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Background: The complexity of the cancer forms a major obstacle for a comprehensive
understanding of molecular mechanisms of oncogenesis. In a single cell, genes and pro-
teins are interrelated to work together and take part in many biological processes. The
goal of systems biology is to combine molecular information of models to understand
biological systems and their complexity, and finally attempt to predict biological func-
tion at the cellular, tissue, organ and whole organism levels. The Human Genome
Project and high-throughput experimental methodologies such as Gene and Protein
Microarrays with the Information Technology provides a powerful approach to address
and dissect the complexity of cancer in a systems manner (1 & 2). Breast cancer is diag-
nosed in nearly 1.4 million women and a leading cause of cancer-related deaths in
women with more than 450,000 deaths every year in both developed and developing
countries(3). According to the WHO release, there has been a 20% increase in the num-
ber of reported worldwide breast cancer patients which resulted in 522,000 deaths since
2008.

Methods: In this study, I attempted a systems biology approach to predict disease-
associated genes that are either not previously reported (novel) or poorly characterized
and using breast cancer as a case study.

Results: First the analysis made of gene expression data was used to obtain a list of dif-
ferentially expressed and condition specific genes. Next, public databases are mined to
compile a list of cancer-associated genes, non-cancer associated genes and functional
attributes that are of relevance in the context of cancer. Considered were a total of six
functional attributes. These features were also selected based on the fact that there is a
strong functional interconnection among them and therefore we see the overlapping of
these genes across attributes.

The resulting set of variables are each binarized and used in a Boolean logic framework.
When applied to non-cancer associated genes, the algorithm preferentially ranks those
genes whose behavior across all variables most mimics that of cancer-associated genes.
Finally, in order to gain a global understanding of the novel candidate genes, generated
a series of gene co-expression networks.

Conclusions: Candidate genes described here are classified based on individual attrib-
utes. This approach systematically predicts breast cancer-associated candidate genes
and advancement of breast cancer research and are surveyed with a focus on the inter-
acting partners of candidate genes and within the context of the original functional
attributes.
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Background: Next-generation sequencing (NGS) of cell-free tumor DNA (ctDNA) has
great potential for liquid biopsy in cancer diagnostics and to monitor treatment.
Mutations EGFR gene L858R or del19 are associated with sensitivity, while T790M de-
termines resistance of the non-small cell lung cancer (NSCLC) to therapy with tyrosine
kinase inhibitors (TKI). Aim of the study was to evaluate NGS-based test for somatic
mutations in EGFR gene associated with response to TKI therapy.

Methods: We collected plasma of 37 NSCLC patients with known status of the EGFR
gene in tumor tissue. From those, 30 underwent blood sampling only once with tumor
tissue resection and formed a group of “paired tissue-blood” samples. The other 7
patients started therapy with TKI and underwent blood sampling 2-4 times during 10,5
months of therapy with TKI, forming a group of 22 “monitoring” blood samples. DNA
from 1 ml of plasma was isolated with “PME free-circulating DNA Extraction Kit”
(Analytik Jena). As controls, we used wild type human genome DNA and the one mixed
with plasmids carrying the 7 most frequent EGFR mutations resulting in DNA with
0,01-5% of mutant EGFR copies. Sequencing of 19-21 exons of the EGFR gene on Ion
Torrent PGM (Thermo Fisher Scientific) was performed using its own library prepar-
ation technique.

Results: Sequencing of controls showed that the sequencing on Ion Torrent PGM has a
detection limit of about 1% of the mutant EGFR copies due to error rate of Ion Torrent
platform. Among 30 “paired” samples concordance of the tumor and blood analysis re-
sults on mutation EGFR was 57% (17/30). Discordant results were obtained for 13 sam-
ples: 11 were wild type in NGS analysis, but mutant in tumor tissue; 2 samples were
mutant in NGS analysis and wild type in tumor tissue. Group of “monitoring” showed
that the EGFR mutations predicted sensitivity to TKI were found in all patients. But
only in 2 of 7 patients those mutations were identical found in tumors. EGFR T790M
mutation was found in 6 of 7 patients, one of those had it at the time of start of TKI.

Conclusions: NGS with IonTorrent platform could be used for analysis of “liquid bi-
opsy” samples for mutations in EGFR gene in patients with NCLC, but the error rate of
this platform restricted the limit of detection to 1% of mutant EGFR copies. Mutations
detected in ctDNA may differ from those found in tumor tissue. Therefore, for clinical
oncology the value of ctDNA analysis as a tool of “liquid biopsy” remains to be precisely
determined.
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Background: Differentiation of neuroblastoma (NB) cells is the rational of some main-
tenance therapies for high-risk NB, and its study could provide insights into novel pro-
tein targets for NB intervention (Cheung, World J Clin Oncol 6, 212-215, 2015). The
protein tyrosine phosphatase (PTP) superfamily (PTPome) includes phosphatases
which are major regulators of cell signaling and cell adaptive responses, including neur-
onal differentiation and survival (Alonso et al., FEBS J 283, 1404-1429, 2016). PTPs
play relevant roles in human cancer (Julien et al., Nat Rev Cancer 11, 35-49, 2011;
Nunes-Xavier et al., Anticancer Agents Med Chem 11, 109-132, 2011; Nunes-Xavier
et al., Biochim Biophys Acta 1836, 211-226, 2013), but their expression patterns and
functional involvement in NB are scarcely known.

Methods: A comprehensive expression analysis of the extended PTPome has been per-
formed by RT-qPCR and immunoblot analyses, using three human NB cell lines (SH-
SY5Y, SMS-KCNR, and IMR-32) undergoing retinoic acid (RA)-induced differenti-
ation. In addition, a collection of 44 NB tumor samples, including 16 high-risk NB spe-
cimens, have been analyzed by immunohistochemistry for PTP expression.

Results: Five PTPs (PTPRE, PTPRH, PTPRZ1, PTPN7, and TENC1) were significantly
up-regulated in the three NB cell lines undergoing RA-induced differentiation, whereas
two PTPs (DUSP16, and DUPD1) displayed a significant up-regulation trend, and two
PTPs (PTPN5, and DUSP18) displayed a significant down-regulation trend. In add-
ition, DUSP5 and PTPN1 displayed high expression on NB tumors in association with
poor prognosis.

Conclusions: A complex pattern of changes in gene expression is observed for the
PTPome in response to RA, and we have identified PTPs that could modulate differen-
tiation and growth of NB cells. In addition, we have identified PTPs whose expression
correlates with poor prognosis, which could be informative as novel NB prognostic
biomarkers.
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Background: Recurrent and metastatic salivary gland cancer (RM-SGC) is an orphan
disease with no standard drug therapies. Recent progress has been delivered through
molecular profiling, identifying mammary analogue secretory carcinoma as a subtype
of SGC characterised by the ETV6-NTRK3 gene fusion which shows dramatic and dur-
able response to the pan-TRK inhibition. We describe the Manchester Experimental
Cancer Medicine Centre experience of molecular analysis in RM-SGC demonstrating
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the potential clinical utility and the challenges for the delivery of personalised therapy
in this setting.

Methods: Between October 2015 and July 2017, 106 molecular analyses were completed
for 73 patients with RM-SGC. We sought to identify clinically significant molecular
abnormalities to provide a scientific rationale for prioritising patients to specific mo-
lecularly targeted clinical trials. Patients were consented to pre-screening for specific
studies and offered molecular profiling by next generation sequencing (NGS). The
NGS panels included a targeted panel (24 cancer-associated genes) to identify single
nucleotide variants and small insertions/deletions; and a panel sequencing the entire
exonic regions of 315 cancer-associated genes and common rearrangements in 28
genes. Publically available whole exome sequencing (WES) datasets were interrogated
to identify previously reported genomic alterations in histopathological subtypes of
RM-SGC.

Results: Histopathological subtypes were: adenoid cystic carcinoma (76.5%), adeno-
carcinoma (12.7%), myoepithelial carcinoma (3.6%), acinic cell carcinoma (3.6%),
mammary analogue secretory carcinoma (1.8%) and muco-epidermoid carcinoma
(1.8%). Of 42 patients screened for TRK1/TRK2/TRK3, ROS1 or ALK gene rearrange-
ments and 22 patients for c-MET amplification, the analysis was successful in 95% of
cases. However, no positive results were identified. Combining the 24 and 343 gene
NGS panels, actionable alterations were detected in 31% of patients (11/36) including
BRAF, PIK3CA, NOTCH1 and TP53. Analysis of publically available WES data from 60
patients with adenoid cystic carcinoma identified DNA damage/checkpoint signalling
alterations in 27% of patients. As such, 4 patients in our cohort with adenoid cystic car-
cinoma were treated within trials targeting DNA damage response pathways.

Conclusions: Results from molecular pre-screening within clinical trials have the most
direct clinical applications. However, specific alterations were not common in this pa-
tient group. Therefore, a large number of patients need to undergo profiling to be
matched to clinical trials. Broader molecular profiling with NGS panels has a detection
rate of 31% for clinically actionable tumour associated genetic alterations in our limited
dataset. The clinical relevance of these results is often less clear and should ideally be
discussed through a molecular tumour board. The main challenge in the clinical appli-
cation of the findings was the availability of suitable matched clinical trials. To deter-
mine the clinical benefit of broad genomic profiling in this patient group, further large
scale collaborative analyses will be performed in a larger patient cohort aiming to match
patients with molecularly targeted therapies within prospective studies.

Clinical trial identification: NCT02568267, NCT02520752 and NCT02626234.

Legal entity responsible for the study: The Christie NHS FT.
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Medicine tumour profiling service.
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Background: The androgen receptor (AR) is widely expressed in breast cancers (BC).
Its expression in various BC subtypes is variable. It is found in about 70-90% of ER-
positive, 50-60% of HER2-enriched, 20-40% of triple negative BC. The AR/ER ratio
may impact prognosis and the response to antiestrogen endocrine therapy (ET), al-
though the prognostic and predictive role of AR in advanced BC is still unclear.

Methods: We determined whether AR in primary tumors and/or matched metastases is
a predictor of efficacy of first-line antiestrogen ET in advanced BC. 102 Patients treated
with first-line ET (2002–2011, 93% were treated with an aromatase inhibitor), exclud-
ing those receiving concomitant chemotherapy or trastuzumab or pretreated with>2
lines of chemotherapy were evaluated. ER, progesterone receptor (PgR), Ki67 and AR
expression was assessed by immunohistochemistry. A cut-off of� 1% immunostained
cells was used to determine AR positivity. HER2 status was analyzed by using fluores-
cent in situ hybridization. AR expression was analyzed in relation to the other conven-
tional biomarkers (ER, PgR, HER2 and Ki67), best response (CR, PR, SD, PD), and
time to progression (TTP) (months). TTP was estimated using the Kaplan-Meier
method and compared with the log-rank test. Hazard ratios and their 95% confidence
intervals (95% CI) were estimated using the Cox regression model. The Chi-square test
was used to evaluate correlations between categorical variables and best response. p val-
ues<0.05 were considered statistically significant.

Results: Biomarkers were determined in primary tumors in 70 cases, in metastases in
49 and in 17 in both. Median TTP was 17 months (95% CI 14-21.5, median follow-up
75 months). The overall concordance rate for AR expression between primary tumors
and metastases was 64.7% (95% CI 42%-87.4%). Differences in TTP according to AR
status were not statistically significant. AR/PgR�0.96 was associated with a signifi-
cantly shorter TTP (HR¼ 1.65, 95% CI 1.05-2.61, p¼ 0.028). AR status in primary
tumors or metastases was not associated with PD as best response. Using a cut off
of� 10% for AR expression, results did not change. In contrast, Ki67�20% showed a
significant association with PD as best response. PgR<1% showed a non-significant as-
sociation with PD as best response (p¼ 0.079), while significant results (p¼ 0.031)
were obtained by using PgR�10% as cut off value.

Conclusions: AR expression did not seem to be useful in predicting the efficacy of ET
in advanced BC. Conversely, Ki67 and PgR were more accurate predictive biomarker
than AR.

Legal entity responsible for the study: Istituto Scientifico Romagnolo per lo Studio e
la Cura dei Tumori (IRST) IRCCS, Meldola, Italy

Funding: NA

Disclosure: All authors have declared no conflicts of interest.

60 Comprehensive molecular and phenotypic profiling of end-stage IV
cancer identifies treatable targets and improves survival in individual
patients

A. Samsen, S. Schneider, S. Von Der Heyde, W. Saeger, B. Grebenstein, H. Juhl

IndivuTest GmbH, Hamburg, Germany

Background: Comprehensive profiling of patients’ tumor tissue in cases with end-stage
IV cancer was conducted to identify mutations, proteins and activated cancer pathways
potentially eligible for targeted therapies. Data evaluation included test results, clinical
data, clinical trials and longitudinal follow-up data.

Methods: Tissue collection and processing was conducted under highly standardized
and controlled conditions to preserve the expression profile in tissue as it appears in the
human body. Samples that passed the quality control (tumor content� 50%) were
analyzed using the following techniques: immunohistochemistry (IHC), next-
generation sequencing (NGS) and simple western charge-based assays (NanoPro 1000
system). Expression of the major receptor proteins and phosphorylation of the signal-
ing proteins ERK1/2, MEK1/2 and AKT of the MAP kinase pathway and the PI3K/
AKT/mTOR-pathway were measured to infer targets on the (phospho-) proteomic
level. On the genomic level DNA sequencing of “hotspot” regions covering 50 onco-
genes and tumor suppressor genes was conducted using the Ion AmpliSeqTM Cancer
Hotspot Panel v2.

Results: Analyses of 82 patients were performed and 27 patients met the determined
evaluation criteria. These patients were divided into two groups. In one group (n¼ 13)
targets for available therapeutics could be identified and patients were treated accord-
ingly. In the other group (n¼ 14) targets could not be found or were not regarded as
useful by the oncologist. These patients were treated with conventional, palliative thera-
pies. The 6-month follow-up revealed a better outcome when patients were treated ac-
cording to an identified target. 46% of patients responded to targeted treatment. 15%
of patients had a complete remission (CR), 8% had a stable disease (SD) and another
23% had a partial remission (PR). 38% progressed under targeted therapy and 15%
died. In contrast, only 21% responded under conventional, palliative therapy by show-
ing a stable disease, 64% of patients progressed (PD) and 14% died. No complete or
partial remission was observed in patients treated by conventional approaches.

Conclusions: A comprehensive molecular and phenotypic tumor characterization can
identify in individual patients, suffering from highly advanced cancer, targeted thera-
pies that impact cancer growth and lead in single cases even to a complete remission.

Legal entity responsible for the study: IndivuTest GmbH

Funding: IndivuTest GmbH
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Background: Colorectal cancer (CRC) is the third most frequently diagnosed cancer
and a leading cause of cancer mortality worldwide. Majority of mortality is due to me-
tastasis to distal organs such as liver or lung. Stage IV CRC patients by definition have
distant metastasis. Up to 50% of stage III (with node involvement) and 25% of early
stage I/II CRC patients succumb to distal metastasis. Stage III as well as high risk stage
II CRC patients are offered adjuvant therapy after surgery. However, not all patients
benefit from the chemotherapy and a more personalized approach should be adopted
to avoid under or over treatment. In this study, we wish to look for genes and pathways
that contribute to metastasis in CRC to better understand the mechanisms and to
search for potential prognostic markers and therapeutic targets.

Methods: About 622 sporadic CRC patients age 50 years or more with no dominant
family history of CRC and with known cancer staging and metastasis status were sub-
jected to whole genome microarray analysis using Affymetrix Human Genechip SNP6
array. Metastasis-positive status is confirmed based on distal organ involvement attrib-
utable to primary CRC, either from histopathological report or computed
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