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Abstract

Background: Patients with intestinal-type sinonasal adenocarcinoma (ITAC) have
an unfavorable prognosis and new therapeutic approaches are needed to improve
clinical management.

Methods: Genetic analysis of 96 ITACs was performed by microarray comparative
genomic hybridization and immunohistochemistry and correlated to previously
obtained mutation, methylation, and protein expression data, and with pathological
characteristics and clinical outcome.

Results: Seven copy number alterations (CNAs) were significantly associated with
unfavorable clinical outcome: gains at 1q22-23, 3q28-29, 6p22, and 13q31-33, and
losses at 4p15-16, 4q32-35, and 10q24. Unsupervised cluster analysis resulted in 5
subgroups of ITAC with significantly distinct genetic signatures and clinical out-
comes, independently of disease stage or histological subtype.

Conclusion: These data may guide studies to identify driver genes and signaling
pathways involved in ITAC. In addition, the subclassification of genetic subgroups
of patients with distinct clinical behavior can aid therapeutic decision making and
may ultimately lead to personalized therapy with targeted inhibitors.
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1 | INTRODUCTION

The sinonasal cavities harbor a wide variety of cancer types,
approximately 25% of which are intestinal-type sinonasal
adenocarcinoma (ITAC). The incidence is <1 case per
100 000 inhabitants per yea; however, among individuals
with occupational exposure to wood and leather dust the risk
of developing ITAC may be 500-900 times higher.1–4 The

ITAC is located almost exclusively in the ethmoid sinus and
predominantly among men with a mean age of presentation
of 60-65 years.1,4 The World Health Organization classifica-
tion of head and neck tumors distinguishes papillary, colonic,
solid, and mucinous type, the latter 2 having a worse clinical
behavior.5 Distant and lymph node metastasis are
exceptional.6–8 Clinical management has improved owing to
advances in diagnostic imaging techniques, less invasive
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endoscopic surgical approaches, and precision radiotherapy,
which achieves a better quality of life and may improve sur-
vival outcome.4,9 Nevertheless, patients with ITAC still face
an unfavorable prognosis, with a 5-year survival rate of 40%-
60% and local recurrence often occurring within 2 years of
follow-up being the main contributor to sinonasal cancer
mortality.3,5–11

Partly due to its low incidence, relatively few studies have
been dedicated to this tumor type. Nonetheless, our knowledge
on the genetic aberrations in ITAC is increasing. Recent studies
have shown a frequency of 40%–50% TP53 mutations and
50%-70% p53 overexpression.12–16 Nuclear b-catenin expres-
sion was observed in approximately 30%–50%.13,14,17,18

KRAS mutations were detected in 15% of ITAC, but none in
B-type Raf (BRAF), epidermal growth factor receptor (EGFR),
and adenomatous polyposis coli (APC).13,17,19–24 Immunohis-
tochemical studies on different receptor tyrosine kinases have
shown 20%–30% EGFR, 8% erb-b2 receptor tyrosine kinase 2
(ERBB2), 64% cMET proto-oncogene, receptor tyrosine
kinase (MET), and 0% anaplastic lymphoma receptor tyrosine
kinase (ALK) overexpression, whereas fibroblast growth factor
receptor 1 (FGFR1) gene copy number amplifications were
absent.22,23,25–28 The etiological factors wood and leather dust
are not considered mutagenic, which is the reason why a role
for inflammatory processes caused by a prolonged irritation by
wood and leather particles has been suggested in ITAC tumori-
genesis.15,29,30 In accord with this hypothesis, cyclooxygenase-
2 (COX-2) expression has been observed in up to 50% of
ITAC and was correlated with wood dust but not tobacco
exposure.29,31 In addition, the dominant G>A missense muta-
tions in TP53 and KRAS, found twice as frequent as tobacco-
associated G>T, suggest a causal role for free radical species
released by leukocytes in a chronic inflammatory environ-
ment.12,15,32 Genomewide studies have been performed using
comparative genomic hybridization (CGH) and microarray
CGH.33–36 In general, these studies have shown that ITAC har-
bor complex karyotypes with copy number alterations (CNAs)
involving all chromosomes. Hotspot gains were found at 5p, 7,
8q, 12p, and 20q, and losses at 4q, 5q, 8p, 17p, and 18q.

Some of the above-described genetic abnormalities are
also observed in histologically similar malignancies with
much higher incidence, such as colorectal and lung adeno-
carcinoma. This is important because examples could be
taken with regard to new therapies and clinical decision mak-
ing; modern specific small molecule, or monoclonal antibody
inhibitors in clinical use or in preclinical development for
these more frequent tumor types may also work in ITAC if
the same signaling pathways are affected.

The purpose of this study was to identify genetic profiles
using a series of 96 clinically well-characterized ITACs, and to
correlate the genetic results to pathological characteristics and
clinical outcome. Previously obtained and published mutation

data (TP53, EGFR, KRAS, and BRAF), protein expression data
(p53, EGFR, and b-catenin), and gene methylation data, using
part of the same series of tumors, were also used in the present
analysis.15,18,21,22 The results may increase our knowledge on
the genetic pathways involved in ITAC tumorigenesis and iden-
tify molecular markers for prognosis and new therapies.

2 | MATERIALS AND METHODS

2.1 | Patients and tumor material

A total of 96 primary tumor samples were obtained from pre-
viously untreated patients seen between 1981 and 2010.
Informed consent was obtained from all patients and the
study was approved by the ethical committee of our institute.
Ninety-three paraffin-embedded tissue samples were organ-
ized in a tissue microarray (TMA) and used for immunohis-
tochemistry. From 60 cases, fresh frozen tissue material was
obtained directly from the operating theater for DNA extrac-
tion using the Qiagen tissue extraction kit (Qiagen GmbH,
Hilden, Germany). Two patients were women and 94 were
men. The mean age was 66 years (range 48-92 years).
Eighty-four had professional exposure to wood dust and 51
were tobacco smokers. Twenty-four tumors were disease
stage I, 6 were stage II, 38 were stage III, 10 were stage IVa,
and 18 were stage IVb.37 No patient had metastases at the
time of diagnosis. All cases in this study have been histologi-
cally evaluated by an experienced pathologist (B.V.) accord-
ing to the World Health Organization histological
classification,5 6 were papillary type or papillary tubular cyl-
inder cell I (PTCC-I), 56 were colonic (PTCC-II), 9 were
solid (PTCC-III), and 25 were mucinous type tumors. Cases
showing more than 1 type were classified according to the
worst histology. All patients underwent radical surgery with
resection margins free of tumor. Sixty-one patients received
complementary radiotherapy. Follow-up information was
available with median of 61 months (range 1-264 months).
A summary of all clinical data is given in Table 1.

2.2 | Microarray comparative genomic
hybridization

Thirty-five cases were analyzed using a 30k oligonucleotide
array printed on Codelink activated slides (Amersham Bio-
sciences, Barcelona, Spain) and 25 using a 180k oligonu-
cleotide array (SurePrint G3 Human CGH Microarray Kit
4 3 180K, Agilent Technologies, Palo Alto, CA), as
described previously.35,36,38 Images were acquired using a
Microarray scanner G2505B (Agilent Technologies). Analy-
sis and data extraction were quantified using feature extrac-
tion software version 9.1 (Agilent Technologies). Gains and
losses were defined as deviations of 0.2 or more from log2
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ratio 5 0.0. Focal aberrations were defined as <3 Mbp size,
with amplification showing log2 ratios of >2.0 and homozy-
gous deletions log2 ratios of �3. Those focal aberrations over-
lapping with regions of normal copy number variation, as
collected in the database of genomics variants, were excluded.

2.3 | Immunohistochemistry

A TMA consisting of 2 blocks of 23 2.5 cm, with tumor cores
of 1-mm diameter separated by 1.5 mm was prepared from
archival paraffin blocks. Each tumor was represented by 3 cores
taken from different areas within an original paraffin block. A
total of 96 ITAC tumors were represented in this TMA. Immu-
nohistochemistry was performed with antibodies for intestinal
mucosa marker CK20 (clone Ks20.8, DAKO, Glostrup, Den-
mark), proliferation marker Ki67 (clone Mib1, DAKO), and
inflammatory pathway markers nuclear factor j-light-chain-
enhancer of activated B cells (NFjB; clone 20/NK-kBp65, BD
Transduction Laboratories, Madrid, Spain) and COX2 (clone
CX-294, DAKO) using an automatic staining workstation
(Dako Autostainer; Dako Cytomation, Glostrup, Denmark)
with the Envision system and diaminobenzidine chromogen as

substrate. CK20 positivity was evaluated when either focal or
diffuse cytoplasmic staining was observed. Ki67 staining was
expressed as the percentage of nuclear-positive tumor cells.
Nuclear staining of NFkB and cytoplasmic COX2 were scored
as positive when >5% of tumor cells were positive.

2.4 | Statistical analysis

Possible correlations between genetic and clinical parameters
were statistically analyzed by SPSS 15.0 software for Win-
dows (SPSS, Chicago, IL), using the Pearson chi-square test,
Fischer’s exact test, and Student’s t test. Multivariate Cox
regression analysis was performed for factors possibly
related to survival. The Kaplan-Meier analysis was per-
formed for estimation of survival, comparing distributions of
survival through the logarithmic range test (log-rank test).
Values of P < .05 were considered significant. To analyze
the presence of subsets of tumors with comparable patterns
of chromosomal aberrations, and to analyze correlations
between specific chromosomal aberrations, 2D hierarchical
cluster analysis (statistical software R version 3.1.3) of the
microarray CGH data was performed using 66 hotspot

FIGURE 1 Kaplan-Meier overall survival analysis of 96 patients with intestinal-type adenocarcinoma according to disease stage A, to histological
subtype B, intracranial invasion C, and year of treatment D

4 | L�OPEZ-HERN�ANDEZ ET AL.



FIGURE 2 Overview of all copy number alterations as detected bymicroarray comparative genomic hybridization. To the right of the pictogram of
each chromosome, a scale is placed expressing the number of megabase pairs (Mbps) counting from pter to qter. Copy number losses are presented as bars
left to theMbp scale and copy number gains to the right of the chromosome

L�OPEZ-HERN�ANDEZ ET AL. | 5



chromosomal areas showing gains and losses as input (Sup-
porting Information Table S1). These areas were selected as
showing copy number changes in >20% of the tumors. Only

first-generation and second-generation clusters (ie, the first-
level and second-level branches of the tree), were used for
classification purposes.

FIGURE 3 Kaplan-Meier overall survival analysis of 60 patients according to the presence of copy number gains at 1q22-23 A, 3q28-29 B, 6p22 C,
and 13q31-33 D, and copy number losses at 4p15-16 E, 4q32-35 F, and 10q24 G

6 | L�OPEZ-HERN�ANDEZ ET AL.
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FIGURE 4 Heat map representation of the hierarchic cluster analysis of 60 intestinal-type adenocarcinomas based on 66 recurrent chromosomal
gains and losses detected bymicroarray comparative genomic hybridization. Each row represents a specific chromosome region and every column repre-
sents a separate tumor. Bright gray cells indicate gain and dark gray cells indicate loss. Rows are ordered according to correlations between chromosomal
changes, following the tree displayed on the left side. Tumors are grouped on the basis of similarities in chromosomal aberrations following the tree dis-
played on the top. Only first-generation and second-generation tumor clusters (the first-level and second-level branches of the tree) were used for classifica-
tion purposes [Color figure can be viewed at wileyonlinelibrary.com]
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3 | RESULTS

3.1 | Follow-up

During the period of follow-up, 46 of 96 patients (48%)
developed local recurrence and 14 patients (15%) developed
distant metastasis, both with a median disease-free time of 9
months (range 1-96 months). At the time of writing, 33 of 96
patients (34%) remained disease-free (Table 1). The overall
5-year survival was 45% (36% for cases from 2003 and
before and 55% for cases from 2004 and later), the main
cause of death being local recurrence and intracranial inva-
sion; however, 15 patients died during the postoperative
period or due to intercurrent causes. Overall survival was sig-
nificantly related to histological subtype (log-rank 14.291; P
5 .003), disease stage (log-rank 39.96658; P 5 .001), intra-
cranial invasion (log-rank 32.913; P 5 .001) and the year of
diagnosis (see Figure 1).

3.2 | Microarray comparative genomic
hybridization

Microarray CGH revealed CNAs in 57 of the 60 cases. The
major chromosomal regions showing gain or loss in >40% of
cases were losses at 5q12-34, 8p21-22, 17p12-13, and 18q12-

22 and gains at 5p12-ter, 7p14-21, 8q21-qter, and 20q11-qter
(Figure 2, Supporting Information Table S1). Twenty-four
regions harbored recurrent focal aberrations in 2 cases; focal
gains at 14q11.2 and 19p13.3 and focal deletions at 4q13.2
were observed in 3 cases. In addition, recurrent high level
amplifications were found at 8p11.23, 8q24.21 (2 separate
ones), and 11q13.3 each occurring in 2 cases (Supporting
Information Table S2). Univariate statistical analysis revealed
7 specific CNAs significantly associated with worse overall
survival: gains at 1q22-23, 3q28-29, 6p22, and 13q31-33, and
losses at 4p15-16, 4q32-35, and 10q24 (see Figure 3).

Comparing disease stages I-III with stages IVa-IVb, we
found no significant differences in the mean number of
CNAs, focal aberrations, or amplifications. On the other
hand, of the 7 prognostic CNAs, all except loss at 10q24 and
gain at 13q31-33 were significantly more frequent in disease
stage IVa-IVb tumors.

Papillar type ITACs harbored a mean number of 10
CNAs, much lower compared to colonic, solid, or mucinous
types with mean CNAs of 26, 24, and 21, respectively. In
addition, focal aberrations and amplifications occurred much
less frequent in the papillary type (Table 2). The most recur-
rent (2/5 cases; 40%) alterations in papillary ITAC were gain
of 5p and loss of 16p and 19p. Colonic, solid, and mucinous
type tumors showed a similar profile of gains and losses,
although the mucinous type seemed to carry them in a lower
percentage of cases. With regard to the 7 prognostic CNAs,
we found that the papillary type carried the lowest and the
solid type ITAC the highest frequency.

A total of 66 hotspot regions showing recurrent gains and
losses in at least 20% of cases were used for statistical ana-
lyzes. Hierarchic cluster analysis resulted in 5 groups of
ITACs, based on the first-level and second-level branches of
the tree (see Figure 4). Cluster 1 carried a significant lower
mean number of CNAs than the other clusters, being 8 versus
33. Cluster 2 harbored a mean of 16 CNAs, also significantly
lower than clusters 3, 4, and 5 with a mean CNA number of
34, 39, and 37 (Table 2). Apart from the number of alterations,
the clusters also differed by their profile of CNAs (Supporting
Information Table S1), particularly the 7 prognostic CNAs
were observed in increasing frequency going from cluster 1 to
cluster 5 (Table 2). Indeed Kaplan-Meier overall survival anal-
ysis showed a significantly better prognosis for cluster 1 and
the worst prognosis for cluster 5, with clusters 2, 3, and 4 hav-
ing intermediate survival curves (see Figure 5). Multivariate
analysis revealed that cluster and disease stage remained their
independent prognostic value, whereas histological subtype
partly lost its correlation to overall survival (Table 3).

3.3 | Immunohistochemistry

Protein expression analysis by immunohistochemistry was
performed on intestinal mucosa marker CK20, proliferation

TABLE 3 Multivariate Cox regression survival analysis of disease
stage, histological subtype and cluster

Hazard ratio (95% CI) Significance

Disease stage 1.62 (1.19–2.21) P 5 .002

Histological subtype 1.25 (0.91–1.71) P 5 .162

Cluster 1.52 (1.17–1.97) P 5 .002

Abbreviation: CI, confidence interval.

FIGURE 5 Kaplan-Meier overall survival analysis of 60 patients
according to cluster
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marker Ki67, and inflammatory pathway markers COX2 and
NFjBp65, complementing previously published stainings on
p53, EGFR, and b-catenin. Strong membranous CK20 stain-
ing was observed in 66 of 86 analyzable cases (77%), with
significantly less positive cases frequent with stages IVa-
IVb. Solid type ITAC showed the lowest CK20 positivity,
with only 4 of 9 cases (44%). Among the clusters, there were
no great differences in CK20 expression. Proliferation
marker Ki67 showed a mean of 19% positive tumor cells
among all cases. Notably lower proliferation was seen in
papillary cases (7%), and cluster III showed significantly
more proliferation (38%). The NFjB and COX2 positivity
was similar in disease stages I-III and stages IVa-IVb. The
highest NFjB and COX2 expression occurred in solid type
and the lowest positivity was seen in mucinous type ITAC.
Clusters II and III demonstrated a lower percentage of cases
with NFjB and COX2 positivity. Cluster IV showed fre-
quent NFjB, but infrequent COX2 staining, and conversely
cluster V showed infrequent NFjB but frequent COX2
expression (Table 2).

4 | DISCUSSION

The ITAC is a relatively rare tumor and, therefore, there are
few genetic studies in the literature that analyzed a statisti-
cally relevant number of tumors. Even less studies have been
able to correlate genetic findings with clinicopathological
and follow-up data. In the present series of 96 tumors ana-
lyzed by microarray CGH and immunohistochemistry, we
were able to recollect all relevant clinical, etiological, and
pathological data and a mean follow-up time of 61 months,
which is very high considering that the mean disease-free
time is only 9 months. In terms of tumor stage, histological
subtype, wood dust and tobacco exposure, and occurrence of
recurrences and metastasis, our series is comparable with
other published series.1,5–8 The 45% 5-year overall survival
was somewhat lower than previous series that reported 40%-
60% survival or better.3,5–11 This may be explained by the
long period of recollection of patients (1981-2010). The 53
patients treated in the years 2004-2010 had a better 5-year
overall survival than the 43 patients between 1981 and 2003
(55% vs 38%; log-rank 3.685; P 5 .055). In spite of this dif-
ference, our series does reflect the clinical characteristics
known of ITAC, as indeed is demonstrated by prognostic
value of disease stage, histological subtype, and intracranial
invasion (see Figure 1). Therefore, we believe that the
genetic alterations and clusters of cases with specific genetic
profiles showing correlation to overall survival are valid.

The set of chromosomal regions showing recurrent gains
and losses confirms previous studies on ITAC.33–36 Some of
these CNAs (gains at 7p, 8q, and 20q and losses at 8p and
17p) are found in the majority of all epithelial tumors.

However, gains at 3q, 5p, 12p, and 18p and losses at 4q,
19p, and 22q observed in ITAC have not been reported in
other adenocarcinomas, such as in colon and lung cancers.
Conversely, frequent CNAs in lung and colon adenocarci-
noma, for example, gain of 16p and losses of 9p and 15q
were infrequent in ITAC.39,40 Another peculiarity of ITAC is
the very low occurrence of high-level amplifications (Sup-
porting Information Table S2). Extending this comparison
with other genetic data obtained in our previous stud-
ies,15,18,21,22 we can add that frequent mutations in EGFR,
KRAS, and BRAF, as found in lung cancer40 as well as
KRAS and BRAF in colon adenocarcinoma,41,42 are absent
or very infrequent in ITAC. These differences may reflect
the different etiological factors involved (eg, inflammatory
microenvironment in colon, tobacco in lung, and wood dust
in sinonasal cavities).

It is difficult to speculate on specific genes on the basis
of CNAs that span several megabase pairs. The 8 chromo-
somal regions with aberrations in >40% of cases all con-
cerned large parts of chromosomal arms. However, high-
level amplifications by definition englobe small areas carry-
ing fewer genes. In the present series of ITAC, 4 overlapping
amplifications were detected, each in 2 tumors (Supporting
Information Table S2). At 11q13.3, the amplicon encom-
passed 7 genes, including the well-known oncogenes
CCND1 and ORAOV1, but not, for example, EMS1 or
FADD genes that are frequently coamplified with CCND1
and ORAOV1 in head and neck squamous cell carci-
noma.43,44 Chromosome 8p11 amplifications involving
FGFR1 are found in many cancers, including oral, esopha-
gus, breast, ovarian, and bladder cancer.45 In the lungs, this
amplification is frequent in squamous cell carcinoma but not
in lung adenocarcinoma,46 and the same was found in sino-
nasal cancer.27 Our data on ITAC (also an adenocarcinoma)
are in agreement with these findings, because the 8p11
amplification did not include FGFR1. Among the 5 genes
that did localize within the amplicon, GPR124 is of interest
as it functions as a coactivator of canonical b-catenin signal-
ing,47 a pathway active in 31% of ITAC.18 At 8q24, we
found 2 small amplifications. Curiously, 1 of them did not
harbor any genes. The other contained 10 genes, 2 of which
the cancer-related genes v-myc avian myelocytomatosis viral
oncogene homolog (MYC) and PFOU5F1B. A recent article
showed that PFOU5F1B, a pseudogene of OCT4, is tran-
scriptionally active in gastric adenocarcinoma and confers an
aggressive phenotype, enhanced by the additional overex-
pression of MYC.48 Both ITAC cases carrying the amplifica-
tion indeed showed adverse clinical characteristics. One was
disease stage IVa mucinous type, the other a stage I solid
type, both patients developed recurrent disease within the
year and died of disease. A total of 27 recurrent focal aberra-
tions were detected, occurring in 2 or 3 of the 60 tumors
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analyzed (Supporting Information Table S2). Within these
regions, we found few known cancer-related genes, exam-
ples are EGFR at 7p12 and STK11 at 19p13.3. Six focal
aberrations harbored miRNAs that may merit further
investigation.

Unsupervised cluster analysis performed on 66 defined
CNAs resulted in 5 groups of tumors with distinct CNA pro-
files. Moreover, they significantly differed with regard to
overall survival (see Figure 3). Multivariate analysis revealed
that cluster and disease stage remained their independent
prognostic value, whereas histological subtype partly lost its
correlation to overall survival (Table 3). Subsequently, we
set out to evaluate if ITACs grouped by stage, histological
subtype, or by cluster would reveal unique clinicopathologi-
cal, etiological, or genetic alterations, taking into account the
CNAs and protein expression analyzes of this study (NFjB,
COX2, CK20, and Ki67), as well as mutations (TP53,
EGFR, KRAS, and BRAF), gene methylations (MS-MLPA),
and protein expression (p53, b-catenin, and EGFR) previ-
ously published by our group.15,18,21,22

Disease stages I-III were not different from stages IVa-
IVb with regard to mutations in KRAS or TP53, nor to
expression of p53, b-catenin, EGFR, NFjB, COX2, or
Ki67. CK20-positivity was significantly lower, whereas gene
methylations and gains of 1q, 3q, and 6p and loss of 4p and
4q were more frequent in disease stages IVa-IVb (Table 2).

Solid type ITAC was less associated with wood dust than
the other types, 56% versus 92%-100%. Both solid and muci-
nous types showed more intracranial invasion, with solid
types developing more frequent recurrences and mucinous
types more frequent metastases. Only papillary and colonic
types showed KRAS mutations. This finding is in agreement
with results in colorectal and lung cancers, in which KRAS
was found to be frequent in early-stage tumors.49,50 TP53
mutations were seen in all subtypes but least frequently in
mucinous type (25% vs 33%-60%). Mucinous types also
showed the lowest frequency of b-catenin, EGFR, NFjB,
and COX2 staining (Table 2). CK20-positivity was lowest in
the solid type. Gene methylation was more pronounced in the
papillary type (mean number 2.0) and lowest in the mucinous
type (mean number 0.8). A great difference in the number of
CNAs was seen between papillary and the other subtypes. As
reported previously,34,35 papillary-type ITAC harbored only
very few gains and losses; among them, the most frequent
(40%) were gains at 5p and losses at 16p and 19p. Colonic,
solid, and mucinous types of ITAC shared many CNAs, with
the mucinous type generally having lower frequencies; how-
ever, gain of chromosome 7 was absent in the solid type and
gain of 18p was especially frequent in the mucinous type.
These data suggest that mucinous types of ITACs are geneti-
cally different from the other subtypes. This is in accord with
immunohistochemistry data showing that mucinous types

have less frequent p53-positivity and more frequent loss of
membranous E-cadherin staining.14,31 A similar observation
has been reported for mucinous type adenocarcinomas of
other organs, such as the colon, breasts, ovaries, and
pancreas.14,51,52

The 5 clusters were not different with regard to wood or
tobacco etiology. Although no relation was found between
clusters and histological subtypes, cluster I had relatively
more papillary type and cluster II more mucinous type
tumors. Intracranial invasion was observed to be especially
frequent in clusters IV and V, which is in agreement with
these clusters having the worst prognosis. However, no clear
differences were seen in the frequency of recurrence or
metastasis. KRAS and TP53 mutations were mostly seen in
clusters III, IV, and V, whereas p53-positivity increased
from 50% to 100% going from cluster I to V. Nuclear
b-catenin staining was observed in 20%-33% of all clusters
and highest in cluster III (45%). The EGFR expression was
present in 15%-25% but absent in cluster II. Gene methyla-
tion was most frequent in cluster V, but also cluster I showed
a high number. No methylation was seen in cluster II. As the
clusters were defined by the CNAs they harbored, great dif-
ferences could be observed. First, clusters I and II had rela-
tively few CNAs compared with the other clusters. In cluster
I, alterations in >20% of cases were gains at 5p, 8q, 13q,
and 20q and losses at 17p and 19p. Gain of whole chromo-
some 7 was absent in cluster I and occurred in 100% of cases
in cluster II. Of notice in cluster V was the absence of a gain
of 8q and a loss of 8p, which is 1 of the most frequent CNAs
in ITAC and indeed in the majority of solid tumors. The 7
CNAs that showed prognostic value were observed in
increasing frequency going from cluster I to V (Table 2),
which is in accord with the increasing poor clinical outcomes
of the clusters. Notably, in the whole group of tumors ana-
lyzed, these 7 CNAs were not among the most frequently
detected alterations. All 7 consist of fairly large chromo-
somal areas, which is the reason why we cannot speculate on
candidate driver genes within these regions.

Recent genetic profiling studies using integrated analysis
of data from gene expression, exome sequencing, CNAs,
methylation, microsatellite instability, and proteomics, have
revealed distinct molecular subtypes. In lung adenocarci-
noma, 3 expression profile clusters were identified, 1 marked
by activation of EGFR and other tyrosine kinases and a rela-
tively good prognosis, 1 by an inflammatory signature with
mutations in NF1 and TP53, and 1 by a proliferative signa-
ture with KRAS activation and STK11 inactivation. When
integrating these results with methylation, DNA ploidy, and
CNA data, 6 molecular subtypes were defined.40 In colo-
rectal adenocarcinoma, Guinney et al41 proposed 4 genetic
subgroups: 1 with high gene methylation, microsatellite
instability, and immune infiltration; 1 with high CNA, Wnt,
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and Myc activation; 1 with high KRAS mutation and low
CNA; and 1 with expression of mesenchymal factors.
Another approach to molecular subtyping of colorectal ade-
nocarcinoma is based on similarities to distinct cell types
within the normal colon crypt: stem-cell like; inflammatory;
transit amplifying; goblet-like; and enterocyte.42 Importantly,
these reported molecular subtypes are associated with differ-
ent prognosis and with different response to treatments.

In conclusion, the CNA data presented in this study iden-
tified genetic subgroups with distinct clinical outcomes.
Although further studies will be necessary to know which
specific signaling pathways are involved in these subgroups,
we identified 7 specific CNAs, gains at 1q22-23, 3q28-29,
6p22, and 13q31-33, and losses at 4p15-16, 4q32-35, and
10q24, significantly associated with the clusters and with
poor outcome. It is important to realize that characterizing
genetic subgroups of tumors is not a goal in itself but rather
a means to guide therapeutic decision making. For that to
become feasible in clinical practice, a reduced set of bio-
markers for each of these molecular subtypes would need to
be formulated and preclinical trials are needed to assess new
targeted drugs performed. The results could be used to set up
“personalized” therapeutic trials in a similar fashion, as is
becoming the standard of care in lung cancer.
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