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Survivin and XIAP: two valuable biomarkers
in medullary thyroid carcinoma
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Background: Medullary thyroid carcinoma (MTC) accounts for ~5% of all thyroid malignancies. To date, surgery is the first-line
therapy with curative intention. However, for advanced MTC, conventional chemotherapeutic agents do not provide convincing
results. Therefore, the identification of biomarkers that can be antagonised by small-molecule therapeutics may lead to novel
encouraging treatment options.

Methods: Seventy-nine patients with surgically resected and histologically confirmed MTC were included in this study. Tissue
microarrays were constructed to assess the relationship between inhibitor of apoptosis proteins (IAPs) survivin or XIAP expression
levels and clinicopathological variables as well as overall survival.

Results: High survivin or XIAP expression was associated with an advanced T-stage and metastatic disease. Whereas tissue
expression levels of survivin correlated with serum calcitonin levels, XIAP was overexpressed in the subgroup of patients with
sporadic MTC. Both IAPs were negatively associated with patient survival in the multivariate Cox regressions analysis (survivin:
hazard ratio (HR) 1.62; 95% confidence interval (Cl): 1.21-2.16; P=0.001; XIAP: HR 1.78; 95% Cl: 1.16-2.72; P=0.008).

Conclusions: Survivin and XIAP demonstrate distinct expression patterns in MTCs, which are associated with advanced disease
and poor prognosis. We thus provide first evidence that both IAPs might serve as viable targets in patients with MTC.

Medullary thyroid carcinoma (MTC) originates from the calcito-
nin-secreting, non-iodine-retaining parafollicular C cells. It is the
third most common thyroid malignancy and accounts for ~5% of
all thyroid carcinomas (Ball, 2009). Although 75% of all MTCs
occur sporadically, ~25% of all patients harbour a germline
mutation of the REarranged during Transfection (RET) proto-
oncogene (Donis-Keller et al, 1993; Takahashi, 1995). The RET
proto-oncogene is located on chromosome 10q11.2 and is essential
for the regulation of cell cycle progression, migration and
differentiation (Blume-Jensen and Hunter, 2001; Qi et al, 2011).
Importantly, mutations of the RET gene are associated with three
distinct clinical syndromes: multiple endocrine neoplasia type 2 A
(70%) and B (10%) (MEN2A/B) and the non-MEN (20%), also

called familial MTC (FMTC). Although these germline mutations
conclude in different syndrome-specific diseases such as pheo-
chromocytoma and primary hyperparathyroidism for MEN2A and
B, FMTC shows no other sign or symptom apart from MTC
(Eng et al, 1996; Leboulleux et al, 2004; Wells et al, 2013).
However, for both groups of patients the adequate therapy upon
establishing the diagnosis remains the radical thyroidectomy with
or without lymphadenectomy depending on the clinical findings
and the serum level of calcitonin (American Thyroid Association
Guidelines Task Force et al, 2009; Dralle et al, 2013). Owing to the
large group of patients that present with advanced metastatic
disease at the time of initial diagnosis, adjuvant therapeutic
strategies have been in the focus of researchers worldwide
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(Tuttle et al, 2010). Hence, the better understanding of MTC
tumour biology has led to the identification of new promising
molecular targets like the tyrosine kinase receptors (Hu et al, 2014).
These therapeutic targets can be affected by small molecular
compounds, creating new options for the patients as well as the
clinical team (Wu et al, 2011). However, despite first encouraging
results of targeted therapy approaches, the prognosis of patients with
distant metastases remains poor, with 10-year survival rates of 21%
(American Thyroid Association Guidelines Task Force et al, 2009).

Consequently, there is still an urgent need to identify novel
druggable molecular targets that are of relevance for MTC tumour
biology. In this context, a group of antiapoptotic proteins referred
to as the inhibitor of apoptosis protein (IAP) family has attracted
considerable attention. Inhibitor of apoptosis proteins are a family
of proteins defined by up to three baculoviral IAP repeat (BIR)
domains (Miller, 1999) that are necessary for protein-protein
interaction with a number of proapoptotic factors (Gyrd-Hansen
and Meier, 2010). They have an important role in cell death,
mitosis, migration, metastasis and inflammation (Bertrand et al,
2009; Krieg et al, 2009; Krieg and Reed, 2010; Mehrotra et al, 2010;
de Almagro and Vucic, 2012). So far, eight members of the human
IAP family have been identified: NAIP (BIRC1), c-IAP1 (BIRC2),
c-IAP2 (BIRC3), XIAP (BIRC4), survivin (BIRC5), Apollon/Bruce
(BIRC6), ML-IAP (BIRC7) and ILP-2 (BIRCS8) (de Almagro and
Vucic, 2012).

Two of the most renowned IAP-family members survivin and
XIAP synergistically inhibit apoptosis by forming a complex that
prevents XIAP from proteasomal degradation, resulting in an
enhanced inhibition of caspases (Vaux and Silke, 2003). Moreover,
survivin-XIAP interaction promotes tumour cell invasion and
metastasis by inducing nuclear translocation of transcription factor
nuclear factor-kB (NF-kB), which leads to the activation of cell
motility kinases FAK (focal adhesion kinase) and Src (sarcoma)
(Mehrotra et al, 2010). Whereas XIAP additionally inhibits the
Ripoptosome, a ~2MDa large cell death-inducing platform that
mediates apoptosis and necroptosis in response to genotoxic stress
(Tenev et al, 2011), survivin is involved in the formation of the
chromosomal passenger complex, making it a key regulator of cell
cycle progression that is essential for completion of mitosis (Rosa
et al, 2006).

Importantly, overexpression of XIAP and survivin has been
demonstrated to be associated with a poor prognosis in several
types of tumours such as carcinomas of the colon, stomach, breast
and kidney, making them potential biomarkers for these tumour
entities (Mizutani et al, 2007; Goossens-Beumer et al, 2014;
Gu et al, 2014; Xu et al, 2014). In addition, overexpression of
survivin and survivinAEx3 splice variant has been demonstrated in
thyroid malignancies, including a small number of MTC tissue
specimens (Waligorska-Stachura et al, 2014).

Thus, the aim of our study was to determine the expression of
survivin and XIAP in surgically resected specimens of MTC and
corresponding normal thyroid tissue. Considering the synergistic
function of XIAP and survivin, we aimed to assess the prognostic
value of both IAPs in a rigorous manner according to the
REporting recommendations for tumour MARKer prognostic
studies (REMARK), as well as their association with clinicopatho-
logical characteristics of MTC patients (McShane et al, 2005).

MATERIALS AND METHODS

Patient selection. Patients who underwent curative surgery for
histologically confirmed MTC at the Department of Surgery (A),
University Hospital Duesseldorf between 1986 and 2003 were
retrospectively reviewed. All types of primary thyroid surgery,
with or without lymph node dissection, were included

(i.e, thyroidectomy, hemithyroidectomy, subtotal resection).
Exclusion criteria were incomplete pathological report or clinical
data as well as macroscopic incomplete resection, or insufficient
tumour material for further analysis. In addition, patients lost to
follow-up or who died because of postoperative complications
within the first 30 days after surgery were excluded for survival
analysis. The study was conducted according to Good Clinical
Practice, the Declaration of Helsinki and local rules as well as
regulations of the country. In addition, strict anonymity of all
study data were established and maintained. Moreover, the study
was carried out with an ethical approval from the institutional
ethics committee of the Medical Faculty, Heinrich Heine
University Duesseldorf (reference number: 3821).

Clinicopathological data. Overall survival data were obtained
from our prospectively maintained clinical database. Clinical
parameters including age at first diagnosis, gender, date and type
of surgery, serum calcitonin levels before surgery, family history
and results from genotyping with regard to sporadic and inherited
MTG, initial tumour stage including TNM status, affected lobe and
clinical follow-up were retrospectively reviewed. Pathological
findings were directly obtained from the original histopathology
reports. All tumours were staged according to the 7th edition of the
UICC classification (Ito et al, 2012). Samples from earlier surgeries
were adjusted to this staging system to ensure conformity and
reproducibility.

Tissue microarray and immunohistochemistry. All formalin-
fixed paraffin-embedded tissue blocks were retrieved from the
Institute of Pathology, University Hospital Duesseldorf. A total of
nine TMA paraffin blocks were constructed for this study. They
contained each two representative tissue cores of the primary
tumour, one tissue core of normal thyroid gland, two tissue
samples of a lymph node metastasis if present and one tissue
sample of distant metastasis if available for each respective patient.
Accordingly, for each patient up to six cylinders of 1.0 mm
diameter were taken from their respective donor blocks and placed
in paraffin recipient blocks, with 0.5mm distance between the
cylinders. Finally, one TMA block consisted of a maximum
number of 10 different patients and their respective tissue samples.

For immunohistochemical staining of survivin, XIAP and
calcitonin, TMAs were cut into slides of 4 um thickness. The
staining was performed using the ZytoChem Plus HRP-DAB Kit
(Zytomed Systems, Berlin, Germany) as described previously
(Cupisti et al, 2014). Briefly, after deparaffinisation and rehydra-
tion, antigen unmasking was performed at 95 °C for 30 min using a
3% trisodium citrate dihydrate buffer equilibrated at pH 6,
followed by incubation for 20 min at room temperature. Endo-
genous peroxidase was inactivated by incubating the slides in 3%
H,0, in phosphate-buffered saline (PBS, pH 7.4) for 10 min at
room temperature. Sections were then rinsed three times for 2 min
in PBS with 0.1% Tween-20 (Sigma-Aldrich, St Louis, MO, USA),
followed by blocking of unspecific protein binding sites using
reagent 1. After washing in PBS with 0.1% Tween-20, immunos-
taining was performed for 60 min at room temperature with rabbit
polyclonal anti-survivin (NB500-201; 1:750 dilution; Novus,
Littleton, CO, USA), mouse monoclonal anti-XIAP (Clone 48;
1:50 dilution; BD Biosciences, San Jose, CA, USA) and rabbit
polyclonal anti-calcitonin antibody (Clone Poly29118, 1:100
dilution; Biolegend, San Diego, CA, USA), respectively. Isotype
control was conducted using mouse IgGlx (MOPC-21; 1:50
dilution; Abcam, Cambridge, UK) and rabbit immunoglobulin
fraction (Code X0903; 1 : 1000 dilution; Dako, Glostrup, Denmark).
After three washing steps in PBS with 0.1% Tween-20, slides were
incubated with biotinylated secondary antibody and streptavidin—
HRP conjugate. Finally, colour development was achieved by
incubation with 3,3’-diaminobenzidine high contrast and counter-
staining with haematoxylin. To verify that all of the extracted MTC
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tissue cores contained tumour, we performed immunohistochem-
ical staining against calcitonin. For each immunohistochemical
staining procedure, a tissue slide of pretested human colon and
renal cell carcinoma, known to express survivin or XIAP
intensively, served as a positive control.

For TMA analyses, survivin and XIAP staining intensity and
percentage of stained cells were scored by two independent
investigators (TW and YT) according to the immunoreactivity
score (IRS) reported by Remmele et al (1986) with slight
modifications: intensity was graded as absent (0), weak/low (1),
moderate (2) and high (3); percentage of stained cells was graded
<5% (0), 5-25% (1), 25-50% (2), 50-75% (3) and > 75% (4). The
product of the two attributes equalled the IRS ranging from 0 to 12.

Statistical analysis. Differences in expression levels of survivin or
XIAP according to clinicopathological variables were examined
using the nonparametric Mann-Whitney test. Categorical data
were analysed using the Fisher’s exact test.

For survival analysis, survivin and XIAP were categorised into
the groups of high expression (>median IRS) and low expression
(<median IRS). Clinicopathological variables were compared as
follows: T1/2 vs T3/4, UICC I/II vs UICC III/IV and age as well as
calcitonin  (pmoll ™~ 1) based on their median (>median vs
<median). Overall survival was defined as the period from the
date of surgery until death of any causes or until the date of the last
follow-up at which survivors were censored. For univariate survival
analysis, survival curves were evaluated using Kaplan-Meier curves
and assessed using the log-rank (Mantel Cox) test (GraphPad
Software, La Jolla, CA, USA). Cox regression analysis was used for
multivariate survival analyses, estimating hazard ratios (HRs) with
95% confidence intervals (CIs). The regression analysis was first
performed with all available variables and then focussed using a
stepwise variable selection procedure based on the Akaike informa-
tion criterion (AIC). Internal validation was conducted using
Bootstrap analysis with 500 replicates.

In addition, as an exploratory analysis, we performed a survival
regression tree analysis to identify subgroups of patients with a
high risk of death. This technique combines an algorithm for
recursive partitioning together with a well-defined theory of
permutation tests. Multiple test procedures are applied to
determine whether a significant association between any of the
covariables and the response variable can be stated. The resulting
partitioning regression analysis is graphically displayed as a
classification tree. The partitioning nodes are displayed by an
optimal cut-off point for continuous covariables and with a
classification split for categorical covariables. Each node split is
assessed with a P-value calculated by a permutation test.

Data analysis was performed using the Statistical Software R
version 3.1.0 (R Development Core Team, 2014). A P-value <0.05
was considered to indicate statistical significance.

RESULTS

Patients and outcome. Based on our inclusion and exclusion
criteria, a total number of 79 patients could be included in this
study (Supplementary Figure 1). Patients’ clinical and pathological
characteristics are summarised in Table 1. Because five patients
were lost to follow-up, a total number of 74 patients were included
for survival analysis. Median overall survival of these patients was
166 months (range 5-287 months).

Calcitonin basal blood levels were available for 59 patients
before surgery. The median level being 459 pgml ~'. The genetic
background of MTCs, whether sporadic or inherited, was known
for 71 patients, whereas there was no clear indication for eight
patients. The type of surgery differed depending on the given
recommendation of the respective period of time. The vast

Table 1. Patient characteristics (n=79)

Variables No. of patients (%)

Total 79

Age

Median (range); years 49 (6-83)

Gender

Male 38 (48)

Female 41 (52)

Genetic

Sporadic 37 (47)

MEN2A 34 (43)

Unknown 8 (10)

Basal calcitonin levels prior to surgery

<12pgml~’ 47 (60)

>12pgml~’ 12 (15)

Unknown 20 (25)

Type of surgery

Hemithyroidectomy 11 (14)
With unilateral ND 3 (4)

Subtotal thyroidectomy 3 4)
With bilateral ND 2(2)

Total thyroidectomy without ND 14 (18)
With unilateral ND 16 (20)
With bilateral ND 30 (38)

Side affected

Unilateral 65 (82)

Bilateral 14 (18)

Tumour stage

T1/2 60 (76)

T3/4 19 (24)

Lymph node metastasis

NO 37 (47)

N1a/b 42 (53)

Distant metastasis

MO 55 (70)

M1 24 (30)

UICC stage

UICC I/1l 36 (46)

UICC lII/IV 43 (54)

Abbreviations: ND = neck dissection; UICC = Union internationale contre le cancer.

majority, however, was treated with a total thyroidectomy with
or without neck dissection.

Survivin and XIAP expression correlate with advanced tumour
stage. All included cores of primary tumour tissue as well as
metastases stained positive for calcitonin, confirming the diagnosis
of MTC. In addition, parafollicular C cells stained positively in
normal thyroid tissue specimen (Figure 1). Next, we analysed the
distribution of survivin and XIAP within the normal thyroid gland,
MTCs and the corresponding lymph node or distant metastases.
Whereas survivin and XIAP were strongly expressed in MTC with
a predominately cytoplasmic localisation, normal thyroid tissue
stained negative for both IAPs (Figure 1). However, when
comparing primary MTC with their corresponding lymph node
or distant metastasis, no difference in expression levels became
evident (data not shown).

To explore a potential association between the two IAPs and
clinicopathological parameters, two statistical approaches were
applied. First, we compared the IRS across groups for each
clinicopathological variable (ie., UICC I+41II vs UICC HI+IV;
Figure 2).

Using this approach, we found a strong correlation between
high survivin (P=0.007) and XIAP (P=0.001) expression levels
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and advanced UICC III/IV tumour stages (Figure 2C and G).
Accordingly, IRSs for survivin were significantly higher in patients
with T3/4 tumours (median: 12; range: 4-12) when compared with
T1/2 MTCs (median: 8; range: 0-12; P=0.032; Figure 2A).
Additionally, tumour probes from patients with lymph node or
distant metastasis showed a distinct higher expression of survivin
compared with tumour probes from patients with non-metasta-
sised disease stages (P=0.007 and 0.007; Figure 2B and C).
Interestingly, we also found a strong association between basal
calcitonin blood levels and survivin expression. Patients with a
high calcitonin blood level at the time of admission showed a
significantly higher survivin expression in their respective primary
tumour compared with patients with normal calcitonin blood
levels (P =0.047; Figure 2D).

Similar results were obtained for the XIAP expression analysis.
T3/4 samples demonstrated a significantly higher IRS for XIAP
compared with T1/2 tumour samples (P=0.002; Figure 2E).
Again, a lymph node-positive status was also accompanied by

Thyroid gland

XIAP

Calcitonin

Figure 1. Representative tissue samples with immunohistochemical
staining for survivin, XIAP and calcitonin in MTC (left), respective
lymph node metastases (middle) and normal thyroid gland (right).
All shown samples were classified as strong expression for the
respective targets in accordance with the IRS. The bar at the top left
corner indicates 50 um.
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significantly higher expression of XIAP in the primary tumour
(P=10.001; Figure 2F). Notably, patients with sporadic MTC also
exhibited a distinct higher expression of XIAP as compared with
the MEN2A-associated MTC (P = 0.032; Figure 2H).

Second, by categorising the respective expression levels accord-
ing to the median into high (>median) and low (<median), we
could confirm the association of high survivin and XIAP
expression with more advanced tumour stages as well as an
association of XIAP with sporadic MTC (Table 2).

Survivin and XIAP are independent markers of poor prognosis
in MTC. For survival analysis, the following variables were
included: age, gender, sporadic and inherited form, calcitonin
basal blood level, tumour stage, lymph node status, distant
metastasis and UICC stage as well as survivin and XIAP expression
levels according to the IRS.

In the univariate analysis, high survivin (HR =3.765; 95% CI:
1.166-6.568; P=0.021) but not XIAP (HR = 1.239; 95% CI: 0.484-
3.140; P=0.662) expression was significantly associated with poor
prognosis (Figure 3A and B, Table 3A). Clinicopathological
variables such as old age at diagnosis, sporadic MTC, lymph node
metastasis, M1 stage and the UICC stage predicted a worse
outcome.

Next, we performed multivariate analysis using a stepwise
variable selection procedure based on the AIC. Accordingly,
advanced UICC stages III and IV (HR=3.95; 95% CI: 1.143-
13.645; P=0.030) as well as sporadic disease (HR=5.815;
95% CI: 1.548-21.840; P=0.009) and high survivin expression
(HR=1.616; 95% CI: 1.207-2.162; P=0.001) were found to be
independent prognostic factors for MTC (Table 3B). Interestingly,
high XIAP expression levels became significant on multivariate
analysis (HR = 1.776; 95% CI: 1.162-2.715; P=0.008), reflecting a
prognostic relevance of XIAP in MTC disease. For a better
visualisation, the regression estimates of the multivariate analysis
are illustrated in Figure 3C after In transformation.

Correlation between biomarkers. To further elucidate a possible
interaction between survivin, XIAP and other clinicopathological
markers, we performed a regression tree analysis. This test
procedure allows the identification of specific biomarker constella-
tions under which patients have a high risk of death. Interestingly,
we found a subgroup of patients in our cohort that was associated
with a distinct deterioration of their prognosis. Patients with a
calcitonin basal blood level at the time of diagnosis below
596pgml ', low survivin expression (IRS<5), but high XIAP

C D
** *
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2 2 'l‘
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Figure 2. (A-H) Expression levels of survivin and XIAP and their association with clinicopathological variables in MTC. Boxplots display the
median IRS with the upper and lower quartile, as well as maximum and minimum stratified according to the respective clinicopathological variable.

CT = calcitonin. *P<0.05; **P<0.01; ***P<0.001.
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Table 2. Correlation between survivin or XIAP expression and clinicopathological factors in MTC

| Survivin expression ‘ | XIAP expression ‘
Variables Low, n=32 (%) High, n=47 (%) P-value Low, n=42 (%) High, n=37 (%) P-value
Age, mean ts.d. 48.5+18.7 50.5+18.6 0.3021 49 +20.7 49+19.3 0.9849
Gender
Male 15 (47) 23 (49) 19 (45) 9 (51)
Female 17 (53) 24 (51) 1.0 23 (55) 8 (49) 0.6550
Tumour stage
T1/2 29 (91) 31 (66) 37 (88 23 (62)
T3/4 3@ 6 (34) 0.0153 5(12 14 (38) 0.0089
Lymph node metastasis
NO (66) 6 (34) 26 (62 11 (30)
N1a/b 11 (34) 31 (66) 0.0068 16 (38 26 (70) 0.0065
Distant metastasis
MO 29 (91) 30 (64) 27 (64) 28 (76)
M1 3(9) 17 (36) 0.0084 15 (36) 9 (24) 0.3311
UICC stage
UICC I/1l 20 (62.5) 6 (34) 25 (60) 11 (30)
uiCC i/ IV 12 (37.5) 31 (66) 0.0208 17 (40) 26 (70) 0.0124
Low, n=24 (%) High, n=35 (%) Low, n=27 (%) High, n=32 (%)
Calcitonin basal blood level
Normal 9 (37.5) 39 5(19) 7 (22)
Elevated 15 (62.5) 32 (91) 0.0095 22 (81) 25 (78) 1.0
Low, n=32 (%) High, n=39 (%) Low, n=38 (%) High, n=33 (%)
Genetic
Sporadic 13 (41) 24 (62) 15 (39) 22 (67)
MEN2A 19 (59) 15 (38) 0.0980 23 (61) 11 (33) 0.0321
Abbreviations: MTC = medullary thyroid carcinoma; XIAP = X-Linked inhibitor of apoptosis protein; UICC = Union internationale contre le cancer.

A B Table 3A. Overall survival: univariate analysis
100 7, _ 100 Ay Variables HR | Cl (lower-upper 95%) | P-value
IS s = Age 2.939 1.256-6.823 0.0132
g 2 Sex 1.488 0.6425-3433 0.3535
= 50 = 50
IS P=0.0013 g P=0.0079 T1/2 vs T3/4 2.176 0.9341-7.322 0.0696
[}
C>) — Survivin < median 5 — XIAP < median NO vs N1 a/b 5.007 1.785-9.519 0.0010
— Survivin > median - XIAP > median
0l ol MO vs M1 4.873 3.511-32.44 0.0001
0 100 200 300 0 100 200 300 UICC /1l vs UICC IlI/IV 4.187 1.461-7.780 0.0046
Months Months
c D Sporadic vs MEN2A 5.094 1.558-9.886 0.003¢9
nHRE < o?0x2 4220 e pmoﬁf}'d‘l‘)"i:s% ol Calcitonin basal blood level | 3.306 0.7676-14.24 0.1085
| 1 1 1 1 1 =
Survivin expression 3.765 1.166-6.568 0.0214
UICC stage XIAP expression 1.239 0.4843-3.140 0.6618
. Abbreviations: Cl=confidence interval; HR=hazard ratio; XIAP =X-linked inhibitor of
Sporadic _— y - i - - )
Survivin | Survivin apoptosis protein; UICC = Union internationale contre le cancer.
Heriditary |Sporadic IRS > 5 [ IRS <5
Survivin = ‘ XIAP | XIAP
ESsG|1BS]> 6 Table 3B. Overall survival: multivariate analysis after stepwise
0.2 0.8 06 variable selection
XIAP —_—
1 3 Variables HR | CI (lower-upper 95%) | P-value
. X . X UICC I/ vs UICC IlII/IV 3.950 1.143-13.645 0.030
Figure 3. Kaplan-Meier curves for overall survival according to the IRS -
for survivin and XIAP. Based on the IRS of (A) survivin or (B) XIAP, Sporadic vs MEN2A 5815 1.548-21.840 0.009
specimens were classified into samples with high (>median) and low Survivin expression 1.616 1.207-2.162 0.001
(<median) expression levels. (C) Summarises HR and ClI of the XIAP expression 1.776 1.162-2.715 0.008
multivariate analySiS after In transformation. (D) Survival reQrESSIOH tree Abbreviations: Cl=confidence interval; HR=hazard ratio; XIAP=X-linked inhibitor of
analysis was per‘formed to identify subgroups of patients with a high apoptosis protein; UICC = Union internationale contre le cancer.

risk of death. Numbers under the vertical lines represent HRs of the
given constellation.

DISCUSSION

Over the past years, great achievements have been made, bringing
scientific benchwork to the patient’s bed site and improving

expression (IRS>6) had three times the risk of dying over the
observed period of time, as compared with the other patients
(Figure 3D).
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therapeutic results as well as quality of life. The progress of
identifying strong prognostic biomarkers and later targeting them
with their respective antagonists has led to paramount changes in
patient treatment strategies (Miura et al, 2011; Rodel et al, 2012).

Approximately 50% of all patients with MTC harbour distant
metastasis at the time of diagnosis, and systemic therapeutic agents
are in high demand to treat the spreading disease (Hu et al, 2014).
At the beginning of the twenty-first century, only conventional
chemotherapeutics, mostly based on dacarbazin and doxorubicin,
have been used in the treatment of advanced MTC (Vitale et al,
2001). However, in the past decade a new insight into the biology
of MTC has been gained, which enabled oncologists for novel
approaches in targeted therapy. Owing to the known biology of
RET oncogene mutations in MTC, the main focus has been placed
on tyrosine kinase inhibitors, for both hereditary and sporadic
MTC (Lalami and Awada, 2011). However, only 40-50% of all
patients with sporadic MTC have a somatic RET mutation and a
consequently activated tyrosine kinase (Elisei et al, 2008). There-
fore, especially for the remaining patients, research dealing with the
commonly altered signalling pathways in oncogenesis is of great
importance.

In this regard, inhibition of apoptosis is a hallmark feature of
carcinoma cells. The regulation as well as the maintenance of a
reasonable homeostasis in tissues and organs is a key physiological
operation, largely depending on the complex interdependency of
proliferation and apoptosis. However, during oncogenesis an
imbalance between these two poles leads to an uncontrolled
proliferation and metastatic spread (Obexer and Ausserlechner,
2014; Wan et al, 2014). In this context, several antiapoptotic
proteins such as the IAP-family members have attracted consider-
able attention during the past decades. IAPs comprise a group of
BIR-domain containing proteins that inhibit apoptosis, induce
resistance to conventional chemotherapy or radiotherapy and are
overexpressed in a wide variety of tumour entities (de Almagro and
Vucic, 2012).

Thus far, little is known about the role of IAPs in the
oncogenesis of MTC. To our knowledge, our study is the first that
focused on the stage-dependent expression levels of survivin and
XIAP in MTC and analysed their prognostic relevance. For our
cohort, we could show that survivin and XIAP are two
independent novel prognostic biomarkers in MTC. They both
demonstrated a strong negative correlation with patients’ overall
survival in the multivariate analysis. Besides their association with
a worse outcome in MTC patients, both survivin and XIAP
correlated with more advanced tumour stages and a metastatic
phenotype. Importantly, these results are in line with recent meta-
analyses that underscored not only the prognostic relevance but
also the association of survivin with a metastasised disease for
colorectal and gastric carcinoma patients (Krieg et al, 2013a,b).
A recent study by Selemetjev et al (2014) also demonstrated the
close correlation between survivin and the presence of lymph node
metastasis in papillary thyroid carcinoma. Similar results have been
published for XIAP in several solid tumour entities, underscoring
the relation between XIAP and a metastatic phenotype as well as
poor prognosis (Ramp et al, 2004; Shi et al, 2008; Yim et al, 2014).
In addition, Mehrotra et al (2010) demonstrated that survivin in a
complex with XIAP was essential for the formation of distant
metastasis. Functionally, this aspect is independent of their
antiapoptotic properties and is caused by an activation of cell
motility kinases FAK and Src via NF-«B.

Remarkably, high survivin expression in MTC was associated
with elevated calcitonin basal blood levels, whereas this was not
evident for XIAP. The observation that high serum calcitonin
correlates with increased expression levels of survivin in MTC
specimens supports the recently published data by Thomas and
Shah (2005) who demonstrated in prostate carcinoma cell lines
an induction of survivin by calcitonin, causing chemoresistance

in vitro (Thomas and Shah, 2005; Thomas et al, 2007). This
interdependency between survivin and calcitonin may be of unique
importance in MTC as parafollicular C cells, the sole producers of
the peptide hormone calcitonin, are the hosts from which MTC
originates. Thus, the relationship between autocrine and paracrine
signalling in which tumour cells secrete calcitonin that, upon
binding to its receptor, induces antiapoptotic or promitotic
signalling pathways are of great interest for the oncogenesis in
MTC. This self-preserving cycle of autocrine secretion and self-
stimulation may prove to be a key regulatory step and warrants
further research in this field.

Interestingly, patients with sporadic MTC exhibited signifi-
cantly higher expression levels of XIAP compared with the
hereditary form. This emphasises again that certain subgroups of
a carcinoma may establish different molecular pathways by which
they ensure their survival and progression. However, as shown in
the decision tree, it sometimes might be the combination of
certain biomarkers and the actual given condition of the
individual patient that increases the risk of death considerably.
Although the decision tree is solely an exploratory statistical
method, it still underscores the importance of a broad panel of
prognostic biomarkers to describe and foresee the tumour’s
biology, which is as individual as the patient. Especially, grouping
of patients with different characteristics will lead us to a more
profound understanding of the disease and ultimately to a more
individualised medicine and the chance to tailor our therapeutic
approaches to the individual needs of our patients (Schwaederle
et al, 2015).

Encouraging results have been published concerning the
antagonising effect of chemical compounds against survivin and
XIAP in subgroups of thyroid carcinoma. Mehta et al (2015)
demonstrated that the survivin inhibitor YM155 could significantly
reduce cellular proliferation in anaplastic thyroid carcinoma cell
lines, inhibit proliferation and metastasis in vivo and prolong
survivial. Similarly for XIAP, Hussain et al (2015) showed that
antagonising of XIAP by small-molecule Embelin caused growth
inhibition and apoptosis in papillary thyroid carcinoma cell lines
and induced tumour regression in a nude mouse model. Thus, both
studies underscore the functional aspects of survivin and XIAP as
novel biomarkers and their potential therapeutic implications.

Despite the limitations of the retrospective design of our study,
our results fit perfectly into the emerging landscape of IAP
interaction. Both biomarkers with their distinct expression profiles
and negative prognostic implications can therefore be considered
as new viable therapeutic options in MTC. However, more
research, especially on the functional aspects of survivin and XIAP
in MTC, needs to be carried out to further improve our
understanding of their role in MTC biology and to enable us for
a more personalised therapeutic approach in the future.
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