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Abstract

Objectives/Hypothesis—To determine if tumor biomarkers were predictive of outcome in a
prospective cohort of patients with advanced larynx cancer treated in a phase Il clinical trial.

Study Design—Prospectively collected biopsy specimens from 58 patients entered into a Phase
Il trial of organ preservation in advanced laryngeal cancer were evaluated for expression of a large
panel of biomarkers and correlations with outcome were determined.

Methods—Tissue microarrays were constructed from pretreatment biopsies and stained for
cyclin D1, CD24, EGFR, MDM2, PCNA, p53, survivin, Bcl-xL, Bcl-2, BAK, rhoC, and NF«kB.
Pattern of invasion and p53 mutations were assessed. Correlations with overall survival (OS),
disease-specific survival (DSS), time free from indication of surgery, induction chemotherapy
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response, and chemoradiation response were determined. Cox models were used to assess
combinations of these biomarkers.

Results—Low expression of BAK was associated with response to induction chemotherapy.
Low expression of BAK and cytoplasmic NFkB was associated with chemoradiation response.
Aggressive histologic growth pattern was associated with response induction chemotherapy.
Expression of cyclin D1 was predictive of overall and disease-specific survival. Overexpression of
EGFR was also associated with an increased risk of death from disease. Bcl-xL expression
increased significantly in persistent/recurrent tumors specimens when compared to pretreatment
specimens derived from the same patient (p = 0.0003).

Conclusions—Evaluation of biomarker expression in pretreatment biopsy specimens can lend
important predictive and prognostic information for patients with advanced larynx cancer.
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INTRODUCTION

Over 10,000 people are diagnosed with larynx cancer in the United States each year and
nearly 4,000 larynx cancer patients die each year.! Conventional treatments that combine
radical resection and radiation therapy for larynx cancers are associated with profound
functional morbidity that affect quality of life. Most patients have advanced (stage 11l & 1V)
disease at the time of diagnosis. The poor cure rates and morbidity of surgical treatment
prompted the development of chemotherapy trials designed to offer larynx preservation.
However, the resistance of some tumors to chemotherapy and radiation limits the
effectiveness of organ sparing therapy, contributes to early recurrence and death, and
underscores the need to identify and overcome resistance mechanisms. Chemoradiation
approaches have been unsuccessful at improving overall survival compared to primary
surgery, 3 however, tumor response to induction chemotherapy has been predictive of
patients with a favorable response to chemoradiation therapy.*

The aim of this research is to identify biomarkers that predict treatment response as well as
prognosis. This approach will inform the selection of best treatment options for patients and
limit unnecessary patient morbidity due to ineffective therapeutic approaches. In addition,
the identification of biomarkers will lead to pathways responsible for treatment resistance
and will allow future development of novel personalized approaches tailored to tumor
biology.

Herein, a panel of biomarkers was evaluated to determine their predictive and prognostic
significance in advanced laryngeal carcinoma patients enrolled in a prospective, single-arm,
single institution Phase Il study. In this trial, response to a single cycle of induction
chemotherapy was used to select patients for definitive treatment with surgery and radiation
versus chemoradiation.# This study demonstrated that induction chemotherapy followed by
concurrent chemoradiation in responders (laryngectomy in nonresponders) was effective for
both organ sparing (71%) and survival in advanced larynx cancer with 3 year survival rates
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of 83%. Tissue microarrays assembled from pretreatment biopsy specimens from patients
enrolled in this prospective clinical trial were used to assess biomarker expression. The
panel of biomarkers to evaluate was selected based upon pathways previously implicated in
head and neck carcinogenesis and treatment response.

p53 plays a central role in pathways responsible for maintaining cellular integrity. The p53
network is activated when cells are damaged or stressed. Upon activation, the p53 protein
can lead to cell cycle arrest and DNA repair, or it can cause programmed cell death. 6
Approximately 50% of head and neck tumors have a p53 mutation. p53 is thought to be one
of the molecular determinants regulating the response to chemotherapy.

Bcl-xL is a member of the anti-apoptotic Bcl-2 protein family.” Bcl-xL binds proapoptotic
proteins such as BAK via the BH3 domain and prevents these proteins from initiating
apoptosis at the mitochondrial membrane.® 19 Previous work demonstrated that Bcl-xL was
overexpressed in 75% of HNSCC.11 Overexpression of anti-apoptotic proteins such as Bcl-2
and Bcl-xL was frequently associated with chemotherapy and radiation resistance.’» 12

Numerous other biomarkers of interest were also evaluated for their association with clinical
outcomes of interest. CD24 is a cell surface marker previously shown to be associated with
poor prognosis in many other tumor types including ovarian, non-small cell lung, breast,
prostate, and colorectal cancer.13-17 EGFR intensity has been shown to be a marker of poor
prognosis in oropharynx and larynx cancer.18-20 MDM2, an endogenous suppressor of p53,
is up-regulated with expression of functional p53.21-23 BAK is a proapoptotic cytoplasmic
protein that is regulated by p53.24 Nuclear factor kappaB (NFxB) is a transcription factor
that upregulates expression of genes that suppress apoptosis and genes that promote cell
cycle progression in cancer cells.25 Proliferating cell nuclear antigen (PCNA) is an antigen
expressed in the nucleus of proliferating cells. RhoC protein, a known marker of metastases
in aggressive breast cancers and melanoma, has also been found to be overexpressed in
certain head and neck cancers.26-28 Survivin is a member of the inhibitor of apoptosis (IAP)
family. The survivin protein inhibits caspase activation, thereby leading to negative
regulation of apoptosis or programmed cell death.29

These biomarkers were tested and evaluated for correlation with survival, disease-free
survival, organ preservation, and chemotherapy response.

METHODS

Study Population(s)

Subjects for these analyses signed informed consent to participate in trial that included
analysis of tissue specimens for biomarker analyses. Specimens were taken from pre-
treatment biopsies and, in cases where salvage surgery was performed, during salvage
surgery.

Patient demographics and outcomes of entire clinical trial

The results of the clinical trial were previously published and are summarized.* Of 97
eligible patients, 73 (75%) achieved more than 50% response and received
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chemoradiotherapy. A total of 29 patients (30%) had salvage surgery; 19 patients (20%) had
early salvage surgery after the single cycle of induction chemotherapy, three patients (3%)
had late salvage after chemoradiotherapy, six patients (6%) eventually had salvage surgery
for recurrence, and one patient had laryngectomy for chondroradionecrosis. The median
follow-up time was 41.9 months. The overall survival rate at 3 years is 85%. The disease-
specific survival rate was 87%. Larynx preservation was achieved in 69 patients (70%).

Tissue Microarray Construction

Formalin-fixed, paraffin-embedded pretreatment tissue samples were used for the
construction of a tissue microarray (TMA) from this study. A pathologist marked
representative areas of tumor and normal on hematoxylin and eosin (H&E) stained sections
from each tissue block. To account for tumor heterogeneity, three 0.6 mm tumor tissue
cylinders were punched from marked tumor area of each tissue block and transferred to a
recipient block. Cores were also taken from adjacent normal tissues to serve as internal
controls. The first TMA was fashioned from pretreatment tumor biopsy specimens. A
second TMA was constructed using salvage surgical specimens.

Immunohistochemistry

A large panel of biomarkers was tested using immunohistochemistry (Table 1). The TMA
slides were stained for p53 (Ab-6, clone DO-1, MS-187, 1:100, Lab Vision, Fremont, CA),
Bcel-xL (Ab-2, clone 7D9, MS-1334-P0O, 1:100, Lab Vision, Fremont, CA), Bcl-2 ( clone
124, undiluted, Dako, Carpinteria, CA), BAK (Upstate 06-536, 1:400, Millipore, Temecular,
CA), PCNA (18-8110, 1:500, Zymed, South San Francisco, CA), CD24 (clone MLJ5, 1:100,
BD, Franklin Lakes, NJ), EGFR (31G7, undiluted, Zymed Laboratories, South San
Francisco, CA), MDM2 (1:200, stained by MD Anderson, Dr. EI-Naggar), NFxB (SC-372,
1:500, Santa Cruz Biotechnologies, Santa Cruz, CA), RhoC (as previously described)3,
Survivin (clone EP 2880Y, 2463-1, 1:100, Epitomics, Burlingame, CA), and cyclin D1
(clone SP4, 1:100, Lab Vision, Fremont, CA). Slides were deparaffinized, rehydrated and
heated at 92°C in antigen retrieval buffer (Dako, Carpinteria, CA) for 20 minutes. After
cooling to room temperature for 20 minutes, they were rinsed in PBS and incubated with
peroxidase block (Dako, Carpinteria, CA) for 5 minutes followed by 1.5% horse serum
(Vector Laboratories, Burlingame, CA) in PBS for 30 minutes. Primary antibody, diluted in
blocking buffer, was added for 1-2 hours, washed and incubated with biotinylated anti-
mouse IgG (ABC Kit, Vector Laboratories, Burlingame, CA) for 30 minutes. The slides
were washed and incubated with avidin/biotin-conjugated peroxidase for 30 minutes. Color
was developed with diaminobenzidine tetrahydrochloride (Sigma, Saint Louis, Missouri)
and counterstained with hematoxylin. They were dehydrated and mounted. Affinity purified
mouse 1gG2a (Sigma, Saint Louis, Missouri) was used as a negative control.

Immunohistochemical Interpretation

Slides were read by a qualified head and neck pathologist who was blinded to the clinical
outcomes of the patients. Each core was evaluated for the percentage of tumor cells stained
on a scale of 1 to 4 with 1: <5% staining, 2: 5-20% staining, 3: 21-50% staining and 4: 51—
100% staining. In a similar fashion, cores were evaluated for intensity of
immunohistochemical staining according to the following scale: 1: none, 2: weak, 3:
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moderate and 4: strong. Some biomarkers were evaluated separately for nuclear (n) and
cytoplasmic (c) staining (MDM2, NFxB) and for nuclear (n) and surface (s) staining
(CD24). EGFR demonstrated only surface staining. Table I also indicates whether the
biomarker results were evaluated by proportion, intensity, and/or percent positive cells
(counted). PCNA was the only biomarker evaluated by percent positive cells (counted).

Pattern of Invasion

Pattern of invasion (growth pattern) was scored on H&E—stained, formalin-fixed sections
according to published criteria3! by a pathologist blinded to outcome. Grading of the
invasive front was classified as follows: (1) pushing borders; (2) well-formed, infiltrating
cords; (3) thin, irregular, infiltrating cords; and (4) small groups and dissociated cells.

p53 Mutation Status

p53 mutation analysis was performed by amplifying exons 4-9 with polymerase chain
reaction and subsequent DNA sequencing. The two broad categories of p53 mutation are
mutant and wild-type. p53 mutations can be further sub-categorized as to type of mutation.
These types include missense, deletion, and nonsense.

Statistical Analysis

The mean of biomarker scores across multiple cores from each subject were calculated and
used for statistical analysis. All biomarkers were tested for correlations with chemotherapy
response, chemo-radiation response, overall survival (OS), disease-specific survival (DSS),
time to indication for surgery (TIS), and clinical covariates of interest such as age, gender, T
stage, N stage, and smoking status (never/former/current smoker). Time to event outcomes
were defined from date of diagnosis to date of death for overall survival (OS) and date of
death from cancer for disease-specific survival (DSS). Failure of induction chemotherapy
leading to surgery per protocol, failure of chemotherapy radiation, and local recurrence were
considered event endpoints for time to indication for surgery (TIS).

To evaluate bivariate associations between markers and ordinal variables of interest the
Spearman correlation coefficient was used. For marker associations with nominal variables,
the Wilcoxon rank-sum test was employed for two-level variables, and the Kruskal-Wallis
test was employed for variables with three or more levels. The Kaplan-Meier method and
log-rank test were used to test for differences in the survival functions between strata
defined by clinical variables.

Cox proportional hazards models were used to relate time-to-event outcomes to marker
levels and other predictors. For each time-to-event outcome, three models were constructed:
1) a model with a biomarker alone, 2) a model with clinical variables alone, and 3) a model
with clinical variables and the biomarker. Models 2 and 3 were used to assess the marker
effects beyond the effects of clinical variables. Likelihood ratio statistics were used to
compare the models.

A mixed model approach was used to determine if there are significant changes in the mean
levels of expression between pretreatment and salvage specimens. Empiric estimates of the
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standard errors were explored to avoid bias due to within-subject variability. For
verification, models with a symmetric modeling structure were run to explicitly adjust for
within-subject variability in our mixed models.

All statistical analyses were done using SAS v9.232 (Carey, North Carolina). A two-tailed p-
value of 0.05 or less is considered to be statistically significant. For each outcome of interest
we tested 12 different biomarkers. Though all of these biomarkers are not strictly
independent, we recognize that Type | error due to multiple comparisons could be an issue
in our analysis and as such, results should be interpreted with caution. We estimate that it is
possible for one p-value to appear significant due to random chance.

Sample Characteristics of the Study Group

The TMA was constructed with 58 pre-treatment specimens. The subjects who were
analyzed on the TMA did not differ significantly with respect to age, T stage, N stage,
clinical stage, or smoking status from those not used in the TMA analysis. Significantly
more of the non-TMA subjects responded to chemotherapy (p=0.03), indicating that without
all tissue from the whole study cohort, our analysis regarding associations between
biomarkers and induction chemotherapy response may be biased due to missing data. Table
Il summarizes the sample characteristics for those that are and are not represented in the
TMA analysis.

Biomarker Descriptives

Table Illa shows the proportion of tumor specimens that demonstrate expression of each
individual biomarker according to evaluation of intensity and proportion for pretreatment
and salvage specimens. Table I11b shows the results for PCNA expression, which was
evaluated as a continuous variable (percent positive cells according to cell count).

Evaluation for Change in Biomarker Expression Between Pretreatment Biopsy and
Salvage Surgery

Pretreatment and salvage tissue evaluations for EGFR, PCNA, p53 and Bcl-xL expression
were available for analysis. There was no evidence to support a change in EGFR, PCNA or
p53 expression in pretreatment versus salvage surgery specimens. There were 29
pretreatment and 33 salvage tissue cores evaluable for Bcl-xL. Repeated measures analysis
revealed a statistically significant increase in Bcl-xL expression between pretreatment and
salvage specimens (p=0.0003).

P-values for Associations of Evaluated Biomarkers and Outcomes

Table 1V shows the p-values for each biomarker in terms of correlations with the following
outcomes: overall survival, disease-specific survival, time free from indication for surgery,
chemotherapy response, and chemoradiation response.
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Associations with Chemotherapy Response

Higher levels of mean BAK intensity were significantly associated with poorer response to
induction chemotherapy (p = 0.0004, data not shown). A greater proportion (13/16, 81%) of
tumors with aggressive patterns of histologic invasion (growth patterns 3, 4) responded to
induction chemotherapy as compared to tumors with less aggressive patterns of invasion
(growth patterns 1, 2), of which 27/39 (69%) of tumors responded. This difference,
however, did not reach statistical significance (p = 0.18, Fisher Exact Test). Higher levels of
nuclear NFxB proportion was associated with poorer induction chemotherapy response
(p=0.03, Spearman.)

Associations with Chemoradiation Response

Higher mean intensity of BAK expression was associated with poorer induction
chemotherapy and chemoradiation response (p=0.0004 and 0.014 respectively, Wilcoxon
test, Figure 1A and 1B). Higher mean intensity of cytoplasmic NFkB expression was
associated with poorer chemoradiation response (p=0.03, Wilcoxon), while there was no
evidence to suggest the same relationship with nuclear NF«xB expression (p=0.94 ,
Wilcoxon).

Associations with Overall Survival

Table V shows the biomarkers with significant associations to survival outcomes. P-values
and hazard ratios were calculated from Cox proportional hazard models. Expression of
cyclin D1 (intensity and proportion) and CD24 cytoplasmic expression (proportion) are the
biomarkers that best predicted overall survival in this cohort and meet the criteria for
significance p < 0.05. Expression of cyclin D1 (intensity) was the best predictor of poorer
overall survival (p= 0.0008, Figure 2A). Specifically, high cyclin D1 expression was
associated with increased risk of death (HR 1.993 for cyclin D1 intensity, HR 1.562 for
cyclin D1 proportion). In contrast, elevated expression cytoplasmic CD24 expression was
associated with lowered risk of death (HR 0.577 for CD24 proportion, HR 0.616 for CD24
intensity).

Associations with Disease-Specific Survival

Increased expression of cyclin D1 (intensity) shows the greatest association with an
increased risk of death from disease (p= 0.0147, HR 1.971, 95% CI 1.143, 3.399, Figure
2B). Expression of the epidermal growth factor receptor (EGFR) was also associated with an
increased risk of death from disease (p = 0.0424, HR 2.47, 95% ClI 1.031, 5.917, Figure 3).

Survival Models

Survival models controlling for stage and for induction chemotherapy response were tested
to determine if adding biomarker information would be informative. The addition of
cyclinD1 adds predictive information to a survival model with clinical stage alone
(likelihood ratio test, p-value=0.0025), N-stage alone (likelihood ratio test, p-value=0.0028),
or induction chemotherapy alone (likelihood ratio test, p-value= 0.0010). Knowing the
clinical stage plus CD24 level is more predictive for overall survival than knowing clinical
stage alone (likelihood ratio test, p-value=0.0340), N-stage alone (likelihood ratio test, p-
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value=0.0292), or induction chemotherapy alone (likelihood ratio test, p-value= 0.0052).
The addition of cyclinD1 or EGFR adds predictive information to disease-specific survival
models with induction chemotherapy alone (likelihood ratio tests, p-value= 0.012 for
cyclinD1, p-value=0.044 for EGFR.)

Given the prognostic importance of cyclin D1 expression in determining overall and
disease-specific survival, other biomarkers were tested for association with cyclin D1
expression. Cyclin D1 expression (intensity and proportion) was related to p53 mutation
type. Specifically, tumors with mutant p53 status had higher proportion of cyclin D1
expression as a group (Wilcoxon test, p = 0.0177). Similarly, tumors harboring mutant p53
were more likely to have higher intensity of cyclin D1 expression (Wilcoxon test, p =
0.0553).

of p53 Expression and p53 Mutation Type

Tumors with missense p53 mutations were likely to have p53 overexpression whereas
tumors with deletion p53 mutations were likely to not express p53 (Kruskal-Wallis, p =
0.0062, Figure 4). Tumors with nonsense mutations resulting in early termination had low
levels of p53 expression on average as did tumors with wild-type p53.

Associations with Time to Indication for Surgery

Patients whose tumors showed the least aggressive invasive front (pattern 1: pushing
borders) were more likely to have local relapse and require laryngectomy than patients with
growth patterns 2—4 (Figure 5, p = 0.0557). Patients with thin cords (pattern 3) and single
cell (pattern 4) invasive fronts were less likely to suffer relapse at the primary site (hazard
ratio 0.6, 95% ClI 0.321, 1.014).

DISCUSSION

The search for biomarkers predictive of outcome that will inform treatment decision making
is ongoing. Many groups have looked to biomarkers to predict which patients will be best
treated surgically and which patients will be best treated with nonsurgical approaches. For
these analyses to be valid, they must evaluate cohorts of patients with similar sites and
stages of tumor treated in systematic ways. Biomarker evaluations that are done on patients
enrolled in prospective clinical trials offer significant advantages in terms of the ability to
control for site, stage, and therapeutic approach. While the ideal scenario would be to
identify a single biomarker with tremendous power to predict certain outcomes, no such
marker has yet been identified. This situation is likely due to the complex, multifactorial
nature of tumorigenesis and progression with multiple pathways implicated.

In addition to adding valuable prognostic information beyond stage, analysis of biomarkers
can enhance the identification of critical pathways that would be suitable for targeting. For
example, novel agents that can target p53, NFxB, EGFR, cyclin D1, or Bcl-xL/2 might be
particularly effective in specific tumors with alterations in these pathways. These
considerations are the central thesis of personalized strategies for treatment of cancer and are
likely to have greater impact in the very near future. The important observation that the cell
survival protein, Bcl-xL, demonstrates significantly increased expression in salvage vs.
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pretreatment tumor specimens suggests that Bcl-xL plays an integral role in tumor resistance
and might be an ideal candidate for targeting. Notably, a small molecule inhibitor of Bcl-xL
is being tested in a novel clinical trial of advanced laryngeal cancer. There are many targeted
therapeutics in the pipeline whose role can be better defined by biomarker-driven,
prospective clinical trials.

The identification of cyclin D1 expression as a significant predictor of overall and disease-
specific survival and that this biomarker has potential to add information to our traditional
staging system is a discovery of significant importance.

CD24 is a novel cancer biomarker recently implicated as a poor prognostic marker in several
other solid malignancies.4 16 CD24 has been implicated as a metastasis-associated protein
that has also been suggested as a stem-cell marker. The observation that cytoplasmic
expression of CD24 in the present study lowered the risk of death could suggest that high
risk phenotypes may respond better to chemoradiation regimens as compared to surgical
regimens.

NFxB is aberrantly turned on in most head and neck squamous cell carcinomas 25 and is a
key regulator of cancer cell survival.33: 34 The results presented herein provide supportive
evidence that NFkB may mediate resistance to induction chemotherapy in larynx cancer.

CONCLUSIONS

Biomarkers hold promise in adding valuable prognostic information beyond stage in patient
cohorts with advanced larynx cancer who are treated in a uniform fashion. Furthermore,
analysis of biomarkers in larynx cancer can identify critical pathways involved in therapy
resistance that can be targeted with novel agents. Only through a better understanding of the
biology of treatment response and resistance can inroads be made towards determining the
best treatment approach for the individual patient.
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BAK intensity by ChemoRadiation Response
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Figure 1.

(A) Box-whisker plot indicating the association between mean BAK expression intensity
and induction chemotherapy response. CR: complete response, PR: partial response, SD:
stable disease, PD: progressive disease. Dots indicate the median expression. Boxes indicate
the 251 and 75! quartile. Mean BAK intensity of expression increases with poorer response
to induction chemotherapy (p = 0.0004). (B) Box-whisker plot indicating the association
between mean BAK expression intensity and chemoradiation response. Mean BAK intensity
of expression is lower in tumors that responded to chemoradiation as compared to tumors

that persisted following chemotherapy and/or radiation (p = 0.014).

Laryngoscope. Author manuscript; available in PMC 2014 August 06.




1duosnue Joyny vd-HIN 1duosnue N Joyny vd-HIN

1duosnuel Joyiny vd-HIN

Bradford et al.

1_00.=_I
L]

0.75+

()]

=

©

©

2 0.50+4

=

(8]

0

<

o
0.25+
0.00

Page 14

12 24 36 48 60

72 84 9% 108

Time since study enrollment (months)

cyclinD1

Intensity == none (n=14)
== median (n=16)
'l censored

= ' low (n=22)
== high (n=5)

Laryngoscope. Author manuscript; available in PMC 2014 August 06.




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

1duosnue Joyiny vd-HIN

Bradford et al.

1.00 ¢

0.7571

0.50+

0.25+

Disease-Specific Survival

0.00 «

Page 15

'-_..h

- omp mm |em w

= s = = = e ==

Time since study enrollment (months)

cyclinD1
Intensity == none (n=14) = ' low (n=22)
== median (n=16) == high (n=5)
'l censored
Figure 2.

(A) Kaplan-Meier plot of cyclin D1 expression and overall survival. There is a statistically
significant association between intensity of cyclin D1 expression and overall survival (p =
0.0008). (B) Kaplan-Meier plot of cyclin D1 expression and disease-specific survival. There
is a statistically significant association between intensity of cyclin D1 expression and
disease-free survival (p = 0.0147).
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Figure 3.

Kaplan-Meier plot of EGFR intensity of expression and disease-specific survival. There is a
statistically significant association between EGFR expression and disease-specific survival
(p = 0.0424).
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p53 proportion by p53 Mutation Type
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Figure4.
Association between proportion of tumor cells expressing p53 and p53 mutation type.

Tumors with missense p53 mutations had higher levels of p53 expression than tumors with
deletion p53 mutations (Kruskal-Wallis, p = 0.0062). Tumors with nonsense mutations had
low levels of p53 expression on average as did tumors with wild-type p53.
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Patients whose tumors had pushing borders (pattern 1) had shorter time to indication for
surgery (laryngectomy) and were more likely to have local failure than patients whose
tumors had pattern 2 (thick cords), pattern 3 (thin cords) or pattern 4 (single cell) invasive
fronts (p = 0.0557).
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Biomarkers tested with immunohistochemistry.

Intensity Scored® | Proportion Scored? | Percent Positive

BAK BAK

Bcl2 Bcl2

BclxL BelxL

CD24 CD24

EGFR

MDM2 MDM2

NFxB NFxB

p53 p53

PCNA PCNA

RhoC

Survivin Survivin
a)Intensity was scored according to the following scale: 1= none, 2= weak, 3= moderate, 4= high
b)
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Table |

Proportion was scored according to the following scale: 1= <5%, 2= 5-20%, 3= 21-50%, 4= 51-100%
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a. Per centage of pretreatment tumor specimensthat express biomarker according to evaluation of intensity and proportion (c=
cytoplasmic, n= nuclear, s=surface)

Pretreatment Salvage
INTENSITY PROPORTION INTENSITY PROPORTION
Biomarker % positive % positive % positive % positive
(mean scgrs (mean prop > 5%) (mean score >1) (mean prop > 5%)
MDM2c 57% 47%
MDM2n 48% 24%
BcelxL 95% 7% 95% 95%
EGFR 98% 95%
PCNA 93% 90%
BAK 100% 98%
CD24c 80% 2%
CD24s 86% 68%
Bcl2 21% 271%
NFxB 98% 98%
NFxBc 98% 98%
NFxBn 100% 100%
p53 58% 90% 90%
cyclinD1 79% 79%
Survivin 96% 96%
rhoC 82%

b. PCNA was evaluated by deter mining cell countsto deter mine per cent positive (pctPos, continuous variable, sd= standard deviation)

Biomarker

N

Mean

(sd)

PCNA pctPos

56

41.17

28.2
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