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ABSTRACT

Molecular profiling of actionable mutations in refractory cancer
patients has the potential to enable “precision medicine,”
wherein individualized therapies are guided based on genomic
profiling. The molecular-screening program was intended to
route participants to different candidate drugs in trials based
on clinical-sequencing reports. In this screening program, we
used a custom target-enrichment panel consisting of cancer-
related genes to interrogate single-nucleotide variants, inser-
tions and deletions, copy number variants, and a subset of
gene fusions. From August 2014 through April 2015, 654
patients consented to participate in the program at Samsung
Medical Center. Of these patients, 588 passed the quality con-
trol process for the 381-gene cancer-panel test, and 418

patients were included in the final analysis as being eligible for
any anticancer treatment (127 gastric cancer, 122 colorectal
cancer, 62 pancreatic/biliary tract cancer, 67 sarcoma/other
cancer, and 40 genitourinary cancer patients). Of the 418
patients, 55 (12%) harbored a biomarker that guided them to a
biomarker-selected clinical trial, and 184 (44%) patients har-
bored at least one genomic alteration that was potentially
targetable. This study demonstrated that the panel-based
sequencing program resulted in an increased rate of trial enroll-
ment of metastatic cancer patients into biomarker-selected
clinical trials. Given the expanding list of biomarker-selected tri-
als, the guidance percentage to matched trials is anticipated to
increase.The Oncologist 2017;22:1169–1177

Implications for Practice: This study demonstrated that the panel-based sequencing program resulted in an increased rate of trial
enrollment of metastatic cancer patients into biomarker-selected clinical trials. Given the expanding list of biomarker-selected trials,
the guidance percentage to matched trials is anticipated to increase.

INTRODUCTION

Rapid advances in sequencing technologies together with
improved algorithms for detecting specific molecular aberra-
tions have made it feasible to perform biomarker-driven clinical
trials [1]. Many anecdotal cases highlighted the potential
implementation of “precision medicine” based on routine
cancer-genome profiling in clinical practice [2]; however, the

analytical sensitivity, as well as the clinical validity, of molecular
testing must be demonstrated through a trial in a large cohort
[3–6]. Recently, low incidences of candidate biomarkers,
such as anaplastic lymphoma kinase (ALK) rearrangement [7],
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subu-
nit alpha (PIK3CA) mutation [8–10], and human epidermal
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growth factor receptor 2 (HER2) amplification in solid tumors
[11], were reported. Therefore, the need to find a sufficient
number of eligible patients harboring specific biomarkers for
biomarker-driven clinical trials is becoming more important in
the era of precision medicine [12]. To meet this need, a recently
emerged type of umbrella or basket trial was proposed called a
master-protocol clinical trial. Under the molecular-screening
program, metastatic cancer patients are screened for various
biomarkers upfront and assigned to trials for drugs with the
highest likelihood of being effective [12–14].

Although diagnostic assays using immunohistochemistry
(IHC), fluorescence in situ hybridization (FISH), or polymerase
chain reaction sequencing have been used as standard molecu-
lar assays in the clinic, they are not scalable to the growing list
of actionable molecular targets, thereby limiting the number
of patients who can benefit from a more comprehensive
approach, such as next-generation sequencing (NGS). This has
led to several clinical trials using NGS to evaluate clinical benefit
in larger cohorts and over a diverse set of targets in the form of
a master-protocol clinical trial [15–17].

The preliminary results of initial feasibility testing previously
reported high accrual and high success rates for genomic profil-
ing using clinical specimens [18], which aligns with other trials
[15, 19]. To accommodate the expanding list of potential target
genes, we designed a target-enrichment sequencing panel by
including a larger number of cancer-related genes in order to
screen a set of single-nucleotide variants (SNVs), copy number
variants (CNVs), and translocations. This platform provided a
very high depth of coverage (�8003), resulting in high sensitiv-
ity and specificity.

We implemented a targeted-sequencing panel in the preci-
sion oncology clinic at Samsung Medical Center and conducted
the molecular-screening program for oncology patients. The
aim of this molecular-screening program in metastatic cancer
patients was to sequence patient tumor specimens and facili-
tate enrollment in 13 ongoing biomarker-guided trials. Each
biomarker-selected clinical trial operated independently, with
separate consenting procedures following biomarker identifica-
tion through the master program. Here, we described the feasi-
bility of this clinic-based molecular-screening program and
reported on the clinical trial-enrollment rate based on use of
the molecular-screening program.

MATERIALS AND METHODS

Ethics Statement
This investigation was conducted in accordance with the ethi-
cal standards of the Declaration of Helsinki and national and
international guidelines and was approved by the Institutional
Review Board at Samsung Medical Center.

The NEXT Screening Program Design and Available
Clinical Trials
This study was designed as a molecular-screening program
for oncology patients upon patient consent, followed by guid-
ance to biomarker-selected clinical trials based on genomic
alterations (Fig. 1). Within the program, there were five
cohorts according to cancer type: Cohort 1, gastric cancer
(GC); Cohort 2, colorectal cancer (CRC); Cohort 3, pancreatic/
biliary tract cancer; Cohort 4, sarcoma/others; and Cohort 5,

genitourinary cancer. Statistical assumptions and specific lists
of available targeted agents were designed independently for
each cohort. Each drug trial was designed independently
from this screening protocol. The primary endpoint was
response rate of the matched therapy group versus a
conventional-chemotherapy group for each cohort. The study
(www.clinicaltrials.gov, NCT#02141152) was approved by the
institutional review board of the Samsung Medical Center,
and all participants provided written informed consent before
study entry. The time of treatment decision for the trial was
as follows: (a) for GC, at the point beyond second-line treat-
ment; (b) for CRC, after failure of oxaliplatin-based treatment,
irinotecan-based treatment, approved biologics (bevacizumab
and/or cetuximab), and/or regorafenib treatment; (c) for
pancreatic-biliary tract cancer, after failure of gemcitabine-
based first-line treatment; and (d) for rare cancer, after failure
of first-line treatment. All molecular-targeted drugs approved
by the regulatory authority in Korea at the time of analysis
(i.e., trastuzumab for HER2-amplified GC and cetuximab for
Kirsten rat sarcoma viral oncogene homolog [KRAS] wild-type
CRC) were not considered as biomarker-selected treatments
in this study.

Available Clinical Trials
The biomarker-selected basket trials that were predefined
at the time of this study included sirolimus (NCT#02449564),
gefitinib (NCT#02447419), lapatinib (NCT#02342587), sunitinib
(NCT#02450123), crizotinib (NCT#02435108), everolimus
(NCT#02449538), imatinib (NCT#02461849), MET-antibody
(NCT#02296879), hepatocyte growth factor antibody
(NCT#02499224), cetuximab/LGX818/BYL719 (NCT#01719380),
dabrafenib/trametinib expanded access program (EAP),
HM95573 (NCT#02405065), and vemurafenib (NCT#02318329).
Vemurafinib or dabrafenib/trametinib EAP were considered as
matched therapies because these drugs are not approved for
any cancer types, including melanoma, in Korea. If tumors har-
bored multiple molecular alterations, prioritization was deter-
mined by the tumor board based on the following criteria: (a)
first, known oncogenic mutations/amplifications approved by
regulatory authority in Korea or outside of Korea (i.e., BRAF

V600E mutation) were considered as category 1 (high priority);
(b) second, oncogenic mutations/amplifications being studied
in clinical trials (i.e., TP53 mutation, epidermal growth factor
receptor [EGFR] amplification, and/or phosphatase and tensin
homolog [PTEN] loss) were considered as category 2; (c) third,
if genomic aberrations were identified at the experimental
stage with cell-line data only, these were categorized as cate-
gory 3.

Targeted Sequencing and Detection of
Somatic Alterations
Genomic DNA was extracted from the unstained slides of
formalin-fixed paraffin-embedded (FFPE) tumor blocks using
the Qiagen DNA FFPE tissue kit or from fresh frozen tissue using
the QIAamp DNA mini kit (Qiagen, Valencia, CA, https://www.
qiagen.com) according to manufacturer instructions. Tumor
areas (>20% of cancer cells) were dissected under microscopy
from 4-lm thick unstained paraffin-embedded sections or
from fresh frozen tissues by comparison with a hematoxylin
and eosin-stained slide. After manual microdissection, tumor
areas reached to >70% in most cases. The IHC protocol for
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PTEN, MET (MET proto-oncogene, receptor tyrosine kinase),
and HER2 for the trial were previously reported [18]. Somatic
alterations were detected by targeted deep sequencing by Can-
cerSCAN, as previously reported [20]. From August 2014
through January 2015, we applied CancerSCAN version 1 con-
sisting of 83 cancer-related genes (n 5 167), and from February
2015, CancerSCAN version 2 was applied, encompassing 381
cancer-related genes (n 5 251). Briefly, extracted genomic DNA
was sheared to 150 bp to 200 bp using Covaris S220 (Covaris
Inc., Woburn, MA, https://covarisinc.com/) and targeted genes
were captured using a custom-panel capture library (Agilent
Technologies, Santa Clara, CA, http://www.agilent.com/), cover-
ing 2.5 Mb of exonic regions for the Illumina paired-end
sequencing library kit (Illumina, San Diego, CA, https://www.
illumina.com/). We performed DNA sequencing of 100-bp or
101-bp paired-end reads using an Illumina HiSeq 2500
sequencer (Illumina, San Diego, CA, https://www.illuminacom/)
and aligned the sequencing reads to the human reference
genome (GRCh37/hg19), excluded duplicated reads, and
extracted uniquely mapped and properly paired reads with an
insert size. Actionable variants included in this panel were
selected based on publicly available databases, such as My Can-
cer Genome (http://www.mycancergenome.org/).

Statistical Considerations
At the time of study design, we presumed that the reference
overall response rate (ORR) for matched therapy would be in
the range of what is known for targeted agents for each disease
cohort (i.e., HER2 amplification with trastuzumab in GC). For
the GC cohort, we assumed that �30% of patients would har-
bor a genomic aberration with matched therapy available. The
ORR was expected to be�25% for the matched-therapy group
and �5% for the nonmatched-therapy group. With 130 GC
patients enrolled, 39 patients were expected to be allocated
into the matched group and 91 patients into the non-matched
group. The two-sided chi-square test with a 5% alpha had an
89% power to detect. For the CRC cohort, the planned sample
size was 130 CRC patients, with �5% of these assumed to har-
bor genomic aberrations with a target drug available. The
median ORR was assumed to be �25% for the targeted group
and �5% for the nonmatched-therapy group. With 130 CRC
patients,�33 patients were expected to be assigned to the tar-
geted group and �97 would belong to the nonmatched-
therapy group. The two-sided chi-square test with a 5% alpha
had an 87% power to detect. For the pancreatic/biliary tract
cancer cohort, a total of 78 patients were anticipated, with
�20% of these assumed to harbor a mutation with a target

Figure 1. Overall scheme of the NEXT-1 molecular-screening program. (A): Quality control test for molecular tests. (B): Patients for analysis:
pancreatic/biliary tract cancer included 28 pancreatic adenocarcinoma patients (*), 11 gall bladder cancer patients, 13 biliary tract cancer
patients, and 10 ampulla of Vater cancer patients; others included 21 sarcoma patients, 21 melanoma patients, 4 gastrointestinal stromal
tumor patients, 2 duodenal cancer patients, 1 anal squamous cell cancer patient, 1 adenocortical carcinoma patient, 3 patients with metas-
tases of unknown origin, 1 anaplastic astrocytoma patient, 2 small-bowel cancer patients, and 9 neuroendocrine carcinoma patients (**).
Abbreviations: QC, quality control; FFPE, formalin-fixed paraffin-embedded.
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drug available. ORRs were compared between the targeted
group and the nonmatched-therapy group. The ORR was
expected to be �35% for the targeted group and �5% for the
nonmatched-therapy group (16 patients in the targeted group
and �62 in the nonmatched-therapy group). The two-sided
chi-square test with a 5% alpha had an 87% power to detect.
For the sarcoma/others cohort, a total of 87 patients were
anticipated, with�25% of these expected to harbor a mutation
with a target drug available. The ORR was expected to be
�30% for the targeted group and �5% for the nonmatched-
therapy group (22 patients in the targeted group and �65 in
the nonmatched-therapy group). The two-sided chi-square test
with a 5% alpha had an 86% power to detect. The incidence of
each mutation was assumed to be low (mostly <5%), allowing
the different types of mutations to be assumed as mutually
exclusive for statistical-design purposes. The interim analysis
was preplanned to assess feasibility and the rate of clinical-trial
enrollment based on genomic sequencing.

RESULTS

The Feasibility of the Molecular-Screening Program in
the Oncology Clinic
From the 654 patients who consented to participate in the
molecular-screening program from August 2014 through April
2015, 588 (89.9%) tumor tissues consisting of 247 (37.8%) fresh
tumors and 407 (62.2%) archival FFPE specimens were

prepared for genomic molecular-screening tests (Fig. 1A). For
fresh tissues, 208 (84.2%) were from primary tumors and 39
(15.8%) from metastatic sites. For FFPE specimens (n 5 407),
330 (81.1%) were from primary tumors and 77 (18.9%) from
metastatic sites. Thirty-eight (5.8%) specimens did not proceed
to sequencing due to no or very low tumor content. Of the 616
tissues available for sequencing, 28 (4.5%) samples were fur-
ther excluded from the analysis due to an insufficient amount
of DNA. Therefore, tissue from 588 (89.9%) of 654 consenting
patients was successfully sequenced using targeted sequencing.
The average number of 4-lm slides successfully entered into
sequencing was 9.8 (range: 3–60). For fresh tissues, the smallest
size of the biopsied tissue was 0.2 3 0.2 3 0.2 cm in 30 cases,
from which>1 lg DNA was extracted, with all tissues showing
high levels of DNA purity (260 nm/280 nm ratio> 1.86). Finally,
99.2% (245/247) of freshly obtained tissues passed the quality
control (QC) process, whereas 91.2% (371/407) of FFPE speci-
mens passed QC. The QC pass rate was slightly lower in meta-
static FFPE tissues (67/77; 87%) when compared with that of
primary tumor FFPE tissues (304/330; 92.1%) (Fig. 1A).

To analyze accurate rates of biomarker-selected clinical-trial
enrollment based on this program, we excluded 170 patients
who were not eligible to be considered for any type of anti-
cancer treatment regardless of molecular tests, mostly due to
deteriorating performance status. The median turnaround time
from the time of consent to genomic test report to clinician
was 38 days (range: 16–49 days). The genomic profiling report

Figure 2. Mutations in key genes and pathways. Variants are shown in association with the RAF/MEK, PI3K/AKT/mTOR, and DNA damage
and repair pathways, as well as others. The upper panel shows patients guided toward matched therapy (blue) or conventional chemo-
therapy (olive green) and their responses. The right panel indicates a frequency of the variants in each gene.
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Table 1. Patient characteristics

Characteristics
Biomarker-selected
trial

Conventional
chemotherapy p value

AGC cohort, n 5 100

n 5 33 n 5 67

Gender

Male 22 40 .514

Female 11 28

Age, years

Median 56.0 56.0 .953

ECOG PS

0–1 32 68 1.000

No. of Metastatic sites

<2 20 51 1.000

2� 12 32

Line of chemotherapy at the time
of genome-based treatment decision

2 21 59 .032

3� 11 9

CRC cohort, n 5 32

n 5 10 n 5 22

Gender

Male 6 15 .703

Female 4 7

Age, years

Median 53.0 58.0 .813

ECOG PS

0–1 9 22 .313

2 1 0

No. of metastatic sites

<2 1 5 .637

2� 9 17

Line of chemotherapy at the time of
genome-based treatment decision

3 4 9 1.000

4� 6 13

Pancreas, biliary tract cancer cohort, n 5 23

n 5 1 n 5 22

Gender

Male 1 15 1.000

Female 0 7

Age, years

Median 61.0 59.0 -

ECOG PS

0–1 1 22 1.000

No. of metastatic sites

<2 1 13 1.000

2� 0 9

Line of chemotherapy at the time of
genome-based treatment decision

2 0 20 .130

3� 1 2

(continued)
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was reviewed by the tumor board at the time of standard-of-
care failure, and a genome-guided matched trial was identified
by the board. The board meeting was held every 2 weeks to
review all genomic data available for the enrolled patients plan-
ning to be seen in the outpatient clinic in the upcoming 2 weeks.

The analysis cohort of 418 patients consisted of 127 GC
patients, 122 CRC patients, 62 pancreatic/biliary tract cancer
patients, 67 sarcoma/rare patients, and 40 genitourinary cancer
patients. Patients who were treated with chemotherapy due to
a lack of genomic aberration or unavailability of specific trials
for the detected genomic alteration were considered as the
conventional-chemotherapy group for this study.

Identification of Actionable Mutations
Analysis of the targeted-sequencing data revealed at least one
clinically actionable variant in 187 (44.7%) of 418 patients. The
frequency of each actionable variant detected per cohort is
shown in Figure 2. The most frequent mutations in refractory
cancer patients were as follows: KRAS codons 12 and 13, BRAF

V600E, PIK3CA E545K, PIK3CA E542K, PIK3CA H1047, KIT,
ERBB2 V842I, NRAS; and amplifications of ERBB2, EGFR,
MDM2, fibroblast growth factor receptor 2 (FGFR2), CDK4, KIT,
MET, and KRAS. The landscape of the genomic aberration pro-
file in each cohort is shown in Figure 2. Notably, there was no
significant difference in the number of actionable variants
between the 80- (n 5 167) and the 381-gene (n 5 251) panels
used in this cohort, although it was speculated that this was
dependent upon the availability of clinical trials.

Enrollment of Patients onto Biomarker-selected
Clinical Trials Based on NGS
In the GC cohort, 127 patients had genomic profiling available
for treatment. Based on the sequencing-based clinical report,
33 (26.7%) of 127 patients were enrolled into clinical trials and
94 (74.0%) patients received conventional chemotherapy. Of
the 33 patients enrolled into clinical trials, 9 harboring a tumor

protein p53 (TP53) mutation, 8 harboring a PIK3CA mutation, 3
harboring a KRAS mutation, 4 with a PTEN loss, 2 exhibiting 3-
fold MET overexpression, 2 exhibiting EGFR amplification, 1
exhibiting FGFR2 amplification, and 1 exhibiting MET amplifica-
tion were enrolled into biomarker-selected clinical trials. Nota-
bly, genomic aberrations involving the DNA damage and repair
(DDR) pathway were frequently observed in the GC cohort.
Additionally, there were nine AT-rich interaction domain 1A

(ARID1A) mutations and one mothers against decapentaplegic

homolog 4 deletion. Another significantly deranged pathway in
GC patients involved the PIK/AKT/mTOR pathway, with muta-
tions in tuberous sclerosis complex (TSC)2, TSC1, and serine/

threonine kinase 11 and amplifications in RAC-alpha serine/

threonine-protein kinase (AKT)1, AKT2, and regulatory-associ-

ated protein of mTOR. In this trial, there were no directed
therapies against these genes; however, they can be considered
as potential candidates for future trials. For the conventional-
chemotherapy group, 67 patients received taxane-based
chemotherapy (n 5 41), irinotecan-based therapy (n 5 25), or
5-fluorouracil-based chemotherapy (n 5 2) as salvage therapy.
There was no significant difference between matched group
versus conventional-chemotherapy group in terms of perform-
ance status, number of metastatic sites, or age (Table 1).

Among the 122 CRC patients who failed all available standard
chemotherapy treatments, including oxaliplatin- and irinotecan-
based therapies and biologics, 10 (8.2%) were enrolled onto
biomarker-selected trials. Of these 10 patients, 2 harboring a
BRAF V600E mutation were enrolled into an ongoing trial with
cetuximab/LGX818/BYL179, 5 exhibiting MET overexpression
according to IHC (without MET amplification) received an anti-
MET monoclonal antibody, and 3 patients exhibiting FISH-
confirmed HER2 amplification were enrolled into a lapatinib-
monotherapy trial. In the conventional-chemotherapy group,
we identified patients harboring RET-NCOA4 fusion (n 5 2),
NTRK1-TPM fusion (n 5 1), and EML4-ALK fusion (n 5 1)
events and who were potentially treatable with targeted

Table 1. (continued)

Characteristics
Biomarker-selected
trial

Conventional
chemotherapy p value

Sarcoma and other cancer cohort, n 5 64

n 5 16 n 5 48

Gender

Male 10 32 .913

Female 6 16

Age, years

Median 48.0 53.5 .806

ECOG PS

0–1 16 48 1.000

No. of metastatic sites

<2 11 22 .164

�2 5 26

Line of chemotherapy at the time of
genome-based treatment decision

2 6 13 .758

3� 10 35

Abbreviations: AGC, advanced gastric cancer; CRC, colorectal cancer; ECOG PS, Eastern Cooperative Oncology Group Performance status.
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agents; however, all of these patients died of the disease due
to a rapidly progressive clinical course while on standard first-
or second-line chemotherapy. Additionally, a significant por-
tion of CRC patients exhibited DDR-pathway gene aberrations,
including TP53, ATR, and ATM mutations, and received con-
ventional chemotherapy, and two patients exhibiting EGFR

amplifications were not successfully routed to matched ther-
apy. Another potentially treatable genomic alteration in the
CRC cohort included an isocitrate dehydrogenase 1 (IDH1)

mutation (Fig. 2). Therefore, a substantial percentage of CRC
patients who might have been assigned to matched therapy
were treated with cytotoxic therapy due to either patient per-
formance or the unavailability of biomarker-driven trials.

For the pancreatic/biliary tract cancer cohort, relevant
genomic alterations included point mutations in TP53, KRAS,
adenomatous polyposis coli (APC), neurofibromatosis type 1

(NF1), and HER2, as well as EGFR amplification. However, only
one patient harboring a PIK3CA mutation and PTEN loss accord-
ing to IHC results was enrolled into the sirolimus trial, but they
continued to exhibit progressive disease after two cycles. The
presumed proportion of the sample size for targeted therapy
was not met in the trial, and, therefore, the ORR was not ana-
lyzable for this cohort.

From the sarcoma/others cohort, 16 patients were enrolled
into biomarker-selected clinical trials. One gastrointestinal stro-
mal tumor (GIST) patient harboring a BRAFV600E mutation was
enrolled into the RAF-inhibitor trial after failure to respond to
imatinib, sunitinib, and regorafenib treatment. Two patients with
melanoma or non-GIST sarcoma and harboring a KIT SNV muta-
tion had been previously enrolled into a phase II imatinib basket
trial. Three patients exhibiting PTEN loss/PIK3CA SNV mutations
had been previously enrolled into the sirolimus basket trial.

Taken together, we reviewed 418 patients with molecular-
profiling data, with 55 (12.0%) patients enrolled into clinical tri-
als based on genomic sequencing data. Of these 55 patients,
37 (7.3%) were enrolled into predefined biomarker-selected
clinical trials, and 23 (41.8%) were directed to other available
biomarker-selected trials.

DISCUSSION

We designed a genomic profiling program for metastatic solid-
tumor patients with the goal of enrolling patients into
biomarker-driven trials based on the variants identified. Inde-
pendent biomarker-selected clinical trials were aligned to the
screening program as phase I or II trials, with independent
patient-consent forms and statistical design. In total, 55
(12.0%) of 418 patients harbored a biomarker that allowed sub-
sequent guidance to a clinical trial. Additionally, 184 (44.4%)
patients, including the 55 who were guided to clinical trials,
harbored at least one potentially targetable genomic aberra-
tion detected through molecular testing (Fig. 3).

We adopted a genome-profiling method comprising
cancer-related genes to detect SNVs/insertions or deletions
(Indels), CNVs, and gene fusions with high accuracy. The aver-
age sequencing coverage reached 774.53 in read depth, and
each patient harbored an average of 2.8 or 5.4 genomic altera-
tions based on the use of 83- or 381-gene panels, respectively
(supplemental online Table 1). The failure rate for entry into
sequencing from either fresh tumor tissue or an FFPE sample
was �10%, 38 samples were excluded due to no or very low
tumor content upon pathologic examination, and 28 samples
were excluded due to insufficient DNA quantity (<500 ng) or
quality.

Of 184 patients with at least one genomic alteration, the
most commonly detected SNV/Indel/CNV variants occurred in
PIK3CA (n 5 35), BRAF (n 5 21), ERBB2 (n 5 13), TSC1 (n 5 11),
TP53 (n 5 9), MET (n 5 8), and EGFR (n 5 8) or involved PTEN

deletion/mutation (n 5 9). It is anticipated that expansions of
biomarker-driven trials will result in the rates of enrollment
into such trials increasing accordingly. One of the trials that we
plan to open is a phase II AZD2014 (TORC1/2 inhibitor) trial
associated with TSC1/TSC2-null tumors. Currently, there is no
significant difference in the number of actionable variants that
can be directly associated with biomarker-driven trials between
80- and 381-gene panels.

In this study, we reported results of an interim feasibility
analysis. We designed this trial to allow continuous addition of

Figure 3. Therapy distribution for 418 patients and the recurrently mutated genes. (A): The inner circle represents the patients undergoing
different therapies, and the outer circle shows mutation-variant distributions: potentially treatable variants (blue), any variants (light blue),
and no variants (grey) among the three groups. The right panel shows frequently detected genes representing (B) key genes in the
matched-therapy group and (C) genes with potentially treatable variants in all three groups. The number of patients is indicated in brackets.
Abbreviations: CRC, colorectal cancer; GC, gastric cancer; GUC, genitourinary cancer; PC/BTC, pancreatic/biliary tract cancer.
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precision-medicine trials as they become available based on a
general assumption that clinical-sequencing screening pro-
grams may benefit refractory cancer patients having few treat-
ment options remaining.With the rapid expansion of precision-
medicine programs in recent years [12], this type of master-
screening program should be expanded to route these patients
into appropriately matched trials. There are currently similar
ongoing studies, such as NCI-MATCH [21], AURORA [22], SPEC-
TAColor [23], SPECTALung [24], and CRUK SMP1 [25], that serve
as screening programs to guide patients to precision-medicine
trials.

Our results showed that despite their low incidence in CRC,
gene fusions, such as RET-NCOA4, NTRK1-TPM, and EML4-ALK,
represented potential therapeutic targets. Although ERBB2

amplification was present in some CRC patients, they did not
respond to lapatinib treatment. For the CRC cohort, our results
indicated that aside from point mutations in the well-known
oncogenes KRAS, APC, BRAF, and PIK3CA, the identification rate
of targets capable of being routed to matched therapy was rel-
atively low when compared with other cohorts. By contrast,
the pancreatic/biliary tract cancer cohort revealed several inter-
esting targets, including HER2 amplification, EGFR amplifica-
tion, BRAF mutation, and IDH1 mutation. Therefore, because
the number of patients in the matched groups varied (n 5 10
for the CRC cohort and n 5 1 for pancreatic/biliary tract cancer
cohort) mostly due to an insufficient number of available trials
addressing frequently detected genomic alterations (i.e., APC

mutation, IDH1 mutation, RET fusion, NF1 mutation, ARID1A

mutation, or NRAS mutation), it may be premature to conclude
that clinical sequencing does not benefit CRC or pancreatic/bili-
ary tract cancer cohorts.

The major limitations of the study were as follows: (a) this
study was not a randomized trial, such as that of the SHIVA trial
[19], which renders the clinical benefit in terms of antitumor
efficacy of matched trials inconclusive; (b) the trial was not a
large trial, considering the limited variety of tumor types
included in the trial; and (c) other limitations were rooted in
the statistical assumptions incorporated in the design of the
study (i.e., all major mutations were mutually exclusive). Never-
theless, this study has value in that the prospective, planned
sequencing of refractory cancer patients actually guided an
acceptable proportion of them into clinical trials. Our results
supported the feasibility of the use of targeted-sequencing pan-
els for refractory cancer patients, with high patient-consent

rates indicating a high demand on the part of refractory cancer
patients.We also revealed that up to 44% of the patients were
able to be guided to targeted agents depending on the avail-
ability of clinical trials and other factors, such as patient medical
condition, with 14.4% of the patients subsequently treated
with targeted agents based on genomic data. Recently, a similar
prescreening molecular study (the ATTACC trial) accompanied
by companion clinical trials [26] enrolled 484 CRC patients,
with 19% (92 patients) ultimately enrolled in biomarker-
selected clinical trials.

CONCLUSION
Guidelines for clinical sequencing with optimized classifications
based on clinical implication for genomic variants should be
established. Based on our findings, upfront molecular tests con-
sisting of >300 genes might guide refractory cancer patients
into ongoing biomarker-selected clinical trials in a timely and
effective manner.
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Implications for Practice:

Identification of key factors that facilitate use of genomic tumor testing results and implementation of genomically guided therapy
may lead to enhanced benefit for patients with rare or difficult to treat cancers. Clinical use of a targeted next-generation sequenc-
ing assay in the setting of an institutional molecular tumor board led to implementable clinical action in over one third of patients
with rare and poor prognosis cancers. The major barriers to implementation of genomically guided therapy were clinical status of
the patient and drug access both on trial and off label. Approaches to increase actionability include early and serial sequencing in
the clinical course and expanded access to genomically guided early phase clinical trials and targeted agents.
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