1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

o NATIG,

R HE

N WS)))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Radiother Oncol. 2009 February ; 90(2): 183-188. doi:10.1016/j.radonc.2008.10.020.

BCCIP as a prognostic marker for radiotherapy of laryngeal
cancer

Amar Rewari, M.D., M.B.A.1, Huimei Lu, M.D., Ph.D.2, Rahul Parikh, M.D.2, Qifeng Yang,
M.D., Ph.D.2, Zhiyuan Shen, M.D., Ph.D.2, and Bruce G. Haffty, M.D.1.2

Iyale University School of Medicine, New Haven, CT

°The Cancer Institute of New Jersey, UMDNJ-Robert Wood Johnson Medical School, New
Brunswick, NJ

Abstract

Background—Recent studies have shown that BCCIP (BRCA2 & CDKN1A interacting
protein) is essential for maintaining the transactivation activity of wild type p53. We analyzed the
expression of BCCIP and p53 in a cohort of laryngeal cancer treated with radiotherapy and
assessed whether BCCIP and p53, alone or in combination, would correlate with local control and
overall survival.

Methods—One hundred twenty-three patients treated between 1975 and 2000 for early stage
(stage | & 1) squamous cell carcinoma of the larynx were included in the study. Treatment
consisted of radiation therapy (RT) with standard fields and fractionation to a median dose of 66
GY. Tissue was collected from pre-RT biopsies and constructed in a tissue microarray and BCCIP
and p53 expression was determined using immunohistochemistry.

Results—Loss of expression of BCCIP in combination with normal p53 (negative p53 staining)
was associated with local recurrence (RR 2.04; 95% CI 0.99-4.56, p=0.05) and poor overall
survival (RR 2.09; 95% CI 1.21-4.00, p=0.008) compared to patients who did express BCCIP.
Expression of BCCIP or p53 alone was not found to be independently associated with benefits in
local control or overall survival.

Conclusions—This study provides clinical evidence that BCCIP contributes to outcomes in
patients with laryngeal cancer treated with RT. This benefit may be a result of increased
radiosensitivity in patients who have functional BCCIP and p53. These data may be used to
identify sub-groups of laryngeal cancer patients who are more likely to be cured with
radiotherapy.
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INTRODUCTION

In 2007, an estimated 11,300 new diagnosis and 3,660 deaths will occur from laryngeal
cancer in the United States [1]. An analysis performed on the National Cancer Data Base
(NCDB) for cases of head and neck cancer registered between 1985 and 1995 found the
most common head and neck cancer reported in the United States was laryngeal cancer,
accounting for 20.9% of the 295,022 total cases [2]. Definitive radiation therapy is the
mainstay of treatment for early stage disease (T1-2NQ), which accounts for 50-60% of
reported cases of laryngeal cancer [3, 4]. The goals of treatment for early laryngeal cancer
are cure and voice preservation [5]. Five-year local recurrence rates for T1 lesions are 5—
20% — accounting for the primary cause of failure in these patients [4, 6]. These recurrences
are generally treated with salvage laryngectomy, which has increased morbidity compared to
primary surgery. Due to the prognostic limitations of current clinical markers, investigators
are examining molecular markers as prognostic tools to guide clinical decision making [7].

The p53 status has been extensively used as a prognostic molecular marker. Mutations in
p53 are found in approximately 50% of all human cancers, and inactivation of p53 leads to
cancer predisposition in animal models [8]. Furthermore, p53 inactivation has been shown to
be associated with decreased radiation sensitivity and apoptotic cell death [9]. A key
element for p53’s tumor suppressor function is its transactivation activity [10,11]. Cancer
bearing p53 mutations are often defective in its transcription activity [10,12,13], and mice
expressing transactivation-deficient p53 are predisposed to cancer [10,13]. It has recently
been shown that BCCIP, a BRCA2 and CDKN1A Interacting Protein, is required for the
transactivation activity of wild type p53 [14]. In p53 wild type cells, BCCIP knockdown by
RNAI diminished the transactivation activity of p53, inhibited the binding of p53 to
promoters of p53 target genes p21 and HDM2, and reduced the tetrameric formation of p53
[14]. Thus, defects in BCCIP override the wild type p53 transactivation function, suggesting
a critical role of BCCIP in maintaining critical functions of p53 in tumor suppression and
response to therapy.

The primary purpose of this study was to analyze the expression of BCCIP and p53in a
large cohort of patients with T1-T2, NO laryngeal cancer treated with primary radiation
therapy and assess whether BCCIP and p53, alone or in combination, would correlate with
local recurrence and overall survival.

PATIENTS AND METHODS

Patients

Patients diagnosed with T1-2 NO squamous cell carcinoma of the glottic and supraglottic
larynx and treated at the Department of Therapeutic Radiology, Yale University School of
Medicine between 1975 and 2000 met the inclusion criteria for this study. Of these patients
treated with primary radiation therapy, 123 had archived tumor specimens available for
analysis. Patients’ charts were reviewed and information on demographics, radiation therapy
parameters, and tumor staging was documented. Staging was done by the AJCC Staging
Manual, 5% edition. Patients were followed for a median of 9.9 years. Each case was
assigned a unique study identification number to delink patient identification and all analysis
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and reporting of data was performed using the unique study identification number. The
protocol was reviewed and approved by the institutional review board.

Radiation treatment parameters included opposed lateral fields using beam energies ranging
from 2 to 6 MeV, five fractions per week, without planned treatment breaks. Patients were
treated with a median daily fraction of 200 cGy (range, 180-255 cGy) to a total median dose
of 66 Gy (range, 49.5-79 Gy) over 47 days (range, 27—78 days) and 109 patients received at
least 60 Gy.

Immunohistochemical Analysis of Tissue Microarray for Expression of BCCIP and p53

A tissue microarray was constructed for this analysis. A pathologist examined hematoxylin
and eosin-stained slides of the archived paraffin blocks and circled representative tumor
sections. From these tumor sections, two 0.6 mm cores were extracted using a Tissue
Microarrayer (Beecher Instruments, Silver Spring, MD, U.S.A.). The minimal percentage of
the total specimen represented by the cores varied from 10% for the larger supraglottic
specimens to 90% for the smaller glottic specimens. Sections of the microarrays 5 um thick
were cut with a tape-based tissue transfer system (Intrumedics, Hackensack, NJ, U.S.A.) and
processed as described previously [15]. The reproducibility of the tissue microarray biopsies
have been previous validated in a variety of tumors, including head and neck, colorectal, and
lung [16-18].

Immunohistochemical analysis was performed on 5-pum-thick tissue sections prepared from
formalin-fixed, paraffin-embedded archival tissue from the resected primary tumor. These
slides were immunostained with a standard immunocytochemical protocol, using an affinity-
purified rabbit poly-colonial anti-BCCIP antibody that was reported previously [19]. Briefly,
slides were de-paraffinized with xylene. The antigen was retrieved in citrate acid buffer
(pH6.5) by steaming in a rice cooker for 20 min. Slides were blocked with 5% milk in TBS-
T (25mM Tris-HCI pH 7.5, 150mM NacCl, 0.1% Tween20) for 30 min at room temperature,
and incubated with BCCIP antibody (1:100 dilution) for 3 hrs at room temperature.
Following 3 times wash with TBS-T, the slides were incubated for 1 hr at room temperature
with anti-Rabbit 1gG secondary antibody (1:100) that was conjugated with horseradish
peroxidase. The BCCIP positive stain (in brown color) was visualized by incubate the slides
with chromogenic substrate diaminobenzidine (DAB), followed by 10 second contrast
staining (in blue color) with haematoxylin for the nuclei. Then the slides were dehydrated
and mounted.

For p53 staining, the tissue sections were pretreated to promote antigen retrieval with the
DAKO Target Retrieval Solution (DAKO, Carpinteria, CA, U.S.A.). After antigen retrieval,
a 3% solution of hydrogen peroxide was used for endogenous peroxidase blocking. Slides
were then incubated overnight with monoclonal antibody p53 (DO-8; DAKO; dilution
1:3200). After overnight incubation, the slides were washed in phosphate buffered saline
and a biotinylated secondary antibody was applied. Samples were then labeled with DAKO
streptavidin-horseradish peroxidase, and DAKO Antibody Diluent was applied. The slides
were then counterstained with hematoxylin and mounted.
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Assessment of BCCIP and p53 staining was qualitative and done by a single independent
pathologist who was blinded to patient outcome. BCCIP positive epithelial cells were
stained brown in nuclei, but negative cells were blue. For each core, the region of
predominant staining intensity was scored. For p53, less than 20% nuclear reactivity in
tumor cells was scored as negative (intact) and 20% or greater nuclear reactivity was scored
as positive (overexpression). BCCIP tumor staining intensity was scored O for nuclear
staining < 10% of tumor, 1+ for faint or moderate nuclear staining of >10% of tumor, and
2+ for strong and intense membrane staining of >10% of the tumor. Samples staining as
moderate, strong, or intense (1+ and 2+) were considered positive in the statistical analysis.

The study endpoints were local relapse and overall survival, including all deaths. Time to
local relapse was defined by biopsy-proven relapses in the larynx. Both endpoints were
calculated from the date of radiation therapy completion, as this represents the start of
continuous risk for relapse. Additionally, data were censored after 10 years to calculate 10-
year statistics and to minimize random censoring due to losses of follow-up. The last
recorded follow-up date was February 11, 2003. Median follow-up was calculated by the
reverse Kaplan-Meier method. The independent variables for this analysis included age, sex,
race, T stage, tumor subsite, BCCIP expression, and p53 status. Age was treated as
continuous variables after assessing for linearity.

Statistical Analysis

RESULTS

BCCIP status and relevant covariables were assembled in a database and analyzed using
SAS User’s Guide, Version 9.1 (SAS Institute, Cary, NC). All tests of statistical significance
were two-sided. P-values less than 0.05 were considered statistically significant. Follow-up
time and time to recurrence were calculated from the date of radiation to the date of the
relevant outcome. Disease-free survival was calculated as the interval between the date of
radiation and the date of the first recurrence of disease.

Bivariate analyses for the association between co-variables and BCCIP positivity included
the chi? test and the Fisher’s exact test. Univariate survival analysis was done with the Cox
proportional hazards model, which was used to calculate unadjusted relative risks for 5-year
local recurrence and 5-year poor overall survival. In univariate analysis, BCCIP and p53
status were assessed both independently and in combination with each other to determine 5-
year local recurrence and 5-year poor overall survival. Linear trends in the associations
between predictor variables and 10-year local recurrence-free and overall survival were
conducted using the chi? test and the Kaplan Meier log-rank test.

Multivariate analysis with the Cox proportional hazards model was used to calculate the
adjusted relative risks for 5-year local recurrence and 5-year poor overall survival in the
subset of patients who did not overexpress p53.

Descriptive statistics

With a median follow-up of 9.9 years, a total of 32 patients experienced local relapse, for a
5-year actuarial local recurrence-free rate of 70.4%. The 5-year actuarial overall survival
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rate for the entire cohort was 60.2% with 44 events. Table 1 summarizes the demographics,
staging, and molecular marker status. Median treatment doses received by the BCCIP and
p53 subgroups were comparable.

For BCCIP and p53, nuclear localization of immunoreactivity was evaluated.
Overexpression of p53 was defined as 20% or greater nuclear reactivity with 75 (63.6%) of
118 cores positive. The BCCIP phenotype was defined as 10% nuclear reactivity or greater
with 62 (59%) of 105 positive.

Chi? analysis

Using chi? analysis and Fisher’s exact test, loss of BCCIP expression was significantly
associated with T stage, with 67% of T2 tumors having loss of BCCIP compared to only
35% of T1 tumors with loss of BCCIP expression (p = 0.01). As seen in Table 2, BCCIP
expression did not correlate with any other molecular marker status, including p53
expression. Other prognostic variables, such as sex, race, and tumor subsite, were not
significantly associated with the BCCIP.

Univariate Analysis

As depicted in the univariate analysis in Table 3, T2 stage was a significant predictor for 5-
year local relapse (RR 1.71; 95% CI, 1.21-2.43, p=0.003). Table 4 illustrates that neither
BCCIP expression, nor p53 expression was a statistically significant predictor for local
control. However, in the sub-group of patients without overexpression of p53 (intact p53),
those who lost expression of BCCIP showed over a two-fold increase in local recurrence
that was statistically significant (RR 2.04; 95% CI 0.99-4.56, p=0.05). There was no
statistically significant association between patients with overexpression of p53 and BCCIP
status. Kaplan-Meier survival curves for 10-year local recurrence free survival are presented
in Figure 2a and 2b.

For 5-year poor overall survival, Table 3 illustrates that T2 stage predicted a relative risk of
about 1.5 times that of T1 stage for poorer overall survival (RR 1.49; 95% CI 1.10-2.00,
p=0.001). Analysis in Table 4 depicts that p53 expression and BCCIP expression were not
independently significant predictors for overall survival. However, in the sub-group of
patients with intact p53 (i.e. who did not overexpress p53), those who lost BCCIP
expression showed over a two fold decrease in overall survival (RR 2.09; 95% CI 1.21-4.00,
p=0.008). There was no statistically significant association between patients with
overexpression of p53 and BCCIP status. Kaplan-Meier survival curves for 10-year overall
survival are presented in Figure 3a and 3b.

Multivariate Analysis

Multivariate survival estimates were based on the Cox proportional hazards model and
assumed no interactions between significant variables in the final model. Multivariate
analysis was performed on the subgroup of patients who over-expressed p53 as well as those
who did not. In the subgroup of patients with overexpression of p53 there was no
statistically significant relationships with respect to tumor subsite, T-stage, or BCCIP status.
Analysis of the intact (negative staining) p53 subgroup is presented in Table 5. Although
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there are no statistically significant correlations with tumor subsite, there are trends to
significance in terms of T-stage and BCCIP status. T2 stage was correlated with an increase
in local recurrence and poor overall survival within the 90% confidence interval (RR 2.01;
95% CI 0.92-4.38, p=0.07) and (RR 1.72; 95% CI 0.89-3.16, p=0.10), respectively. Loss of
BCCIP expression trended toward poor overall survival (RR 1.72; 95% CI 0.94-3.53,
p=0.07).

DISCUSSION

Our tissue microarray of 123 patients found that loss of expression of both BCCIP and p53
significantly predicted for 5-year local recurrence and poor overall survival. The magnitude
of this benefit was greater than a two-fold increase in local recurrence and poor overall
survival (RR 2.04, p=.05; RR 2.09, p=.008), respectively. The study found that neither
BCCIP status nor p53 wild type status was independently correlated with local recurrence or
overall survival. The implications are that in patients with early stage larynx treated with
radiation therapy that have an intact p53 pathway, lack of BCCIP expression identifies a
group of patients who are at higher risk of local recurrence and poor overall survival.

The loss of p53 activity and subsequent uncontrolled cell cycle growth without arrest and
repair of damaged DNA has been established in laryngeal neoplasms [20]. Previous reports
have shown that BCCIP is an important component in maintaining the tumor suppression
function of wild type p53 [14]. Without BCCIP, p53 fails to form tetramers, cannot bind
with its target promoter sequences, and is defective in transactivation activity. This study
suggests that the identification of the functional p53 pathway may be useful in identifying
patients who have increased response to treatment (radiosensitivity) resulting in
improvements in local control and overall survival.

T stage was also found to be a predictor of local recurrence and overall survival. As
expected, higher T stage (T2) in our study also predicted a relative risk of about 1.5 times
for increased local recurrence (p = 0.001) and poorer 5-year overall survival (p < 0.003).
Several other studies have demonstrated similar outcomes for higher T stage laryngeal
disease [21-23].

BCCIP has also been shown to play a role in homologous recombination DNA repair and
chromosomal stability [24-26]. It is likely that lack of BCCIP confers additional genomic
instability in the aggressive (T2 staged) laryngeal cancer. In this study, the T stage was also
found to be correlated with BCCIP status (Table 2). 85% of BCCIP positive patients are a
lower T stage (T1) and 64% of T1 stage express BCCIP. This is in good correlation for the
projected role of BCCIP in maintaining genomic stability through multiple pathways.

The role of p53 as a tumor suppressor gene has been extensively studied but trying to assess
its functional status through immunohistochemistry is not without its limitations. P53
mutants can be heterogenous in terms of loss of DNA binding activity and transactivation
(27). Although hot spot mutants found in human cancer exhibit complete loss of their
transactivating properties on all target genes, other mutants retain either a partial activity on
all genes or on a subset of genes leading to a wide variety of mutant activity. (28)
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The covariance between T stage and BCCIP status is a limitation of our findings, because it
may imply a confounding factor in the use of BCCIP expression as a marker for
improvements in local control and overall survival. However, BCCIP through its
maintenance of a functional p53 pathway may be directly involved in the correlation with
lower T stage via tumor suppression activity. Another limitation is that the study did not
reveal, in multivariate analysis, an association between BCCIP and p53 expression and local
recurrence or overall survival. However, there were trends towards statistical significance
for BCCIP positive patients with an approximately 1.75 times improvement in overall
survival within 90% confidence interval (p=0.07). Clearly a larger study with more events
would be required to validate these findings. Given that BCCIP is a novel marker, we
consider these findings to be hypothesis generating, and larger prospective, clinical trials are
needed to further evaluate the relationship between primary radiotherapy in the larynx and
BCCIP status. If validated in larger studies, these observations could have implications
regarding selection of patients for radiation therapy or alternative strategies such as altered
fractionation or concurrent therapies with radiation to improve outcomes.
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Figure 1.
Staining Characteristics of BCCIP on Tissue Microarrays. Nuclear BCCIP staining levels: 1

(negative) (A); 2 (positive) (B).
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Figure 2a. Local Recurrence in p53 Negative Patients: The 10-year LR-free survival was
68% for BCCIP-positive tumors (n = 17) and 46% for BCCIP-negative tumors (n = 13); (p =

0.04, log-rank test).

Figure 2b. Local Recurrence in p53-Positive Patients: The 10-year LR-free survival was
75% for BCCIP-positive tumors (n = 35) and 80% for BCCIP-negative tumors (n = 28); (p =

0.54, log-rank test).
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Figure 3a. Overall Survival (OS) in p53 Negative Patients: The 10-year OS was 67% for
BCCIP-positive tumors (n = 17) and 11% for BCCIP-negative tumors (n = 13); (p = 0.0068,

log-rank test).

Figure 3b. Overall Survival (OS) in p53 Positive Patients: The 10-year OS was 24% for
BCCIP-positive tumors (n = 35) and 41% for BCCIP-negative tumors (n = 28); (p = 0.41,

log-rank test).
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Table 1

Patient Characteristics

Characteristics

No. (%)

Age (years)
Median + SD
Range

Sex
Male
Female

Race
White
Black

T Stage
T1
T2

Tumor Subsite
Glottic
Supraglottic

BCCIP Status
Positive
Negative

p53 Status
Positive

Negative (intact)

64.0 £10.9
38-90

106 (86.2)
17 (13.8)

111 (90.2)
12 (9.80)

84 (68.3)
39 (31.7)

98 (79.7)
25 (20.3)

62 (59.0)
43 (41.0)

75 (63.6)
43 (36.4)
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Table 2

Association between BCCIP Status and Prognostic Factors

BCCIP Status p-value
Prognostic Factor
Positive  Negative

Sex
Male 35 26 0.46
Female 5 6

Race
White 34 30 0.35
Black 5 2

T Stage
T1 45 25 go01*
T2 8 16

Tumor Subsite

Glottic 33 45 0.57
Supraglottic 8 8

p53 Status
Positive 35 28 0.91
Negative (intact) 17 13

*
Statistically significant
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Table 3

Univariate Analysis of Prognostic Factors for 5-Year Local Recurrence and Poor Overall Survival

5-Year LR 5-Year Poor OS

Prognostic Factor
RR (95% CI) p-value RR (95% CI) p-value

Sex
Male 1.00 (Ref.) 0.63 1.00 0.21
Female 1.18 (0.63-2.97) 1.50 (0.82-3.75)

Race
White 1.00 (Ref.) 0.63 1.00 (Ref.) 0.41
Black 0.85 (0.49-1.77) 0.79 (0.48-1.46)

T Stage
T1 1.00 (Ref.) 0.003" 1.00 (Ref.) 0.001%
T2 1.71 (1.21-2.43) 1.49 (1.10-2.00)

Tumor Subsite
Glottic 1.00 (Ref.) 0.63 1.00 (Ref.) 0.07
Supraglottic 1.11 (0.70-1.65) 1.36 (0.97-1.86)

RR = Risk ratio; CI = confidence intervals; LR = local recurrence; OS = overall survival; Ref. = reference group;

*
Statistically significant.
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Table 4

Univariate Analysis of BCCIP and p53 for 5-Year Local Recurrence and Poor Overall Survival

5-Year LR 5-Year Poor OS

Prognostic Factor
RR (95% CI) p-value RR (95% CI) p-value

BCCIP Status

Positive 1.00 (Ref.) 0.74 1.00 (Ref.) 0.50
Negative 1.07 (0.69-1.63) 1.01 (0.83-1.46)

P53 Status
Positive 1.00 (Ref.) 0.41 1.00 (Ref.) 0.86
Negative (intact) 1.16 (0.79-1.67) 0.98 (0.74-1.25)

BCCIP Status in intact p53 sub-group
Positive 1.00 (Ref.) 0.05* 1.00 (Ref.) 0.008"
Negative 2.04 (0.99-4.56) 2.09 (1.21-4.00)

BCCIP Status in p53 positive sub-group
Positive 1.00 (Ref.) 0.53 1.00 (Ref.) 0.41
Negative 0.84 (0.46-1.45) 0.87 (0.61-1.22)

RR = Risk ratio; CI = confidence intervals; LR = local recurrence; OS = overall survival; Ref. = reference group;

*
Statistically significant.
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Table 5

Multivariate Analysis of Prognostic Factors for Local Recurrence and Poor Overall Survival for Subgroup of
Patients who Express Wild type p53

5-year LR
RR (95% Cl)  p-value

. 5-year Poor OS
Prognostic Factor
RR (95% CI) p-value

Tumor Subsite

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Glottic
Supraglottic
T Stage
T1
T2
BCCIP Status
Positive

Negative

1.00 (Ref.)
1.14 (0.43-2.39)

1.00 (Ref.)
2.01 (0.92-4.38)

1.00 (Ref.)
1.61 (0.72-3.79)

0.77 1.00 (Ref.) 0.81
1.08 (0.52-2.00)

0.07 1.00 (Ref.) 0.10
1.72 (0.89-3.16)

0.23 1.00 (Ref.) 0.07
1.72 (0.94-3.53)

RR = Risk ratio; LR = local recurrence; OS = overall survival; Cl = confidence intervals; Ref. = reference group;

*
Statistically significant.
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