1 are more sensitive to radiation
under hypoxic conditions [30]. Moreover, radioresistant lung cancer cell lines demonstrate
induction of ERCCL1 expression after irradiation, suggesting that high ERCC1 expression
correlates with the radioresistant phenotype [31]. Increased ERCC1 expression has also been
shown to correlate with radioresistance in a murine xenograft model of tumors derived from
cervical carcinoma cells [32]. Finally, single nucleotide polymorphisms in the ERCC1 gene
are predictive of response to radiotherapy in patients with early stage squamous cell
carcinoma of the head and neck [33]. This work suggests the potential clinical utility of
ERCC1 expression as a prognostic marker for response to radiotherapy.

Therefore we evaluated the prognostic value of ERCC1 expression in a cohort of early stage
laryngeal cancer treated with radiotherapy alone. Specifically, we determined whether
ERCC1 expression correlated with clinicopathologic prognostic factors, local recurrence, or
overall survival.

Materials and Methods

Patients Characteristics

Patients with stages | and Il squamous cell carcinoma of the glottic and supraglottic larynx
treated at the Yale University School of Medicine Department of Therapeutic Radiology
between 1975 and 2000 with radiation therapy alone were included in this study. Archived
tumor specimens were available for a total of 123 of these patients. Patients received a
median daily fraction of 2 Gy (range 1.8-2.55 Gy) to a median dose of 66 Gy (range 49.5-
79 Gy) using standard opposed lateral fields with beam energies of 2-6 MeV. Five fractions
were delivered per week without planned treatment breaks. 109 of the 123 patients received
a total dose of at least 60 Gy, and only 2 patients received more than 70 Gy. Patient charts
were reviewed to obtain information regarding clinicopathologic factors, treatment
parameters, and outcomes. Median follow-up for the cohort was 4.9 years. A tissue
microarray was constructed from the formalin-fixed, paraffin-embedded, pre-treatment
biopsies of these patients, as previously described [34]. The primary study endpoints were
local control and overall survival.

Immunohistochemistry

Immunohistochemical analysis was performed as previously described on 5 um thick
sections of the tissue microarray using an antibody directed again ERCC1 (ERCC1 Ab-3,
clone 8F1, at 1:100, from Thermo Fisher Scientific Inc., Fremont California) [35]. ERCC1
expression was determined by a single pathologist who was blinded to patient outcomes.
ERCC1 expression could be effectively analyzed in 90 patients, and therefore further
analysis was completed on this subset of cases. The remaining tissue cores were
uninterpretable due to tissue loss or lack of sufficient tumor cells. The extent of staining was
defined as the percentage of tumor cells with positive staining graded on a scale of 0-3 (0 =
0-10%, 1 = 10-40%, 2 = 40-70%, 3 = 70-100%). The intensity of staining was also graded
on a scale of 0-3 (0 = no staining, 1 = weak staining, 2 = moderate staining, 3 = strong
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staining). The h-score was obtained by multiplying the grades of extent and intensity of
staining. The median value of all the h-scores was 2, and was used as the cutoff value for
defining positive and negative ERCC1 expression. Data analysis was repeated using several
alternate definitions of positive ERCC1 expression (greater than 10% of cells staining
positive, moderate or greater intensity staining, and strong intensity staining), and results
obtained were comparable.

Statistical Analysis

Results

Statistical analysis was performed using Stata Version 11 (StataCorp LP, College Station
Texas). The follow-up time and time to recurrence were calculated from the date of
diagnosis. ERCC1 expression was compared to standard prognostic variables (age, T stage,
tumor subsite, gender, and race) or treatment parameters (total dose, fraction size, and
duration of radiotherapy) using t-tests or chi-square tests. Survival estimates were calculated
using the Kaplan-Meier product-limit method, and the log-rank test was used to assess for
differences. Multivariate analysis using the Cox proportional hazards regression model was
completed to assess the independent contribution of variables (age, tumor subsite, T stage,
fraction size, total dose, and ERCC1 expression) to survival. A p-value of < 0.05 was
considered statistically significant.

Of the 123 patients included in the cohort, 84 (68%) of the cases were T1, and 39 (32%)
were T2. Median age at diagnosis was 64 years (range 38-90). The majority of tumors were
glottic versus supraglottic (98 versus 25). Patient and treatment characteristics are further
summarized in Table 1. With a median follow-up time of 4.9 years, and 8.5 years for those
alive, the 5 year local control rate was 74% and the 5-year overall survival rate was 60%.

ERCC1 expression could be analyzed in 90 patients, and further analysis was completed on
this subset of cases. Patient and treatment characteristics for this subset of patients are
representative of the entire cohort and detailed in Table 1. Among these patients, the median
follow-up time was 5.0 years, and 7.2 years for those alive. The local control rate and overall
survival rate was 74% and 63%, respectively. Positive expression, defined as an h-score
greater than or equal to 2 (as in previous studies) [13, 14, 17], was detected in 36 (40%) of
evaluable cases. ERCC1 expression was predominantly nuclear. Representative positive and
negative ERCC1 immunostaining is shown in Figure 1.

ERCC1 expression did not significantly correlate with prognostic clinicopathologic factors
including age at diagnosis, T stage, tumor subsite, gender, or race (Table 2), on bivariate
analysis. Similarly, there was no significant correlation between ERCC1 expression and
radiotherapy treatment parameters, such as total dose, fraction size, or RT duration.

Univariate survival analysis (Table 3) showed that as expected, T stage significantly
correlated with local control at 5 years (p=0.0003), and both T stage and age at diagnosis
significantly correlated with overall survival at 5 years (p=.0005 and 0.0007). Interestingly,
ERCC1 expression did not significantly correlate with local control or overall survival. At 5
years, overall survival for non-expressors of ERCC1 was 68% compared to 54% for ERCC1
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expressors (p=0.65). Similarly, local control at 5 years was not significantly different
between non-expressors and expressors of ERCCL1 (75% vs. 71%, p = 0.78). The Kaplan-
Meier survival curves for local control and overall survival stratified by ERCC1 expression
are shown in Figure 2A and Figure 2B, respectively. Other prognostic variables and
treatment parameters including tumor subsite, gender, race, fraction size, total dose, and RT
duration did not correlate with survival outcomes in our analysis (Table 3).

Multivariate analysis was performed using the Cox proportional hazards regression model,
and is shown in Table 4. T stage was identified as the only independent predictor for local
control (hazard ratio 0.19, 95% CI 0.06-0.55, p=0.002). T stage and age were the only
independent predictors for overall survival (hazard ratio 0.45, 95% CI 0.22-0.94, p=0.033,
and hazard ratio 1.07, 95% CI 1.03-1.11, p=0.000, respectively). On multivariate analysis,
ERCC1 expression did not correlate significantly with survival outcomes.

Discussion

ERCC1 has recently been established as a prognostic marker in lung and head and neck
tumors, among others [12-29]. Several studies have demonstrated that ERCC1 expression
predicts for resistance to cisplatin-based chemoradiation in head and neck cancer patients.
Jun et al. reported on a cohort of 60 patients with locally advanced head and neck squamous
cell carcinomas treated with platinum-based concurrent chemoradiotherapy, and high
ERCC1 expression was an independent predictor for worse survival [13]. Similar studies by
Lee et al. and Sun et al. demonstrated that high ERCC1 expression was significantly
associated with worse overall survival in patients with locally advanced nasopharyngeal
cancer treated with concurrent cisplatin-based chemotherapy with radiation [14, 15]. These
results are consistent with the critical function ERCC1 plays in the nucleotide excision
pathway, which is required for repair of platinum-DNA adducts.

Experiments in cell culture and animal models have suggested that ERCC1 expression
predicts for radioresistance [30-32]. For example, ERCC1 expression is induced in
radioresistant lung cancer cell lines [31], and high ERCCL1 expression is associated with
radioresistance in a murine xenograft tumor model [32]. Clinical studies also suggest a
prognostic role for ERCC1 expression in predicting response to radiotherapy, but results are
conflicting. Carles et al. reported that a single nucleotide polymorphism (SNP) in the
ERCC1 gene predicted for worse outcomes in patients with stage | and 11 head and neck
squamous cell carcinoma treated with radiotherapy alone. Whether the SNP affected ERCC1
expression levels was not reported [33]. A recently published study examined the prognostic
value of ERCCL1 expression in advanced stage nasopharyngeal cancer patients treated with
either radiation alone, or concurrent chemoradiation. High ERCCL1 expression was
associated with inferior local control in those patients receiving radiotherapy alone. Though
intriguing, this result is difficult to interpret in light of the fact that contrary to multiple
previous studies, high ERCC1 expression did not correlate with inferior outcomes in those
patients treated with concurrent platinum-based chemoradiation [36]. Another recent study
demonstrated that ERCC1 overexpression in early stage breast cancer patients treated with
breast conserving surgery followed by radiotherapy did not predict for worse survival
outcomes, but correlated with favorable clinicopathologic factors [35]. Doll et al.

Head Neck. Author manuscript; available in PMC 2017 December 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Johung et al.

Page 6

demonstrated that low (rather than high) ERCCL1 expression correlated with worse survival
in cervical cancer patients treated with radiotherapy alone [37]. These results conflict with
reports demonstrating that high ERCC1 predicts for worse outcomes after platinum-based
treatment regimens. Yet taken together, these two studies indicate that absent ERCC1
expression is likely a marker of a more aggressive tumor phenotype with impaired DNA
damage pathways, while expression of ERCC1 correlates with more favorable tumor
biology. Clinical data has clearly established high ERCC1 expression as a marker of
resistance to platinum-based chemotherapy or chemoradiotherapy. Yet the role of ERCC1
expression as a potential clinical predictor of response to radiotherapy alone has not yet been
defined.

This study evaluated the role of ERCC1 as a prognostic marker for patients with early stage
laryngeal cancer treated with definitive radiotherapy. Tissue microarray analysis was used to
evaluate ERCC1 expression in a cohort of 123 patients with stages | and Il larynx cancer,
and outcomes were assessed after radiation therapy. Despite the fact that high ERCC1
expression is an established predictor of resistance to chemoradiation, in our study, ERCC1
expression did not correlate with outcomes. Specifically, ERCC1 expression did not
significantly correlate with more aggressive clinicopathologic factors such as more advanced
T stage, supraglottic tumor subsite, age at diagnosis, or African-American race. Moreover,
survival analysis demonstrated that ERCC1 expression did not predict for worse local
control after radiotherapy. Similarly, ERCC1 expression was not a predictor for inferior
overall survival in these patients treated with radiation alone. The only significant
independent predictor of local recurrence by multivariate analysis was T stage, and the
significant independent predictors of overall survival were T stage and age at diagnosis, as
expected.

This study relied on immunohistochemistry to detect ERCC1 expression, while other studies
have examined gene expression, and therefore study outcomes may have been affected by
the method of assessing ERCC1 expression. In addition, it is possible that our results may
not be applicable to HPV-positive oropharyngeal cancers, now recognized as a distinct
subset of head and neck cancers with unique underlying tumor biology and
clinicopathologic risk factors, and associated with an improved response to treatment and
favorable outcomes. HPV status was not examined in this cohort, but would not be expected
to impact outcomes, as the relationship between HPV and larynx cancer is less well
established to date.

While our data demonstrates that ERCC1 expression is not a predictor of radioresistance in
early stage laryngeal tumors, it should be considered that these conclusions may not apply in
locally advanced tumors in which the hypoxic tumor microenvironment affects
radiosensitivity. Cell culture experiments indicate a role for ERCC1 in radioresistance under
hypoxic conditions [30]. Therefore while ERCC1 expression is not a marker for resistance to
radiotherapy in early stage tumors, it is possible that expression can be prognostic for
radioresistance or inferior local control in hypoxic advanced stage tumors, as suggested by
the recently published study of advanced stage nasopharyngeal cancer patients [36].
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This study indicates that high ERCC1 expression does not predict for radioresistance.
Though previous studies have demonstrated that ERCC1 expression is a predictor of
resistance to chemoradiation, these tumors are likely resistant to platinum-based

ch
in

emotherapy rather than chemoradiation per se. Therefore ERCCL1 is not of clinical utility
deciding between surgery and radiation as local therapy, but remains a useful marker for

platinum-resistance.
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Figure 1.

Representative negative (A) and positive (B) ERCC1 immunostaining is shown at 40x

magnification.
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Kaplan-Meier survival curves for local control (A) and overall survival (B) stratified by

ERCC1 expression.
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Patient and Treatment Characteristics
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Table 1

Characteristics Entire Cohort (123 pts)  Subset Analyzed (90 pts)
Follow-up (yrs) 4.9 5.0
Age(yrs)

Median/Range 64/38-90 63.5/38-90
Sex

Male 83 62

Female 14 11

Unknown 26 17
Race

White 87 66

Black 9 6

Unknown 27 18
T Stage

T1 84 65

T2 39 25
Subsite

Glottic 98 73

Supraglottic 25 17
Total Dose (Gy)

Mean/Range 64.4/49.5-79 64.1/49.5-70.6
Fraction Size (Gy)

Mean/Range 2/1.8-2.55 2/1.8-2.55
RT Duration (days)

Mean/Range 46.4/27-78 45.6/27-68
ERCC1 Expression

Positive 36 36

Negative 54 54

Data not available 33 -

pts = patients, yrs = years, RT = radiotherapy
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Association Between ERCC1 Expression and Prognostic Factors or Treatment Parameters

Table 2

ERCC1 Negative ERCCI1 Positive p-value
Follow-Up 6.85 6.05 0.750
(mean in years)
Ageat Diagnosis 62.4 65.1 0.130
(mean in years)
T Stage
T1 36 (67%) 29 (81%)
0.150
T2 18 (33%) 7 (19%)
Subsite
Glottic 43 (80%) 30 (83%)
) 0.660
Supraglottic 11 (20%) 6 (17%)
Gender
Male 37 (84%) 25 (86%)
0.805
Female 7 (16%) 4 (14%)
Race
White 40 (91%) 26 (93%)
0.771
Black 4 (9%) 2 (1%)
Total Dose 64.6 63.2 0.910
(mean in Gy)
Fraction Size 2.02 2.05 0.130
(mean in Gy)
RT Duration 47.2 433 0.997

(mean in days)

RT = radiotherapy
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Univariate Survival Analysis

5YrLC p-value 5YrOS p-value
Overall 74 63
Age
<60 76 74
0.5430 0.0007
>60 72 55
T Stage
T1 83 70
0.0003 0.0005
T2 44 44
Subsite
Glottic 76 64
. 0.4040 0.4954
Supraglottic 61 57
Gender
Male 75 61
0.7976 0.3133
Female 75 72
Race
White 77 64
0.1429 0.5117
Black 50 42
ERCC1
Negative 75 68
0.7808 0.6460
Positive 71 54
Fraction Size”™ 0.523 0.921
Total Dose™ 0.246 0.265
RT Duration ™ 0.065 0.108

Table 3

LC = local control, OS = overall survival, Yr = year, RT = radiotherapy

*
Analyzed as continuous variables
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Multivariate Analysis

Table 4

Hazard Ratio  95% ClI

p-value

LC T Stage 0.19 0.06-0.55
OS T Stage 0.45 0.22-0.94
Age 1.07 1.03-1.11

0.002
0.033
0.000

LC = local control, OS = overall survival
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