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Impact of BCL2 and p53 on postmastectomy radiotherapy response
in high-risk breast cancer. A subgroup analysis of DBCGS82 b&c
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Abstract

Purpose. To examine p53 and BCL2 expression in high-risk breast cancer patients randomized to postmastectomy
radiotherapy (PMRT). Patients and methods. The present analysis included 1000 of 3 083 high-risk breast cancer patients
randomly assigned to PMRT in the DBCG82 b&c studies. Tissue microarray sections were stained with immunohis-
tochemistry for p53 and BCL2. Median potential follow-up was 17 years. Clinical endpoints were locoregional recurrence
(LRR), distant metastases (DM), overall mortality, and overall survival (OS). Statistical analyses included Kappa statistics,
x? or exact tests, Kaplan-Meier probability plots, Log-rank test, and Cox univariate and multivariate regression analyses.
Results. p53 accumulation was not significantly associated with increased overall mortality, DM or LRR probability in
univariate or multivariate Cox regression analyses. Kaplan-Meier probability plots showed reduced OS and improved DM
and LRR probabilities after PMRT within subgroups of both p53 negative and p53 positive patients. Negative BCL2
expression was significantly associated with increased overall mortality, DM and LRR probability in multivariate Cox
regression analyses. Kaplan-Meier probability plots showed a significantly improved overall survival after PMRT for the
BCL2 positive subgroup, whereas practically no survival improvement was seen after PMRT for the BCL2 negative
subgroup. In multivariate analysis of OS, however, no significant interaction was found between BCL2 and randomization
status. Significant reductions in LRR probability after PMRT were recorded within both the BCL2 positive and BCL2
negative subgroups. Conclusion. p53 was not associated with survival after radiotherapy in high-risk breast cancer, but BCL2
might be.

Most cell killing after radiotherapy is probably due to
mitotic cell death [1]. However, some of the cell
killing is due to apoptosis, which seems commonly to
be a p53-dependent process [2]. In agreement here-
with p53 mutated cells have in some experimental
studies been associated with radioresistance [3,4] or
with a time delay for the radiation to induce
apoptosis [5]. Within a clinical setting associations
between potential markers and radioresistance may
be exposed most optimally examining loco-regional
recurrence (LRR) probability among patients ran-
domized to receive or not receive radiotherapy. Until
now, such as study has never been published for p53
and breast cancer. Askmalm et al. have examined
p53 alterations in 266 mainly node positive patients
randomized to CMF or radiotherapy. A significant

reduction in LRR probability after radiotherapy as
compared with CMF was found in the group of
patients without p53 alterations, whereas no benefit
from radiotherapy was found for the group of
patients showing p53 alterations [6]. One of the first
cell death-regulating genes to be identified was
BCL2, an anti-apoptotic gene that among others
appears to block a distal step in the p53 pathway
crucial to apoptosis. Only few studies have dealt with
BCL.2 and radioresistance, of which two cell culture
studies have suggested a relationship between BCL2
and radioresistance [7,8]. As for p53, no published
studies have to our knowledge examined BCL2 in
breast cancer patients randomized to receive or
not receive radiotherapy. We hypothesize that im-
munohistochemical p53 positive and BCL2 positive
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tumors, when examined as single markers, will be
associated with significantly smaller reductions in
LRR probability after PMRT, but that patients with
a combined variable of both p53 positive and BCL2
positive tumors experience a notably smaller reduc-
tion in LRR probability after PMRT.

P53 positive and BCL2 negative tumors have been
significantly associated with reduced survival from
breast cancer in several studies [9-20] although not
consistently [21-28]. Tumors characterized by bio-
logical markers of reduced survival may have a
particularly aggressive tumor subtype. Such a tumor
subtype may already at time of diagnosis have
developed distant micrometastases. These distant
micrometastases may, if it is a very aggressive
subtype, be unresponsive to the systemic therapy
applied. As a consequence these patients may not
experience a survival improvement after locoregional
PMRT as compared with patients having biologically
less aggressive tumors responding to the systemic
therapy applied. Based on the presented assumption,
a second hypothesis was formulated. In case, p53
positive and BCL2 negative tumors are significantly
associated with reduced survival, we hypothesize
that no survival improvement after PMRT will be
seen within these poor prognostic subgroups of
patients.

Materials and methods
Patients

For a small method study, in which stainings of
TMA biopsies were compared with stainings of
whole sections, 27 patients with at least two paraffin
blocks from the same primary tumor were selected.
For details, see Kyndi et al. [29] and Offersen et al.
[30].

In addition, a subgroup of the 3083 high-risk
Danish breast cancer patients included in the
DBCGS82 b&c studies in the period 1982-1990
was selected for biological analyses. The 3083
patients have been described in detail in previous
publications [31,32]. In brief, high-risk was defined
as either positive lymph nodes and/or tumor size
larger than 5 cm and/or invasion of tumor to
surrounding skin or pectoral fascia. All women had
a total mastectomy and a partial axillary dissection.
A median of 7 lymph nodes was removed from the
axilla. The pre-menopausal women were enrolled in
the DBCG82 b protocol and were randomized to
either radiotherapy + CMF chemotherapy (8 cycles)
or to CMF chemotherapy alone (9 cycles) [31]. The
post-menopausal women were enrolled in the
DBCGS2 ¢ protocol and were randomized to either
radiotherapy +tamoxifen (30 mg daily/one year) or
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to tamoxifen alone [32]. Recently a long-term
clinical follow-up has been performed for the pa-
tients [33]. Median potential follow-up time was 17
years. The subgroup, selected for biological analyses
consisted of 1241 patients with at least 8 lymph
nodes surgically removed. Of these patients, paraffin
embedded tumors blocks were available from 1078
patients.

Methods

For the small method study at least two paraffin
embedded tumor blocks were collected, sectioned,
and hematoxylin-eosin (HE) stained from each of
the 27 patients and for the DBCG82 b&c study at
least one paraffin block from each of the 1078
patients. Invasive tumor was verified and marked on
HE-sections from all 54 paraffin blocks in the
method study and on sections from 1000 of the
DBCGS82 b&c paraffin blocks. A central and a
peripheral lmm TMA core including invasive tumor
were transferred to tissue microarrays (TMA)s from
each of the 54 paraffin blocks and a central 1mm
core from each of the 1000 paraffin blocks. All
TMAs and the 54 paraffin blocks were sectioned and
sections were stored at 4°C until manual staining for
p53 and BCL2. For details regarding handling of the
biological material, including construction of the
TMAs and immunohistochemical (IHC) stainings
for estrogen receptor (ER), and progesterone recep-
tor (PgR), and THC stainings and FISH analyses for
the HER2 receptor, see Kyndi et al. [29]. Prior to
THC staining for p53 and BCL2, deparaffinization
with 99% ethanol, blocking of the endogen perox-
idase with H,0O,, and epitope retrieval with micro-
waves was performed. Sections were IHC stained for
p53 with the monoclonal antibody DO-7 from
Dako, Glostrup, Denmark (K4001) at a dilution of
1:600 and for BCL2 with the monoclonal antibody
Anti-Human BCL2 Oncoprotein also from Dako,
Glostrup, Denmark (M0887) at a dilution of 1:400.
The sections were incubated over night at a tem-
perature of 4°C. On day two the sections were
incubated with a peroxidase conjugated to goat
antimouse immunoglobulins (DAKO Envision
Mouse, K4001, Dako, Glostrup, Denmark) for 60
minutes at room temperature. Sections stained for
p53 and BCL2 and were then stained with Novared
(Vector, SK-4800) and DAB (Dako, K3468), re-
spectively, and afterwards all counterstained with
haematoxylin. Sections from tumors previously de-
fined as positive when stained with the respective
antibodies were additionally stained with and with-
out the primary antibody and served as controls.
For both stainings, percentage of invasive tumor
with nuclear p53 staining and cytoplasmic BCL2
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staining was recorded, as was intensity (on a scale
from 0 to 3). All sections were scored semi-quanti-
tatively by one observer. If any doubt occurred
during scoring of the DBCGS82 sections a second
observer was consulted and agreement was reached
with consensus diagnosis. TMA cores were scored if
they contained at least 10 invasive tumor cells. In the
DBCGS82 b&ec study p53 was recorded as positive if
either no nuclear staining at all was found (0%) or if
more than 49% of invasive tumor nuclei stained with
strong intensity (score 3). The p53 cutpoint was
chosen with reference to the study by Alsner et al.
showing a high proportion of null-mutations (pro-
ducing no detectable p53 protein) among tumors
with no nuclear IHC staining for p53 as well as the
highest proportion of missence mutations among
tumors with more than 49% of invasive tumor nuclei
staining for p53 [34].

BCL2 was recorded as positive when cytoplasmic
staining at any intensity was found in more than 10%
of invasive tumor.

Statistics

The small method study was analyzed using Kappa
statistics. In the DBCG82 b&c study the y? or exact
tests were used for testing relationships between
variables. Kaplan-Meier probability curves were
made and tested for differences by a log-rank test.
Prognostic value of p53 and BCL2 was analyzed
using Cox univariate and multivariate regression
analyses. Tests of interactions were applied to Cox
multivariate regression analyses, as well. Hazard
ratios (HR)s provided on Kaplan-Meier overall
survival (OS) probability plots were HRs of overall
mortality. Level of significance was set to 5% and all
estimated p-values were two-tailed. Statistical end-
points were isolated locoregional recurrence (LRR),
distant metastases (DM), and OS. Statistical calcu-
lations were performed using the statistical program
STATA version 8.2.

Results

Agreement berween p53 and BCL2 stainings of TMAs
and full sections

Using a cutpoint of 10% invasive tumor staining
determining p53 positivity, a poor agreement was
seen between TMA cores and full sections (k =0.4).
However, using a cutpoint determining tumor posi-
tivity of either 0% or at least 50% of invasive tumor
staining with a strong intensity, the reproducibility
between TMA cores and full sections improved
(k=0.6). For BCL2 a very good reproducibility
was found between stainings of TMA cores and full
sections (k =0.8) using a cutpoint of at least 10%

invasive tumor staining with any intensity determin-
ing tumor positivity.

DBCGS82 b&c

The subgroup of 1000 patients was well-distributed
between the two randomization arms for all classical
clinical-pathological parameters including p53 and
BCL2 (Table I).

Table I. Distribution of different clinical-pathological parameters
and biological parameters including p53 and BCL2, among 1 000
high-risk breast cancer patients randomized to +/— post-
mastectomy radiotherapy.

RT no RT x?
All 489 (49%) 511 (51%)
Protocol
Pre (82b) 267 (54%) 296 (58%) 0.3
Post (82c) 222 (46%) 215 (42%)

Tumor size (mm)

<21 171 (35%) 190 (37%) 0.1
21-50 259 (53%) 242 (47%)
>50 59 (12%) 79 (15%)

Positive nodes

None 29 (6%) 31 (6%) 0.8
1-3 222 (46%) 220 (43%)
>3 238 (49%) 260 (51%)
TNM Stage
2 196 (40%) 189 (37%) 0.3
3 293 (60%) 322 (63%)
Histopathology
Ductal 428 (88%) 427 (84%) 0.1

Non-ductal 61 (12%) 84 (16%)

Malignancy grade (ductal only)

Grade 1 98 (23%) 97 (23%) 0.7
Grade 2 213 (50%) 223 (52%)
Grade 3 117 (27%) 107 (25%)

ER
Pos 327 (67%) 344 (67%) 0.4
Neg 160 (33%) 167 (33%)
Unknown 2 (0%) 0 (0%)

PgR
Pos 283 (58%) 313 (61%) 0.3
Neg 205 (42%) 198 (39%)
Unknown 1 (0%) 0 (0%)

HER2
Neg 376 (77%) 404 (79%) 0.6
Pos 110 (22%) 106 (21%)
Unknown 3 (1%) 1 (0%)

p53
Neg 261 (53%) 259 (51%) 0.5
Pos 197 (40%) 211 (41%)
Unknown 31 (6%) 41 (8%)

BCL2
Neg 189 (39%) 193 (38%) 1.0
Pos 268 (55%) 283 (55%)
Unknown 32 (7%) 35 (7%)




Frequencies of p53 and BCL2

P53 expression was assessable in 928 TMA cores.
Four hundred and eight tumors (44%) were re-
corded as p53 positive using the cutpoint of either
0% or at least 50% invasive tumor staining with a
strong intensity. BCL2 expression was assessable in
933 TMA cores and 551 (59%) were recorded as
BCL2 positive using the cutpoint of at least 10%
invasive tumor staining with any intensity.

Prognostic value of p53 and BCL2

A significant association was found between p53
accumulation and other biological markers of poor
prognosis such as grade 3 malignant tumors, hor-
monal receptor negative tumors, HER2 positive
tumors and BCL2 negative tumors, but not with
the classical clinical-pathological markers: more
than 3 positive lymph nodes and large tumor size
(Table II). No significant association was found
between p53 accumulation and increased overall
mortality, DM or LRR probability in univariate or
multivariate analyses in the total patient group with
valuable p53 stainings, (univariate analyses: HR:
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1.09 (0.93-1.27), HR: 1.05 (0.87-1.23) and HR:
1.21 (0.86-1.70), respectively).

Negative BCL2 expression was significantly asso-
ciated with all other biological as well as clinical-
pathological markers of poor prognosis, such as
more than 3 positive lymph nodes, large tumor
size, grade 3 malignant tumors, hormonal receptor
negative tumors, HER2 positive tumors, and p53
positive tumors (Table II). In addition, negative
BCL2 expression was significantly associated with
increased overall mortality, DM and LLRR probabil-
ity in both univariate and multivariate Cox regres-
sion analyses for the total patient population with
valuable BCL2 stainings (multivariate analyses: HR:
1.26 (1.05-1.51), HR: 1.29 (1.08-1.55), and HR:
1.98 (1.41-2.77), respectively). In fact, BCL2
turned out a stronger prognostic marker of LRR
than did positive lymph nodes (p <0.001), it was
only outperformed by randomization status.

A combined variable of positive p53 and negative
BCL2 was significantly associated with increased
overall mortality and LRR probability in univariate
analyses but not with increased DM probability.
Besides, the significance disappeared for OS in
multivariate regression analyses and the combined

Table II. Distribution of p53 and BCL2 between different clinical-pathological and biological parameters among high-risk breast cancer

patients randomized to 4/ — postmastectomy radiotherapy.

p53 pos p53 neg x2 BCL2 pos BCL2 neg x?
All 408 (44%) 520 (56%) 551 (59%) 382 (41%)
Protocol
Pre (82b) 238 (58%) 288 (55%) 0.4 313 (57%) 214 (56%) 0.8
Post (82¢) 170 (42%) 232 (45%) 238 (43%) 168 (44%)

Tumor size (mm)

<21 136 (33%) 196 (38%)

21-50 220 (54%) 248 (48%)

>50 52 (13%) 76 (15%)
Positive nodes

None 25 (6%) 32 (6%)

1-3 182 (45%) 226 (43%)

>3 201 (49%) 262 (50%)
Histopathology

Ductal 351 (86%) 448 (86%)

Non-ductal 57 (14%) 72 (14%)

Malignancy grade (ductal only)

Grade 1 60 (15%) 125 (24%)

Grade 2 172 (42%) 226 (43%)

Grade 3 119 (29%) 97 (19%)

Non-ductal 57 (14%) 72 (14%)
ER/PgR*

Positive 247 (61%) 421 (81%)

Negative 161 (39%) 99 (19%)
HER2

Positive 110 (27%) 95 (18%)

Negative 298 (73%) 425 (82%)

0.2 221 (40%) 113 (30%) <0.001
271 (49%) 201 (53%)
59 (11%) 68 (18%)
0.9 30 (5%) 24 (6%) 0.03
266 (48%) 150 (39%)
255 (46%) 208 (54%)
1.0 472 (86%) 330 (86%) 0.8
79 (14%) 52 (14%)
<0.001 148 (27%) 39 (10%) <0.001
243 (44%) 160 (42%)
81 (15%) 131 (34%)
79 (14%) 52 (14%)
<0.001 513 (93%) 160 (42%) <0.001
38 (7%) 222 (58%)
0.002 64 (12%) 139 (36%) <0.001

487 (88%) 243 (64%)

*The combined variable ER/PgR was defined as negative if both ER and PgR were negative.
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variable was only significantly associated with in-
creased LRR, however not as robustly as was BCL2
alone (HR 1.69 (1.16-2.47) (p =0.006)).

P53 and BCL2 and response to postmastectonmy
radiotherapy

An improved OS probability after PMRT was seen
both within the subgroup of p53 negative and the
subgroup of p53 positive patients (Figure 1) as was
reduced DM and LRR probabilities. Hazard ratios
(HR)s and confidence intervals (CI)s did not
differ significantly between the p53 positive and
p53 negative subgroups for any of the three end-
points analyzed (p =1.0), (p =0.7), and (p =0.3),
respectively. Additionally, no significant interactions
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between p53 and randomization status were found in
Cox multivariate regression analyses for any of the
three endpoints analyzed. Changing the cutpoint
determining tumor positivity did not improve the
predictive value of positive p53 staining (data not
presented).

A highly significantly improved OS after PMRT
was seen within the good prognostic subgroup of
BCL2 positive patients, log rank test p =0.001, HR
0.70, (0.57-0.86), whereas no significant survival
improvement was seen after PMRT within the poor
prognostic subgroup of BCL2 negative patients, log
rank test p =0.4, HR 0.94, (0.75-1.20), (Figure 2).
Similar tendency was found for DM probability, HR
0.66 (0.52-0.83) and HR 0.90 (0.69-1.16), respec-
tively. Significant reductions in LRR probability after
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Figure 1. Kaplan-Meier probability plots of overall survival and loco-regional recurrence in high-risk breast cancer patients as a function of
randomization to postmastectomy radiotherapy within the subgroups of p53 negative and p53 positive patients.
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Figure 2. Kaplan-Meier probability plots of overall survival and loco-regional recurrence in high-risk breast cancer patients as a function of
randomization to postmastectomy radiotherapy within the subgroups of BCL2 positive and BCL2 negative patients.

PMRT were recorded within both the BCL2 positive
and BCL2 negative subgroups (Figure 2). Hazard
ratios (HR)s and confidence intervals (CI)s did not
differ significantly between the BCL2 positive and
BCL2 negative subgroups for any of the three
endpoints analyzed, although they were all border-
line-significant (p =0.06), (p =0.07), and (p=
0.06), respectively. Besides, no significant interac-
tions between BCL2 and randomization status were
found in Cox multivariate regression analyses for any
of the three endpoints analyzed.

Combining p53 positive tumor status and BCL2
positive tumor status did not reveal a significantly
smaller reduction in LRR probability after PMRT
for that particular subgroup as compared with the

remaining patients (p =0.3). When the p53 positive
subgroup was combined with the BCL2 negative
subgroup a borderline-significantly smaller reduc-
tion in LRR probability after PMRT revealed as
compared with the remaining patients (p =0.06).
No significant interactions were found between the
BCL2 negative p53 positive subgroup and radio-
therapy in multivariate regression analysis of LRR. A
significant survival improvement after PMRT was
found only for the good prognostic subgroup of
BCL2 positive and/or p53 negative patients (HR
0.74 (0.62-0.89)) and not for the poor prognostic
subgroup of BCL2 negative and p53 positive
patients (HR 0.94 (062-1.28)). Hazard ratios and
confidence intervals, however, were not significantly
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different (p =0.2) and no significant interactions
were found between the BCL2 negative p53 positive
subgroup and radiotherapy in multivariate regres-
sion analysis of OS.

Discussion

Neither positive p53 status nor positive BCL2 status
were associated with a significantly smaller reduction
in LRR probability after PMRT. The probability of
locating a single marker associated with radioresis-
tance in a clinical study randomizing patients to
receive or not receive radiotherapy, however, may
also be minimal as a single marker will constitute
only a tiny piece of a large picture consisting of many
markers probably influencing response to radiother-
apy in each direction and maybe each other as well.
Not surprisingly, considering the Kaplan-Meier
probability plots, combining positive p53 and posi-
tive BCL2 status did not reveal an even smaller
reduction in LRR probability. Based on these find-
ings our first hypothesis was rejected. It may though
seem from Kaplan-Meier probability plots that a
slightly smaller LRR reduction after PMRT was
found among p53 positive patients as compared
with p53 negative patients. If true, that could be in
agreement with findings from a large study by Zellars
et al.[35], in which accumulation of p53 protein was
examined in 1 530 mastectomy-treated breast cancer
patients, of whom 259 were additionally treated with
radiotherapy. Among the 1271 patients not receiv-
ing radiotherapy the proportion of patients having a
LRR was 9.1% among the p53 negative and 16.5%
among the p53 positive. In the radiotherapy group
similar proportions were found: 9.3% among the
p53 negative and 21.5% among the p53 positive
patients. The association was statistically significant
in multivariate analyses. Nevertheless, a study by
Silvestrini et al. suggested that p53 accumulating
tumors had a preferential benefit on LRR probability
from radiotherapy [36]. The same study, however,
suggested a preferential benefit on LRR probability
from radiotherapy for tumors with negative BCL2
status, which was also in disagreement with the
findings presented in this study. Furthermore, in
disagreement with our results, a clinical study
including 124 laryngeal cancers found an association
between positive BCL2 and radio-resistance [37].
One point of criticism is our use of Kaplan-Meier
probability plots to examine LRR probability. This
statistical methodology is not appropriate for end-
points subjected to competing risk, such as LRR.
Kaplan Meier probability plots may underestimate
the true rates of LRR by assuming that patients with
competing risk (DM, contra lateral breast cancer,
death) have a LRR risk equivalent to that of the

overall population in the study, although these
patients probably have more aggressive disease and
thereby a higher risk of LRR. Furthermore, although
being the largest study so far having addressed this
issue in breast cancer patients randomized to receive
not receive radiotherapy, the subgroup analyses are
not appropriately powered for the statistical ana-
lyses, and the results need to be confirmed in a larger
scaled study.

The second hypothesis was verified. Negative
BCL2 expression was significantly associated with
reduced OS and no obviously improved survival
probability after PMRT was seen for this subgroup
of patients, whereas p53 accumulation was not
significantly associated with reduced survival and
an improved survival probability after PMRT was
located both among p53 positive and p53 negative
patients. The fact that we did not locate a significant
association between p53 accumulation and reduced
survival or increased LRR probability is not entirely
surprising as contradictory results have been re-
ported so far. Nevertheless, many large IHC studies,
examining several hundreds of patients, have re-
ported an independent prognostic value of p53
accumulation in Cox multivariate regression ana-
lyses [9,10,12,13]. And in two recent studies of
respectively 438 and 1076 node negative and
positive patients, in which ITHC markers were
examined with clustering analyses, p53 accumula-
tion was significantly associated with survival in
univariate analyses (multivariate analyses were not
presented) [38] and moreover turned out very
important for the formation of prognostic clusters
[38,39]. The prognostic significance of p53 for LRR
is suggestive as well, but also for this endpoint
conflicting data exist [40]. It cannot, however, be
ruled out that the lacking prognostic and predictive
value of p53 expression may owe to the IHC method
applied. Immunohistochemically detected p53 accu-
mulation certainly encompass some methodological
concerns and p53 protein accumulation measured
by immunohistochemistry has been shown to corre-
late with TP53 mutations detected by sequencing in
less than 75% of breast carcinomas [41,42] and even
worse in a study be our group, in which 7TP53
mutations were found in only 40% of the tumors
with strong p53 staining of at least 50% of invasive
tumor [34]. This finding may among others owe to
normal non-mutated p53 protein accumulating in
some cells as a result of either a response to DNA
damage, binding to other cellular components, or
the failure of feedback loops or degradation path-
ways to appropriately down-regulate protein levels.
Notably, we also found that 40% of tumors with
practically no p53 staining had null-mutations,
which was the reason that we chose to use the



cutpoint determining p53 positivity of either 0% or
more than 49% strong staining for p53. After
publications by Sjogren et al. [43], Norberg et al.
[41], and Geisler et al. [42] it has been commonly
accepted that p53 gene mutations obtained by
sequencing provide superior prognostic information
to p53 accumulation determined by IHC. Other
methodological aspects explaining part of the lacking
prognostic relevance found for p53 in this study may
relate to the use of TMAs. A poor agreement was
found for p53 stainings of TMA cores and full
sections using a cutpoint of at least 10% invasive
tumor staining but was improved a little (although
not to a fully acceptable level) using the cutpoint of
either 0% or at least 50% invasive tumor staining
with a strong intensity. Other studies, however, have
reported a better agreement, although with minor
regional variations [44,45]. Nevertheless, in conclu-
sion, examining p53 status with IHC may explain
the lacking prognostic value of p53 in this study.
Regarding the prognostic value of BCL2 contra-
dictory results have been published, as well. Some
studies did not reveal an independent prognostic
significance of BCL2 [26-28], whereas many studies
have shown a significant association between BCL2
positivity and favorable survival in multivariate
analyses [15-20]. In conclusion, many of the studies
reported were small and examined only few markers
in parallel. But recently, a large Canadian TMA
study examining expression of 13 biomarkers in 930
patients (30% node negative), was published [46]. It
showed that BCL2 expression in addition to ER and
the Nottingham Prognostic Index (NPI) was sig-
nificantly associated with survival in Cox multi-
variate regression analysis. The findings were
validated in a larger series of 1930 (64% node
negative) patients. The prognostic effect was smaller
than for the series of 930 patients, and with a
maximal prognostic effect in the first 5 years after
diagnosis. It was argued that maybe BCL2 was a
better prognostic parameter in high-risk patients,
which is in agreement with the findings presented in
this study. It was a bit surprisingly, though that
negative BCL2 turned out that strongly associated
with increased LRR probability in multivariate
regression analyses in this study. To our knowledge
BCL2 has not been associated with LRR probability
in other studies, only with recurrence probability or
disease-free survival [18,47]. The fact, that positive
BCL2 are associated with favorable outcome, is in
conflict with the known anti-apoptotic effect of
BCL2, which has been explained by a stronger
growth inhibitory effect of BCL2 [48], as well as a
role of BCL2 in prolonging the cell cycle [49-51].
Examining BCL2 expression with IHC does not
seem to be associated with particular methodological
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concerns. BCL2 status determined by IHC seems to
be a commonly accepted method and others have
also reported a high agreement between stainings of
TMA cores and full sections [45].

The results presented in this study may lend
support to the spectrum hypothesis, suggesting that
the breast cancer disease covers a large spectrum of
diseases. This spectrum extends from tumors des-
tined to remain localized, to tumors with the
potential to metastasize but without micrometastases
at diagnosis, and to tumors that always present with
at least micrometastases at diagnosis. Tumors in the
aggressive end of the spectrum may be characterized
by different biological markers associated with re-
duced survival (e.g., BCL2) and may if these
biological characteristics are sufficiently severe result
in micrometastases that are unresponsive to the
systemic therapy applied. As a consequence this
patient group will not experience an improved
survival after locoregional radiotherapy. Supporting
this hypothesis as well, we recently presented results
from the DBCGS82 b&c study showing that the poor
prognostic subgroups of hormonal receptor negative
and HER?2 positive patients also did not experience
any survival improvement after PMRT [52].

In conclusion, we did not verify our first hypoth-
esis but found significant reductions in LRR prob-
ability after PMRT among all subgroups of p53
positive, p53 negative, BCL2 positive, and BCL2
negative patients. The second hypothesis, however,
was verified. Negative BCL2 turned out a significant
prognostic marker of reduced survival and no
survival improvement after PMRT was found for
this subgroup of patients, whereas p53 accumulation
was not significantly associated with reduced survi-
val and survival improvements after PMRT were
found both for the p53 positive and the p53 negative
patients.
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