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Abstract

INTRODUCTION—CALGB 9633 was a Phase 111 trial that randomized patients with stage 1B
non-small cell lung cancer (NSCLC) to observation or four cycles of carboplatin and paclitaxel. A
statistically significant effect in favor of adjuvant chemotherapy was seen for disease-free survival
(DFS) and overall survival (OS) in the subgroup of patients with tumors = 4 cm. A laboratory
companion study was conducted to see if molecular and clinical factors could provide additional
prognostic information.

METHODS—Formalin-fixed paraffin-embedded blocks were obtained for 250 of the 344 patients
enrolled. Immunohistochemical staining for bcl-2, p53, blood group antigen A and mucin was
correlated with DFS and OS.

RESULTS—The prevalence of the markers was bcl-2 17%, p53 47%, blood group antigen A
25% and mucin 45%. Univariate analysis for DFS showed a statistically significant effect for the
presence of mucin (p=0.0005) and p53 (p=0.05) and for OS showed a significant effect for mucin
(p=0.0005). In the multivariate Cox model, there was a statistically significant association between
shorter DFS and presence of mucin (p=0.002; hazard ratio [HR] 2.05) and p53 (p=0.003; HR 1.95)
and between shorter OS and presence of mucin (p=0.004; HR 2.03) and p53 (p=0.0005; HR 2.30).
Of the clinical factors, male gender and larger tumor volume were also significant adverse
prognostic factors (p<0.05).

CONCLUSIONS—A statistically significant association between shorter DFS and OS was seen

for patients with p53 protein expression, mucin expression, male gender and larger tumors in this
cohort of patients with stage IB NSCLC treated on CALGB 9633.

Keywords
Non-small cell lung cancer; prognostic factors; p53; mucin

INTRODUCTION

Lung cancer is the leading cause of cancer-related mortality for both men and women in the
United States. In 2008, it is estimated that there will be 215,000 new cases and 162,000
deaths from lung cancer. The World Health Organization estimates 1.2 million new cases
annually, making it the most common cancer worldwide.2 Non-small cell lung cancer
(NSCLC) makes up about 85% of all newly diagnosed cases of lung cancer.

Recently reported randomized clinical trials have reported the benefit of cisplatin-based
adjuvant chemotherapy for patients with early stage NSCLC.3,4,> These trials have
suggested survival benefit for stages 11 and I11A, but the benefit for those with stage 1B
disease has been questioned.® The randomized Phase 111 trial, CALGB 9633, is the only
study that studied patients with stage 1B disease exclusively.” In this study, after surgical
resection, patients were randomized to observation or 4 cycles of carboplatin/paclitaxel. The
final results have recently been reported and while there were trends for superior disease-
free and overall survival for the chemotherapy group, these did not reach statistical
significance. A retrospective subset analysis did show a statistically significant survival
advantage for patients with tumors >4 cm.

J Thorac Oncol. Author manuscript; available in PMC 2012 November 25.
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As part of this clinical trial, formalin-fixed paraffin-embedded tissue blocks were collected
for a planned laboratory companion study to evaluate the ability of selected clinical and
biological markers to add to the well-established prognostic value of tumor stage. At the
time, several large single institution studies had suggested the potential prognostic value of a
number of molecular and biological factors including microvessel density, tumor size, K-ras
mutation, and expression of p53, blood group antigen A, bel-2 and mucin.8,9,10

The purpose of this study was to investigate the prognostic significance of selected markers
including p53 expression, loss of blood group antigen A, bcl-2 and mucin as determined at
the time of protocol initiation.

MATERIALS AND METHODS

CALGB 9633 was a randomized Phase 111 trial of observation versus 4 cycles of
carboplatin/paclitaxel after surgery for patients with stage IB NSCLC. Eligibility criteria
included histologically proven NSCLC, T2 with pathologically negative lymph nodes at
mediastinoscopy or at time of thoracotomy. Patients were required to undergo at least a
lobectomy. Patients were randomized 4-8 weeks after surgery and chemotherapy was given
every 3 weeks. Treatment and collection of paraffin-embedded blocks was approved by all
involved institutional review boards.

Formalin-fixed paraffin-embedded tumour tissue blocks were obtained prospectively and
sent to the CALGB Pathology Coordinating Office. Four micron sections were cut and
placed on glass slides. One slide was stained with hematoxylin and eosin to facilitate
interpretation. All studies were performed without knowledge of clinical outcome.

A modification of the avidin-biotin-peroxidase complex technique was used for
immunohistochemical (IHC) studies.1,12 For p53, sections were treated with enzyme
digestion and a high temperature antigen unmasking technique in order to facilitate labelling
with p53 clones 240 and 1801 (Labvision Corporation, Fremont, CA) antibody cocktail.
This antibody cocktail produces nuclear staining and detects p53 overexpression. Positive
(strongly reactive colon cancer) and negative controls (normal colon) were used. For bcl-2,
the monoclonal antibody clone 124 was used (Dako) and for blood group antigen A, the
monoclonal antibody clone 81FR 2.2 was used (Biogenex Laboratories, San Ramon, CA).
Details of the procedures employed are described in detail elsewhere.13 14 The results for
p53, bel-2, and blood group antigen A were graded from 0-4 according to intensity of the
staining and from 0-4 by the percentage of positive cells: 0; 1, <25%; 2, 25 to <50%; 3, 50
to <75%; 4, 75-100%. Positives were considered = 2 nuclear (p53 and bcl-2) or membrane
(blood group antigen A) staining in any percentage of cells and slides were read by one
pathologist (AHT).

The general histochemical technique to detect mucin was used and details are published
elsewhere.1> Mucicarmine, which detects all mucins was employed. Briefly, slides were
deparaffinized and hydrated in distilled water, exposed to Mayer’s hematoxylin for 10
minutes, washed in running tap water for 5 minutes and then exposed to Southgate’s
Mucicarmine solution at room temperature for one hour. Slides were then rinsed quickly in
distilled water and exposed to Metanil yellow stain for 30-60 seconds. Slides were then
dehydrated quickly in three changes of absolute alcohol until clear and then coverslipped in
Permount. The mucin stain was a deep rose color. A positive result was the presence of
mucicarmine positive secretory vacuoles within tumor cells or within the lumens of tumor
glands. In general, however, the mucicarmine result was kept independent from the
subclassification of the tumor, which was determined by just the routine H&E stain. In other
words, positive mucicarmine results were not used to re-classify tumors as
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adenocarcinomas, and negative mucicarmine results were not used to re-classify tumors as
non-adenocarcinomas. Slides were interpreted by one pathologist (RTV).

The primary objective of CALGB 9633 was to determine if adjuvant chemotherapy
improved overall survival after resection of stage IB NSCLC. The major endpoint of this
laboratory study was to determine the prognostic importance of the specific markers on
disease-free survival (DFS) and overall survival (OS). In addition, complete clinical
information was available on each patient including sex, age, performance status, surgical
procedure, tumor size (from pathology report), TNM staging, presence of symptoms (chest
pain, cough, hemoptysis) and smoking history (ever smoker versus non-smoker).

Overall survival (OS) was defined as time from random assignment to death from any cause.
Disease-free survival (DFS) was defined as time from random assignment to recurrence or
death, whichever comes first. The Kaplan-Meier product-limit estimator was used to
estimate DFS and OS for subgroups of patients with stage IB NSCLC as defined by the
presence or absence of the various markers.18 The log rank test was used to compare
subgroups.1” Cox proportional hazards model was used to examine the joint effect of
markers on DFS and OS. Additional analyses using the Cox model were conducted to
further examine the effect of markers on DFS and OS after adjusting for the effects of
chemotherapy and other baseline prognostic factors, as well as whether there was an
interaction between treatment and the presence of a marker.18 Statistical analyses were
performed by CALGB statisticians (LG and XW) using SAS 9.1. All p values reported are
two sided.

Patient registration and clinical data collection were managed by the CALGB Statistical
Center. As part of the quality assurance program of the CALGB, members of the Audit
Committee visit all participating institutions at least once every three years to review source
documents. The auditors verify compliance with federal regulations and protocol
requirements, including those pertaining to eligibility, treatment, adverse events, tumor
response, and outcome in a sample of protocols at each institution. Such on-site review of
medical records was performed for a subgroup of 136 patients (40%) of the 344 patients
under this study.

CALGB 9633 was activated October 15, 1996 and closed on January 6, 2004. During that
time period 344 subjects were registered to this protocol, and randomly assigned to one of
the two arms — observation or adjuvant chemotherapy. Six patients were canceled or never
treated (1 on observation and 5 on chemotherapy). Seven patients were retrospectively
determined to be ineligible (5 on observation and 2 on chemotherapy).

Paraffin blocks were obtained for 250 of the 344 patients randomized to the clinical trial. In
total, 250 patients had a least one biomarker for bcl-2, p53, blood group antigen A or mucin
and are included in the analysis. However, because of ineligible patients, technical
problems, insufficient tumor tissue, data is available for the following: bcl-2 222, p53 234,
blood group antigen A 239 and mucin 207.

Tables 1 and 2 summarize baseline patient characteristics, initial clinical diagnosis, and the
frequency distributions of biologic markers of bcl-2, p53, blood group antigen A, and mucin
between the two arms at the time of registration. The median age was 62 with a range of 37
to 81. The two randomized arms were balanced in terms of the baseline characteristics.
There was a statistically significant difference in mucin expression by histology (Table 2).
Mucin expression was positive in 66% of adenocarcinomas, 15% of squamous cell
carcinomas and 40% of others (p-value < 0.0001 for adenocarcinomas versus squamous cell
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carcinomas). Mucin expression was positive in 36 of 71 (51%) females and 58 of 136 (43%)
males (p=0.27).

Figures 1 and 2 depict the disease-free survival (DFS) and overall survival (OS) curves for
mucin and p53 expression using Kaplan-Meier (K-M) product-limit estimators. Table 3
displays the estimates of median DFS and median OS from the K-M product-limit estimator,
and p-values from log rank tests of the four markers. Mucin expression (p=0.0005) and p53
expression (p=0.0485) had a statistically significant effect on DFS. For OS, only mucin
(p=0.0005) had a statistically significant effect in univariate analysis.

Table 4 displays DFS and OS statistics from Cox proportional hazard regression analysis.
Several multivariate Cox models were used to explore the relationships between DFS/OS
and the biologic markers. Exploratory variables in the models with single markers are:
Model (1) bcl-2; Model (2) p53; Model (3) blood group antigen A; and Model (4) mucin.
Each marker was analyzed for its interaction with the study arms, and significant baseline
covariates. Exploratory variables in Model 5 with multiple markers include the four markers
(bcl-2, p53, blood group antigen A, and mucin), the pair-wise interactions of the study arms
with the four markers, and significant baseline covariates. Baseline covariates include study
arms, age, gender (male vs. female), race (white vs. non-white), performance status (PS 0 vs.
1), weight loss in previous 6 months (<5% of body weight vs. 25%), symptoms (chest pain/
respiratory infection/cough etc. vs. none), initial diagnosis (adenocarcinoma/squamous cell
carcinoma vs. others), smoking history (yes vs. no), estimated tumor volume, necrosis
(presence vs. absence), and a binary variable for whether the number of nodal stations was
less than 3 or not. Variables of the study arms and markers were forced into the models,
while others were selected using stepwise method with entry level of 0.15 and stay level of
0.20.

The marker p53 was statistically significantly correlated with DFS/OS (Hazard Ratio [HR]:
1.56/1.71, log rank p-value = 0.0385/0.0190, respectively, see Model 2 in Table 4. Mucin in
Model 4 was highly significant (HR: 1.88/1.88, p-value=0.0021/0.0040, respectively). The
same conclusion could be reached in the multivariate Model 5; that is, p53 and mucin were
detected to be highly significantly correlated with DFS/OS with p-value 0.0029/0.0005 and
0.0018/0.0037, and HR 1.95/2.30 and 2.05/2.03, respectively. Gender and estimated tumor
volume were statistically significant (p-value < 0.05) in all models except in Model 2, where
tumor volume was not significant. No other significant effects of covariates including study
arms and interactions on DFS/OS were detected (p-value > 0.05).

The hazard ratio for OS of p53 positive versus negative patients was 1.92 (p=0.036) for
placebo only patients and 1.40 (p=0.34) for the chemotherapy only patients. The hazard ratio
for DFS of p53 positive versus negative patients was 2.05 (p=0.017) for placebo only
patients and 1.36 (p=0.35) for chemotherapy only patients. However, there was no
predictive value for these markers as evidenced by the lack of significant interactions
between treatment and these markers (p-value > 0.05).

DISCUSSION

The well established negative prognostic factors for patients with NSCLC include higher
TNM stage, weight loss and poor performance status.19 Many research efforts have
investigated the utility of clinical, biologic and molecular markers to further refine
prognosis. Studies have reported the possible prognostic significance of tumor size, gender,
age, histologic subtype, degree of differentiation, aneuploidy, ras mutation, p53 expression
and mutation, bcl-2, blood group antigens and angiogenesis, among others.

12113 20 21 22 23 24 25 \\hile several of these factors have demonstrated prognostic value in

J Thorac Oncol. Author manuscript; available in PMC 2012 November 25.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Graziano et al.

Page 6

selected series, only tumor size has been definitive enough to be incorporated into the newly
proposed staging system.26,27 In CALGB 9633, a study of patients with exclusively stage 1B
NSCLC, the clinical factors that had a significant adverse impact on survival were male
gender and larger tumor volume.

At the time of the initiation of CALGB 9633, several large single institution studies
suggested the possible prognostic importance of p53 expression, bcl-2, blood group antigen
A and mucin expression.”,8,2 The prospective randomized Phase IlI trial, CALGB 9633,
provided a unique resource to study a well-staged group of patients with stage 1B (T2NO)
NSCLC. Patients on this study were randomized to observation or 4 cycles of carboplatin/
paclitaxel with overall survival and disease-free survival as the major endpoints.®

Of the biological markers included in the current study, blood group antigen A and bcl-2
were not prognostic. However, several factors did have independent prognostic value
including mucin, p53, gender and tumor size. The presence of mucin as detected by the
mucicarmine stain was a strong negative prognostic factor. The Lung Cancer Study Group
made an early observation that mucin expression was a negative prognostic factor in 237
surgical patients.28 Yu et al. found expression of sialomucin to be an independent predictor
of early recurrence and survival in multivariate analysis.2? Kwiatkowski found that the
subtype of adenocarcinoma, solid tumor with mucin, was associated with shorter survival.8
We also observed mucin to be associated with worse survival in a single institution study of
260 patients with stages | and Il NSCLC.11 Overexpression of mucin in vitro has been
shown to decrease tumor cell aggregation, promote tumor cell invasion, and block
lymphocyte targeting, facilitating metastasis by escape from immuno-surveillance.28

p53 is a nuclear phosphoprotein that plays a key role in regulating the cell cycle, apoptosis,
and initiation of DNA repair. Aberrant expression of p53 and p53 mutations occur in 50—
60% of tumors and are among the most frequent molecular abnormalities in NSCLC. Meta-
analyses have suggested a modest negative prognostic role for p53.39,31 In the current study,
the pAb1801 antibody was used for the detection of p53 overexpression. In the meta-
analysis by Mitusdomi et al., 11 studies used the DO7 antibody and 10 studies used the
pAb1801 antibody with similar incidence of overexpression of p53, independent of the
antibody employed.30 Because of the key role of p53 in DNA repair, it has been
hypothesized that p53 may be a mediator of chemotherapy response.32,33 In addition,
mutations in p53 have been associated with a higher incidence of invasive lung
adenocarcinomas.3*

In the current study, p53 protein expression as measured by an immunohistochemical (IHC)
assay was positive in 47% and was associated with significantly worse overall survival with
a hazard ratio of 2.30 in multivariate analysis. This compares closely to the results of p53
protein expression in the JBR.10 trial where 52% were IHC positive and was associated with
inferior survival (HR 1.89) in patients on the observation arm. There was also a predictive
role for p53, with p53 IHC positive patients showing a benefit from chemotherapy.3°> We did
not find a predictive value for p53 in our study, but small numbers limited the power to
detect significant interactions between treatment and p53 expression. There was a trend
towards a greater benefit from chemotherapy in the p53 IHC positive group, but it did not
reach statistical significance.

While the current studies are of importance, before mucin and p53 can be accepted as
having clinical utility, confirmatory studies are necessary. The Lung Adjuvant Cisplatin
Evaluation (LACE) Collaborative group has performed a pooled analysis of the 5 largest
trials of adjuvant cisplatin-based chemotherapy in NSCLC.2> Members from several of these
trials have formed the LACE biological (LACE-Bio) collaborative group with the main
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objectives to study the prognostic and predictive value of tumor markers in patients treated
with adjuvant chemotherapy. One of the goals of the LACE-Bio group is to perform cross-
validation analyses for the predictive value of ERCC1. Olaussen and colleagues reported
that low expression of ERCC1 was a negative prognostic factor but predicted for benefit
from cisplatin-based chemotherapy.3® If confirmed in cross-validation studies, ERCC1
expression could help select patients who would benefit from cisplatin-based adjuvant
chemotherapy.

The next generation of studies looking at markers such as ERCC1, ras and EGFR mutations,
beta-tubulin, BRCAL, p27 and gene arrays have the potential to provide not only prognostic
information but also may predict which chemotherapy agents would be most effective.
37,38 39 40 41 42 CALGB is currently analyzing CALGB 9633 for the prognostic and
predictive effect of K-ras and EGFR mutations. It is hoped that such studies will increase the
understanding of the biology of lung cancer and will help individualize treatment and
improve the outcome of patients with NSCLC.
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Figure 1A. Kaplan-Meier DFS curve for mucin.
Figure 1B. Kaplan-Meier OS curve for mucin.
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Figure 2A. Kaplan-Meier DFS curve for p53.
Figure 2B. Kaplan-Meier OS curve for p53.
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Table 1

Baseline patients’ characteristics and initial clinical diagnosis™

Characteristics Placebo (N=126) Chemo (N=124) p-value
Age — median (min, max) 63(40,81) 61(37,78) 0.2180
Gender Male 84 (67%) 77 (62%)
0.4505
Female 42 (33%) 47 (38%)
Race White 109 (87%) 112 (91%)
0.3296
Non-white 16 (13%) 11 (9%)
Performance Status Fully active 71 (57%) 68 (55%) 07011
Others 53 (43%) 56 (45%) '
Weight loss in previous 6 months < 5% 96 (81%) 92 (80%) 0793
>5% 22 (19%) 23 (20%) '
Symptoms Presence 96 (76%) 99 (80%)
0.4863
Absence 30 (24%) 25 (20%)
Diagnosis Squamous cell 40 (32%) 46 (37%)
Adenocarcinoma 68 (54%) 61 (50%) 0.6440
Other types 18 (14%) 16 (13%)
Smoking History Yes 125 (99%) 120 (97%)
0.1696
No 1 (1%) 4 (3%)

*
The p-value for age was from the t-test, while Chi-square tests were used for the categorical variables.
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Table 3

Page 14

Univariate analysis of disease-free survival (DFS) and overall survival (OS) using product-limit estimates.

Marker

Median DFSin months (95% CI)

negative/ absent  positive/ present

log rank test p-value

bcl-2

p53
Blood group antigen A

Mucin

638(49.3,980) 702 (325, NE
105.2 (56.6, NE)  55.8 (36.5, 77.0)
736 (472, NE)  67.3 (50.8, 107.0)
107.0 (70.2,NE) 415 (25.2, 73.6)

0.7403

0.0485
0.9207
0.0005

Marker

Median OS in months (95% CI)

negative / absent positive / present

log rank test p-value

bcl-2

p53
Blood group antigen A

Mucin

79.0 (67.0,NE)  NE* (524, NE)

109.4 (78.4,NE)  73.5 (52.4, 98.0)

98.4(73.6,NE)  79.0 (65.6, 113.1)
116.3 (88.3,125.9)  56.7 (44.6, 98.4)

0.2205

0.0633
0.7399
0.0005

*
NE — Quantity is not estimable at this time.
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Table 4

Cox model for disease-free survival (DFS) and overall survival (OS) statistics of the molecular biologic
markers

p-value from Wald test for DFS

*

HR (95% CI
Marker singlemarker  multiple markers (M odel 5)
(Model 1)
bel-2 0.4812 0.3382

(positive vs. negative)

0.81 (0.45, 1.46)

0.79 (0.51, 1.24)

p53
(positive vs. negative)

(Model 2)
0.0385
1.56 (1.02, 2.37)

0.0029
1.95 (1.26, 3.02)

Blood group antigen A
(presence vs. absence)

(Model 3)
0.6111
0.88 (0.55, 1.43)

0.7463
0.92 (0.55, 1.54)

Mucin
(positive vs. negative)

(Model 4)
0.0021
1.88 (1.26, 2.81)

0.0018
2.05 (1.31, 3.21)

p-value from Wald test for OS

HR (95% CI) *

Marker single marker multiple markers (Model 5)
(Model 1)
bel-2 0.1017 0.1022

(positive vs. negative)

057 (0.29, 1.12)

0.54 (0.26, 1.13)

p53
(positive vs. negative)

(Model 2)
0.0190
1.71 (1.09, 2.67)

0.0005
2.30 (1.4, 3.68)

Blood group antigen A
(presence vs. absence)

(Model 3)
0.9199
0.98 (0.59, 1.61)

0.7981
0.93 (0.55, 1.60)

Mucin
(positive vs. negative)

(Model 4)
0.0040
1.88(1.22, 2.89)

0.0037
2.03 (1.26, 3.26)

*
Hazard ratio and its 95% confidence interval.
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