
&p.1:Abstract The bcl-2 proto-oncogene functions as a cell
death suppressor, and its expression prolongs cell surviv-
al by blocking apoptosis. Data available on the clinical
relevance of bcl-2 protein expression in patients with
non-small-cell lung cancer (NSCLC) are controversial.
We analysed the role of bcl-2 protein expression on 6-
year relapse-free survival in 229 patients with stage I-
IIIa NSCLC (101 squamous cell carcinomas and 128
adenocarcinomas) subjected to surgery, with curative in-
tent. Immunohistochemical analysis was performed on
archival material by using a monoclonal antibody anti-
bcl-2 (clone 124). Bcl-2 protein expression, which was
detected in 22% of the cases, was significantly related to
stage, histology and grading, and was an indicator of
clinical outcome. The probability of relapse-free survival
at 6 years was longer for patients with bcl-2-positive tu-
mours (74%) than for those with bcl-2-negative tumours
(57%) (P=0.02). This finding was mainly evident for the
subgroups of patients with stage IIIa tumours (P=0.05),
squamous cell carcinoma (P=0.03) or moderately/poorly
differentiated tumours (P=0.02). However, multivariate
analysis by Weibull’s regression model indicated that
bcl-2 protein expression was not an independent prog-
nostic risk factor in patients with curable NSCLC when
the information provided by stage was available.
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Introduction

Apoptosis, or programmed cell death, is a determinant of
in vivo tumour growth and is largely responsible for con-
tinuous cell loss in many solid tumours [1, 12, 13, 17].
Defects in the cell death pathway are important in malig-
nant transformation and may also influence response to
treatment and long-term clinical outcome.

The bcl-2 gene encodes for a protein localized on the
mitochondrial membrane, nuclear envelope, and endo-
plasmic reticulum [5]. Bcl-2 functions as a cell death sup-
pressor; its expression prolongs cell survival by blocking
apoptosis and appears to lead to neoplastic growth with-
out affecting cell proliferation. Expression of the bcl-2
protein has been detected immunohistochemically in a
large proportion of breast and prostate carcinomas [1, 4,
6, 17] and in a small proportion of lung, gastric and blad-
der carcinomas [7, 8, 12]. The relevance of bcl-2 protein
expression on prognosis and response to treatment in dif-
ferent tumour types is still controversial. In particular, for
non-small-cell lung cancer (NSCLC) some studies report-
ed no prognostic relevance [3, 15, 16], while others
showed a relation between bcl-2 protein expression and
clinical outcome in subsets of patients with early disease
[12], with squamous cell carcinoma [18] or in patient se-
ries including all stages [2]. However, in only one study
[12] was the prognostic role of bcl-2 protein expression
analysed in multivariate analysis.

In the present study, we analysed the role of bcl-2
protein expression in providing clinical relevant informa-
tion in 229 patients with potentially curable NSCLC.

Materials and methods

The case series included 229 patients recruited from February
1988 to June 1992 and operated on at the Istituto Nazionale Tu-
mori of Milan, Italy. Patients had not previously undergone sur-
gery or any radiation or systemic treatment. There were 202 men
and 27 women, with a mean age of 62 years (range, 31–80 years).
Staging was defined according to the International Staging System
[10]. Preoperative staging included chest radiography, computer-
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ized tomography or magnetic resonance of the whole body, cyto-
logical sputum examination, bronchofibreoscopy with brushing,
and biopsy when possible. Pulmonary scan was performed when a
pneumonectomy was suspected, and pulmonary function tests in-
cluding spirometry and blood gas analysis were done in all pa-
tients. A total of 127 patients had stage I, 55 stage II and 47 stage
IIIa cancers; 101 were squamous cell carcinomas and 128, adeno-
carcinomas. Tumour characteristics in terms of size and location
are described in Table 1. The surgical procedure was sublobular
resection in 6 cases, lobectomy in 173 cases, and pneumonectomy
in 50 cases. A mediastinal lymphadenectomy was performed in all
the cases.

Bcl-2 protein expression was determined on pathological mate-
rial from surgical resection. Representative samples of the whole
tumour were received from the Pathology Department within 60
min of surgery. Small fragments were picked from different areas
(central and peripheral) of the tumour. Specimens were fixed for
6–10 h in buffered formalin and embedded in paraffin. Prior to im-
munostaining, freshly cut 4-µm histological sections were pro-
cessed by a microwave antigen retrieval in 0.01 M citrate buffer
(pH 6). The slides were then incubated for 1 h at room tempera-
ture in a humidified atmosphere with a 1:40 dilution of monoclo-
nal mouse anti-human bcl-2 oncoprotein (clone 124; Dakopatts,
Copenhagen, Denmark). After incubation, the specimens were
processed by using the avidin–biotin peroxidase method (Vecta-
stain ABC Kit, Vector Laboratories, Burlingame, Calif.). The sam-
ples were then incubated in diaminobenzidine and hydrogen per-
oxide chromogen substrate for 5 min at room temperature, washed
in tap water, counterstained with haematoxylin, and mounted with
a permanent mounting medium. Staining without anti-bcl-2 mono-
clonal antibody was performed as a negative control. In most spec-
imens, strong bcl-2 expression in the cytoplasm of normal epithe-
lium and lymphocytes provided useful internal positive controls.
Immunopositivity was considered if undoubt cytoplasmic staining
was present in more than 1% of tumour cells. Semiquantitative
measurements were performed independently by two observers,
who were unaware of the clinical course.

The relationship between bcl-2 protein expression and patho-
logical features was investigated using the Chi-square test. Re-
lapse-free survival (RFS) was counted from the date of surgery to
the date of first local or distant relapse, and the median follow-up
was 66 months (range, 9–94 months). RFS probabilities were esti-
mated by the Kaplan – Meier product – limit method. The role of
each of the putative prognostic variables (univariate analysis) and
their joint effects (multivariate analysis) were evaluated by using
Weibull’s regression model. Hazard ratios (HR) and their 95%
confidence limits (CL) were determined by using the putative best
prognostic category as reference.

Results

Bcl-2 reactivity was observed in 50 tumours (22%). Im-
munostaining was always localized in the cytoplasm of
tumour cells, and the frequency of cells expressing bcl-2
protein varied widely from tumour to tumour. The fre-
quency of bcl-2-positive tumours in stage I was twice
that in stages II and IIIa (Table 2). A significantly high-
er frequency of bcl-2-positive cases was also found in
squamous cell carcinoma than in adenocarcinoma, and
in moderately/poorly differentiated than in well-differ-
entiated tumours. No differences in bcl-2 expression
were observed between stages II and IIIa or between
moderately and poorly differentiated tumours. Bcl-2
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Table 1 Tumour characteris-
ticsa (RUL right upper lob-
ectomy, RML right middle lob-
ectomy, RLL right lower lob-
ectomy, UB upper bilobectomy,
RPright pneumectomy,
LUL left upper lobectomy,
LLL left lower lobectomy,
LP left pneumectomy)&/tbl.c:&tbl.b:

Stage

I II IIIa

pT
1 36 11 3
2 91 44 28
3 – – 16

Location
RUL 45 11 23
RML 7 6 2
RLL 23 6 1
UB 1 – –
RP 1 2 –
LUL 35 18 11
LLL 11 9 7
LP 4 3 3

a Figures in body of figures
show numbers of cases&/tbl.b:

Table 2 Relationship between bcl-2 protein expression and patho-
logical characteristics (NSCLCnon-small-cell lung cancer)&/tbl.c:&tbl.b:

No. of bcl-2+ P-valuea

cases NSCLC (%)

Stage
I 127 28
II/IIIa 102 14 0.008

Histology
Squamous cell carcinoma 101 32
Adenocarcinoma 128 14 0.001

Grading
Well differentiated 32 9
Moderately/poorly 193 24 0.006

differentiated

a Chi-squared test&/tbl.b:

Table 3 Univariate analysis of 6-year relapse-free survival&/tbl.c:&tbl.b:

Variable Probability Hazard ratioP-valueb

(%) (95% CL)

Disease stage
Ia 76
II 46 5.7 0.003

(2.24–14.5)
IIIa 36 13.4 0.0001

(5.13–35.0)

Histology
Squamous cell carcinomaa 61
Adenocarcinoma 60 1.0 0.96

(0.47–2.23)

Grading
Well differentiateda 58
Moderately differentiated 54 1.2 0.78

(0.38–3.63)
Poorly differentiated 53 1.7 0.41

(0.49–5.73)

Bcl-2 expression
Positivea 74
Negative 57 3.7 0.02

(1.2–11.20)

a Computed by Weibull statistic
b Reference category&/tbl.b:



protein expression was unrelated to the gender or age of
the patients.

In the present series stage, but not histology or grad-
ing, was a significant indicator of 6-year RFS, with a risk
of relapse about 6 times higher for stage II and 13 times
higher for stage IIIa than for stage I tumour patients (Ta-
ble 2). In contrast, no difference in probability of RFS
was observed between patients with squamous cell carci-
noma and those with adenocarcinoma, or between pa-

tients with well-differentiated and those with poorly or
moderately differentiated tumours. Bcl-2 protein was an
indicator of RFS, with a risk of relapse 3.7 times higher
for patients with tumours not expressing it than for those
with bcl-2-expressing tumours (Table 3).

The prognostic role of bcl-2 protein expression was
analysed as a function of stage, histology and grading.
Bcl-2 expression was not indicative of RFS in stage I
(HR=2.2, 95% CL: 0.4–12.4; P=0.39) or in stage II
(HR=1.1, 95% CL: 0.25–4.52; P=0.92), whereas it was
an important discriminant of RFS in stage IIIa patients
(Fig. 1). Again, bcl-2 expression was a discriminant of
RFS in the subgroup of patients with squamous cell car-
cinoma or with moderately or poorly differentiated tu-
mours (Fig. 1).

Multiple regression analysis of the joint prognostic
effect of the biological, and pathological factors (Table
4) showed, in the initial and final models, only stage as
independent indicator of 6-year RFS, whereas bcl-2 pro-
tein expression appeared to lose its prognostic relevance.

Discussion

NSCLC accounts for most lung diseases. About one
third of cases are treated by surgery, but the long-term
outcome is unsatisfactory even in patients who undergo
potentially curative resection [9]. As for other tumour
types, numerous biological markers have been investigat-
ed as putative indicators of prognosis, but the results are
often controversial. Our investigation analysed the poten-
tial of bcl-2 protein expression to predict clinical out-
come of NSCLC patients subjected to curative surgery.

In our study, bcl-2 was expressed in about 20% of
cases. Such data are in agreement with the results pub-
lished by Pezzella et al. [12] and Ritter et al. [16], but
not with those of Fontanini et al. [2], who observed some
expression of bcl-2 in most NSCLC. Such a discrepancy
could be ascribed to the different criteria used in defining
bcl-2-positive lesions. Moreover, we confirmed the re-
ported [12] significant relationship between bcl-2 ex-
pression and stage, histology and grading. Stage I tu-
mours were more frequently bcl-2 positive than stage II
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Fig. 1 Relapse-free survival of patients with non-small-cell lung
cancer as a function of bcl-2 protein expression (––– bcl-2+ ----
bcl-2−) in the subsets of patients with stage IIIa (bcl-2− vs bcl-2+:
HR=13.5, 95% CL=1–17.9; P=0.05), squamous cell carcinoma
(bcl-2− vs bcl-2+: HR=4.7, 95% CL=1.1–19.7; P=0.03), and mod-
erately/poorly differentiated tumours (bcl-2− vs bcl-2+: HR=4.3,
95% CL=1.3–14.3; P=0.02)&/fig.c:

Table 4 Multiple regression analysis of 6-year relapse-free survival&/tbl.c:&tbl.b:

Variable Hazard ratio (95% CL) p-valueb

Initial model
Stage
II vs Ia 4.9 (1.9–12.41) 0.001
IIIa vs Ia 12.3 (4.74–32.09) 0.0001

Histology
Adenocarcinoma vs 1.1 (0.53–2.33) 0.79
squamous cell carcinomaa

Grading
Moderately/poorly vs 1.1 (0.38–2.97) 0.90
well differentiateda

Bcl-2 expression
Negative vs positivea 2.6 (0.9–7.46) 0.08

Final model
Stage
II vs Ia 4.8 (1.9–12.2) 0.0009
IIIa vs Ia 12.2 (4.72–31.33) 0.0001

Bcl-2 expression
Negative vs positivea 2.6 (0.94–7.4) 0.065

a Reference category
b Computed by Weibull statistic&/tbl.b:



and IIIa tumours, suggesting a loss of control of pro-
grammed cell death with progression of the disease. The
more frequent detection of bcl-2 protein expression in
moderately and poorly differentiated than in well-differ-
entiated tumours has led to the supposition that bcl-2
may be an indicator of clinical outcome in differentiated
tumours [12]. This hypothesis is not supported by our re-
sults, which showed a prognostic discriminant power of
bcl-2 protein expression within moderately/poorly differ-
entiated but not within well-differentiated tumours.

In our study, bcl-2 protein expression emerged as an
indicator of a favourable long-term prognosis. The asso-
ciation between bcl-2 expression and favourable progno-
sis has been consistently reported for various human tu-
mour types [6, 11, 14, 17], but the explanation of this
finding may vary with the tumour histology. In particu-
lar, in NSCLC, bcl-2 expression was not inversely relat-
ed to p53 expression (R. Silvestrini, personal communi-
cation) as observed in breast cancer [17]. Considering
the decreased frequency of tumours with bcl-2 expres-
sion in more advanced stages, a hypothesis that we need
to verify experimentally is whether the final event of ap-
optosis (as seen in necrosis) is the release of proteases,
which may favour metastatic cell spread. Prognostic rel-
evance of bcl-2 protein expression in NSCLC has been
reported for stage I–II patients [12] and also in two stud-
ies including stage I–IIIb patients [2] and stage I–III
squamous cell carcinomas [16]. In our study, bcl-2 ex-
pression was associated with a favourable prognosis in
patients with stage IIIa tumours and only suggestive of
such a clinical outcome in patients with stage I tumours,
possibly because of the small number of events and the
relatively short follow-up. Moreover, in the subgroup of
patients with squamous cell carcinoma we confirmed the
prognostic relevance of bcl-2 previously reported by
Pezzella et al. [12] and by Volm and Mattern [18] in
smaller series of patients.

Multivariate analysis confirmed pathological stage as
a robust prognostic indicator, whereas bcl-2 protein ex-
pression did not appear to predict risk of relapse. How-
ever, within subsets of patients homogeneous for tumour
stage, bcl-2 expression was predictive of clinical out-
come mainly in stage IIIa patients.

In conclusion, our results in this large series of pa-
tients confirm the association between bcl-2 protein ex-
pression and a good prognosis in specific subgroups of
patients with potentially curable NSCLC. Further efforts
are needed to assess the relevance of bcl-2 expression,
alone and in association with other biomarkers, as an in-
dicator of response to different treatments to improve the
management of patients with lung cancer.
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