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Traditional and new prognosticators
in breast cancer

Nottingham index, Mib-1 and estrogen receptor signaling

remain the best predictors of relapse and survival
in a series of 289 cases

Tiziana Megha, Alessandro Neri, Valeria Malagnino, Stefano Caruso, Monica Onorati, Franco Roviello and Piero Tosi*

Department of Human Pathology and Oncology; University of Siena; Siena, Italy
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Abbreviations: OS, overall survival; DFS, disease-free survival; R, incidence of relapses; ER, estrogen receptors; PR, progesteron

receptors; DAB, 3,3'-diaminobenzidine tetrahydrochloride; LVI, lymphovascular invasion; T, tumor size; TDLU,
termino-ductular-lobular unit; TMA, tissue microarrays; TBS, tris buffer saline; NPI, Nottingham prognostic index

Histopathological and immunohistochemical findings on tissue microarrays, overall survival (OS), disease-free survival
(DFS) and incidence of relapses (R) were recorded and statistically analyzed in 289 breast cancers. A higher Rand a shorter
DFS were significantly related to larger tumors, lymph node invasion, higher tumor grade, absence of estrogen receptors
(ER), triple negative tumors and presence of lymphovascular invasion (LVI). Longer OS was observed to be significantly
associated with smaller tumor size (T), lymph node negativity, lower tumor grade, absence of LVI, lower Mib-1 expression
and with the presence of ER. At multivariate analysis, only T for DFS and lymph node status and triple negativity either for
DFS or OS had independent prognostic value.

In the 194 lymph node-negative women DFS and OS were inversely related to tumor grade, absence of ER, Mib-1
expression in more than 15% of neoplastic cells and, only for DFS, presence of LVI. In the 95 lymph node-positive the
number of involved nodes was the most discriminating parameter either for DFS or OS; T, Her-2 status and presence of
LVI were significantly related to DFS. ER negativity was related to higher grade, progesterone receptors (PR) negativity,
Her-2 negativity, hence to triple negativity, to basal-like type, Mib-Texpression over 15% of neoplastic cells. Her-2 positiv-
ity was related to higher grade, ER positivity and PR positivity. Basal-like type was not an independent prognosticator,
while triple negative type has a significant relation to shorter OS. The Nottingham prognostic index accurately identifies

prognostic groupings and Mib-1 expression and ER signaling are the key biological predictors even in single cases.

Introduction

Breast cancers are heterogeneous tumors, the vast majority
of which originate from the termino-ductular-lobular unit
(TDLU) and not from the ductal tree.! Nevertheless, they are
mainly subdivided into ductal and lobular tumors. Tumors
with apparently homogeneous morphology have different
genetic profiles. The best characterized of these have been
called luminal A, luminal B, HER-2 and basal-like, differ-
ing with regard to gene expression, clinical features, response
to treatment and prognosis.” According to a new cell biology
concept, based on gene expression, stem cells (so-called com-
mitted progenitor cells) in the human breast can proliferate and
give rise to end luminal and myoepithelial lineages.? Glandular
end cells and cancers originating from them express cytokeratin

*Correspondence to: Piero Tosi; Email: tosi@unisi.it
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8/18, ER, genes associated with ER and PR activation, BCL-2
and GATA 3. These markers are more intensely expressed in
some cases, the so-called luminal A, than in other cases, the
so-called luminal B variant,>* the latter being more proliferat-
ing. The basal compartment and its malignant counterparts,
the so-called basal-like cancers, are cells and cancer subtypes
mimicking basal epithelial progenitor cells and myoepithe-
lial cells. The majority of them do not express ER, PR and
related genes while they strongly express basal cytokeratins,>®
proliferation related genes and TP53 mutations, and some-
times BRCA1 mutations.>”® As expected of progenies com-
ing from progenitor cells, there are intermediate cancer cases
(CK 5+, CK8/18*, ER* and/or Her2*) towards the glandular
end cells.® According to various authors,®!" the co-expression

of simple (7, 8, 18 and 19) and stratified (4, 5, 14 and 17)

Previously published online: www.landesbioscience.com/journals/cbt/article/10659

266 Cancer Biology & Therapy

Volume 9 Issue 4



Downloaded by [Auburn University Libraries] at 13:27 05 November 2015

I —————— CLINICAL sTuDY

Table 1. Tumor parameters

Histological tumor type Number of cases (%)

Ductal NOS 215 (74.4)
Classic lobular 22 (7.6)
Mucinous 18 (6.2)
Apocrine 10 (3.5)
Other 24 (8.3)
Tumor size (cm)
Tla 14 (4.8)
T1b 47 (16.3)
Tic 137 (47.4)
T2 84 (29.1)
T4b 7 (2.4)
Nodal status
NO 194 (67.1)
N1a 52(18)
N2a 28 (9.7)
N3a 15 (5.2)
Grade
1 49 (17)
2 160 (55.3)
3 80 (27.7)
Lymphovascular invasion
Absent 198 (68.5)
Present 72 (24.9)
Missing 19 (6.6)

cytokeratins in the same tumors is frequent (from 27-62%),
particularly in high-grade tumors. This is not surprising since
the basal cytokeratins are also expressed in luminal cells in the
TDLU.!

There is much agreement on the fact that the basal-like
subtype carries a poor prognosis™'?
for visceral metastases to the brain and lung" although not for

and an increased propensity

locoregional relapse.”” Her-2* tumors, independently of being
basal-like or not, also have a poor prognosis,” as do triple nega-
tive cancers (ER, PR, Her-2"), which again can be basal-like
or not.'°

The main focus of the present study is to help to morphophe-
notypically characterize the subtypes of breast cancers exhibit-
ing a worse behaviour in a series of 289 patients. There are at
least two reasons to do this: first, to find elements to predict the
response to currently available treatments, in particular cyto-
toxic chemotherapy and to try to focus on tumor targets for
more appropriate therapy; second, to identify patients at low
risk of relapse and poor survival when lymph node-negative,
so to have more elements to decide whether chemotherapy can
be withheld."” In short, the aim is to assist in identifying the
correct therapeutic approach in single cases, since the combina-
tion of tumor size, lymph node status and tumor grade, i.e., the
Nottingham index (NPI) identifies patients with good progno-
sis, moderate prognosis or poor prognosis.'s

www.landesbioscience.com

Results

Forty-two out of a total of 289 women with breast cancer died of
the disease within 10 y from the diagnosis; the actuarial global OS
was 98.5% at 5 y and 84.8% at 10 y. During the study period we
recorded 64 relapses of disease, with a median time to progression
of 53 mo (range 8-110); the actuarial DFS for the whole popula-
tion was 87.3% at 5y and 77.1% at 10 y.

A higher R and a shorter actuarial DES were significantly
related to larger tumors (p < 0.001), lymph node invasion
(p < 0.001), higher tumor grade (p < 0.05), absence of ER (p <
0.05), triple negative type (<0.05) and presence of LVI (p < 0.001).
The presence of Mib-1 expression in more than 15% of neoplastic
cells resulted in a borderline significance for either higher incidence
of R or reduced DES. Longer OS was observed to be significantly
associated with smaller T, absence of lymph node invasion, lower
G, absence of LVI, Mib-1 expression in less than 15% of neoplastic
cells as well as with the presence of ER. The OS was shorter in
triple negative cancers (p < 0.05) (Tables 5 and 6). No significant
correlation was found between DEFS, OS and R and PR, Her-2,
EGEFR, E-cadherin, VEGF, p53, vimentin, BRCA1 and basal-like
histotype (Table 5).

At multivariate analysis, only T for DFS and lymph node status
and triple negativity either for DFS or OS had independent prog-
nostic value. In triple negative cases, ER negativity was the most
discriminating value for worse prognosis, followed by PR negativ-
ity and Her-2 negativity.

In the 194 women with non-invaded lymph nodes, 18 of whom
died of the disease, DFS and OS were inversely related to tumor
G, absence of ER, values of Mib-1 expression in more than 15%
of neoplastic cells and, only for DES, presence of LVI. T, PR and
Her2 status, triple negativity, basal-like histotype, as well as all
the other markers considered were not discriminating parameters
(Table 7).

In the 95 patients with lymph node invasion, the number of
involved nodes was the most discriminating parameter either for
DES or OS; T, Her-2 status and presence of LVI were significantly
related to DFS but not to OS. Triple negativity was very close (p =
0.06) but did not reach the level of significance in the correlation
to shorter DEFS, probably due to a delayed rapid fall of the slope
starting from 60 mo of follow-up; however, it had a significant rela-
tion to shorter OS (p < 0.05). In this group of patients, basal-like
tumors had a better prognosis than luminal B cancers (p < 0.05).

ER negativity (40 cases) was directly related to higher G
(p <0.001), PR negativity (p < 0.001), Her-2 negativity (p < 0.005),
hence to triple negativity (p < 0.001), to basal-like histotype
(p < 0.001), Mib-1 expression over 15% (p < 0.001), EGFR nega-
tivity (p < 0.001), p53 positivity (p < 0.05) and vimentin positivity
(p < 0.05). It was not significantly related to T, lymph node status,
LVI, E-cadherin, VEGF and BRCAL.

Her2 positivity (73 cases) was directly related to higher G
(p <0.001), ER positivity (p < 0.005) and PR positivity (p < 0.005);
it tended to be associated with larger tumors although without
reaching the significance level (p = 0.06).

Her-2* and Her-2" cases were allocated in the same percent-
age in the basal-like group of cancers® but, compared with the
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luminal A and B groups, Her-2* tumors
were significantly more numerous in the

Table 2. Biological characteristics of the study population (289 patients)

Number (%)

basal-like group (p < 0.005). G3 cancers Estrogen receptors Absent 40 (13.8)
(p < 0.05), EGFR* tumors (p < 0.001) and bresent By
triple negative (p < 0.001) cancers were :
more numerous in the basal-like group, Progesteron receptors Absent 61 (21.1)
while ER* tumors were less numerous Present 228 (78.9)
(p < 0.001) than in the luminal A and Her-2 Negative 216 (74.7)
B groups. Her-2" cancers had a signifi- Positive 73 (25.3)
cantly higher Mib-1 expression (p < 0.01), Triple negative No 268 (92.7)
were more frequently EGFR (p < 0.005) Yes 2173)
and 8503(;1@ < 0.01), and had a higher G Immunophenotype Basal-like 36 (12.4)
(p < 0.000). Luminal A 222 (76.8)

Discussion Luminal B 31(10.8)

Mib-1 <15% 196 (67.8)

In our series of cases, DFS and R were >15% 74 (25.6)
significantly correlated to T, lymph node Missing 19 (6.6)
status, G, LVI as morphological factors CD44 Absent 167 (57.8)
and to ER signaling. Longer OS was —— 2595
significantly associated with smaller T, o
lymph node negativity, lower G, no LVI, NIRRT S5 (25
and ER positivity and Mib-1 expression in = L Absent 20 (6.9)
less than 15% of neoplastic cells. In the Present 186 (64.4)
patients without lymph node invasion, T Missing 83 (28.7)
lost its influence on survival, while lower EGFR Absent 21(7.3)
G, ER positivity and Mib-1 expression in Present 241 (83.4)
less than 15% of neoplastic cells were asso- Missing 27 03)
ciated with longer OS and DFES and with
lower R. In patients with lymph node inva- VGFR Absent 2 (20
sion, the most discriminating parameters Present 58 (20.1)
were the number of involved lymph nodes Missing 30(104)
and the tumor size. In this group of cases, p53 Absent 203 (70.2)
luminal B cancers had a worse prognosis Bresani 23(8)
than luminal A and basal-like tumors, sl 63 (21.8)
while triple negativity had a significant — p— 205 (70.9)
relation to shorter OS. Therefore, we can
say that, in agreement with Wirapati et Present 828
al.” NPI*® accurately identifies prognos- Missing 76 (26.3)
tic groupings. Proliferation, as tested by Vimentine Absent 213(73.7)
Mib-1 expression, and ER signaling were Present 7 (2.4)
the key biological predictive parameters Missing 69 (23.9)

in our cases. In contrast with Wirapati et

al.,"” these parameters did not include Her-

2. In our cases, Her-2 was not discriminating by itself; however,
Her-2 negativity added to the discriminating negative power of
ER negativity and PR negativity.

In our series, as in others’,'421:22

triple negative cases as a group
had a worse prognosis; however, they were a heterogeneous cate-
gory including cancers with excellent prognosis (such as the med-
ullary histotype) and cancers with poor prognosis.”*** Belonging
to this group does not identify the prognosis of single cases.”
We also analyzed the so-called basal-like cancer “problem.”
Basal-like cancers originate from the TDLU and not from myo-
epithelium since cytokeratins 5, 14 and 17, which decorate basal
cells in stratified epithelia, are also expressed by luminal cells.

268 Cancer Biology & Therapy

Luminal cells express cytokeratins 8, 18 and 19, which are also
expressed by basal-like cancers, even in our cases, but not by
myoepithelial cells."! Nielsen et al.’? identify basal-like tumors
by gene-expression profiling with four markers (ER negativity,
Her-2 negativity, EGFR positivity, CK 5/6 positivity) obtain-
ing a specificity of 100%. Cheang claims* that five markers
(ER, PR, Her-2, EGFR and CK 5/6) are needed, while Moinfar
points? out that CK 5 and CK 17 are discriminating. Rakha
and Ellis affirm'® that in their experience an acceptable degree
of specificity and sensitivity is reached using at least two basal
markersamong CK 5/6, CK 14, CK 17 and EGFR. In the present
study we followed Rakha and Ellis’s indication, independently
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Table 3. Morphological features of invasive basal-like, triple negative, Her2* and ER" cancers

Morphological features B(: szl-;isl;e
Geographic necrosis 26/36 (72%)

Pushing border 23/36 (64%)
Infiltrative border 13/36 (36%)
Lymphoid stroma 19/36 (53%)

Apocrine features 0/23 (0%)
Metaplastic features 3/36 (8%)
Squamoid features 5/36 (14%)

Central fibrosis 6/36 (17%)

Table 4. Primary antibodies
Antibody Source Clone
CK5/6 Dako D5/16B4
CK14 Bio-Optica LLO02
cK8 DBA-lItalia C-51
CK 18 Menarini DC-10
ER Bio-Optica SP1
PR Bio-Optica SP2
Her2 Dako Policlonal
Mib1 Bio-Optica SP6
E-cadherin Dako NCH-38
EGFR Zymed 31G7
VEGF Dako VG1
p53 Bio-Optica pAb 240
BRCA1 Hystoline GLK-2
Vimentine Dako Vo

of the positivity or negativity of any other parameter. There
is also a tendency to define basal-like cancers as those tumors
that are ER, PR" and Her-2,, i.c., the so-called triple nega-
tive cancers.”® However, 14-45% of basal-like cancers express
at least one of these markers.!>!%1621:2934 Therefore, it is clear
that basal-like cancers are still to be unequivocally defined at
the immunohistochemical level, and that expression of basal
cytokeratins is not the unique requirement. From 3-20% of
cancers are basal-like.>'”#>% In our series, 36 out of 289 tumors
(12.4%) were basal-like. The large majority of them were G3,
with a prevalently solid architecture, a dense population of cells,
a well-defined, pushing border of invasion and the absence of
association with vascular invasion or lymph node involvement (as
stressed by Fulford et al.¥). They had sometimes a high mitotic
and apoptotic rate, geographic necrosis, sometimes spindle or
squamous metaplastic changes, glomeruloid microvascular pro-
liferation and stromal lymphocytic response (as in the cases of
Fulford et al.’, Langerod et al.?® and Diallo-Danebrock et al.%).
Our ER and triple negative cancers were histologically similar to
basal-like cancers. Her-2* cancers had more frequently infiltrative
borders. This finding is also very much in agreement with other
authors’ observations (reviewed in ref. 16).

www.landesbioscience.com

Triple negative Her2* ER
(n=21) (n=73) (n =40)
13/21 (62%) 6/73 (8%) 30/40 (75%)
14/21 (67%) 4/73 (5%) 23/40 (57%)
7/21 (33%) 69/73 (95%) 17/40 (43%)
10/21 (48%) 8/73 (11%) 20/40 (50%)
0/21 (0%) 1/73 (1%) 2/40 (5%)
1/21 (5%) 2/73 (3%) 1/40 (2%)
5/21 (24%) 0/73 (0%) 2/40 (5%)
2/21 (10%) 10/73 (14%) 4/40 (10%)

We did not find any correlation of bas-
al-like cancers with OS, DFS and R; how-

Dilution - . .
ever, in the group of cases with invasion
1:70 R

150 of lymph nodes, basal-like tumors tended
: to be more represented than luminal can-
cers although the difference was not sig-
1:500 nificant. This is in disagreement with the
1:100 results of other authors;" possible reasons
1:50 for this disagreement could be as follows:
14600 low number of basal-like cancers in our
1200 series; use of different antibodies and
1'50 staining techniques; lack of reliable qual-
: ity control when we dealt with negativity

1:50 instead of itivity; lack of
stead of positivity; lack of consensus
1:50 regarding the definition of ER and Her-2
1:200 positivity;* not enough representative tis-
1:50 sue arrays given the heterogeneity of breast
1:300 cancers; difficulty in establishing a thresh-

old of positivity for ER, PR and Her-2; the
fact that basal-like tumors often express
CK 8 and 18 as luminal tumors do.'!®

In lymph node-negative cases (67%), T lost its discriminating
power and only G, ER and Mib-1 expression in more than 15%
of neoplastic cells were significantly related to shorter OS. This
reinforces the concept that proliferation and ER signaling are
the best biological prognosticators, particularly in lymph node-
negative cases.”#"*? Triple negative cases of the present series had
a poor prognosis as a group and the negative discriminating value
of ER negativity and PR negativity was reinforced by Her-2 nega-
tivity, probably because the benefit of targeted therapy was lack-
ing in Her-2 negative cases.' Her-2 positivity was not associated
with shorter OS and DES probably because the negative effect of
its amplification is balanced by the use of targeted therapy.

In conclusion, our results are in agreement with the conclusion
of Gusterson' that NPI is the most reliable method of predicting
survival of operable breast cancers and that the genes related to
proliferation? and to ER signalling® are the best biological prog-
nosticators even in single cases. In lymph node-negative cases,
the most predictive parameters indicating a worse prognosis and
therefore a correct therapeutic approach are ER negativity and
Mib-1 expression in more than 15% of neoplastic cells. Among
the subtypes, only the triple negative type is an independent
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indicator of a worse prognosis, because
ER negativity is associated with Her-2
negativity. Hence, as Gusterson affirms,'
it is premature to conclude (reviewed
in ref. 43) that histological subtypes, as
identified by gene expression, are the best
prognosticators.

Materials and Methods

Patients. Patients submitted to surgery for
invasive breast cancer at the Department
of Human Pathology and Oncology of the
University of Siena, between January 1993
and December 1998 were included in the
present observational study. We excluded
patients with distant metastases at the time
of diagnosis, patients who received a neo-
adjuvant chemotherapy and patients who
did not follow a standardized program of
clinical and instrumental follow-up at our
outpatient clinic, as well as patients who
had no sufficient paraffin-embedded tissue
available for tissue microarrays (TMA).

The study population included 289
female patients with a mean age of 61 =
12 y (range 32-82); 218 (75.4%) women
were postmenopausal.

Surgical treatment consisted of modi-
fied radical mastectomy in 144 cases
and partial mastectomy in 145 cases; all
patients received a level II axillary dis-
section, with a mean number of 16 + 5
lymph nodes removed (range 8—37). Post-
operative radiation therapy to the residual
breast was administered in all cases of
partial mastectomy.

Adjuvant postoperative therapy was
administered to 215 patients, with 102
women receiving chemotherapy and 143
receiving hormone therapy, 113 as an
exclusive treatment and 30 following a
primary adjuvant chemotherapy. Patients
were evaluated every 6 mo for the first five
y, and then annually; mean follow-up was
113 mo (range 18-120).

The data on patients OS, DES and R
were recorded.

Histopathology.  Histopathological
findings were reviewed. For each case,
histopathology defined the cancer histo-
type, pathological stage assessed accord-
ing to the criteria established by the
International Union Against Cancer,
grade according to the modified Scarff-
Bloom-Richardson criteria, presence of

270

pT

pN

Tumor grade

ER

PgR

Her2

Triple negative

Immunophenotype

LVI

Mib-1

CD44

Caderina E

Egfr

Vegfr

p53

BRCA1

Vimentina
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Tla
T1b
Tic
T2
T4b
NO
N1a
N2a
N3a
1
2
3
Negative
Positive
Negative
Positive
Negative
Positive
Yes
No
Basal
Luminal A
Luminal B
Absent
Present
<15%
>15%
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent

Present

Table 5. Correlations between different parameters and incidence of relapses

Relapse n (%)
1/13 (7.1)
8/47 (17)

23/137 (16.8)
26/54 (31)
6/7 (85.7)

28/194 (14.4)
13/52 (25)

12/28 (49.2)
11/15 (73.3)
8/49 (16.3)

31/160 (19.4)

25/80 (31.3)
14/40 (35)

50/249 (20.1)
14/61 (23)

50/222 (22.5)

52/216 (24.1)

12/73 (16.4)
9/21 (42.9)

55/268 (20.5)
7/36 (19.4)

52/222 (23.3)
5/31 (16.1)

32/198 (16.2)

29/72 (40.3)

36/196 (18.4)

21/74 (28.4)

38/167 (22.8)

19/86 (22.1)
5/20 (25)
41/186 (22)

55/241 (22.8)

6/21 (28.6)
15/58 (25.9)

45/201 (22.4)

48/203 (23.6)
3/23 (13)

49/205 (23.9)
1/8 (12.5)

51/213 (23.9)

0/7

<0.001

<0.001

<0.05

<0.05

0.944

0.174

<0.05

0.695

<0.001

0.07

0.905

0.763

0.550

0.249

0.455

0.140
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Table 6. Prognostic parameters for DFS and OS at univariate analysis on the whole population (289 patients)

5y DFS % 10 y DFS %

pT Tla 100 92.9
T1b 91.2 83.2
Tlc 88.8 82.8
T2 82.9 67.7

T4b 571 19
pN NO 91.6 85.2
N1a 89.8 72.7

N2a 71 56.1
N3a 53.3 26.7
Grade 1 93.8 83.3
2 87.3 80.1

3 83.3 67.1

ER Absent 82.5 65
Present 88 79.2

Triple negative Yes 80.9 571
No 87.8 78.8
LVI Absent 91.3 83.3
Present 75.6 57.8

Mib-1 <15% 90.2 81.1
>15% 84.8 70.7

Table 7. Prognostic parameters for DFS and OS at univariate analysis in lymph node negative patients (194 patients)

5y DFS (%) 10 y DFS (%)

Tumor grade 1 97.4 94.7

2 93.4 88.6

3 829 69.5

ER Absent 87.5 70.8

Present 92.2 87.3

Lvi Absent 92.7 87.2
Present 84.6 73

Mib-1 <15% 96.3 90.2

>15% 83.6 76.5

peritumoral LVI (Table 1). Tumors were also evaluated for bio-
logical characteristics (Table 2) and the presence of geographic
necrosis, border appearence, lymphocytic stromal response, apo-
crine features, metaplastic features, basaloid cell change and large
central acellular zone (Table 3).

The evaluation was limited to the invasive portion of the
tumor.

Immunohistochemical analysis on TMA. For each case, a
representative area of the tumor was selected based on HE-stained
sections from paraffin blocks. A hollow needle was used to remove
1 mm tissue cores (needles with varying diameters of 0.6 up to
2 mm were available) from these areas. An HE-stained slide
arranged on the donor block surface was used for orientation.
These tissue cores were then transferred to a recipient paraffin wax
block into a ready-made hole, guided by a defined x-y position in a

www.landesbioscience.com

P 5y0S% 10y 0S % P
100 929
97.8 93.3
98.5 86.4
98.7 77.3
<0.001 83.3 62.5 <0.05
99.5 90.4
979 85.1
92.6 61.7
<0.001 93.3 53.3 <0.001
979 91.5
99.4 87
<0.05 974 75.4 <0.05
95 72.5
<0.05 99.2 86.8 <0.05
95.2 66.7
<0.05 100 86.3 <0.05
99.5 88.4
<0.001 97 71.7 <0.01
98.9 89.3
0.06 97.2 774 <0.05
p 5y OS (%) 10y OS (%) P
100 100
99 93.3
<0.005 97.8 75.6 <0.0005
95.8 79.2
<0.05 99.4 92 <0.05
99.3 99.1
<0.05 96.15 80.7 0.11 n.s.
99.2 95.4
<0.05 97.6 80.9 <0.005

precisely spaced array pattern. 4 pmicron-thick sections were cut
from this block using a microtome, mounted on a microscope slide
and stained by immunohistochemistry. The characteristics of the
antibodies used are listed in Table 4. Following deparaffinization
inxylene, slides were rehydrated through a graded series of alcohol
and placed in running water. Endogenous peroxidase activity was
blocked with 3% hydrogen peroxidase and methanol. Samples
were steamed for antigen retrieval with 10 mM citrate buffer (pH
6.0) for 35 min. Following protein block, slides were incubated
with antibody and washed with normal swine serum in Tris buffer
saline (TBS). 3,3'-Diaminobenzidine tetrahydrochloride (DAB)
was used for the visualization of the antibody/enzyme complex.
Slides were counterstained with Harris’s hematoxylin and exam-
ined by light microscopy. Assessment of staining was based on
a semiquantitative approach and tumor immunoreactivity was
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scored as follows: 0 = negative, 1 = weak positive, and 2 = moder-
ate/strong positive in combination with the percentage of cells
showing positive staining. ER and PR were scored positive if at
least 5% of neoplastic cells showed nuclear staining. Her-2 was
scored positive if a 2+ or 3+ result was found. Details of Mib-1
expression by means of immunohistochemistry and choice of
cut-off levels are reported elsewhere.** In brief, patients were
stratified according to different percentages of Mib-1 expres-
sion staining and cut-off point analysis of DFS and OS was used
to select the cut-off value for Mib-1 expression positivity (data
not shown). The best cut-off point for semiquantitative Mib-1
expression that maximized the separation of the survival curves
was 15% of neoplastic cells, which was therefore selected as the
cut-off value. For evaluation of immunohistochemical staining,
positive controls and normal breast tissues were used. For Her-2,
p53 and EGFR a known positive external control was utilized.
Different cores of the same tumor were scored individually,
then the mean of the readings was calculated, once the unin-
formative cores were eliminated. Stainings were scored as posi-
tive or negative independently of their intensity. The observers

(Megha T and Malagnino V) scored each staining pattern with-
out previous knowledge of the outcomes on two separate occa-
sions and a good intra- and interobserver correlation between
the results was found.

Statistical analysis. Correlation between clinicopathological
variables was investigated by means of univariate analysis. The
chi-square test was used to assess the statistical significance of the
association between categorical variables.

DEFS and overall survival OS were calculated from the date of
surgery; follow-up was closed at 10 y. We evaluated the prognos-
tic significance of the different variables with respect to DFS and
OS by means of the log-rank test and compared such prognostic
significance to that of the other clinical and pathological factors
considered by means of Cox regression analysis.

The Statistical Package for the Social Sciences software
(version 11.0) (SPSS™, Chicago, IL USA) was used.

Note

This study was supported by a grant of the Italian Ministry for
Education, University and Research (MIUR), PRIN 2005.
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