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Abstract. A large proportion of human tumors show 
deregulated expression of a variety of proteins that play 
a crucial role in the execution of the apoptotic program. 
Survivin belongs to the family of inhibitor of apoptosis 
proteins which were originally identified in baculoviruses. 
Ectopic expression of survivin conveys resistance to apoptosis 
to a variety of stimuli, and survivin is one of the most 
abundantly overexpressed genes in human tumors such as 
breast cancer. In this study we examined the expression of 
survivin protein in a series of T4 breast cancers to identify any 
correlation with long-term patient outcomes. Moreover, we 
investigated the hypothesis of a possible association between 
p53 and survivin as a factor further complicating the outcome. 
Archival specimens from 53 T4 breast cancer patients were 
included in the study and treated for the immunohistochemical 
localization of survivin and p53 using the streptavidin-biotin 
alkaline phosphatase method. The immunoreactivity was 
evaluated semiquantitatively according to the percentage 
of cells stained. Forty percent of tumors were positive for 
survivin. Statistical analysis revealed that survivin expression 
negatively influenced the 5- and 10-year disease-free and 
overall patient survival. In multivariate analysis, survivin 
expression was a significant independent prognostic indicator 
of worse outcome in overall survival [hazard ratio (HR)=2.61]. 
Our results showed that survivin is associated with a worse 
prognosis in patients with T4 breast cancer, and remarkably its 
prognostic relevance is maintained even long-term. Notably, 
p53 (HR=3.2) seems to negatively enhance the effect of 
survivin on survival.

Introduction

Breast cancer is the most frequent tumor and the leading 
cause of cancer-related death among the female popula-
tion worldwide (1). Histopathological factors such as the 
size of the primary tumor, differentiation grade, the Ki-67 
protein, the expression of estrogens (ER) and progesterone 
(PgR) receptors or human epidermal growth factor receptor 
2 (HER2) and lymph node metastasis are associated with 
tumor prognosis (2). Identification of mechanisms underlying 
tumor cell invasion may contribute to develop new therapies 
that can arrest local invasion and metastatic spread of the 
disease.

Survivin, also called baculoviral inhibitor of apoptosis 
repeat-containing 5 or BIRC5, is a 16.5-kDa protein which 
in humans is encoded by the BIRC5 gene (3,4). Survivin is 
a member of the inhibitor of apoptosis family that serves to 
inhibit caspase activation therefore leading to negative regu-
lation of apoptosis or programmed cell death. Besides, it is 
known that survivin localizes to the mitotic spindle by inter-
action with tubulin during mitosis and may play an important 
role in regulating mitosis (5). Survivin is undetectable in 
terminally differentiated adult tissues, but becomes notably 
expressed in the most common human tumors, including 
stomach, colorectal, lung, breast, pancreatic and prostate 
cancers (6,7).

Survivin expression can be deregulated in cancer by 
several mechanisms, including amplification of the survivin 
locus on chromosome 17q25, demethylation of survivin exons, 
increased promoter activity and increased upstream signaling 
in the phosphatidylinositol 3-kinase or mitogen-activated 
protein kinase pathways. Additionally, the upregulation of 
survivin expression in cancer cells seems to be independent of 
the cell cycle, suggesting an increase in its antiapoptotic role 
compared with normal cells, in which its mitotic regulation 
functions may be predominant (8,9).

High survivin expression in the primary tumor, in many 
cancer types, is almost invariably associated with a poor 
prognosis for the patient. In breast cancer patients, however, 
the association of survivin with prognosis is ambiguous, since 
previous studies have reported it to be either irrelevant (10), or 
associated with poor (11) or good prognosis (12).
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In this study, we tested the hypothesis that survivin expres-
sion in patients with T4 breast cancer treated with primary 
chemotherapy correlates with long-term outcomes. Moreover, 
due to the conflicting data existing on the prognostic effect 
of the tumor-suppressor protein p53 in breast cancer (13,14), 
we also investigated the hypothesis of a possible association 
between p53 and survivin as a factor further complicating 
patient outcome.

Materials and methods

Patients. This retrospective study included 53 consecutive 
breast cancer patients with clinical stage T4 as assessed by 
physical examination and mammography, confirmed via core 
needle biopsy. Patients were enrolled between 1992 and 2001. 
The median follow-up was 125 months (range, 70-182 months). 
All 53 patients received a multimodality treatment including 
primary chemotherapy, surgery, radiation therapy (RT), adju-
vant chemotherapy and hormone therapy if indicated.

The median age of the patients was 50 years (range, 
32-67 years). Regarding the pathological characteristics, 
15 patients (28%) were diagnosed with inflammatory breast 
carcinoma (T4d); 38 (72%) were non-inflammatory (T4abc). 
Twenty-eight patients (53%) were ER-positive and 25 (47%) 
were ER-negative; 17 patients (32%) were PgR-positive and 
36 (68%) PgR-negative; 24 patients (45%) were both ER- 
and PgR-negative and 16 (30%) both ER- and PgR-positive; 
12 patients (23%) were ER-positive PgR-negative; 10 patients 
(19%) were HER2-positive and 43 (81%) HER2-negative; 
18 patients (34%) were HER2-, ER- and PgR-negative (triple 
negative; TN), and 35 (66%) non-TN. Seventeen patients (32%) 
were Ki-67-positive and 27 (51%) Ki-67-negative; Ki-67 was 
not determined in 9 cases (17%). Baseline patient and tumor 
characteristics are summarized in Table I.

Pathological assessment. ER and PgR status was assessed 
by standard immunohistochemical (IHC) analysis. Nuclear 
staining of ≥10% was considered positive. Hormone receptor 
(HR)+ was indicated as ER+ and PgR+, and HR- was indicated 
as ER- and PgR-. HER2 status was assessed by IHC or by fluo-
rescence in situ hybridization (FISH) in breast cancer tissue. 
HER2-positive tumors were defined as 3+ on the IHC test. 
HER2-negative tumors were defined as 0 or 1+ on the IHC 
test; IHC 2+ required the FISH test.

Response assessment. The clinical measurement of the 
response to neoadjuvant therapy was defined according to 
the International Union Against Cancer (UICC) criteria 
(15) as: complete response (CR), a total resolution of the 
breast tumor and axillary adenopathy based on clinical and 
instrumental examinations; partial response (PR), a ≥50% 
reduction of the product of the two largest perpendicular 
dimensions of the breast mass and axillary adenopathy; 
minor response (MR), a <50% reduction of the product of the 
two largest perpendicular dimensions of the breast mass and 
axillary adenopathy; no change in clinical status (NC); and 
progressive disease (PD).

Pathological complete response was defined as the absence 
of residual invasive disease in both the breast and the axilla. 
Gross invasive residual disease in breast tissue or the presence 

of cancer-positive lymph nodes in the axilla were defined as 
<pCR (2). Major pathological response in breast tissue was 
defined as no more than 2 cm of residual disease (pT0 plus 
pT1) (16).

Treatment plan. All patients were treated with primary 
chemotherapy with anthracyline-containing regimens such as 
FEC (5-fluorouracil, epirubicin, cyclophosphamide) or PEV 
(cisplatin, epirubicin, vinorelbine).

After completing the neoadjuvant chemotherapy, 
3-4 weeks after the last dose of treatment, patients underwent 
surgery consisting of modified radical mastectomy or breast-
conserving surgery. Postoperative adjuvant chemotherapy 
consisted of six cycles of intravenous cyclophosphamide, 

Table I. Patient and tumor characteristics.

	 Frequency (n)	 %

Age
  ≤50	 23	 43
  >50	 30	 57
Tumor stage
  T4abc	 38	 72
  T4d	 15	 28
Axillary nodes
  cLN0	   3	   6
  cLN+	 50	 94
Hormone receptor status
  ER+/ER-	 28/25	 53/47
  PgR+/PgR-	 17/36	 32/68
HER2 status
  HER2+	 10	 19
  HER2-	 43	 81
Proliferative index
  Ki-67+	 17	 32
  Ki-67-	 27	 51
  Ki-67 unknown	   9	 17
Grading
  G2	 38	 72
  G3	 15	 28
Survivin expression
  survivin+	 21	 40
  survivin-	 32	 60
p53 expression
  p53+	 13	 24
  p53-	 40	 76
survivin+ and p53+	 11	 21
survivin- and p53-	 30	 79

ER, estrogen receptor; PgR, progesterone receptor; HER2, human 
epidermal growth factor receptor 2.
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methotrexate and fluorouracil (CMF). The adjuvant treatment 
usually was initiated 3-4 weeks after surgery. Locoregional 
RT was performed during the fourth course of CMF. 

After completing the adjuvant chemotherapy, patients 
with hormone receptor-positive tumors, if postmenopausal, 
received tamoxifen for 5 years alone.

Clinical evaluations were performed every 3 months for 
2 years and every 6 months thereafter. Instrumental exami-
nations (e.g., mammography, liver ultrasound, chest X-ray, 
bone scan and echocardiogram) were performed every 
6 months for the first 2 years and every 12 months thereafter 
for ≥5 years.

Immunohistochemical staining. This study was based on 
an analysis of formalin-fixed, paraffin-embedded archival 
samples. Serial microtome sections (6- to 7-µm thick) were 
treated for the immunohistochemical staining of survivin 
and p53, using the streptavidin-biotin alkaline phosphatase 
method. Water-bath, heating-based antigen retrieval was 
performed by immersion in 10 mM citrate buffer solution 
(pH 6.0) at 95˚C for 40 min. After gradual cooling for 20 min, 
the sections were treated for 45 min with 10% normal goat 
or normal horse serum in PBS to block nonspecific binding. 
Rabbit polyclonal antibody to recombinant human survivin 
protein (1:2000; Novus Biologicals, Littleton, CO, USA), 
and mouse monoclonal antibody to human p53 protein (1:50, 
clone DO-7; Dako, Glostrup, Denmark) were used as primary 
antisera. Biotinylated anti-rabbit and anti-mouse IgG were 
used as secondary antisera (1:1000; Vector Laboratories, 
Burlingame, CA, USA). The sections were further incu-
bated in alkaline phosphatase-streptavidin (1:1000; Vector 
Laboratories), and reacted with Fast Red Substrate System 
(Dako). 

In the experiment, all sections were thoroughly rinsed in 
PBS between each step and were finally counterstained with 
Mayer's hematoxylin and mounted in glycerol gelatin (Sigma, 
St. Louis, MO, USA).

Sections of human cutaneous melanoma were used as 
positive control tissues for survivin and p53 staining; negative 
controls were obtained by omission of the primary antibody 
or by replacing the primary antibody with an isotype-
matched antibody. Positive and negative controls were run 
simultaneously.

Micrographs were captured by a digital camera Canon 
PowerShot A620 (Canon Inc., Tokyo, Japan) on a microscope 
Zeiss Axiophot (Carl Zeiss Inc., Oberkochen, Germany), and 
processed by Adobe Photoshop software (version 7.0; Adobe 
Systems, Inc., San Jose, CA, USA).

Evaluation of immunoreactivity. Results were independently 
evaluated by three researchers (M.T.P., C.M. and P.D.) in a 
blinded fashion. Four to six x200 fields covering almost the 
whole of each of the four sections per sample were examined 
with a 144-intersection point square reticulum (0.78 mm2) 
inserted in the eyepiece and scored for the percentage of 
immunoreactive cells.

The cutoff level for the immunohistochemical analysis 
was set at 10%, meaning that those samples with >10% of 
cells showing a moderate/strong intensity of nuclear and cyto-
plasmic staining were considered to be positive. 

Statistical analysis. Follow-up data were analyzed in 
September 2007. Overall survival (OS) and disease-free 
survival (DFS) were calculated based on the date of initial 
primary chemotherapy and were analyzed using the Kaplan-
Meier method. Statistical comparisons between groups were 
performed using two-sided log-rank tests. OS was defined as 
the time from study entry to the time of death from any cause. 
DFS was defined as the time from study entry to the time 
of local, regional or distant treatment failure, occurrence of 
controlateral breast cancer or other second primary cancer; or 
death without evidence of breast or a second primary cancer. 
Multivariate analysis was performed using the Cox regression 
model to assess additional prognostic values of the different 
variables in relation to the expression of survivin.

Data were computed by the SPSS statistical software 
package, version 15.0 (SPSS Inc., Chicago, IL, USA). All 
tests were two-tailed, and a p-value of <0.05 was considered 
statistically significant. 

Results

All 53 patients were able to complete the multimodality plan 
and therefore were evaluable for response to primary chemo-
therapy. During neoadjuvant therapy, no case of progressive 
disease was observed. The clinical response rate was 100% 
(95% CI, 65.2-89.5): complete clinical response (cCR) was 
observed in 8 patients (15%) and partial clinical response 
(cPR) in 45 patients (85%). According to Sataloff's classifica-
tion, pathological complete response in the primary tumor 
(pCR) was observed in 6 patients (11%), whereas pathological 
gross residual tumor (pTR) was observed in 47 patients (89%). 
Major pathological response in breast tissue was observed in 
18 patients (34%). The pathological lymph node (LN) assess-
ment showed 12 patients with pLN0 (23%) and 41 patients 
with pLN+ (77%). The expression of survivin protein was 
positive in 21 patients (40%) and negative in 32 patients (60%); 
p53 immunostaining was detected in 13 cases (25%) and 
40 patients (75%) did not show any staining. Eleven patients 
(21%) were both survivin- and p53-positive (Fig. 1).

Global 5- and 10-year overall survival and disease-free 
survival. In the entire group of 53 patients treated with 
primary chemotherapy, the 5- and 10-year OS was 60.4 and 
43.4% respectively. The 5- and 10-year OS in the survivin-
negative patients was 75 and 56.3% respectively. The 5- and 
10-year OS in the survivin-positive patients was 38 and 23.8%, 
respectively (p=0.009) (Fig. 2A).

The overall 5- and 10-year DFS was 45 and 32.1%, respec-
tively. The 5- and 10-year DFS in the 32 survivin-negative 
patients was 59.4 and 37.5%, respectively. The 5- and 10-year 
DFS in the 21 survivin-positive patients was 23.8% (p=0.095) 
(Fig. 2B).

Among the patients with p53-positive or -negative expres-
sion, no statistically significant differences were observed in 
terms of the 5- and 10-year DFS and OS (Fig. 2C and D).

Effect of independent predictors of long-term overall survival 
in relation to the expression of survivin. The statistical 
analysis performed using the Cox-regression model on the 
patients with survivin-positivity showed a hazard ratio (HR) 
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Figure 1. Immunohistochemical staining for survivin and p53 in T4 breast cancer. Intense survivin immunoreactivity in tumoral cells (A). Presence of strong 
nuclear p53 expression (B). In control sections (C and D) the immunoreactivity was completely abolished. Counterstained with hematoxylin. Original 
magnification x400.

Figure 2. Ten-year overall survival (OS) (A and C) and disease-free survival (DFS) (B and D) for T4 breast cancer patients with survivin (A and B) and p53 
expression (C and D) as determined using the Kaplan-Meier method.
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of 2.6 (95% CI, 1.2-5.5; p=0.012). When survivin-positivity 
was associated with several prognostic variables (age, ER, PR, 
G2/3, Ki-67, stage T4d and HER2), the HR ranged between 
2.3 and 2.6. When survivin-positivity was associated with the 
variable p53, the HR was 3.27 (95% CI, 1.5-7.2) (Table II).

Discussion

The primary objective of our study was to investigate the 
correlation between the expression of survivin protein with 
long-term survival in a homogeneous group of stage T4 breast 
cancer patients treated with a multimodality treatment.

Survivin was detected in the nucleus and cytoplasm. In 
these cases, the nuclear reaction was prominent with a low 
cytoplasmic reaction. Other cases exhibited staining confined 
exclusively to the cytoplasm. Mitotic figures were stained, and 
survivin was also localized to mitotic spindles. 

It is known that there are different survivin splice vari-
ants with unique subcellular localizations and functions (17). 
Among these, nuclear variants appears to play a key role in 
cell division, whereas cytoplasmic varients seem essential for 
the inhibition of apoptosis (18). 

It is not yet possible to quantify and study the survivin 
proteins individually due to the lack of specific antibodies 
(19). Thus, our immunohistochemical localization in both the 
nuclei and cytoplasm, obtained by an antibody recognizing all 
of the survivin proteins, represented the combined expression 
of all variants. 

In regards to potential prognostic factors, nuclear or cyto-
plasmic survivin has been demonstrated to be an unfavorable 
prognostic marker in several types of tumors, while other 
studies have described nuclear or cytoplasmic survivin as a 
favorable prognostic marker (20-24). 

In our study, the statistical analysis showed that the 
patients whose tumors did not express survivin had a better 
outcome compared to survivin-positive tumors in terms of 
either DFS or OS. These findings are not surprising in view 
of other works showing that survivin expression is associated 
with a worse outcome in several tumor types. Regarding breast 
cancer, as we previously mentioned, there is still controversy 
on the exact value of survivin as a prognostic factor. 

In this regard, Kennedy et al (21) found a negative correla-
tion between survivin expression and survival, while the results 
of Tanaka et al (12) appeared consistent with our findings 
since survivin positivity was associated with a worse outcome 
in a non-homogeneous series of patients with stage I-III breast 
cancer. Similar results were also reported by Hinnis et al (11) 
who found that survivin positivity was significant associated 
with poor survival in a series of breast cancer patients treated 
with chemotherapy or hormone therapy. 

In our study, which differed from others because of a longer 
median follow-up period (125 months), we demonstrated, 
in a homogeneous series of T4 breast cancer patients, that 
the expression of survivin is associated with a significantly 
shorter duration of overall survival [HR=2.6 (95% CI, 1.2-5.5)] 
(p=0.012) even long-term.

Moreover, additional prognostic factors were analyzed to 
evaluate their influence when associated, one by one, with 
survivin positivity. In more detail, none of the prognostic 
factors considered in this study except the variable p53 modi-
fied the HR. Notably, p53 (HR=3.2) seemed to negatively 
enhance the effect of survivin on survival. When we analyzed 
the outcome of patients whose tumors were both p53- and 
survivin-positive, a significant less favorable prognosis was 
observed. This finding may be explained taking into consider-
ation the tight relationship between wild-type p53 and survivin 
which act in an opposite manner (25). In fact, p53 negatively 
regulates the expression of survivin. Conversely, the presence 
of mutant p53 would translate with increased expression of 
survivin, leading to the speculation that the combination of 
these two molecular factors might have a synergistic negative 
effect on survival.

In conclusion, our study demonstrated that survivin 
expression in T4 breast cancer patients is a possible indepen-
dent prognostic factor which is maintained long-term. In the 
future, additional large prospective studies are needed to vali-
date the expression of survivin as a potential novel biomarker 
for breast cancer patients.
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