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Simple Summary: The X-linked inhibitor of apoptosis protein (XIAP) is considered the most potent
inhibitor of cell death, and it is well established that XIAP promotes resistance to chemotherapy,
radiation, and anti-cancer immune responses. This study evaluates the correlations between XIAP
expression and clinicopathological features, including disease-free survival (DFS) and pathological
complete response (pCR) to chemotherapy, in more than 2300 invasive primary breast cancer samples.
We found a significant association of XIAP expression with younger patients’ age (≤50 years),
pathological ductal type, lower tumor grade, node-positive status, and PAM50 luminal B subtype.
Analysis of molecular subtypes revealed a stronger prognostic value in HR+/HER2− tumors. Higher
XIAP expression was associated with shorter DFS and lower pCR rate to chemotherapy in both uni-
and multivariate analyses. All these correlations were observed at both the RNA and protein level,
indicating the potential of XIAP as a promising therapeutic target in primary invasive breast cancer.

Abstract: XIAP, the most potent inhibitor of cell death pathways, is linked to chemotherapy resis-
tance and tumor aggressiveness. Currently, multiple XIAP-targeting agents are in clinical trials.
However, the characterization of XIAP expression in relation to clinicopathological variables in
large clinical series of breast cancer is lacking. We retrospectively analyzed non-metastatic, non-
inflammatory, primary, invasive breast cancer samples for XIAP mRNA (n = 2341) and protein
(n = 367) expression. XIAP expression was analyzed as a continuous value and correlated with
clinicopathological variables. XIAP mRNA expression was heterogeneous across samples and sig-
nificantly associated with younger patients’ age (≤50 years), pathological ductal type, lower tumor
grade, node-positive status, HR+/HER2− status, and PAM50 luminal B subtype. Higher XIAP
expression was associated with shorter DFS in uni- and multivariate analyses in 909 informative
patients. Very similar correlations were observed at the protein level. This prognostic impact was
significant in the HR+/HER2− but not in the TN subtype. Finally, XIAP mRNA expression was
associated with lower pCR rate to anthracycline-based neoadjuvant chemotherapy in both uni- and
multivariate analyses in 1203 informative patients. Higher XIAP expression in invasive breast cancer
is independently associated with poorer prognosis and resistance to chemotherapy, suggesting the
potential therapeutic benefit of targeting XIAP.
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1. Introduction

Resistance to programmed cell death (apoptosis) is a hallmark of cancer, and the
inhibitors of apoptosis proteins (IAP family) play a key role in regulating cell death [1–3].
An important member, X-linked inhibitor of apoptosis protein (XIAP), also named BIRC4
and mapped to the Xq25 chromosome region, is a multifunctional protein consisting of
several domains, including three zinc-containing BIR (baculovirus IAP repeat) domains
(BIR1, BIR2, and BIR3) and a C-terminal RING domain [4,5]. XIAP is considered the most
potent inhibitor of apoptosis due to its ability to suppress caspase 3, 7, and 9 activation,
which results in suppression of both death receptor (non-mitochondrial/extrinsic) and
mitochondrial/intrinsic cell death pathways [6]. Collectively, our studies and others have
shown XIAP to be involved in modulating signaling cascades of many transcription factors
such as NFkB, MAPK, TGFβ, ribosomal protein S3 (RPS3), and Rho to name a few, and
in turn XIAP expression and function are also regulated by these factors [2,7–13]. XIAP
is ubiquitously expressed in almost all human tissues in the cytoplasmic compartment
with a few reports identifying nuclear expression, although the associated mechanism is
unclear [14]. Relevant to the mammary gland, XIAP expression is a critical factor regulating
several stages of normal breast development, in particular at the end of each menstrual
cycle and during involution of the mammary gland after pregnancy where XIAP levels
regulate apoptosis and the reconstruction of breast ducts post lactation [15,16].

Accumulating evidence from preclinical studies strongly identifies the role of XIAP
in conferring therapeutic resistance in many tumors through its inhibition of apoptosis
triggered by cancer therapies [17]. In addition, XIAP can modulate downstream signaling
factors involved in autophagy, necroptosis, and immunosuppression due to its ability
to raise the cellular tolerance to various stress stimuli. This is largely attributed to the
presence of a potent internal ribosomal entry sequence (IRES) in the long 5′ untranslated
region (UTR) of XIAP mRNA that controls the translation of XIAP protein in response to
physiological, pathological and therapeutic stress in normal and cancer cells [18]. Given
that XIAP is central to apoptosis dysfunction in cancer, there is a large effort to develop
anti-XIAP drugs, many of which are in clinical trials [6,19]. Indeed, association of XIAP
expression with poor survival outcomes has been reported in patients with various tumors
including hepatocellular cancer, gastric cancer, head and neck cancer, esophageal, and
leukemia [20–23]. However, whether XIAP expression can serve as an important prognostic
and/or predictive marker is not conclusive for all cancers. In breast cancer, reports suggest
negative [24,25] or no correlation [26,27] between XIAP expression and survival [11,28],
and to our knowledge, no study has directly investigated the correlation with response to
chemotherapy in clinical breast cancer samples. Based on the strong apoptosis inhibition
function of XIAP, we postulated that XIAP expression would be associated with poor
survival and poor response to chemotherapy. Therefore, in this study we conducted a
comprehensive analysis of XIAP gene and protein expression in a large set of non-metastatic,
non-inflammatory, primary, invasive breast cancer samples to investigate XIAP expression
and correlations with clinicopathological parameters including disease-free survival (DFS)
and pathological complete response (pCR) to neoadjuvant chemotherapy.

2. Materials and Methods
2.1. Breast Cancer Samples and Expression Profiling

We gathered eight breast cancer gene expression data sets comprising both mRNA ex-
pression profiles generated using DNA microarrays and RNA-Seq and clinicopathological
annotations. These sets were collected from the National Center for Biotechnology Informa-
tion (NCBI)/Genbank GEO and TCGA databases, and authors’ website (Table S1). The final



Cancers 2021, 13, 2807 3 of 13

pooled data set included 2341 non-redundant non-metastatic, non-inflammatory, primary,
invasive breast cancers. We also collected proteomic data from TCGA generated using
Reverse Phase Protein Arrays (RPPA), which included 367 clinically annotated samples.
For each of these public data sets, the patients’ consent to participate and the agreement
from ethics and institutional review board had been obtained by the original authors.

2.2. Expression Data Analysis

Different steps of data pre-analytic processing were applied to the gene expression
data as described elsewhere [29]. Briefly, it first included normalization of each data set
separately using Robust Multichip Average (RMA) [30] with the non-parametric quantile
algorithm to analyze the raw Affymetrix data in R (Bioconductor and associated packages
employed). Then, we mapped hybridization probes across the different technological
platforms as reported [31]. When the same GeneID was represented by multiple mapping
probes, the probe with the highest variance in each data set was retained. The already nor-
malized RNAseq data were log2-transformed. Because of known immunohistochemistry-
related biases and the bimodal distribution of their respective mRNA expression level, the
estrogen receptor (ER), progesterone receptor (PR), and HER2 statutes (negative/positive)
were defined on mRNA expression data of ESR1, PGR, and HER2 genes, respectively, as
previously described [32]. The tumor molecular subtype was then defined as HR+/HER2−
in case of ER-positivity and/or PR-positivity and HER2-negativity, HER2+ in case of
HER2-positivity, and triple-negative (TN) in case of ER-negativity, PR-negativity and
HER2-negativity. XIAP expression was measured by analyzing two probe sets with 100%
identity and specificity according to the NCBI program BLASTN 2.2.29+ (Table S2). In order
to avoid any arbitrary cut-off, we analyzed XIAP expression as a continuous value. Differ-
ent multigene signatures were applied to each data set separately: the two major prognostic
multigene classifiers of breast cancer including the Recurrence Score [33] and the 70-gene
signature [34], the PAM50 molecular subtypes [35], and the genomic grade index (GGI) [36].
The normalized RPPA data did not require any pre-analytic processing.

2.3. Statistical Analysis

Correlations between XIAP expression (continuous value) and clinicopathological
variables were analyzed using the Student’s t-test or one-way ANOVA test. Disease-free
survival (DFS) was calculated for the 1–3 AJCC stages (AJCC: American Joint Commis-
sion on Cancer, 8th edition) patients from the date of diagnosis until the date of disease
recurrence or death from any cause. Patients displaying a DFS event refers to patients who
experienced disease recurrence or death from any cause. Follow-up was measured between
the date of diagnosis and the date of last contact for event-free patients. Survival curves
were generated using the Kaplan–Meier method and compared with the log-rank test. Cox
regression analysis (Wald test) was done for uni- and multivariate prognostic analyses for
DFS. The variables tested in univariate analyses were patients’ age at diagnosis (≤50 years
vs. >50), pathological type (lobular vs. ductal vs. other), pathological axillary lymph node
status (pN: negative vs. positive), pathological tumor size (pT1 vs. pT2-3), genomic grade
index (GGI; low vs. high), molecular subtypes (HR+/HER2− vs. HER2+ vs. TN), the risk
group defined by the two Recurrence Score and 70-gene prognostic signatures, and XIAP
expression. Those variables tested in DFS analysis were assessed on the operative specimen.
We also analyzed the pathological complete response (pCR) rate after anthracycline-based
neoadjuvant chemotherapy, defined as absence of invasive cancer in both breast and axil-
lary lymph nodes on the operative specimen (ypT0/Tis ypN0; AJCC 8th edition). Logistic
regression was applied for uni- and multivariate analyses for pCR. Variables significant in
univariate analyses (p-value < 0.05) were submitted to multivariate analyses. All statistical
tests were two-sided at 5% level of significance. Statistical analysis used the survival
package (version 2.30) in the R software (version 3.5.2; http://www.cran.r-project.org/;
accessed on 20 December 2018).

http://www.cran.r-project.org/
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3. Results
3.1. Patient Population and XIAP Expression

A total of 2341 breast samples were included in our analysis of XIAP mRNA expression.
As shown in Table 1, over half of the sample size was >50-years-old at diagnosis (58%),
and a higher number of tumors were ductal carcinoma (75%), high grade (68%), pT2-3
size (77%), node-positive (56%), HR+/HER2− (59%), and of luminal A+B (51%) molecular
subtype. In this population, XIAP mRNA expression level was heterogeneous across all
samples with a range of intensities over six intervals in log2 scale (Figure 1A,B).

Table 1. XIAP mRNA expression and clinicopathological variables.

Variables n
Global XIAP mRNA

n (%) Mean (Range) p-Value *

Age at diagnosis (year) 3.81 × 10−2

≤50 991 991 (42%) 0.23 (−2.3–2.0)
>50 1343 1343 (58%) 0.17 (−3.0–2.1)

Pathological type 4.35 × 10−2

IDC 1211 1211 (75%) 0.19 (−3.0–2.1)
ILC 215 215 (13%) 0.12 (−2.4–1.3)

other 190 190 (12%) 0.17 (−2.6–2.0)
Pathological lymph node (pN) 9.21 × 10−2

negative 517 517 (44%) 0.06 (−3.0–2.0)
positive 670 670 (56%) 0.17 (−2.1–1.9)

Pathological size (pT) 0.2
pT1 321 321 (23%) 0.21 (−2.4–1.93)

pT2-3 1070 1070 (77%) 0.12 (−3.0–2.0)
Genomic grade (GGI) 1.15 × 10−3

low 758 758 (32%) 0.24 (−2.4–2.0)
high 1583 1583 (68%) 0.18 (−3.0–2.1)

ER status ** 1.73 × 10−12

negative 917 917 (39%) 0.1 (−2.6–2.1)
positive 1424 1424 (61%) 0.26 (−3.0–2.0)

PR status ** 4.68 × 10−7

negative 1419 1419 (61%) 0.15 (−3.0–2.1)
positive 922 922 (39%) 0.27 (−2.7–1.9)

HER2 status ** 0.355
negative 2068 2068 (88%) 0.2 (−3.0–2.1)
positive 273 273 (12%) 0.17 (−1.6–1.8)

Molecular subtype mRNA status 2.86 × 10−14

HR+/HER2− 1382 1382 (59%) 0.26 (−3.0–2.0)
HER2+ 273 273 (12%) 0.17 (−1.6–1.8)

TN 686 686 (29%) 0.07 (−2.6–2.1)
PAM50 subtypes 6.93 × 10−23

basal 641 641 (27%) 0.06 (−2.6–2.1)
HER2 320 320 (14%) 0.12 (−3.0–1.9)

luminal A 668 668 (29%) 0.27 (−2.4–2.0)
luminal B 516 516 (22%) 0.35 (−1.8–2.0)

normal-like 196 196 (8%) 0.14 (−1.7–1.9)
DFS event no 809 809 (89%) 0.13 (−3.0–2.0) 1.55 × 10−2

yes 100 100 (11%) 0.33 (−1.8–1.5)
5-year DFS [95% CI] 909 79% [74–84]

Pathological complete response (pCR) 5.81 × 10−4

no 922 922 (77%) 0.26 (−1.4–2.1)
yes 281 281 (23%) 0.15 (−2.3–1.9)

GGI, genomic grade index; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma. * Student’s t-test or one-way ANOVA; **,
mRNA status.
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Figure 1. Distribution of XIAP mRNA and protein expression in breast cancer samples. (A) Histo-
gram of distribution of XIAP mRNA expression levels (log2) across the 2341 clinical samples. The 
red line represents the density curve of distribution. (B) XIAP mRNA expression level (log2) re-
ported as violin plot and box plot. (C) Histogram of distribution of XIAP protein expression levels 

Figure 1. Distribution of XIAP mRNA and protein expression in breast cancer samples. (A) Histogram of distribution
of XIAP mRNA expression levels (log2) across the 2341 clinical samples. The red line represents the density curve of
distribution. (B) XIAP mRNA expression level (log2) reported as violin plot and box plot. (C) Histogram of distribution of
XIAP protein expression levels (log2) across the 367 clinical samples. The red line represents the density curve of distribution.
(D) XIAP protein expression level (log2) reported as a violin plot and box plot.

Within this population, 367 TCGA samples had been profiled at the protein level
using RPPA. The clinicopathological characteristics of this subset were not significantly
different from those of the whole cohort. Here too, XIAP protein expression level was
heterogeneous across samples with a similar range of intensities, over eight intervals in
log2 scale (Figure 1C,D). There was a significant correlation between XIAP mRNA versus
protein expression levels in this subset (Pearson r = 0.31, p = 7.92 × 10−10).

3.2. Correlations of XIAP Expression with Clinicopathological Features

Such heterogeneous expression across samples allowed a search for correlation be-
tween XIAP expression (analyzed as continuous value) and clinicopathological features. As
shown in Table 1, higher XIAP mRNA expression was associated (p < 0.05; Student t-test or
one-way ANOVA test) with patients’ age ≤50 years, pathological ductal type, lower tumor
grade, node-positive status, HR+/HER2− status, and PAM50 luminal B subtype. Lower
expression was found in the TN subtype. There was no correlation with pathological tumor
size and HER2 status (p > 0.05). Mostly similar correlations were observed at the protein
level (Table S3).
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3.3. Correlations of XIAP Expression with Disease-Free Survival

Disease-free survival (DFS) data were available for 909 AJCC stage 1–3 patients,
including 809 who remained disease-free and 100 who experienced an event. With a
median follow-up of 24 months (range, 1–232) after diagnosis, the 5-year DFS rate was 79%
(95%CI, 74–84) and the 10-year DFS rate was 52% (95%CI, 74–84; Figure 2A). In the whole
population, XIAP mRNA expression was higher in patients who experienced a DFS event
than in patients without any event (p = 1.55 × 10−2, Student t-test; Table 1). The “XIAP-
high” group (high and low being defined by the Cox model prediction) was associated
with shorter DFS (p = 8.1× 10−4, log-rank test, Figure 2B) than the “XIAP-low” group, with
respective 5-year DFS of 74% (95%CI, 67–82) and 83% (95%CI, 77–90) and respective 10-year
DFS of 34% (95%CI, 21–54) and 68% (95%CI, 57–81). The hazard ratio (HR) for metastatic
relapse was 1.59 (95%CI 1.17–2.15, p = 2.77 × 10−3, Wald test) in the “XIAP-high” group vs.
the “XIAP-low” group (Table 2). In univariate analysis (Table 2), the other tested variables
associated with shorter DFS (Wald test) included the pN-positive status (p = 1.40 × 10−3),
the TN or HER2+ molecular subtypes (p = 7.74 × 10−4), and the prognostic 70-gene
signature (p = 4.89 × 10−3). In multivariate analysis (Wald test; Table 2), two variables
(pN and TN subtype) remained significant, whereas the 70-gene signature tended towards
significance (p = 0.086), and the prognostic value of XIAP was maintained (HR = 1.67, 95%CI
1.20–2.31, p = 2.07 × 10−3, Wald test), suggesting independent prognostic value. The same
prognostic analysis was repeated after stratification with three known prognostic factors
(ER, grade, and molecular subtypes). Regarding the molecular subtypes (Figure S1A), the
comparison of DFS according to XIAP expression showed significant difference in the
HR+/HER2− subtype (p = 1.21 × 10−4), a difference tending towards significance in the
TN subtype (p = 0.075), and no difference in the HER2+ subtype (p = 0.917). Regarding ER
status (Figure S2A), the difference was significant in the ER+ tumors (p = 1.37 × 10−4), but
not significant in the ER- tumors (p = 0.161). Finally, regarding the grade (Figure S3A), the
difference was significant in the low-grade tumors (p = 5.25 × 10−4) and the high-grade
tumors (p = 3.45 × 10−2). Of note, the prognostic analysis using XIAP expression as a
discrete value (cut-off equal to the median expression level) gave similar results in both
uni- and multivariate analyses (Table S4).

At the protein level, DFS data were available for 347 AJCC stage 1–3 patients, including
315 who remained disease-free and 32 who displayed an event. With a median follow-up
of 25 months (range, 1 to 232) after diagnosis, the 5-year DFS rate was 84% (95%CI, 78–91)
and the 10-year DFS rate was 67% (95%CI, 55–83; Figure 2C). Results were very similar to
those observed at the transcriptional level. In the whole population, XIAP expression was
higher in patients who displayed a DFS event than in patients without any event (p = 0.250,
Student t-test). The “XIAP-high” group was associated with shorter DFS (p = 4.19 × 10−2,
log-rank test, Figure 2D) than the “XIAP-low” group, with respective 5-year DFS of 81%
(95%CI, 73–91) and 92% (95%CI, 84–100) and respective 10-year DFS of 57% (95%CI, 41–79)
and 92% (95%CI, 84–100). In univariate analysis (Table S5), the other tested variables were
not significantly associated with DFS (Wald test). The hazard ratio (HR) for metastatic
relapse was 1.50 (95%CI 1.02–2.22, p = 4.15 × 10−2, Wald test) in the “XIAP-high” group
vs. the “XIAP-low” group. The same analysis, but in each molecular subtype separately,
(Figure S1B) showed a difference tending to be significant in the HR+/HER2− subtype
(p = 0.076), non-significant difference in the TN subtype (p = 0.267), and no difference in
the HER2+ subtype (p = 0.748). Analysis was repeated after stratification with ER and
grade. Regarding ER status (Figure S2B). the difference tended to be significant in the ER+
tumors (p = 9.69 × 10−2), but not significant in the ER- tumors (p = 0.328). Regarding the
grade (Figure S3B), the difference tended towards significance in the high-grade tumors
(p = 8.37 × 10−2) and was not significant in the low-grade tumors (p = 0.216).
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Amsterdam 70-gene risk, high vs. low 909 2.46 [1.31–4.60] 4.89 × 10−3 776 1.77 [0.92-3.41] 0.086
Recurrence Score risk, high vs. low 909 1.60 [0.98–2.60] 0.168

Recurrence Score risk, intermediate vs. low 1.33 [0.70–2.51]
XIAP continuous expression 909 1.59 [1.17–2.15] 2.77 × 10−3 776 1.67 [1.20–2.31] 2.07 × 10−3

GGI, genomic grade index; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; HR, hazards ratio.

3.4. Correlations of XIAP Expression with Pathological Response to Chemotherapy

Next, we investigated the correlation between the XIAP mRNA expression and the
pathological response to chemotherapy in the 1203 informative patients treated with
anthracycline-based neoadjuvant regimen followed by surgery. The period during which
the patients had been treated (available in 1108 patients) spanned, through the six informa-
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tive cohorts, from 2000 to 2010. Regarding the chemotherapy regimen, 480 patients had
received an anthracycline-based regimen, 668 an anthracycline/taxane-based regimen, and
55 received an anthracycline+/−taxane-based regimen. Only 10 had received trastuzumab
associated to chemotherapy. Two hundred and eighty-one patients (23%) displayed pCR
and 922 did not. As shown in Table 1, higher XIAP expression was observed in patients
without pCR than in patients with pCR (p = 5.81 × 10−4, Student t-test). In univariate anal-
ysis (Table 3), the XIAP status was associated with pCR, as were other variables including
the tumor grade and the molecular subtypes with higher pCR rate for GGI high versus low
(OR = 2.10, 95%CI 1.70–2.80; p = 7.65 × 10−7), for HER2+ versus HR+/HER2− (OR = 3.80,
95%CI 2.70–5.40; p = 1.12 × 10−10) and for TN versus HR+/HER2− (OR = 3.60, 95%CI
2.80–4.70; p = 2.22 × 10−15). Here too, in multivariate analysis (Table 3), XIAP expression
remained significantly associated with lower pCR rate (p = 1.28 × 10−2, logit function).
Similar results were observed by using XIAP expression as a discrete value (Table S6).

Table 3. Univariate and multivariate analyses for pCR to neoadjuvant chemotherapy.

Variables
Univariate Multivariate

n OR [CI95] p-Value n OR [CI95] p-Value

Age at diagnosis, >50 vs. ≤50 years 1202 0.86 [0.68–1.10] 0.262
Genomic grade (GGI), high vs. low 1203 2.10 [1.70–2.80] 7.65 × 10−7 1203 1.60 [1.20–2.10] 2.72 × 10−3

Pathological type, ILC vs. IDC 510 1.60 [0.63–4.30] 0.397
Pathological type, other vs. IDC 510 0.75 [0.46–1.20] 0.314

Mol. subtype, HER2+ vs. HR+/HER2− 1203 3.80 [2.70–5.40] 1.12 × 10−10 1203 3.40 [2.40–4.80] 7.85 × 10−9

Mol. subtype, TN vs. HR+/HER2− 1203 3.60 [2.80–4.70] 2.22 × 10−15 1203 3.00 [2.30–4.00] 3.96 × 10−11

XIAP continuous expression 1203 0.59 [0.46–0.76] 5.12 × 10−4 1203 0.67 [0.52–0.87] 1.28 × 10−2

GGI, genomic grade index; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; OR, Odds-ratio.

4. Discussion

Although there have been significant improvements in understanding breast cancer
biology, therapeutic approaches are largely dependent on and guided by molecular pro-
filing that categorizes the tumor based on the three receptors/biomarkers: ER, PR and
HER2 [37]. Unfortunately, recent emerging global trends are showing increased breast
cancer mortality [38] attributed to treatment resistance and highly proliferative breast
cancer variants within these subtypes [39,40]. Thus, the development of new therapies that
address resistance and proliferative mechanisms is crucial.

Programmed cell death/apoptosis is vital for homeostasis and regulation of cell
survival [41]. It is commonly dysregulated in many cancers and during adaptation to ther-
apeutic stress leading to clonal expansion of aggressive, proliferative tumor cells, which
exhibit resistance to hypoxia, radiation, chemotherapy, and other survival pressures [42,43].
Among the two families of known apoptosis regulators (IAP and Bcl-2 families of proteins),
XIAP is considered the most potent inhibitor of cell death and an attractive therapeutic tar-
get due to its ability to suppress caspase activation via both intrinsic and extrinsic pathways
and its ability to act as a signaling intermediate in tumor cell survival, immune and inflam-
matory pathways [17,44]. Based on strong evidence that XIAP expression in cancer cells
promotes resistance to chemotherapy and radiation as well as elicit anti-cancer immune
responses, the past decade has seen development of XIAP-specific targeting using RNA
approaches [45–49], pan-IAP peptidomimetics, and small molecule inhibitors [17,19,50–53].
In particular, Smac mimetics have been instrumental in revealing the role for IAPs in regu-
lating TNF receptor signaling [54] and have shown promising results in sensitizing cancer
cell lines to conventional chemotherapies by occupying the BIR domains that normally
interact with caspases [55]. Various Smac mimetics are in early phase clinical trials, such as
Birinapant in phase II clinical trial for the treatment of solid tumors in combination with
Pembrolizumab [56–58]. However, characterization of XIAP expression in relation to both
clinicopathological markers and clinical outcomes using larger series of well annotated
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samples of invasive breast cancers is lacking. To our knowledge, the present study is the
largest clinical series of primary invasive breast cancers analyzed for XIAP expression.

We found a significant association between higher XIAP expression (mRNA and
protein datasets) and several prognostic clinicopathological variables. Curiously, the
latter included both poor-prognosis factors (younger age, ductal type, PAM50 luminal
B subtype, and pathological node-positive status), and good-prognosis factors (lower
tumor grade, ER+ status, PR+ status, HR+/HER2− status, and PAM50 luminal A subtype).
Such heterogeneity in correlation with prognostic factors is difficult to explain. Similar
observations were reported in one study of 92 patients with correlation of higher IAP
protein expression with both a poor-prognosis variable (higher tumor size pT2-3) and a
good-prognosis variable (ER+ status) [26]. Three other published studies reported different
and contradictory results: high XIAP protein expression was associated with no variable
tested in one study [24], with HER2+ status and TP53 mutations in the second one [27],
and with higher grade, tumor size pT2-3, ductal type, and TN status in the third one [25].
For comparison, the literature data are more consistent and coherent for Bcl-2, another
major inhibitor of apoptosis, whose expression is associated with good-prognosis factors
such as ER+, low grade, and smaller tumor size [59].

Most importantly, patients with higher mRNA levels of XIAP in their tumors exhibited
shorter 5-year and 10-year DFS than those with lower levels of XIAP, and these associations
were also found at the protein level. Thus, in both cohorts (RNA and protein/RPPA
cohorts), XIAP expression was a poor-prognosis factor. Interestingly, this result was
observed in analyses of XIAP expression as a continuous value, which showed a linear
relation between the risk of event and expression level, and as discrete value (cut-off
equal to median expression level), which showed higher risk of event in “XIAP-high”
versus “XIAP-low” samples. This poor-prognosis value of high XIAP expression may
appear as paradoxical given its association with good-prognosis variables (HR+/HER2−,
ER+, low grade). However, high expression was not only associated with poor-prognosis
variables in the whole series, but also with shorter DFS in HR+/HER2− tumors and
TN tumors (Figure S1), in ER+ tumors and ER- tumors (Figure S2), and in low-grade
tumors and high-grade tumors (Figure S3). Indeed, the prognostic value was maintained
when subjected to multivariate analysis to the classical prognostic variables including
the 70-gene signature [34,60], suggesting that apoptosis (reflected by XIAP expression)
and tumor cell proliferation (reflected by the 70-gene signature) provide complementary
prognostic information. In the literature, the unfavorable prognostic value of high XIAP
expression has been reported as significant in multivariate analysis for overall survival
in two studies [24,25], as tending towards significance for PFS in one study [26], and as
absent in another one [27].

We also report in a uni- and multivariate analysis of more than 1200 patients that
higher XIAP tumor expression was associated with lower pCR rate to anthracycline-based
neoadjuvant chemotherapy. Here too, this predictive value, independent from the genomic
grade (GGI, mostly related to cell proliferation), reveals the predictive complementarity
between apoptosis and proliferation for the therapeutic response to chemotherapy. Further,
as pCR is associated with favorable disease-free and overall survival in early-stage breast
cancer, limiting the negative impact of XIAP during neoadjuvant therapy may result in
important gains in efficacy. This correlation of XIAP expression with poorer response to
chemotherapy, as well as with shorter DFS, is in agreement with the role of apoptosis
inhibition in cancer formation and progression [3]. This is supported by prior studies
reporting the expression of another key anti-apoptotic protein Bcl-2 to be associated with
lesser chemosensitivity [61]. Paradoxically, though Bcl-2 expression is associated with
longer survival in breast cancer [59,62] and unlike XIAP that suppresses both death recep-
tor/extrinsic and mitochondrial apoptosis, Bcl-2 can only inhibit intrinsic/mitochondrial-
mediated apoptosis, suggesting that targeting XIAP may be more relevant to treatment of
breast cancer.
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5. Conclusions

Our study supports that, at both the transcriptional and translational levels, higher
XIAP expression in primary invasive breast cancer is associated with poorer prognosis and
resistance to chemotherapy. The strengths of our study include the size of the series, which
to our knowledge represents the largest prognostic/predictive study of XIAP expression
reported so far in breast cancer, the analysis per molecular subtype, the independent
prognostic and predictive values, and analysis at both mRNA and protein levels. The
main limitation is the retrospective nature of our series and associated biases, warranting
further validation in larger retrospective and prospective clinical series before being able to
recognize XIAP expression as a validated biomarker useful in clinical practice. Furthermore,
given this potential role of XIAP and apoptosis regarding the clinical outcome of breast
cancer patients, the manipulation of XIAP with XIAP/Smac mimetic therapies under
development might provide new therapeutic weapons for treating these poor-prognosis
tumors, and functional studies with pre-clinical models are warranted.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Figure S1:
Disease-free survival according to XIAP expression in each molecular subtype, Figure S2: Disease-free
survival according to XIAP expression in each ER status-based class, Figure S3: Disease-free survival
according to XIAP expression in each grade-based class, Table S1: List of breast cancer mRNA data sets
included in the study, Table S2: List of XIAP probe sets analyzed; Table S3: XIAP protein expression
and clinicopathological variables, Table S4: Univariate and multivariate analyses for DFS in the
“RNA population” by using XIAP expression as discrete value. Table S5: Univariate and multivariate
analyses for DFS in the “RPPA population”. Table S6: Univariate and multivariate analyses for pCR
to neoadjuvant chemotherapy by using XIAP expression as discrete value. References [63–69] are
referred to in Supplementary Materials.
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