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Abstract

Introduction: Neoadjuvant treatment in locally advanced breast cancer
(LABC) is intended to decrease the cancer mass, increase the likelihood of
radical resection and improve survival. Resistance to chemotherapy may de-
pend on cellular expression of anti-apoptotic proteins. XIAP and survivin are
the most potent inhibitors of apoptosis (IAP), but their role in drug-induced
cancer cell apoptosis remains unclear. This study was designed to evaluate
the impact of pre-treatment expression of XIAP and survivin on pathological
complete response and survival in LABC patients.

Material and methods: The study included 60 LABC patients treated with
anthracycline-based chemotherapy. XIAP and survivin expression was as-
sessed immunohistochemically in pre-treatment core biopsy specimens.
Results: Pathological complete response was achieved in 33% of the LABC
patients. Low/intermediate expression of both XIAP and survivin was sig-
nificantly associated with pathological complete response (p < 0.04 and
p < 0.001, respectively) and positively correlated with disease-free survival
(p = 0.017 and p < 0.001) and overall survival (p = 0.052 and p < 0.001).
The area under receiver operating characteristics curves (AUC) revealed pre-
dictive value of survivin expression for relapse and death in breast cancer
patients (AUC = 0.63, p = 0.001 and AUC = 0.8, p < 0.001, respectively).
Conclusions: Our findings suggest that downregulation of XIAP and survivin
in LABC patients might predict better treatment outcomes after anthracy-
cline-based chemotherapy. This, in turn, may indicate XIAP and survivin pro-
teins as potential targets for innovative anticancer therapies.
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Introduction

Despite broad access to screening programmes, there has been little
reduction in the number of advanced stage breast cancers at diagnosis
[1-3]. Locally advanced breast cancer (LABC) is a non-metastatic and po-
tentially curable disease, which presents a wide variety of clinical charac-
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teristics such as large invasive tumour, extension
to the skin or chest wall, massive nodal involve-
ment or inflammatory breast cancer [4]. In such
patients, the neoadjuvant treatment is intended
to decrease the cancer mass and increase the like-
lihood of radical resection. Additionally, the thera-
py response positively correlates with the surviv-
al [5, 6]. Despite introduction of novel hormonal
agents and chemotherapeutic regimens, LABC pa-
tients’ treatment still remains challenging due to
the high risk of disease recurrence [7, 8]. One pro-
spective way to improve the long-time outcome in
the disease is through a molecular tailored strate-
gy based on exploration of cancer cell biology.

Apoptosis is a process by which aberrant,
damaged or unwanted cells are eliminated from
a multicellular body [9]. In the case of cancer cells,
resistance to apoptosis is one of the principle mech-
anisms of their immortalization. The Inhibitors of
Apoptosis Proteins (IAP) play a key role in this pro-
cess and their upregulation is likely to be inherent
to cancer cell development [10, 11]. The IAP family
is a class of anti-apoptotic proteins defined by the
presence of one or three Baculovirus IAP repeat (BIR)
domains, which are hence also termed BIR-contain-
ing proteins (BIRCs). These domains are responsible
for inhibiting apoptosis by binding the active sites
of caspases, which are the crucial proteases in apop-
totic pathways. However, inhibiting caspases is not
the sole function of IAPs; they also contribute to cell
cycle control, ubiquitination of proteins and recep-
tor-mediated signalling [12]. Eight mammalian IAP
proteins have been described including cellular IAP1
(cIAP1), cellular IAP2 (clAP2), X chromosome-linked
IAP (XIAP), survivin, BIR repeat-containing ubiqui-
tin-conjugating enzyme system (BRUCE), neuronal
apoptosis inhibitory protein (NAIP), melanoma IAP
(MLIAP) and IAP-like protein 2 (ILP2) [10].

XIAP is considered the most potent caspase-
binding protein and is known to inhibit both the
intrinsic (mitochondrial directed) and extrinsic
(death receptor directed) apoptosis pathways [13].
It contains three BIR domains and is the only IAP
family member to inhibit caspases through a di-
rect physical interaction [14]. High expression of
XIAP has been found to be associated with resis-
tance to chemotherapy in various malignancies
and a few studies have presented its clinical role
in breast cancer patients [13, 15-21].

Survivin contains a single BIR domain and with
its molecular weight of 16.389 kDa it is the smallest
member of the IAP family [22]. It is typically pres-
ent during fetal development but is almost absent
in normal adult tissues [23]. Survivin expression is
markedly increased in most malignancies; however,
its impact on chemoresistance and a poor progno-
sis in breast cancer patients is still uncertain [24—
28]. The oncogenic role of survivin depends mainly

on its role in inhibiting both the intrinsic and ex-
trinsic apoptosis pathways and enabling aberrant
proliferation by mitotic control [10, 23].

A previous flow cytometry analysis in early
breast cancer demonstrated XIAP and survivin to
have higher median expression in more advanced
tumours, and hence to possess the most signif-
icant prognostic importance among IAP family
members [19]. Following these findings, the pres-
ent study seeks to verify the role of XIAP and sur-
vivin in LABC and to assess their impact on the
pathological response after chemotherapy and on
long-term survival. To assess protein expression
the present study uses immunohistochemistry
rather than flow cytometry, as it is, in our opinion,
a more affordable and practical technique.

Material and methods
Patient inclusion

The Research Ethics Committee of the Medical
University of Lodz has approved the project pro-
tocol. The study group involved female patients
with locally advanced breast cancer (LABC) who
received neoadjuvant chemotherapy followed by
surgery and adjuvant treatment between Janu-
ary 2006 to December 2011 in the Department
of Chemotherapy and the Department of Surgical
Oncology, Copernicus Memorial Hospital, Lodz,
Poland. Inclusion criteria encompassed LABC pa-
tients with complete clinical data and available
tissue samples. We excluded LABC male patients
and those who received preoperative endocrine
therapy. The pathological assessment of XIAP
and survivin protein expression was conducted in
pre-chemotherapy tumours. All the patients gave
their written informed consent.

The retrospective clinical data of consecutive
patients were retrieved from the medical record
system. Of the 98 LABC patients whose data were
available in our database, 60 of them met the
eligibility criteria and were included in the study
group. The median age of those patients was 53.5
years (range: 29-74 years).

The initial clinical stage of the disease was clas-
sified according to the 7t edition of the Union for
International Cancer Control TNM Classification of
Malignant Tumours [29]. The study group patients
received the neoadjuvant chemotherapy with four
to six cycles, performed every 3 weeks and con-
sisting of doxorubicin (60 mg/m?) and cyclophos-
phamide (600 mg/m?), or doxorubicin (50 mg/m?)
and docetaxel (75 mg/m?). Subsequently, all the
patients underwent a modified mastectomy with
axillary lymph node dissection and were irradi-
ated postoperatively. Adjuvant hormone therapy
and trastuzumab were administered depending
on the receptor expression.
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Pathological assessment
and immunohistochemistry

The diagnosis of invasive breast carcinoma was
performed according to the standard pathological
protocol, which encompassed tumour type and
grading, the status of the oestrogen receptor (ER),
progesterone receptor (PR) and human epidermal
growth factor receptor type 2 (HER-2). ER and PR
receptor statuses were assessed using immuno-
histochemistry (IHC) and scored according to the
Allred system [30]. Immunohistochemical expres-
sion of HER-2 receptor was evaluated using the
standard protocol (0 and 1+ — negative, 2+ — equiv-
ocal, 3+ — positive). For IHC equivocal HER-2 (2+)
status, fluorescent in situ hybridization (FISH) was
performed so as to examine gene amplification.

The pathological complete response (pCR) to
chemotherapy in the postoperative specimens
was defined as the absence of invasive cancer in
postoperative breast specimens, irrespective of
ductal carcinoma in situ and axillary lymph node
status (ypT0/is). A non-pathological complete re-
sponse (non-pCR) was established in cases which
did not fulfil the above criterion.

In order to examine the pre-treatment expres-
sion of XIAP and survivin, formalin-fixed, paraf-
fin-embedded blocks (FFPE) of core biopsy were
examined immunohistochemically as previously
described [31]. Monoclonal IgG1 anti-hXIAP anti-
body, clone 117318 (RD Systems, Minneapolis,
MN, USA) in dilution 1 : 40, pH 6.0 and I1gG anti-
hSurvivin antibody, clone AF886 (RD Systems,
Minneapolis, MN, USA) in dilution 1 : 100, pH 6.0
were used for XIAP and survivin examination, re-
spectively. Prostate specimens were used as posi-
tive controls according to the recommendation of
the antibody manufacturer.

Two pathologists scored the results inde-
pendently according to Perrone et al., with modifi-
cations [32]. The extent of expression was scored
based on the percentage of immunopositivity cells
as follows: 0 for < 1%; 1 for 1-20%; 2 for 21-50%;
3 for 51-80%; 4 for > 80%. The intensity of stain-
ing was classified as 0 for weak, 1 for moderate
and 2 for strong. The immunopositivity and inten-
sity scores were summed up to give a final score,
interpreted as low expression for a score of 0,
intermediate expression for 2-4 and high expres-
sion for 5-6. XIAP and survivin expression was as-
sessed in the whole cells, collectively for cytosol
and nuclear staining.

Statistical analysis

The dichotomic variables were compared us-
ing the y? test with the corresponding correc-
tions to the numbers of cases in the subgroups.
The Tau-b Kendall rank correlation coefficient

neoadjuvant chemotherapy

(R tau-b) was calculated using the y? test. The co-
efficient of correlation was assessed on the basis
of ranges established by Cohen: a correlation co-
efficient greater than 0.6 indicated a strong cor-
relation, 0.3-0.6 indicated a moderate correlation,
and less than 0.3 indicated a poor correlation [33].
Disease-free survival (DFS) was calculated from
the date of diagnosis until the documentation of
relapse. Overall survival (OS) was calculated from
the date of diagnosis until death or the date of the
last contact with the patients. DFS and OS were as-
sessed applying the Kaplan-Meier method. The log-
rank test was used to compare OS and DFS in the
subgroups. The impact of clinicopathological fac-
tors on OS and DFS was calculated using the Cox
proportional-hazards model univariate and multi-
variate analyses. Median follow-up was calculated
using reverse Kaplan-Meier curves [34]. To calcu-
late the best cut-off we used receiver operating
characteristics (ROC) curves and Youden’s index.
The area under ROC curves (AUC) was calculated
to assess the predictive value of the tested factors
[35]. P-values less than 0.05 were considered sta-
tistically significant. Statistica 13 software (Dell inc,
Tulsa, OK, USA) was used for statistical calculation.

Results

XIAP and survivin expression
in the pre-treatment biopsies

In the core biopsy, XIAP expression was as-
sessed as low, intermediate and high in 17 (28%),
29 (48%) and 14 (23%) cases, respectively. Simi-
larly, survivin expression was scored as low in 16
(27%) cases, intermediate in 24 (40%) cases and
high in 20 (33%) cases. Figure 1 depicts examples
of XIAP and survivin expression related to the
scoring subdivision. In the dichotomic analysis,
low/intermediate expression of XIAP and survivin
comprised 46 (76%) cases and 40 (67%) cases, re-
spectively vs. high expression of XIAP (14 cases;
23%) and survivin (20 cases; 33%). A positive cor-
relation was observed between XIAP and survivin
expression (p < 0.001; R tau-b = 0.42).

Relationship between XIAP and survivin
expression and clinical/pathological
parameters

Regarding the relationship between IAP protein
expression and clinical and pathological param-
eters, expression of XIAP moderately correlated
with disease stage, as lower XIAP expression pre-
vailed in the more advanced disease (96% low/
intermediate vs. 71% high XIAP expression in
stage Ill; p = 0.033). Neither XIAP nor survivin ex-
pression was correlated with other clinical and
pathological factors. The detailed results are pre-
sented in Tables | and II.
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Figure 1. Examples of immunohistochemical staining of XIAP and survivin in pretreatment specimens of locally ad-
vanced breast cancer (LABC). A — Intermediate expression of XIAP (25% of cells positive (2 points); intensity: strong
(2 point); total score): 4. B — High expression of XIAP (90% of cells positive (4 points); intensity: strong (2 points);

total score: 6). C — High expression of survivin in cytosol and nuclei (100% of cells positive (4 points); intensity:
strong (2 points); total score: 6). D — Case negative for expression (0% of cells positive)

XIAP and survivin expression and
pathological response to chemotherapy

Pathological complete response was achieved
by 20 out of the 60 study participants (33%). Low/
intermediate XIAP expression was significantly
associated with pCR (41% low/intermediate vs.
7% high XIAP expression in the pCR subgroup;
p = 0.04). Similarly, low/intermediate expression
of survivin in tumour correlated with post-che-
motherapy achievement of pCR (50% low/inter-
mediate vs. 0% high survivin expression in the
pCR subgroup; p < 0.001). Among the clinical and
pathological parameters, HER-2 positive receptor
status inversely correlated with pCR (15% pCR in
the HER-2 positive patients vs. 47% pCR in the
HER-2 negative patients; p = 0.021). The associ-
ation between clinicopathological variables and
pCR rates is shown in Table IIl.

XIAP and survivin expression and survival

At a median follow-up of 96.5 months, 19 pa-
tients developed locoregional recurrence or dis-
tant metastases. Fifteen patients died during the
follow-up.

. -
"y gyl e

The Kaplan-Meier analyses revealed that lower
XIAP and survivin expression was associated with
longer disease-free survival (DFS) (p = 0.017 and
p < 0.001, respectively, Table IV, Figures 2 A, B).
Better DFS was also observed in the patients with
lack of a HER2 receptor and PCR achievement (p =
0.019 and p = 0.001, respectively).

Longer overall survival (OS) was observed in
the patients with low/intermediate survivin ex-
pression in comparison to high expression (p <
0.001, Table IV, Figure 2 C). The patients with pCR
had longer OS as compared to the non-PCR group
(p = 0.001, Table IV).

In the multivariate Cox analysis survivin
ex- pression was confirmed as the only inde-
pendent risk factor for a longer DFS and OS (in
both cases p < 0.001, Table V). Additionally, the
area under ROC curves (AUC) analysis revealed
a predictive value of survivin expression for re-
lapse and death in breast cancer patients (AUC
= 0.63, p = 0.001 and AUC = 0.8, p < 0.001 re-
spectively; Table VI). Survivin had low sensitivity
to non-PCR anticipation. Prediction of non-PCR,
relapse and death was not confirmed in relation
to XIAP expression.

346

Arch Med Sci 2, 15t March / 2023



Prognostic value of XIAP and survivin expression in locally advanced breast cancer patients treated with anthracycline-based

neoadjuvant chemotherapy

Table 1. Relationship between XIAP expression and clinicopathological factors of the 60 locally advanced breast

cancer patients

Parameter XIAP expression P-value Contingency Tau b
coefficient Kendall
Low/intermediate High
n (%) n (%)
Patients, n 60 46 (77) 14 (23)
Age [years] <50 16 (27) 5(8) 0.949 0.008 -0.01
>50 30 (50) 9 (15)
Tumour size  T1/T2 23 (38) 7 (12) 1.000 0.00 0.00
T3/T4 23 (38) 7 (12)
TNM stage 11B 2 (3) 4(7) 0.033 0.32 -0.34
Il 44 (73) 10 (17)
Histological NST 43 (72) 11(18) 0.104 0.21 0.21
type
LOB 3(5) 3(5)
Histological G2 22 (37) 8 (13) 0.542 0.08 -0.08
grade
G3 24 (40) 6 (10)
ER status Negative 26 (43) 6 (10) 0.370 0.12 0.12
Positive 20 (33) 8 (13)
PR status Negative 25 (42) 5(8) 0.222 0.16 0.16
Positive 21 (35) 9 (15)
HER-2 status  Negative 28 (47) 6 (10) 0.234 0.15 0.15
Positive 18 (30) 8 (13)
Triple negative No 30 (50) 11 (18) 0.347 0.12 -0.12
Yes 16 (27) 3(5)

NST — invasive carcinoma of no special type, LOB — invasive lobular carcinoma, ER — oestrogen receptor, PR — progesterone receptor, HER-

2 — human epidermal growth factor receptor type 2.

Discussion

Overexpression of IAP family members has
been repeatedly encountered in various cancers
cells, yet their prognostic and predictive roles in
various clinical scenarios remain uncertain [13].
The present report assesses expression of XIAP
and survivin, two highly potent IAP proteins, in
LABC patients undergoing an anthracycline-based
chemotherapy with regard to pCR and survival.

In the study, high XIAP expression was detect-
ed in 33% of patients and was inversely associat-
ed with disease stage. In contrast, Xu et al. did not
observe any significant correlation between high
XIAP expression and breast cancer stage, as a high
cytosolic fraction of this protein was detected in
18% of patients in stage Il and in 12% of patients in
stage Ill [20]. In a large cohort presented by Hus-
sain et al. XIAP protein was overexpressed in 29.5%
of 1009 breast cancer patients, irrespective of the
tumour stage and lymph node involvement [18].

Preclinical studies have demonstrated that
XIAP down-regulation increases sensitivity to

a cytotoxic therapy in inflammatory breast can-
cer cell lines, thus confirming the protective role
of XIAP in drug-induced cancer cell apoptosis [36,
37]. Our results further support this hypothe-
sis, as low/intermediate expression of XIAP was
found to correlate with a higher rate of a patho-
logical complete response to chemotherapy. To
our knowledge, our report is the first to demon-
strate that XIAP expression influences the patho-
logical response to neoadjuvant chemotherapy.
Nevertheless, Parton et al. failed to confirm that
the pre-treatment expression of XIAP correlated
with a clinical response in a previous study of
35 LABC patients [21]. On the contrary, in ad-
vanced head and neck squamous cell carcinoma,
overexpression of XIAP was significantly associat-
ed with clinical resistance to the neoadjuvant cis-
platin chemotherapy [17].

The survival analysis revealed a negative im-
pact of high XIAP expression for DFS and OS in
LABC patients. This is in concordance with a study
conducted in a large group of breast cancer pa-
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Table Il. Relationship between survivin expression and clinicopathological factors of the 60 locally advanced breast

cancer patients

Parameter Survivin expression P-value Contingency Tau b
coefficient Kendall
Low/intermediate High
n (%) n (%)
Patients, n 60 40 (67) 20 (33)
Age [years] <50 15 (25) 6 (10) 0.774 0.07 -0.07
>50 25 (42) 14 (23)
Tumour size  T1/T2 21 (35) 9 (15) 0.584 0.07 -0.07
T3/T4 19 (32) 11 (18)
TNM stage II'B 3 (5) 3 (5) 0.361 0.12 0.12
I 37 (62) 17 (28)
Histological NST 36 (60) 18 (30) 1.000 0.00 0.00
type
LOB 4(7) 2(3)
Histological G2 18 (30) 12 (20) 0.273 0.14 0.14
grade
G3 22 (37) 8 (13)
ER status Negative 22 (37) 8 (13) 0.273 0.14 -0.14
Positive 18 (30) 12 (20)
PR status Negative 23 (38) 9 (15) 0.360 0.12 -0.12
Positive 17 (28) 11 (18)
HER-2 status  Negative 25 (42) 9 (15) 0.197 0.16 -0.17
Positive 15 (25) 11 (18)
Triple negative No 25 (42) 16 (27) 0.170 0.17 0.18
Yes 15 (25) 4(7)

NST — invasive carcinoma of no special type, LOB — invasive lobular carcinoma, ER — oestrogen receptor, PR — progesterone receptot,

HER-2 — human epidermal growth factor receptor type 2.

tients (n > 1000), which showed that overexpres-
sion of XIAP is an independent poor prognostic
factor for survival [18]. In contrast, Xu et al. noted
a lack of correlation between XIAP expression and
survival, except for a subgroup of triple negative
breast cancer, in which the presence of high XIAP
levels in the tumour was associated with an in-
creased risk of a relapse [20].

Unlike XIAP the clinical role of survivin was
thoroughly explored in breast cancer patients in-
cluding those with LABC. Survivin overexpression
has been found both in breast cancer cell lines and
in tumour tissues [21, 38]. In our study expression
of survivin was correlated with XIAP expression,
which suggests a similar contribution of this pro-
tein to breast cancer development. We did not
find any relationship between survivin expression
and clinicopathological factors of LABC patients,
but in a meta-analysis conducted by Li et al., high
survivin expression was observed significantly
more frequently in stage IlI/IV of the disease [25].
In the present study, survivin overexpression was

detected in 23% of the pre-treatment biopsies;
these findings are similar to those of Zhao et al.,
who noted high staining of survivin in 33% of
stage Il breast cancer patients [39].

Our findings also indicate a correlation be-
tween survivin and pCR, since low/intermediate
expression of this protein had a significant impact
on pCR achievement. Zhao et al. also found that
lack of survivin expression in IHC assessment was
significantly associated with pCR [39]. However,
another study found high survivin expression to
be associated with a good response to chemo-
therapy [40, 41]. Lin et al. observed that in LABC
patients the response rate to anthracycline/tax-
anes preoperative chemotherapy was higher in
survivin positive breast tumours [40]. Sensitivity
to preoperative chemotherapy in LABC patients
may depend not only on the main “wild-type” sur-
vivin variant, but also on different transcript forms
such as survivin-3B, survivin-AEx3 and survivin-2B
[42]. Moreover, Faversani et al. demonstrated that
overexpression of survivin-AEx3 preserves breast
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Table IlI. Clinicopathological parameters and expression of XIAP and survivin in relation to pathological complete

response (pCR)

Parameter non-pCR pCR P-value Contingency  Tau b Kendall
n (%) n (%) coefficient

Age [years] <50 13 (22) 8 (13) 0.775 0.074 -0.074
> 50 27 (45) 12 (20)

Tumour size T1/T2 19 (32) 11 (18) 0.587 0.07 -0.07
T3/T4 21 (35) 9 (15)

TNM stage 1B 4 (7) 2(3) 0.648 0.00 0.00
I 36 (60) 18 (30)

Histological NST 36 (60) 18 (30) 0.648 0.00 0.00

type
LOB 4(7) 2(3)

Histological G2 20 (33) 10 (17) 1.000 0.00 0.00

grade
G3 20 (33) 10 (17)

ER status Negative 19 32) 11 (18) 0.587 0.07 -0.07
Positive 21 (35) 9 (15)

PR status Negative 21 (35) 11 (18) 0.856 0.02 -0.02
Positive 19 (32) 9 (15)

HER-2 status  Negative 18 (30) 16 (27) 0.021 0.32 -0.33
Positive 22 (37) 4 (7)

Triple negative No 29 (48) 12 (20) 0.331 0.13 0.13
Yes 11 (18) 8 (13)

XIAP Low/ 27 (45) 19 (32) 0.040 0.29 -0.31

expression intermediate
High 13 (22) 102

Survivin Low/ 20 (33) 20 (33) < 0.001 0.45 0.50

expression intermediate
High 20 (33) 0

NST — invasive carcinoma of no special type, LOB — invasive lobular carcinoma, ER — oestrogen receptor, PR — progesterone receptot,
HER-2 — human epidermal growth factor receptor type 2, pCR — pathological complete response, non-pCR — non-pathological complete

response.

cancer cells from the first-line anthracycline-based
chemotherapy [43]. They also found that the an-
ti-survivin small molecule sepantronium bromide
(YM155), which acts as a transcriptional sup-
pressant of the survivin locus, incorporated into
a doxorubicin regimen, induced apoptosis in tu-
mour cells.

In the present study low pre-treatment survivin
expression and survival correlated with better OS
and DFS. In the multivariate analysis we also found
that survivin expression is an independent risk
factor for DFS and OS. We also demonstrated pre-
dictive value of survivin expression for relapse and
death. These findings are similar to the study of
Zhao et al., which also revealed that LABC patients
with low survivin protein expression treated with
anthracycline-based neoadjuvant chemotherapy

had a better prognosis [39]. A gene expression
study confirmed that survivin overexpression can
serve as a negative prognostic factor but only in
a subgroup of breast cancer patients, who did not
achieve pCR after the neoadjuvant chemotherapy
[44]. In contrast, Span et al. reported that patients
in a post-chemotherapy subgroup with high cy-
tosolic survivin expression achieved significantly
longer progression-free survival than those with
a low level [28]. Two meta-analyses of breast can-
cer patients found high survivin expression to be
a poor prognostic factor for overall survival, irre-
spective of the disease stage [25, 26].

There are some limitations of our study. In the
study, 33% of the patients achieved pCR, which is
higher than in many other previous studies [45,
46]. This difference may partly result from the
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Table IV. Clinicopathological parameters and expression of XIAP and survivin in relation to disease-free survival
and overall survival

Parameter DFS 0S
Probability HR 95% ClI Log-rank  Probability HR 95% ClI Log-rank
of 10-year p-value of 10-year p-value
DFS 0s

Age [years]: 0.653 0.157
<50 65.8% 0.802 0.304-2.113 80.8% 0.418 0.114-1.48
>50 62.6% 63.6%

Tumour size: 0.608 0.799
T1/T2 62.3% 1.271 0.508-3.182 66.7% 0.877 0.317-2.427
T3/T4 65.1% 70.4%

TNM stage: 0.958 0.187
1B 66.7% 1.041 0.239-4.53 40.0% 2.297 0.645-8.182
1 63.3% 72.3%

Histological type: 0.618 0.117
NST 67.3% 0.747 0.217-2.571 65.5% ND ND
LOB 27.8% 100%

Histological grade: 0.101 0.674
G2 53.3% 2.193 0.832-5.779 68.7% 0.805 0.291-2.225
G3 76.4% 67.5%

ER status: 0.432 0.375
Negative 69.9% 0.696 0.279-1.735 74.2% 0.63  0.227-1.773
Positive 56.2% 61.7%

PR status: 0.092 0.950
Negative 75.1% 0.46 0.181-1.168 67.5% 1.033 0.374-2.854
Positive 51.6% 70.3%

HER-2 status: 0.019 0.379
Negative 73.6% 0.329 0.128-0.844 74.1% 0.637 0.231-1.76
Positive 51.2% 61.5%

Triple negative: 0.408 0.601
No 59.5% 1.513 0.544-4.206 68.1% 1.349  0.429-4.24
Yes 70.6% 68.8%
pCR 88.1% 0.124 0.028-0.554 0.001 100% ND ND 0.001
non-pCR 48.8% 51.2%

XIAP expression: 0.017 0.052
Low/inter- 75.1% 0.304 0.12-0.773 78.6% 0.332  0.114-0.97
mediate
High 0% 0%

Survivin < 0.001 < 0.001

expression:
Low/inter- 82.8% 0.095 0.035-0.263 87.5% 0.087 0.025-0.311
mediate
High 0% 32.9%

DFS — disease-free survival, OS — overall survival, ND — not enough data, NST — invasive carcinoma of no special type, LOB — invasive
lobular carcinoma, ER — oestrogen receptor, PR — progesterone receptor, HER-2 — human epidermal growth factor receptor type 2,
pCR — pathological complete response, non-pCR — non-pathological complete response.
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Figure 2. Kaplan-Meier curves for disease-free survival (DFS) (A, C) and overall survival (OS) (B, D) in 60 LABC

patients
LABC - locally advanced breast cancer.

broad definition of pCR used in the study, which
in this case is based on the response of the tu-
mour invasive component: the patients with resid-
ual ductal carcinoma observed in situ (ypTO/is) in
the breast tissue specimen and with any axillary
lymph node status were, therefore, also included
in the pCR group. However, this approach did not
diminish the prognostic role of pCR in our study,
since the patients who attained pCR still demon-
strated better OS and DFS.

There are several well-established clinicopatho-
logical factors for pCR achievement, e.g. younger
age of patients, smaller tumour size or triple neg-
ative breast cancer [47, 48]. No such correlations
were observed, which may result from the limited
number of patients in our cohort or the sampling
method. However, HER-2 positive receptor status

was found to have a significant impact on the
chance of non-pCR and DFS. This may be associat-
ed with the lack of a targeted anti-HER-2 therapy
in the preoperative regimen at that time: a com-
bined chemotherapy with trastuzumab and/or
pertuzumab is currently recommended in HER-2
positive LABC patients [49].

In contrast to XIAR which is predominantly lo-
cated in the cytosol compartment, survivin is ex-
pressed in both the cytoplasm and nucleus, which
implicates different molecular mechanisms of ac-
tion and has a potential prognostic value [15, 19,
25, 50]. In cancer cells, cytosol survivin has been
related to inhibition of apoptosis, while nuclear
survivin is more likely to be involved in aberrant
proliferation. Collin et al,, in a recently published
case-control study encompassing a large patient
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Table V. Multivariate Cox regression analysis for disease-free survival (DFS) and overall survival (OS)

Parameter DFS oS

HR 95% Cl P-value HR 95% Cl P-value

Age [years]

<50 vs. > 50 1.019  0.292-3.558 0.976 0.777  0.181-3.331 0.734
Tumour size:

T1/T2 vs. T3/T4 3.668 0.997-13.493 0.06 1912  0.586-6.238 0.282
TNM stage:

[IB vs. Il 1.587 0.234-10.785 0.636 1.258  0.222-7.139 0.795

Histological type:

NST vs. LOB 0.306  0.036-2.592 0.277 ND ND ND

Histological grade:

G2 vs. G3 1.509  0.48-4.737 0.48 0.356  0.109-1.165 0.088
ER status:

Negative vs. positive 5.302 0.692-40.598 0.108 0.749  0.111-5.051 0.767
PR status:

Negative vs. positive 0.17 0.018-1.652 0.127 2.304 0.389-13.652 0.358

HER-2 status:

Negative vs. positive 0.104  0.009-1.129 0.063 0.838 0.162-4.333 0.833

Triple negative:

No vs. yes 0.094  0.006-1.556 0.099 0.872  0.082-9.235 0.909

pCR vs. non-pCR 0.329 0.047-2.316 0.264 ND ND ND

XIAP expression:

Low/intermediate vs. high 2.58 0.668-9.96 0.169 1.383  0.321-5.962 0.663

Survivin expression:

Low/intermediate vs. high 0.05 0.011-0.266 < 0.001 0.04 0.007-0.218 < 0.001

DFS — disease-free survival, OS — overall survival, ND — not enough data, NST — invasive carcinoma of no special type, LOB — invasive
lobular carcinoma, ER — oestrogen receptor, PR — progesterone receptor, HER-2 — human epidermal growth factor receptor type 2,
PCR — pathological complete response, non-pCR — non-pathological complete response.

Table VL. Predictive value of XIAP and survivin expression for non-PCR, relapse and death

Parameter Sensitivity Specificity AUC (95% ClI) AUC p-value

Prediction of non-PCR:

XIAP low/medium vs. high (for cut-off: high) 0.325 0.950 0.638 (0.497; 0.778) 0.056

Survivin low/medium vs. high (for cut-off: high) 0.500 1.000 0.750 (0,630; 0.870) < 0.001

Prediction of relapse:

XIAP low/medium vs. high (for cut-off: high) 0.421 0.842 0.632 (0.471; 0.792) 0.108

Survivin low/medium vs. high (for cut-off: high) 0,.632 0.868 0.750 (0.604; 0.896) 0.001

Prediction of death:

XIAP low/medium vs. high (for cut-off: high) 0.400 0.822 0.611 (0.437; 0.785) 0.210

Survivin low/medium vs. high (for cut-off: high) 0.800 0.822 0.811 (0.676; 0.946) < 0.001

AUC — area under the ROC curve, non-pCR — non-pathological complete response.
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group (n = 541), did not confirm the association
between cytoplasmic or nuclear survivin expres-
sion and breast cancer recurrence [51]. However,
some previously conducted meta-analyses have
revealed that cytoplasmic survivin overexpression
is an unfavourable prognostic factor, while high
expression of nuclear survivin has no impact on
breast cancer prognosis [25, 26]. Nevertheless, in
the present study we assessed the expression of
both proteins throughout the cell with regard to
their changes in cellular distribution during the
cell lifetime and their uncertain prognostic impact.

In the era of novel cancer treatment IAP family
proteins have become an attractive target for anti-
cancer therapy. BIR domains of XIAP (as well as
clAP1/2) are the aim for the small molecules also
known as SMAC mimetics, which play a role sim-
ilar to that of the natural IAP antagonist SMAC/
DIABLO protein (Second Mitochondria-derived Ac-
tivator of Caspases/Direct IAp Binding with Low
pl) [52]. Preclinical and first clinical studies using
SMAC mimetics in the treatment of solid tumour
patients, such as breast and pancreatic cancer as
well as lymphoma and leukaemia, are ongoing [52,
53]. Similarly, small molecules may block survivin
through direct binding or more often by interacting
with other cancer cell proteins [54, 55]. An alter-
native way of targeting survivin in cancer therapy
is the use of survivin-based vaccines to generate
a specific anti-survivin cytotoxic T-cell response.
This type of immunotherapy has brought promis-
ing results in various cancers, including breast tu-
mours [55, 56]. Further investigations of the novel
IAP specific treatment complimenting the standard
chemotherapy would be a prospect for improve-
ment of the long-term prognosis of LABC patients.

In conclusion, low/intermediate expression of
XIAP and survivin in the pre-treatment biopsies in
LABC patients treated with anthracycline-based
chemotherapy was significantly associated with
pCR and positively correlated with disease-free
survival and overall survival. However, to better
understand the role of IAP proteins in the re-
sponse of tumours to treatment, further studies
with study groups including larger numbers of
LABC patients are required. They should also be
based around a complete IAP family panel that
considers subcellular diversion and other treat-
ment regimens, such as chemotherapy, biological
and hormone therapy.
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