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Abstract

AIM: To investigate the prognostic role of genomic
stability and copy number alterations (CNAs) pancre-
atic neuroendocrine tumors (PanNETSs).

METHODS: A high-resolution array-based comparative
genomic hybridization approach was utilized in order
to investigate and quantify chromosomal aberrations
in a panel of 37 primary PanNET and 11 metastatic
samples. DNA samples were extracted from formalin-
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fixed and paraffin-embedded tumor specimen. Ge-
nomic findings were correlated with histopathological
and immunohistochemical data. Moreover, the dataset
was subjected to employing an unsupervised hierarchi-
cal clustering analysis approach utilizing Euclidean dis-
tance and average linkage and associations between
genomically defined tumor groups and recurrent CNAs
or clinicopathological features of the study group were
assessed.

RESULTS: Numerous chromosomal aberrations were
recurrently detected in both, primary tumor samples
and metastases. Copy number gains were most fre-
quently observed at 06p22.2-p22.1 (27.1%), 17p13.1
(20.8%), 07p21.3-p21.2 (18.8%), 09g34.11 (18.8%).
Genomic losses were significantly less frequent and
the only recurrent aberration affected 08q24.3 (6.3%).
Moreover, we detected a high degree of genomic het-
erogeneity between primary tumors and metastatic
lesions. Unsupervised hierarchical clustering of loci af-
fected by CNAs in more than 3 primary tumor samples
revealed two genetically distinct tumor groups as
well as two chromosomal clusters of genomic imbal-
ances indicating a small subset of tumors with com-
mon molecular features (13.5%). Aberrations affecting
6p22.2-22.1, 8g24.3, 9g34.11 and 17p13.1 (P = 0.011;
0.003; 0.003; 0.001), were significantly associated with
a poorer survival prognosis.

CONCLUSION: This study suggests that several fre-
quent CNAs in numerous candidate regions are involved
in the pathogenesis and metastatic progression of Pan-
NET.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In the current study, we characterized the ge-
nomic landscape of pancreatic neuroendocrine tumors
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(PanNETs). Analysis of recurrent genomic amplifica-
tions delineated two independent clusters of genomic
aberrations as well as two patient groups characterized
by significantly overlapping cytogenetic features. Copy
number alterations affecting chromosomes 6, 8, 9 and
17 were shown to be associated with survival. A high
degree of genomic heterogeneity between primary
tumor samples and metastatic lesions demonstrates
the need for a more focused molecular and cytoge-
netic characterization in the light of upcoming targeted
therapy approaches. PanNETs appear to be genetically
distinct from other types of neuroendocrine tumors.

Gebauer N, Schmidt-Werthern C, Bernard V, Feller AC, Keck T,
Begum N, Rades D, Lehnert H, Brabant G, Thorns C. Genomic
landscape of pancreatic neuroendocrine tumors. World J Gastro-
enterol 2014; 20(46): 17498-17506 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i46/17498.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i46.17498

INTRODUCTION

Pancreatic neuroendocrine tumors (PanNETS) are rela-
tively rare. Their annual incidence, however, has increased
substantially over the past two decades and these tumors

now represent one of the most common entities of ma-
lignhant primary pancreatic neoplasia, the second most
common after ductal adenocarcinoma! ™. Moreover,
PanNETSs represent the second most common group of
clinically relevant neuroendocrine tumors following small
intestinal neuroendocrine tumors (midgut carcinoids) and
accounting for approximately 7% of all neuroendocrine
tumors'’, PanNETSs usually occur sporadically, but they
have been described in the context of multiple endocrine
neoplasia type 1 (MENT1) and less frequently in other
hereditary syndromes, including von Hippel-Lindau and
tuberous sclerosis'™. Although the increasing incidence
of PanNET has partially been attributed to both a tise
in awareness among physicians and increased sensitivity
of diagnostic methodology current numbers may still
be an underestimation of the real occurrence. Several
autopsy case studies, including extensive histopathologi-
cal workup of the entire pancreas, revealed a prevalence
ranging between approximately 1% and 10%™. The bi-
ological variability within the entity of PanNETs is best
illustrated by the variety of clinical manifestations mostly
determined by local stage and the specific hormone pro-
duction of the tumors cell of originm. Thus, tumorts are
primarily classified as functional or non-functional”.
Patients with a PanNET frequently present with ad-
vanced stage disease including metastatic dissemination
at the time of diagnosis. A complete resection, which
is considered the therapeutic gold-standard, cannot be
achieved in many of these patientsm. Thus, the five-year
survival rate for PanNET patients following surgical
resection varies substantially depending on size, grading
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and proliferative activity of the primary tumor as well as
the presence of metastatic disease.

The often low response rates to conventional chemo-
therapies as well as to novel targeted therapies further
necessitate the improvement of our understanding of
this heterogeneous entity at a genomic and molecular
level™. While a number of comprehensive studies have
been carried out, employing both array comparative
genomic hybridization as well as single-nucleotide poly-
morphism approaches in order to elucidate cytogenetic
aspects of small intestinal neuroendocrine tumors, no
such attempts have been published for PanNETs!",

In the present study, we aimed to determine the de-
gree of genomic stability and copy number alterations
(CNA) within the group of PanNETs, applying a high
resolution array-based comparative genomic hybridiza-
tion (a-CGH) approach to a panel of 37 primary Pan-
NETs. The second major aim of our work was to assess
chromosomal aberrations comparatively between pan-
creatic primary tumors and metastases (# = 11), in order
to identify intraindividual genomic imbalances of poten-
tial therapeutic relevance.

MATERIALS AND METHODS

Case selection and tissue samples

Formalin-fixed and paraffin-embedded (FFPE) tissue
specimen from 37 patients with PanNET and eleven cor-
responding metastases (six lymph node, three hepatic and
three peritoneal metastases) from seven patients were
retrieved from the registry of the Department of Pathol-
ogy, University Hospital of Schleswig-Holstein, Campus
Luebeck. All tissue samples were sent to the Department
of Pathology as part of standard clinical care following
resection in one of the local surgical departments. All
patients underwent surgical resection, which was aimed
to be complete. All studies were approved by the Ethics
Commission at the University of Luebeck. All samples
were revaluated and histopathological diagnosis was es-
tablished in accordance with the current WHO classifica-
tion of neuroendocrine tumors' . Twenty female and 17
male patients at a median age of 52 were included in the
study group.

Immunohistochemistry

Immunohistochemical stains were performed on tissue
micro arrays according to a standard three-step immuno-
peroxidase technique utilizing an automated TechMate
system (DAKO, Glostrup, Denmark) and the BrightVi-
sion Kit (ImmunoLogic, Duiven, Netherlands).

Genomic DNA extraction and quantification

Genomic DNA was obtained from FFPE specimen us-
ing the QiaAmp mini kit 250 (Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s instructions.
DNA concentration and purity was evaluated using a
NanoDrop 1000 Spectrophotometer (Thermo Scientific,
United States).
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Array comparative genomic hybridization

An a-CGH approach was applied on 37 PanNETs and 11
corresponding metastases from seven patients using 180K
Oligo Arrays (Agilent Technologies Inc., Santa Clara, CA,
United States). Male or female reference DNA (Agilent
Technologies Inc.) was used in order to assess genomic
imbalances (sex-matched). Array slides were analyzed on
a Surescan high-resolution DNA micro-array scanner
platform (Agilent Technologies Inc.). All procedures were
performed according to the manufacturer’s instructions
and protocol.

Genomic data analysis

Genomic data were extracted from TIFF files using Fea-
ture Extraction and CytoGenomics V. 2.7.08 software
(Agilent Technologies Inc.).

Definitions of genomic gain (+0.25), loss (-0.25), am-
plification (+1) and homozygous loss (-1) were established
based on the log2 ratio thresholds and a minimum of
three adjacent probes indicating the aberration. Moreover,
the significance threshold P-value was set at a minimum
of 5.0 X 10° as described"”. Recurrent regions of CNAs
were defined as those observed in four or more a-CGH
profiles when reviewing both primary tumors and metas-
tases combined"”.

Aberrations resembling known copy number varia-
tions in accordance with the UCSC Genome Bioinformat-
ics database (http://genome.uscs.edu) were not reported
and thus excluded from further analysis.

For cluster analysis of recurrently observed chromo-
somal imbalances, a binary matrix was constructed as-
sociating each primary tumor sample with each of the
recurrently detectable aberrations. The status was coded
as “0” for normal copy number or “1” for copy number
variations (either gain or loss at a given candidate region)
of each tumor sample individually. The matrix was subse-
quently analyzed employing an unsupervised hierarchical
clustering analysis approach utilizing Euclidean distance

and average linkage using Genesis 1.7.6"",

Statistical analysis

Period of follow up was defined as the time interval be-
tween the date of primary diagnosis until time of death
or the date of last clinical contact. In order to assess
overall survival the log rank test was used and results
were illustrated by Kaplan-Meier plots for both tumor
groups as well as regions of recurrent genomic imbal-
ance. Associations between genomically defined tumor
groups and recurrent CNAs or clinicopathological fea-
tures of the study group were assessed using the Fisher’s
exact test and the Mann-Whitney U test respectively. All
analyses were two-sided and the statistical significance
level was set to 5% (P < 0.05). All statistical data analyses
were performed using GraphPad Prism 5.
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RESULTS

Histopathological and clinical features of the study
group

Primary tumors had a median size of 2.3 cm and median
proliferative activity was < 1 mitosis per high-power field
and 1.2% of Ki-67 positive staining cells. In accordance
with the 2010 WHO classification of neuroendoctrine
tumors, 28 samples were diagnosed as NET G1, 8 tu-
mors were NET G2 and one case was classified as NET
G3. Clinical data were available for 29/37 patients with
a median follow-up of 20 months. No significant dif-
ference in proliferative activity between primary tumors
and metastatic lesions was obsetved (P = 0.21). A brief
overview of all cases and corresponding metastatic le-
sions included in the current study is given in Tables 1
and 2.

Copy number variations detected by a-CGH: General
observations

We performed genome-wide high-resolution screening
for CNAs in 37 PanNET primary tumor samples and
eleven corresponding metastases from seven patients
employing an array-based comparative genomic hybrid-
1zation approach.

CNAs were detected in all samples at an average of
30.35 CNAs per sample in primary tumors and 43.09 in
metastases. Yet, this difference in CNA frequency (P =
0.16) failed to reach statistical significance, potentially
due to the size of the study group. The highest num-
ber of independent CNAs was found in P6 (» = 152),
whereas P24 revealed only one CNA.

Most genomic losses and gains displayed extensive ab-
errations recurrently affecting total or near total chromo-
somes and involving a mean of 1212 probes per CNA in
primary tumors and 1288 in metastases. Gains were more
frequent than losses in both primary tumors (2.66:1) and
metastases (0.68:1).

Copy number gains

Recurrent copy number gains were observed on chro-
mosome 6 at p22.2-p22.1 (all tumors: 13/48, 27.1%;
ptrimary tumors: 9/37, 24.3%; metastases 4/11, 36.4%),
chromosome 17 at p13.1 (all tumors: 10/48, 20.8%;
ptimary tumors: 7/37, 18.9%; metastases 3/11, 27.3%),
chromosome 7 at p21.3-p21.2 (all tumors 9/48, 18.8%;
ptrimary tumors: 6/37, 16.2%; metastases 3/11, 27.3%)
and chromosome 9 at q34.11 (all tumors 9/48, 18.8%;
ptimary tumors: 6/37, 16.2%; metastases 3/11, 27.3%).
Several genes with integral functions in oncogenesis and
biological processes including regulation of develop-
ment, differentiation, growth and apoptosis are located
at these loci. Affected genes of specific interest in the
context of PanNET include regulatory genes controlling
transcription, intracellular signaling and epigenetic regu-
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Table 1 Clinical and histopathological features of the patients included in the study group

Case No. Sex Age Diagnosis (WHO 2010) Mitotic score Ki67 Tumor size (cm) TNM (UICC)

P01 F 45 NET G1 <1 <1% 35 pT2, pNO(0/10), pM1, L0, VO, pNO

P02 F 77 NET G2 2 3% 14 pT3, pN1, pMx, L1, V1, pNO

P03 M 45 NET G1 <1 1% 23 pT2, pNx, pMx, L0, VO, pNO

P04 M 57 NET G1 1 10% 3.8 pT3, pNO, pM1, L1, VO, pNO, G1

P05 M 50 NET G1 <1 0.4% 1.1 pT1, pNx, pMx, LO, VO, pNO, G1

P06 M 61 NET G1 <1 2.6% 5 pT3, pNO (0/5), pMx, L0, VO, pNO, G1
P07 F 77 NET G3 25 35% 10 pT3, pNO, pMx, L1, VO, pNO

P08 M 58 NET G1 <1 <1% 0.3 pT1, pNx, pMx, LO, VO, pNO, G1

P09 M 33 NET G2 2 4.7% 2.8 pT2, pN1 (2/26), pMx, L1, VO, pNO, G2
P10 M 50 NET G2 5 12.4% >20 pT4, pNx, pM1, L1, V1, pN1, G2

P11 F 16 NET G2 3 16.1% 5 pT3, pN1 (19/68), pM1, L1, VO, pN1, G2
P12 F 33 NET G2 2 1.2% 2 pT1, pNO, pMx, L0, VO, pNO, G2

P13 E 38 NET G2 2 7% 5.5 pT3, pN1 (2/15), pM1, L1, VO, pN1, G2
P14 M 58 NET G2 10 6.5% 4.5 pT3, pN1(8/23), pMx, L0, V1, pN1, G2
P15 M 72 NET G1 <1 1.5% 15 pT1, pNx, pM1, L0, VO, pNO, G1

P16 F 60 NET G1 <1 0.5% 1.1 pT1, pNO (0/6), pMx, LO, VO, pNO, G1
P17 E 77 NET G1 <1 0.8% 1 pT1, pNx, pMx, LO, VO, pNO ,G1

P18 F 49 NET G1 <1 1.4% 2.7 pT2, pNO (0/5), pMx, L1, VO, pNO, G1
P19 E 52 NET G2 5 14.6% 4 pT3, pNO, pM1, L1, V1, pN1, G2

P20 F 46 NET G1 1 6% 9.5 pT2, pNO(0/9), pMx,L1,V1,pN0O, G1
P21 M 55 NET G1 <1 2.9% 3 pT3, pN1 /1/15), pM1, VO, L1, pNO, G1
P22 M 31 NET G1 1 2.2% 0.9 pT1, pNO (0/5), pMx, L0, VO, pNoO, G1
P23 M 56 NET G1 <1 1% 0.4 pT1, pNO, pMO, LO, VO, pNO, G1

P24 M 42 NET G1 0 0.3% 0.2 pT1(m), pNO (0/3), pMx, LO,V0, pNO, G1
P25 M 68 NET G1 <1 1.2% 2.5 pT2, pNx, pMx, LO, VO, pNO, G1

P26 F 33 NET G1 <1 1.3% 2 pT1, pNx, pMx, LO, VO, pNO, G1

P27 F 50 NET G1 <1 2% 2.7 pT2, pNx, pMx, LO, VO, pNO, G1

P28 M 59 NET G1 1 1.2% 3.5 pT2, pN1(1/20), pMx, L1, V1, pNO, G1
P29 F 57 NET G1 <1 1.5% 0.8 pT1, pNO, pMx, L0, VO, pN1, G1

P30 F 59 NET G1 <1 1% 2.1 pT2, pNO (0/1), pMx L0, VO, pNO, G1
P31 M 86 NET G1 <1 1% 0.7 pT1(m), pNx, pMx, L0, VO, pNO, G1
P32 F 81 NET G1 <1 0% 0.8 pT1, pNO (0/14), pMx, L0, VO, pNO, G1
P33 F 51 NET G1 1 0.5% 9 pT2, pN1 (7/26), pMx, L1, VO, pNO, G1
P34 F 45 NET G1 1 0.9% 2 pT1(m), pNO, pM1, L0, VO, pNO, G1
P35 F 41 NET G1 <1 <1% 2 pT1, pNx, pMx, L0, VO, pNO, G1

P36 F 40 NET G1 <1 0.8% 0.6 pT1, pNO (0/21), pMO, L0, VO, pNO, G1
P37 M 70 NET G1 <1 1% 05 pT1, pNO (0/12), pMO, L0, VO, pNO

F: Female; M: Male; NET: Neuroendocrine tumor; UICC: International Union Against Cancer.

Table 2 Primary pancreatic tumors included in the study group

Case No. Primary tumor Localization Mitotic score Kié7 Number of CNAs in primary tumor Number of CNAs in metastases
M_P8.1 P08 LN <1 1% 0 7
M_P8.2 P08 LN 2 4% 0 4
M_P10.1 P10 LN 2 7% 22 5
M_P10.2 P10 Peritoneal B) 21% 19 7
M_P12.1 P12 LN 2 4% 28 4
M_P12.2 P12 Liver <1 <1% 28 0
M_P13.1 P13 Liver 5 15% 1 37
M_P32.1 P32 LN <1 1% 56 70
M_P32.2 P32 Peritoneal <1 1% 59 14
M_P33.1 P33 Peritoneal <1 1% 6 2
M_P36.1 P36 Liver 8 20% 11 8

CNA: Copy number alterations; LN: Lymph node.

lation eg., EFNAT, MUCT, ABT1, ZNF322A4, DGKB, over, multiple genes involved in cell cycle regulation,
DMTF1, CBFB, CLDN7 and HIST-family genes. Several growth and proliferation were affected by copy number
genes implicated in cell-cell adhesion and migration ac- gains, including CKS7B, FGF11, ETVT and TNFSF12.
tivity such as ADAM 15, THBS3, CD36, HGF, DNM1 Copy number gains were detectable at loci known to
and ELMO3 exhibited significant amplification. More- include HFE and TP53.
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Table 3 Comparison of copy number alterations by array-

based comparative genomic hybridization in recurrent regions
in primary tumors and metastases 7 (%)

Recurrent region Primary tumor Metastases All tumors
n 37 11 48
Gains
01q21.3-q22 4(10.8) 1(9.1) 5 (10.4)
03q24 4(10.8) 0 (0) 4(8.3)
06p22.2-p22.1 9 (24.3) 4 (36.4) 13 (27.1)
07p21.3-p21.2 6(16.2) 3(27.3) 9 (18.8)
07q21.11-q21.12 2(5.4) 3(27.3) 5 (10.4)
08q24.3 4(10.8) 1(9.1) 5 (10.4)
09q34.11 6 (16.2) 3(27.3) 9 (18.8)
11q13.1-q13.2 2 (5.4) 2(1822) 4(83)
16p11.2 2 (5.4) 3(27.3) 5 (10.4)
16q22.1 5 (13.5) 1(9.1) 6 (12.5)
17p13.1 7 (18.9) 3(27.3) 10 (20.8)
18q12.1 5 (13.5) 0(0) 5 (10.4)
19p13.3 4(10.8) 0(0) 4(83)
22q13.33 127) 2(18.2) 3(6.3)
Losses
08q24.3 3(8.1) 0(0) 3(6.3)
11q13.1-q13.2 2(5.4) 0(0) 2(4.2)
16p11.2 2(5.4) 0(0) 2(4.2)
16q22.1 1(2.7) 0(0) 1(2.1)
17p13.1 127) 0(0) 1(2.1)
22q13.33 0 (0) 1(9.1) 1(2.1)
Copy number losses

Genomic losses were far less common among both pri-
mary PanNET tumor samples as well as metastases and
the only regions affected in more than one sample were
08q24.3 (3/48, 8.1%), 11q13.1-q13.2 (2/37, 5.4%) and
16p11.2 (2/37, 5.4%). Of note, none of these aberrations
were detectable in metastatic lesions.

Genes affected by these aberrations with potential
implications in PanNET include genes with functions in
intracellular signaling such as ARI.2, BANF7, epigenetic
regulators of gene expression including BRMS7 and
genes implicated in inflammation and tumorgenesis as
well as cytosceletal properties, e.g., CFL7. Notably, four
patients presented with copy number alterations (two
losses and two gains) affecting the MENT gene and
CD248 (potentially implicated in tumorgenesis), one of
which exhibited an additional MENT germline mutation.
Recurrent aberrations are summarized in Table 3.

Cluster analysis of genomic aberrations and associated
clinicopathological features

Genomic data of primary PanNETs obtained by a-CGH
were subjected to unsupervised hierarchical cluster anal-
ysis in order to detect sub-groups of tumors exhibiting
a significant overlap with regard to recurrently observed
CNAs. Two genomically distinct types of PanNET were
identified. Tumor group I included 5 tumors and group
Il consisted of 32 tumor samples.

Moreover, we detected two distinct chromosomal clus-
ters (a, b). Cluster a consisted of 9 loci recurrently harbor-
ing aberrations whereas cluster b included 5 regions with
frequent genomic imbalances (Figure 1).

Tumor group | was significantly enriched for all aber-
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rations included in chromosomal cluster a. 6p22.2, p22.1
(P =0.0084), 17p13.1 (P = 0.0025), 16g22.1 (P = 0.0224),
8q24.3 (P < 0.0001), 9q34.11 (P = 0.0011), 18q12.1 (P =
0.0004), 1q21.2, 22 (P < 0.0001), 16p11.2 (P = 0.0049),
19p13.3 (P < 0.0001). With the exception of CNAs at
chromosomes 1 and 19 all of the above were also de-
tected, albeit at a much lower frequency in isolated cases
of tumor group II.

There was a significant overlap between CNAs and
their frequencies in primary tumor samples and metasta-
ses. With the exception of aberrations on chromosomes
3, 18 and 19, which were observed in a minor subset of
primary tumor samples (10.8%, 13.5% and 10.8%, re-
spectively), all CNAs were found in both groups and no
significant differences with regard to their frequency were
identified.

Subjecting couples of primary tumors and metasta-
ses to comparative analysis, however, we detected a sig-
nificant degree of heterogeneity with an average of only
9.33% of shared aberrations. Analyzing the four cases
with two available metastases, a high degree of inter-
metastatic genomic variability became apparent as well.
Morteover, no genomic losses were reproducibly detected
in samples of both primary tumors and metastases.

We further investigated potential associations be-
tween recurrent chromosomal aberrations and patient
survival employing the Mantel-Cox test. CNAs affecting
6p22.2-22.1, 8q24.3, 9q34.11 and 17p13.1 were shown
to be associated with a significantly worse survival (P
= 0.0114; 0.0028; 0.0028; 0.0011). Moreover, patients
harboring CNAs at 6p22.2-22.1 were significantly older
and patients showing CNAs at 6p22.2-22.1 and 17p13.1
displayed a trend towards accelerated mitotic activity as-
sessed by both count of mitotic figures per 10 high-pow-
er fields as well as percentage of MIB1 positive staining
cells. These trends however failed to reach statistical
significance. The impact of CNA affecting 6p22.2-22.1,
8q24.3, 9q34.11 and 17p13.1 on overall survival are visu-
alized in Figure 2.

DISCUSSION

In recent years, several studies have demonstrated the
need for a paradigm shift in the definition of pathologi-
cal entities, changing from primarily histopathological
to genomic and molecular based criteria. Through the
application of increasingly refined cytogenetic and mo-
lecular approaches, significant intraindividual and more
recently, intratumor heterogeneity on a genomic and mo-
lecular level have become apparent in samples previously
indistinguishable by means of microscopic evaluation'"”
These developments demonstrate the need for a novel
cytogenetic and molecular definition of a patient’s malig-
nancy, facilitating not only individually but intraindividu-
ally customized targeted therapy approaches in order to
devise therapeutic concepts for targeting multiple sub
clones in a patient.

In the current study we report, for the first time, on
genetic findings in an extensive cohort of PanNET pa-

December 14, 2014 | Volume 20 | Issue 46 |



Gebauer N et a/. Chromosomal aberrations in PanNETs

N o — CNA

N = un [ae] je] A MmN = M N T O N 0O O N T N O O 1N W O (=
Mm 4 A N M O N ¥ o N A N mMO NN -4 MW Hh-H A H H H NN NN N MM N M
O T T T~ T -~ T o = T = = = = = =« = = = = T - = = = - - - - - N
LT !
06p22.2-p22.1 06p22.2-p22.1
17p13.1 17p13.1
16422.1 16G22.1
08q24.3 08q24.3
09934.11 09934.11
ql2.1 18q12
01g21.3-q22 01q21.3-q22
a i6p11.2 i6p11.2
19p13.3 19p13.3
07p21.3-p21.2 07p21.3-p21.2
11q13.1-q13.2 11q13.1-q13.2
03q24 03q24
b 07q21.11-g21.12 07q21.11-q21.12
22q13.33 22q13.33

Figure 1 Genomic data of primary pancreatic neuroendocrine tumors obtained by array-based comparative genomic hybridization were subjected to un-
supervised hierarchical cluster analysis utilizing Euclidean distance and average linkage in order to detect sub-groups of tumors exhibiting a significant
overlap with regard to recurrently observed copy number alterations. Two genomically distinct types of pancreatic neuroendocrine tumors were identified. Tumor
group I included 5 tumors and group II consisted of 32 tumor samples. Moreover, we detected two distinct chromosomal clusters (a, b). Cluster a consisted of 9 loci
recurrently harboring aberrations, whereas cluster b included 5 regions with frequent genomic imbalances. CNA: Copy number alterations.
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Figure 2 In order to assess overall survival and potential associations with recurrent chromosomal aberrations the log rank test was utilized and results
were illustrated by Kaplan-Meier plots for both tumor groups as well as regions of recurrent genomic imbalance and patient survival employing the Man-
tel-Cox test. Copy number alterations affecting 6p22.2-22.1 (A), 8q24.3 (B), 9934.11 (C) and 17p13.1 (D) were shown to concur with significantly shortened overall
survival.

tients with special consideration of differences and simi- between the two groups.

larities between primary tumor samples and metastases. Copy number gains were most frequently observed
CNAs were detected in all samples with a slightly on chromosomes 6, 7, 9 and 17. Genomic losses were

increased frequency in metastases compated to primary significantly less frequent and the only recurrent aberra-

tumorts. This trend, however, failed to reach statistical tion affected 08q24.3 (3/48, 6.3%).

significance, potentially due to the relatively small size Gains affecting the 6p22.2-22.1 region were present

of the study group. These observations appear to be in 24% of the primary tumor samples and 36% of me-

consistent with the mild increase in proliferative activity tastases included in the study group and thus constitute
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the most prominent feature of PanNETs in our data
set. Genes affected by this recurrent aberration include
ABTT and ZNF322.4 as well as the histone gene cluster.
Similar aberrations have been implicated in the recur-
rence of menigiomas“(ﬂ. The significance and clinical
impact of these findings is further emphasized by the
apparent effect of this chromosomal lesion on overall
survival as well as proliferative activity of the tumor.

Amplifications on the short arm of chromosome 7
have previously been implicated in a variety of malignant
tumors including several types of sarcomas and carcino-
mas™?". Candidate genes in this region with a possible
role in PanNET pathogenesis and progression include
CD36 as a prominent adhesion molecule and hepatocyte
growth factor, a regulatory protein implicated in cell
growth, proliferation, motility and matrix invasion ren-
dering it a central element in tumorogenesis and tumor
dissemination™*”.

The 8q24.3 locus was altered in approximately 20%
of both primary tumor samples and metastases. A more
refined investigation of the detectable aberrations, how-
ever, revealed no complete overlap between these lesions
and both losses and gains were found. Thus, the patho-
physiological implications of genomic gains within this
region remain widely obscure and need to be clarified in
future studies on more extensive cohorts.

Genomic imbalances located on the long arm of
chromosome 9 were previously reported in atypical lung
carcinoids and post-irradiation thyroid carcinomas™ .

Although deletions and/or mutations affecting the
17p13.1 locus and TP53 as its most prominent gene are
by far the most recurrent features in malignancies, ge-
nomic amplifications affecting this region have been de-
scribed for a variety of tumors including bladder cancer
as well*,

In addition, we identified 11q13.1-q13.2 as a region
of eclevated genomic instability in PanNETs with both
copy number losses and gains being frequently detect-
able in the present study. A more refined investigation
revealed it to contain several candidate genes with po-
tential implications in PanNET tumor development in-
cluding MENT and endosialin (CD248)™. In addition to
its role in hereditary endocrine disorders, MENT was re-
cently characterized as a somatic mutational hot-spot and
a recurrent site of germline and/or somatic deletions
in PanNETs and other malignancies™”. Copy number
gains encompassing this region have been implicated in
tumor development as well, albeit far less frequently™,

The elevated frequency of aberrations affecting chro-
mosomes 6, 7, 9, 11, 16, 17 and 22 when comparing pri-
mary tumor samples and metastatic lesions is suggestive
of potential implications of these aberrations with disease
progression and predisposes them as regions of interest
for future drug design approaches.

Our findings of CNAs affecting chromosomes 3, 18
and 19 in a subset of primary tumors but not in metasta-
ses suggest a role of these CNAs in tumor initiation but
not in further tumor growth and spread.
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Interestingly, we detected several recurrent genomic
imbalances; none of these however was detectable in
more than one fourth of all primary samples included in
this study. From this observation we deduce the possibil-
ity that the aberrations we identified constitute recurrent
secondary genetic defects associated with distinct aspects
of biological behavior.

Unsupervised hierarchical cluster analysis revealed
two independent and genomically distinct sub-groups of
tumors exhibiting a significant overlap with regard to re-
cutrrently observed CNAs. Moreover, two distinct chro-
mosomal clusters (a, b) were detected. These clusters
of recurrent CNAs are suggestive of distinct subsets of
secondary genomic imbalances associated with different
types of biological behavior within the heterogeneous
group of PanNETs. Future, and if possible functional
studies will be needed to clarify this complex issue, espe-
cially in the light of therapeutic applicability.

Interestingly, one of the tumor groups was significant-
ly enriched for all aberrations included in chromosomal
cluster a. It is tempting to speculate, that these findings
are suggestive of a small proportion of PanNETSs sharing
a distinct subset of chromosomal aberrations.

With regard to the association of CNAs affecting
6p22.2-22.1, 8q24.3, 9934.11 and 17p13.1 with reduced
overall survival, the relatively small size of the study
cohort and the generally favorable prognosis of the en-
tity have to be taken into account. As the accuracy of
Kaplan-Meier calculations is highly dependent on a suf-
ficiently large number of cases, our findings need to be
confirmed in further studies including larger cohorts of
patients and a longer period of follow-up in order to bet-
ter determine the prognostic potential and implications
of these cytogenetic aberrations in the context of Pan-
NETs. A trend associating said tumor group with worse
overall survival failed to reach statistical significance in
the current study. Yet again we believe that the investiga-
tion of a more extensive cohort is likely to clarify this is-
sue and contribute to further cytogenetic classification of
panNET, as well as future prognostic strategy develop-
ment. Another interesting aspect would be the prognostic
impact of CNAs detected in primary tumor samples
and their potential association with later metastatic pro-
gression. Such a concept could not be derived from our
current data set; most likely due to the abovementioned
limitations of the study.

Mutations in death domain-associated protein gene
(DAXX) or ATR-X gene (ATRX) (which both encode
proteins involved in chromatin remodeling) have been
detected in 40% of PanNETS, in association with activa-
tion of alternative lengthening of telomeres. Moreover,
Marinoni ez a/”, recently proposed a concept associat-
ing loss of DAXX and/or ATRX with tumor stage and
metastasis, reduced time of relapse-free survival, and
decreased time of tumor-associated survival. We were
unable to reproduce these observations in our current
study, however, the smaller size of the study group as
well as the overall lower grading of cases included in our
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investigations is to be considered in this context.

In comparison to recently published data on CNAs
in small intestinal neuroendocrine tumors (SI-Nets), our
results reveal a low degree of accordance between these
two entities as none of the prominent features of SI-
NETs (including genomic losses affecting chromosomes
18 and 16 as well as gains on chromosomes 4, 5, 7 and
14) were detectable in a significant subset of PanNET
samples[33’34]. Thus, PanNETs and SI-NETs seem to be
very different from a genomic point of view. Moreover,
we believe that these results add further evidence to the
previously postulated necessity of a more refined molec-
ular based diagnostic algorithm for malignant neoplasia.

In summary, we identified multiple recurrent genom-
ic amplifications delineating two independent clusters of
genomic aberrations as well as two groups of primary
PanNETs characterized by significantly overlapping
cytogenetic features. Several of the genomic regions af-
fected by CNAs were shown to encompass potent tumor
suppressors and oncogenes, hinting at a significant trans-
lational potential of our findings for the development of
more refined therapy approaches.

CNAs affecting chromosomes 6, 8, 9 and 17 in pri-
mary tumor samples were shown to be associated with
significant impairment of overall survival. The high de-
gree of genomic heterogeneity between primary tumor
samples and multiple metastatic lesions demonstrate the
need for a more refined molecular characterization in
the light of upcoming targeted therapy approaches. Pan-
NETS appear to be genetically distinct from other types
of neuroendoctine tumors.
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Background

Pancreatic neuroendocrine tumors (PanNETs) are still considered a rare entity.
The annual incidence, however, has increased substantially over the past two
decades.

Research frontiers

The biological characterization of PanNETs as well as the prognostic role of ge-
nomic stability and copy number alterations (CNAs), detectable by array-based
comparative genomic hybridization (a-CGH), remains widely rudimental.
Innovations and breakthroughs

In comparison to recently published data on CNAs in small intestinal neuroen-
docrine tumors which have greatly advanced the understanding of this entity,
the results reveal a low degree of accordance between these two types of neu-
roendocrine neoplasia.

Applications

In summary, authors identified multiple recurrent genomic amplifications delin-
eating two independent clusters of genomic aberrations as well as two groups
of primary PanNETs characterized by significantly overlapping cytogenetic
features. Several of the CNAs detected in this study are shown to encompass
potent tumor suppressors and oncogenes, rendering them potentially vital tar-
gets for future therapeutic approaches.

Peer review
The authors employed high resolution a-CGH to reveal aberrant chromosomal
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copy number in primary pancreatic neuroendocrine tumors and corresponding
metastases. This is a very interesting article illustrating the use of genomic
analysis to help predict clinical outcome. This study provides essential and pre-
viously unreported information of genomic alteration present in PanNETs and
identifies critical genomic region for further investigation of their role in PanNET.
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