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Abstract

Although decreased or lack of expression of Bcl-2 has been correlated with advanced tumor stage
and shortened patient survival in colorectal cancer (CRC), its value in predicting the recurrence has
not been well explored. Therefore, we assessed the usefulness of phenotypic expression of Bcl-2 in
non-Hispanic Caucasian patients with CRCs in identifying risk of recurrence. Archival tissues of 92
Stage Il and 66 Stage 111 primary CRCs were evaluated for immunohistochemical expression of
Bcl-2. None of these patients received either pre- or post-surgical adjuvant therapies. Kaplan-Meier
and Cox proportional hazards methods were used to estimate the rates of recurrence and survival
according to Bcl-2 expression. Decreased expression of Bcl-2 was associated with an increased rate
of recurrence in patients with Stage 11 CRCs (5-year log-rank test P = 0.0015; Hazard-Ratio (HR) =
3.90, 95%C.1.: 1.55-9.77) but not with Stage Il CRCs (5-year log-rank test P =0.6058; HR =1.07,
95%C.1.: 0.47-2.45) after adjusting for other demographic and clinicopathological features.
Furthermore, decreased expression of Bcl-2 was an indicator of short survival in patients with Stage
I1 CRCs but not with Stage I11 CRCs. Thus, decreased or lack of Bcl-2 expression in primary CRCs
may serve as a molecular biomarker of high risk of recurrence for Caucasian patients with Stage 1l
CRCs. These findings might be useful in identifying biologically aggressive phenotypes of Stage Il
CRCs, and may aid the oncologist in designing maximally appropriate therapeutic regimens.
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1. Introduction

Colorectal adenocarcinoma (CRC) is the third leading cause of cancer associated deaths in
both men and women in the United States [1]. One third of CRC patients without histological
evidence of lymph node involvement die within five years of surgery from distant metastasis
or local recurrence. Regional lymph node metastasis is one of the most powerful indicators of
aggressiveness of CRCs and aids in designing therapeutic treatments and in predicting the
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clinical outcome. However, nodal status alone may not predict the clinical course of CRC
adequately, as groups of patients with tumors of identical stage have different treatment
responses and clinical outcomes.

Traditional clinicopathological features together with molecular markers could potentially be
helpful in identifying aggressive phenotypes within Stage 11 and 11 tumors and facilitate better
selection of high risk patients to maximize the benefits of adjuvant therapy. Moreover,
identification of such novel markers is particularly relevant in Stage Il and 111 tumors because
these stages together represent approximately 70% of CRC patients, and about 20-40% of
patients with Stage Il tumors will develop recurrent disease and die due to CRC [2]. However,
the role of adjuvant chemotherapy in this setting is still unclear [3-5].

Multiple molecular abnormalities, including abnormal expression of the anti-apoptotic protein
Bcl-2, have been implicated in human carcinogenesis. Bcl-2 onco-protein also plays a vital
role in tumor progression [6,7]. Thus, the clinical implications of abnormal expression of Bcl-2
have been extensively studied in several human malignancies including CRC [8-11]; and been
reported to have different biological consequences based on tumor stage [8,9,12]. Moreover,
recent studies of prognostic biomarker of CRC have recommended that tumor location, tumor
stage, and patient ethnicity or race be considered in the evaluation of the predictive value of
molecular makers [9,10,13-17]. However, the role of Bcl-2 expression in predicting the risk
of recurrence has not been studied extensively in relation to tumor stage particularly in United
States.

Medical oncologists are increasingly interested in identifying and utilizing reliable factors
which determine disease recurrence and patient survival to identify subsets of patients with
aggressive tumors and to optimize their therapies. Therefore, in this study, we evaluated the
usefulness of phenotypic expression of Bcl-2 in Stage Il and 111 primary CRCs collected from
non-Hispanic Caucasian patients in predicting their disease recurrence and survival.

2. Materials and methods

2.1. Patients

The institutional review boards of the University of Alabama at Birmingham (UAB) and its
affiliated Birmingham Veterans Affairs (VA) Hospital approved this study. We identified a
total of 620 non-Hispanic Caucasian patients from the UAB and VA Hospital tumor registries
who had undergone surgical resection for first primary CRC from 1981 through 1993. We
obtained the medical records including surgical pathology reports of these patients which were
reviewed by two of the authors (CC, UM) to ascertain the key information. During our initial
selection process, those patients who died within a week of their surgery, those who were shown
to have Stage | or IV tumors at the time of surgery, those patients whose archival tissues were
not available, those patients with surgical margin-involvement, or unspecified tumor location,
or multiple primaries within the colorectum, or multiple malignancies, or those patients with
family or personal history of CRC were all excluded from our study population. However,
based on the information in patient charts, it will be difficult to identify the familial vs. sporadic
nature of the tumors, therefore, our patient populations can be described as ‘consecutive’
populations of patients with Stages I, and 111 CRCs. To control for treatment bias, we included
only those patients who underwent surgery as a therapeutic intervention and excluded patients
who received any pre - or post surgical therapies. Since the use of adjuvant chemotherapy was
not widespread during this study’s time frame (1981-1993), we could obtain such a large
number of Stage Il patients who have not received adjuvant therapy. The final sample size
(n = 158) used for the current analysis consisted 92 Stage 1l & 66 Stage 111 non-Hispanic
Caucasian patients. The patient cohort from both the hospitals was under the care of a uniform
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group of physicians. All the authors were blinded for the diagnosis as well as patient follow-
up information.

In our study, two pathologists (NJ, WEG) reviewed hematoxylin and eosin stained slides of
all cases for the degree of histologic differentiation and graded as well, moderate, poor or
undifferentiated. Subsequently, we pooled well and moderately differentiated tumors into a
low grade group and poor and undifferentiated tumors into a high grade group [18]. The
pathologic staging was performed according to the criteria of the American Joint Commission
on Cancer [19]. The International Classification of Diseases for Oncology (ICD-O) codes was
used to specify anatomic location of the tumor [20]. The anatomic sub-sites were grouped into
the colon and the rectum.

Patients were followed by the UAB and VA tumor registries until their death or the date of the
last documented contact within the study time frame. The tumor registries ascertain outcome
(mortality) information directly from patients (or living relatives) and from the physicians of
the patients through telephone and mail contacts. This information is further validated against
State Death Lists. The tumor registries update follow-up information every six months and
follow-up of our cohort ended in March 2004. The median follow-up period of the complete
study population of 158 patients was 7.31 years (range < 1 — > 20 years).

2.2. Immunohistochemical staining

Formalin-fixed paraffin-embedded tissue blocks representative of normal mucosa and invasive
adenocarcinoma were sectioned at a 5-um thickness and mounted on Superfrost/Plus slides
(Fisher Scientific, Pittsburgh, PA). Two tissue sections (one with and one without antigen
retrieval treatment) were incubated with pre-immune rabbit serum as a negative control to test
for non-specific staining and reactivity of the secondary detection system with the tissue. The
tissues sections were subjected to citrate buffer-microwave antigen retrieval and were probed
with anti-human Bcl-2 monoclonal antibodies (clone 124, 1:80 dilution, Cambridge
Laboratories, Cambridge, UK) and were incubated for 1 hr at room temperature. BioGenex
Super Sensitive Biotin-Streptavidin Horseradish Peroxidase Detection Kit was used as the
secondary detection system. Sections were incubated with biotinylated goat anti-mouse and
streptavidin peroxidase for 20 min each with TBS washes between steps. For visualization of
the antibody-antigen complex, sections were incubated with the diaminobenzidine
tetrachloride (DAB) Super Sensitive Substrate Kit (BioGenex) for 7 min. Sections were
counter-stained with methyl green stain (0.5% methyl green in 0.1 M sodium acetate, pH 4.0).
Staining in lymphocytes in uninvolved colonic epithelium or within the invasive lesion served
as internal positive controls for the expression of Bcl-2. For negative controls, the primary
antibody was omitted [8].

After being deparaffinized and rehydrated, tissue sections were placed in a Coplin jar of
microwave compatible plastic that was filled with 0.01 M citric acid antigen retrieval solution
(0.01 M citric acid, 1 N NaOH, pH 6.0). The Coplin jars were then placed in a microwave oven
(R-3A75, 850 W; Sharp Electronics, Mahwah, NJ) in the middle of a large container of
preheated water (90°C) to ensure consistent heating and heated for 5 min at high power. The
antigen retrieval fluid level was checked, the evaporated buffer replenished and the slides
subjected to an additional heating cycle of 5 min. Slides were allowed to cool, rinsed with de-
ionized water and placed in TBS. Tissue sections were then immunostained as described above.
We have previously reported that Bcl-2 antigen is stable in the archival tissues used in our
study [21].
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2.3. Assessment of Bcl-2 staining

The staining assessment was performed by three authors (NJ, WEG, UM) jointly to minimize
the bias and disagreement. The proportion of Bcl-2 expressing cells varied from 0 to 100% and
the intensities of staining were null (0), weak(+1), mild (+2), moderate (+3) or strong (+4).
Therefore, a semi-quantitative immunostaining (IS) score for Bcl-2 was obtained as described
previously [8,9]. In brief, the percent of cells at each intensity was multiplied by the
corresponding intensity value (0 to 4) to obtain an IS score that ranged from 0 to 4.0 by each
examiner. The IS scores of each examiner were averaged to obtain an overall mean IS score
for each case. If there was substantial disagreement in assessment, this was resolved by re-
review before combining the individual scores. An IS score of = 0.5 was chosen as cut-off
value to categorize tumors into either decreased or increased expressers of Bcl-2. This cut-off
value was the median value of Bcl-2 expression in the benign colonic epithelium (average of
away from and adjacent to invasive lesion).

2.4, Statistical Analysis

We used the y2-test to compare baseline characteristics [22]. Recurrence of CRC (local
recurrence or distant metastases) and deaths due to CRC were the outcomes (events) of interest.
The predictive and prognostic significance of Bcl-2 was analyzed using Kaplan-Meier [23]
and Cox proportional hazards regression analysis [24]. Demographic variables included in the
analysis were age (< 65 & = 65 years) and gender. Pathological variables were included as pT
(depth of tumor invasion), pN (nodal involvement), tumor differentiation (low or high grade),
tumor size (<5 cm and > 5 cm) in maximal dimension, and tumor location (colon or rectum).
For recurrence analyses, the time at risk was measured by calculating the number of months
from date of surgery to time of recurrence or date of last contact. Patients who had recurrence
of their CRC were classified as “events”, while the remaining patients without recurrence, 1)
who died due to their CRC or 2) died due to causes other than CRC or 3) who were alive at
the end of the follow-up period were “right censored”. For survival analyses, the risk of CRC-
specific death was measured by calculating the number of months from the date of surgery to
death or date of last contact. Patients who died of a cause other than CRC or who were alive
at the end of the follow-up period were “right censored”. The log-rank test was used to compare
Kaplan-Meier curves based on the status of Bcl-2 expression. The Kaplan-Meier estimates
were used to obtain recurrence or survival status at 5 and 10 year post surgery periods. Separate
multivariate Cox regression models were built for patients based on tumor stage. We controlled
for demographic and clinicopathological variables in all multivariate analyses. All analyses
were performed with SAS statistical software version 9.0 [25,26]. Two-sided P values were
calculated and significance was analyzed at an alpha level of 0.05.

3. Results

3.1. Demographic and clinicopathologic characteristics of the patient population

The patient characteristics and Bcl-2 expression status are reported in Table 1. Mean age at

surgery of the study population was 63.95 years. Median survival was 78 months and median
time to relapse after surgery was 60 months. There was a slight predominance of males in our
study because the majority of patients treated at the Birmingham VA medical center were men.

3.2. Bcl-2 expression

As shown in Fig. 1, varying intensities of Bcl-2 staining was observed in CRC. A strong Bcl-2
staining was observed in lymphocytes which served as internal positive controls. A higher
proportion of Stage Il CRCs (62%) were positive for Bcl-2 expression than Stage |11 CRCs
(48%) (Table 1). Further analyses of tumor positivity based on other 1SS cut-off values (in
addition to 0.5 ISS) have suggested that 36% of Stage Il and 22% of Stage 111 CRCs exhibited
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increased Bcl-2 expression at = 1.0 ISS; in contrary, only 13% of Stage Il CRCs were
completely negative for Bcl-2 expression (ISS = 0.0) as compared to 22% of Stage in CRCs
(data not shown). These analyses suggested that there was no significant difference in the
incidence of Bcl-2 positivity between Stage |1 and Stage |11 CRCs using different cut-off values.
However, there was an inverse association between Bcl-2 expression and regional lymph node
metastasis.

3.3. CRC recurrence based on Bcl-2 expression and clinicopathologic parameters

CRC recurrence based on clinicopathological indicators, demographic features, and Bcl-2
expression status was analyzed according to tumor stage (Table 2). In Stage 1l CRC patients
with decreased Bcl-2 expression were more likely to have recurrence than patients with
increased Bcl-2 expression, where as there was no disparity in rate of recurrence in Stage 11
CRC patients. The incidence of recurrence in Stage 11 CRC patients increased significantly as
the pT component of stage increased (Table 2).

3.4. Kaplan-Meier analyses for disease recurrence

Kaplan-Meier analyses demonstrated that the rate of recurrence was higher especially within
5 years after surgery in patients with Stage 111 CRCs compared to patients with Stage Il CRCs
(Fig. 2A). We analyzed the time to recurrence according to Bcl-2 expression in Stage 11 and
Stage 111 patients separately. The association between the status of Bcl-2 expression and the
rate of recurrence was significant only in patients with Stage Il tumors (Fig. 2B), but not in
patients with Stage Il tumors (Fig. 2C). It was interesting to note that the low Bcl-2 expressers
of Stage Il CRCs exhibited a similar rate of recurrence as those of Stage 1l CRCs.

3.5. Cox proportional hazard analyses for recurrence

Individual multivariate Cox regression models based on tumor stage have demonstrated, as
observed in univariate analyses, that patients with 11 tumors with decreased Bcl-2 expression
were 3.90 times more likely to have recurrence within 5 years after surgery when compared to
the group of Stage Il patients with tumors exhibiting increased expression of Bcl-2 (HR: 3.90,
95% ClI: 1.55-9.77) after adjusting for other demographic and clinicopathological variables in
study (Table 3). Patients with Stage |1 disease who suffered perforation into the visceral
peritoneum (pT4) had a recurrence rate 2.84 times higher that of patients with Stage 11 tumors
with pT3 stage (HR: 2.84, 95% CI: 1.15-7.00) within 5 years of surgery (Table 3). Patient age,
gender, tumor size, and tumor location were not independent predictors of recurrence in
patients with Stage 1l CRCs. In Stage Il CRC patients none of the demographic,
clinicopathological variables were independent predictors of recurrence along with Bcl-2
expression and depth of tumor invasion.

3.6. Survival analyses

We also analyzed the association between CRC-specific mortality, expression of Bcl-2 and
other confounding features based on tumor stage.

3.6.1. Univariate survival analyses—In the study population, 21 % (19 of 92) of Stage
I1,and 47% (31 of 66) of Stage 111 patients died due to CRC. In Kaplan-Meier survival analysis,
Stage Il patients had better survival than Stage I11 patients during every time point of the follow-
up period (log rank, overall, 10 yr and 5 yr, P < 0.0001) (data not shown). We observed that
decreased Bcl-2 expression was associated with shortened survival in patients with Stage 11
tumors (log rank, over-all P =0.0012; 10-year P =0.0012; 5-year P <0.0001) but not in patients
with Stage I11 tumors (data not shown).
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3.6.2. Multivariate survival analyses—Proportional hazards models were built separately
according to tumor stage (Table 4). Bcl-2 expression was an independent prognostic factor for
patients with Stage 1l CRCs (HR = 8.48, 95% ClI: 2.29, 31.45) but not with Stage 11l CRCs
(HR =1.52, 95% CI: 0.60, 3.88) after adjusting for other demographic and clinicopathological
variables in study. Patients with Stage Il CRC who suffered perforation into the visceral
peritoneum (pT,4) were 6.37 times more likely to die due to CRC within 5 years after surgery
compared to Stage Il CRC patients with pT3 stage (HR: 6.37, 95% CI: 1.97-20.60) within 5
years of surgery (Table 4). Patient age, gender, tumor size, and tumor location were not
independent predictors of survival in patients with Stage 1l CRCs. In Stage 11l CRC patients
none of the demographic, clinicopathological variables, other than nodel invasion, were
independent predictors of mortality due to CRC along with Bcl-2 expression and depth of tumor
invasion (Table 4).

4. Discussion

In this study, we investigated the utility of Bcl-2 expression in predicting the disease recurrence
and overall survival in patients with CRC who have undergone surgery as their only therapeutic
regimen. Lack of or decreased expression of Bcl-2 was an independent predictor of increased
risk of recurrence in Caucasians with Stage 1l CRCs. It was also observed that the low Bcl-2
expressers with Stage |1 CRCs have similar trends of recurrence compared to high Bcl-2

expressers with Stage I11 disease. This also supports the concept that not all Stage 11 CRCs are
indolent and there are some Stage 11 CRC cases which behave as if they are Stage 111 CRCs in
terms of risk of recurrence. These aggressive Stage |1 CRCs can be identified by using Bcl-2
expression as a biomarker and should be treated aggressively (equivalent to Stage 111 CRCs).

The prognostic significance of Bcl-2 expression in CRCs has been reported in several studies
[8,27-30]; however, its value in predicting disease recurrence has not been studied extensively
[30-33]. A study of Stage Il CRCs from the US has demonstrated a positive association with
increased expression of Bcl-2 and better relapse free survival; however, its role in predicting
the recurrence of the disease has not been studied [30]. A recent study from Italy did not find
any association between Bcl-2 expression and recurrence of CRCs in univariate analysis in
patients of Stage Il and 111 CRCs combined [34]. The lack of association between Bcl-2
expression and recurrence found in the above study might be due to pooling stage 11 and 111
CRCs together in the analysis. Moreover, their conclusion is based on a univariate analysis
rather than multivariate estimation adjusted for other known variables. A study from the UK
by llyas et al. [31] demonstrated, similar to our study, that in patients with moderately
differentiated Stage Il CRCs (n = 66) with low Bcl-2 expression was associated with increased
incidence of recurrence when adjusted for tumor stage and other clinicopathologic factors.
Schwandner et al. [32] from Germany also reported similar findings in rectal carcinomas
(Stages | to 111 analyzed together). These results reinforce our current findings that decreased
or lack of Bcl-2 expression is an important biomarker in the prediction of recurrence in
Caucasians with Stage Il CRCs. This finding may be evidence supporting the premise that
there is a possible relation between decreased Bcl-2 expression and an increased incidence of
micro-metastasis to lymph nodes (unobservable metastasis to lymph nodes); contributing to
increased rate of recurrence in patients with Stage 1. The association between nodal
involvement and Bcl-2 expression particularly needs further comprehensive investigation.

Our results are consistent with previous literature with respect to poor patient survival [8,27—
29] and to an increased rate of disease recurrence among patients with tumors which lack or
exhibit decreased levels of Bcl-2 expression [31,32]. Inaddition to CRC, in several other human
malignancies including those of gastric [35], cervical [36], esophageal [37], and endometrial
origin [38], it was demonstrated that a less aggressive malignant phenotype exists with
increased expression of Bcl-2. However, these findings are paradoxical because increased
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expression of Bcl-2 together with other anti-apoptotic proteins should block the apoptotic
pathway and thus provide a growth advantage to the tumor. Previous studies demonstrated that
Bcl-2 protein appears to be involved in cellular processes other than apoptosis which influence
tumor progression. Indeed, experimental studies on animals provided evidence for this
paradoxical anti-tumor progression function of Bcl-2 based on its negative effect on cell
proliferation [39,40]. It has also been suggested that Bcl-2 mediated inhibition of apoptosis is
not the primary pathway by which CRC cells avoid programmed cell death. Nevertheless,
immunohistochemical evidence in colorectal neoplasia indicates that it may be an early step
by which dysplastic cells of the colonic mucosa can accumulate genetic alterations and thereby
escape apoptosis [41]. It has also been suggested that adenomatous growth and tumor invasion
are two different phases of tumor progression, and it may be during the later phase of tumor
invasion, when the apoptotic stresses are different, that selection of a different means of
inhibition of apoptosis (such as p53 dependency) occurs [31,32,41]. Furthermore, Gurova and
Gudkov [42] recently reviewed studies related to the paradoxical role of apoptosis in tumor
progression and concluded that inhibition of apoptosis does not lead to loss of genomic stability
but rather creates a tumor environment that no longer supports further tumor progression.
Therefore, inhibitors of apoptosis can be considered as factors suppressing tumor progression.

Our study also demonstrated that the pT component of stage (bowel wall invasion) is an
independent predictor of recurrence in patients with Stage Il CRCs, confirming the existing
knowledge that tumor invasion is an important predictor of risk of recurrence. When analyzed
for the predictive importance of Bcl-2 expression together with the depth of tumor invasion
(pT component of stage) in patients with Stage 1l CRCs, it was demonstrated that the risk of
disease recurrence for a patient with a tumor that expresses low levels of Bcl-2 (< 0.5 ISS) and
has invaded the visceral peritoneum (pT,) versus a patient with a tumor that expresses increased
levels of Bcl-2 (= 0.5 ISS) and without visceral peritoneal involvement (pT3) is 11.08 times.

In conclusion, we have shown that decreased expression of Bcl-2 is an independent indicator
of early recurrence and shortened patient survival after adjusting for other clinical, pathologic
and demographic features in non-Hispanic Caucasians with Stage Il CRCs. These findings also
demonstrate that the low Bcl-2 expressers of Stage 11 CRCs behave similar to Stage 111 CRCs
in predicting recurrence; thus, suggesting that Stage Il CRCs should be evaluated for Bcl-2
expression before categorizing them into cases with good prognosis. This study also suggests
that the association between the lack of Bcl-2 expression in primary CRCs and the nodal
metastasis should be further explored. These findings suggest that by estimating Bcl-2
expression in CRCs may aid in assessing the risk of recurrence and help in designing the
appropriate treatment strategies.
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Fig. 1.

Bcl-2 expression in primary colorectal adenocarcinomas. The staining intensity of Bcl-2
expression was from very weak (A), low (B) to strong (C). Bcl-2 expression was primarily in
the cytoplasm (arrows with small heads) of the malignant cells. A strong Bcl-2 expression
pattern was observed in lymphocytes (arrows with large heads).
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Fig. 2.
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Kaplan-Meier curves and log-rank tests to assess the risk of recurrence based on the Bcl-2
expression status and tumor stage in Caucasians with CRCs: Significant difference in rate of
recurrence was observed between stage 11 and stage 111 CRC cases (A). Deceased or lack of
Bcl-2 expression was significantly associated with an increased rate of recurrence only in
patients with stage Il (B) but not in Stage 111 (C) CRCs.
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Table 1
Patient characteristics based on tumor stage

Page 12

Variable

Total sample size (n = 158)

Stage Il (n =92)

Stage 111 (n = 66)

Age Group (years)
<65

=65

Gender

Male

Female

43 (47%)
49 (53%)

62 (67%)
30 (33%)

pT component of stage (bowel wall invasion)

pTy
pT,
pT3
pT,

67 (73%)
25 (27%)

pN component of stage (nodal involvement)

Tumor location
Colon

Rectum

Tumor size (cms)
<5

>5

Tumor differentiation
Low grade

High grade

Bcl-2 expression
Low (ISS™ < 0.5)
High (ISS = 0.5)

Vital status (at follow-up)

Alive
*k
Colon Cancer

*kk
Other

92 (100%)

70 (76%)
22 (24%)

47 (51%)
45 (49%)

82 (89%)
10 (11%)

35 (38%)
57 (62%)

37 (40%)
19 (21%)
36 (39%)

30 (45%)
36 (55%)

40 (61%)
26 (39%)

1(2%)
12 (18%)
34 (51%)
19 (29%)

41 (62%)

25 (38%)

51 (77%)
15 (23%)

46 (70%)
20 (30%)

50 (76%)
16 (24%)

34 (52%)
32 (48%)

18 (27%)
31 (47%)
17 (26%)

*
ISS = Immuno staining score.

Fk

Dead due to colorectal cancer.

Fkk

*
Death due to causes other than colorectal cancer or unknown.
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