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ABSTRACT

Background. Esophageal squamous cell carcinomas (ESCCs)
and esophageal adenocarcinomas (EACs) account for.95%of
esophageal malignancies and represent a major global health
burden. ESCC is thedominanthistologyglobally but represents
aminorityofU.S. cases,withEACaccounting for themajorityof
U.S. cases.Thepatientoutcomes foradvancedESCCandEACare
poor, andnewtherapeutic options areneeded.Usinga sensitive
sequencing assay, we compared the genomic profiles of ESCC
and EAC with attention to identification of therapeutically
relevant genomic alterations.
Methods. Next-generation sequencing-based comprehensive
genomic profiling was performed on hybridization-captured,
adaptor ligation-based libraries to a median coverage depth
of.6503 forall codingexonsof315cancer-relatedgenesplus
selected introns from28 genes frequently rearranged in cancer.
Results from a single sample were evaluated for all classes of
genomic alterations (GAs) including point mutations, short
insertions and deletions, gene amplifications, homozygous
deletions, and fusions/rearrangements. Clinically relevant ge-
nomic alterations (CRGAs) were defined as alterations linked to
approved drugs and those under evaluation in mechanism-
driven clinical trials.
Results. Therewere no significant differences by sex for either
tumor type, and the median age for all patients was 63 years.

All ESCCs and EACs were at an advanced stage at the time of
sequencing. All 71 ESCCs and 231 EACs featured GAs on
profiling, with 522GAs in ESCC (7.4 per sample) and 1,303 GAs
inEAC (5.6persample).The frequencyofclinically relevantGAs
in ESCC was 94% (2.6 per sample) and 93% in EAC (2.7 per
sample). CRGAs occurring more frequently in EAC included
KRAS (23%EACvs. 6%ESCC) and ERBB2 (23%EACvs. 3%ESCC).
ESCC sampleswere enriched for CRGA inPIK3CA (24%ESCC vs.
10% EAC), PTEN (11% ESCC vs. 4% EAC), and NOTCH1 (17%
ESCC vs. 3% EAC). Other GAs that differed significantly
between histologic tumor types included SMAD4 (14% EAC
vs. 1% ESCC), RB1 (14% ESCC vs. 2% EAC), SOX2 (18% ESCC vs.
1% EAC), and NFE2L2 (24% ESCC vs. 1% EAC).
Conclusion. ESCC and EAC share similarly high frequencies of
overall and clinically relevant genomic alterations; however, the
profiles of genomic alterations in the two diseases differ widely,
with KRAS and ERBB2 far more frequently altered in EAC
compared with ESCC and with mammalian target of rapamycin
(MTOR) pathway genes (PIK3CA and PTEN) and NOTCH1more
frequently altered in ESCC comparedwith EAC. Comprehensive
genomic profiling highlights the promise of identifying clinically
relevantgenomicalterations inbothESCCandEACandsuggests
new avenues for molecularly directed therapies in esophageal
cancer. The Oncologist 2015;20:1132–1139

Implications for Practice: Both esophageal squamous cell carcinoma and esophageal adenocarcinoma are aggressive cancers with
poor patient response to conventional chemotherapy and radiation treatment. In this study, comprehensive genomic profiling was
performedfor302advancedesophageal cancers, and itwas foundthat the frequentlyalteredgenesandbiological pathwaysdiffered
between the two subtypes. Also, a high frequency of clinically relevant genomic alterations was noted for both types of esophageal
cancer as a means of finding a potential targeted therapy to be used in addition to or as an alternative to conventional treatment.

Correspondence: Kai Wang, M.D., Ph.D., Foundation Medicine, Inc., 150 Second Street, Second Floor, Cambridge, Massachusetts 02141, USA.
Telephone:617-418-2262; E-Mail: kwang@foundationmedicine.com ReceivedApril 17, 2015; accepted forpublication June25, 2015;published
Online First on September 2, 2015. ©AlphaMed Press 1083-7159/2015/$20.00/0 http://dx.doi.org/10.1634/theoncologist.2015-0156

TheOncologist 2015;20:1132–1139 www.TheOncologist.com ©AlphaMed Press 2015

mailto:kwang@foundationmedicine.com
http://dx.doi.org/10.1634/theoncologist.2015-0156
http://www.TheOncologist.com


INTRODUCTION

Esophageal cancers account for more than 400,000 cancer-
related deathsworldwide and represent amajor global cancer
burden. The vast majority of esophageal neoplasms are
adenocarcinomas of the distal esophagus/gastroesophageal
junction (esophageal adenocarcinoma [EAC]) and squamous
cell carcinomas of the proximal and midesophagus (esopha-
geal squamous cell carcinoma [ESCC]) [1–4]. Both histologic
subtypes sharea commonorigin, developing fromtheepithelial
lining of the esophagus, and typically present at an advanced
clinical stage at the time of diagnosis [1–4]. Determining the
exact site of origin for EAC is challenging because visual and
pathologic analysis may not confirm origination from meta-
plastic glandular epithelium of the distal esophagus or directly
from gastric cardia epithelium with proximal growth into the
distal esophagus [1–4]. For this reason, the term “gastroesoph-
ageal” adenocarcinoma has been used to encompass tumors
of uncertain site of origin [1–4]. The development of EAC
is generally considered to progress through a metaplasia-
dysplasia-adenocarcinoma (M-D-A) sequence associated with
chronic inflammatory insult linked to gastroesophageal reflux
disease and the premalignant condition known as Barrett’s
esophagus [1–4]. ESCC has been linked to both smoking and
alcohol consumption, with a less substantiated pathophysio-
logic link to human papillomavirus (HPV) infection [5–7].

ThetherapeuticapproachtoESCCandEAC is similar inboth
the locoregional and advanced settings, and the histologic
subtypes are frequently lumped together in large phase III
clinical trials. Generally, the standard of care for patients with
locoregional ESCC involves neoadjuvant chemoradiation fol-
lowed by response assessment and observation or surgical
resection [1–4, 8–11].To date, there are no approved targeted
therapies for ESCC, and recurrence rates remain high for
locoregional disease [8–11]. Locoregional EAC is approached
similarly, although the data supporting surgical resection after
neoadjuvant therapy is stronger in EAC.

Although surgical resection is the primary treatment of
choice for locoregional esophageal tumors, a large propor-
tion are inoperable or metastatic at diagnosis. Similarly, the
recurrence rates and 3- to 5-year survival for locoregional
disease remains poor with current therapies [12–14]. Systemic
therapyfor inoperableandrecurrentormetastaticESCCandEAC
using conventional chemotherapy and radiation has achieved
only modest success, and the vast majority of patients with
advanced disease die of their illnesswithin the first 2 years after
treatment has been started [15–17]. There are currently no
molecularly directed agents approved for ESCC. In contrast to
ESCC, anti-ERBB2 targeted therapy (trastuzumab) for ERBB2
amplified (fluorescence in situ hybridization or immunohisto-
chemistry) is approved worldwide for advanced EAC harboring
this molecular target [18, 19]. The trastuzumab-platinum
regimenusedon label forEAChas significantly improvedpatient
survival for the 15% of EAC that tests positive forHER2 (ERBB2)
amplificationoroverexpression[18,19].Currently,ESCCsarenot
routinely tested forHER2 status, and anti-HER2 therapy has not
been widely used for pure squamous esophageal cancers.
Although a number of EGFR, HER2, and VEGF therapies are in
clinical trial phase II/III for esophageal cancer, to date, practice-
changing results have remained elusive [20].

In recent years, promising information has emerged from
comprehensive genomic profiling of relapsed and refractory
cancers including separate evaluation of major esophageal
cancers such as EAC and ESCC [21–24].These research studies
have identified potential genomic targets for patients with
esophageal cancers, but comprehensivemolecular testing has
not been widely adopted in routine clinical practice for
esophageal cancer. In this paper, we present a series of EACs
and ESCCs subjected to comprehensive genomic profiling and
present the respective genomic signatures analyzed for their
biological significance and impact for potential targeted
therapies. Our series reflects real-world esophageal cancer
cases and demonstrates a high frequency of clinically relevant
genomic alterations (CRGAs) in EAC and ESCC.The therapeutic
impact of differences between profiling results for ESCC and
EAC suggests targeted therapies for future consideration in
a disease with historically poor outcomes and limited options.

METHODS

Next-generation sequencing-based comprehensive genomic
profiling was performed on all formalin-fixed paraffin-
embedded tissues using a hybrid capture-based next-
generation sequencing platform (FoundationOne; Foundation
Medicine, Cambridge, MA, http://www.foundationone.com)
at a Clinical Laboratory Improvement Amendments-certified,
New York State and College of American Pathologists-
accredited laboratory (Foundation Medicine) on the Illumina
HiSeq2500 instruments (Illumina Inc., San Diego, CA, http://
www.illumina.com) [25]. The 50 ng of DNA extracted from
71clinically advancedESCCsand231EACswasadaptor ligated,
and capturewas performed for all coding exons of 315 cancer-
related genes and selected introns of 28 genes frequently
rearranged in cancer. Captured libraries were sequenced to
a median exon coverage depth of .6503 , and resultant
sequences were analyzed for base substitutions, short inser-
tions, deletions, gene copy number alterations (focal amplifica-
tions and homozygous deletions), and gene fusions, as
previously described [25]. The sequence analysis methods and
validation of the comprehensive genomic profiling platform
used in this study includedextensivecomparisonstoorthogonal
methodologies [25].Basesubstitutiondetectionwasperformed
using a Bayesianmethodology, which allows detection of novel
somatic mutations at low mutant allele frequency (MAF) and
increased sensitivity for mutations at hotspot sites through the
incorporation of tissue-specific prior expectations [25]. Reads
with mapping quality ,25 were discarded, as were base calls
with quality#2. Final calls are made at MAF$5% (MAF$1%
at hotspots) after filtering for strand bias (Fisher’s exact test,
p, 16), read location bias (Kolmogorov-Smirnov test, p, 16),
and presence in 2 ormore normal controls.To detect indels, de
novo local assembly in each targetedexonwas performedusing
the de Bruijn approach [26, 27]. After read pairs were collected
and decomposed, the statistical support for competing
haplotypes was evaluated, and candidate indels were aligned
againstthereferencegenome.Filteringof insertionanddeletion
(indel) candidates was carried out as described for base
substitutions. Gene amplifications and homozygous deletions
were detected by comparing complete chromosomal copy
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number maps to reference process-matched normal control
samples. Gene fusions and rearrangements were detected by
analysis of chimeric read pairs [25]. Finally, unique sequences
of nine viruses (hepatitis B virus, hepatitis C virus, human
herpesvirus 4 [HHV-4; Epstein-Barr virus], HHV-8, HPV-11, HPV-
16,HPV-18, HPV-6, andhumanT-lymphotropic virus type1) and
Helicobacter pylori were baited, and the sequenced DNA data
were mapped to the virus genomes to detect virus DNA.

CRGAs were defined as those genomic alterations that
could be targeted using anticancer drugs currently on the
market for any tumor type with known primary site or GA
required for entry in mechanism-driven registered clinical
trials. Local site permissions to use clinical samples and
approval by the Albany Medical College institutional review
board to analyze and report patient data were obtained for
this study.

RESULTS

Patient and sample characteristics are presented in Table 1. A
total of 302 samples representing 71 ESCC and 231 EAC cases
from stage III and IV esophageal cancers were analyzed. The
ESCC cohort was composed of 40 (56%) male and 31 (44%)
female patients with a median age of 63 years (range: 28–85
years). For EAC, there were 206 (89%) male and 25 (11%)
female patients with a median age of 60 years (range: 26–89
years) (Table 1).

All 71 (100%) ESCCs and231 (100%) EACs featuredat least
1 GA on profiling. A total of 522 GAs were identified in the
ESCC group (7.4 per sample), and 1,303 GAs (5.6 per sample)
were noted in the EAC group (Table 1). The frequency of
CRGAs in ESCC was 94% (67 of 71 cases, mean 2.6 CRGAs per
sample), nearly identical to that found in the EAC cohort
(93%; 215 of 231 cases, mean 2.7 CRGAs per sample)
(Table 1). Distribution of the types of genomic alterations
(base substitutions and short indels, truncation mutations,
copy number changes, and rearrangements/fusions) was
similar for the two tumor types (Figs. 1, 2). Individual CRGAs
thatweremore frequently altered in EAC than ESCC included
KRAS, which was altered in 23% of EAC versus 6% of ESCC
cases (p 5 .0008), and ERBB2, which was altered in 23%
of EAC versus 3% in ESCC cases (p , .0001). Clinically
relevant genomic alterations enriched in the ESCC cohort
included PIK3CA, altered in 24% of ESCCs versus 10% of EACs
(p5 .004); PTEN, altered in 11% of ESCCs versus 4% of EACs
(p 5 .03); and NOTCH1, altered in 17% of ESCCs versus 3%
of EACs (p 5 .0002) (Table 2). Other GAs that differed
significantly between the tumor types included SMAD4
(14%EACvs. 1%ESCC;p5 .0018),RB1 (14%ESCC vs. 2%EAC;
p 5 .0003), SOX2 (18% ESCC vs. 1% EAC; p 5 .0001), MLL2
(14% ESCC vs. 5% EAC; p5 .0179), CCND1 (42% ESCC vs. 13%
EAC; p , .0001), and NFE2L2 (24% ESCC vs. 1% EAC;
p, .0001). HPV-16 was detected in 2 (3%) and HPV-18 in 2
(3%) ESCCs. Neither HPV nor H. pylori were detected in any
cases of EAC. In summary, the genes that were altered at
a high frequency in ESCC were TP53, CCND1, FGF3/4/19,
CDKN2A/B, NFE2L2, PIK3CA, SOX2, and NOTCH1 (Fig. 1,
supplemental online Table 1). The genes that were altered
at a high frequency in EAC were TP53, CDKN2A, ERBB2, KRAS,
MYC, EGFR, SMAD4, FGF3/4/19, andCCND1 (Fig. 2, supplemental
online Table 2).

Genomic alterations were grouped by biological pathway
in which the altered gene existed (Fig. 3). Differential GA
frequency reflected activation of distinct biological pathways
between ESCC and EAC. The ESCC cohort demonstrated
enrichment in alterations involving PI3K/AKT/MTOR signal-
ing (45% ESCC vs. 23% EAC), epigenetic regulation pathway
(51%ESCCvs. 34%EAC), fibroblast growth factor (FGF) signaling
(56%ESCCvs.20%EAC),theKeap/NRF2pathway(27%ESCCvs.
0% EAC), and the Notch signaling pathway (23% ESCC vs. 6%
EAC) (Fig. 3). The pathways altered at a higher frequency in
EAC included ERBB (37% EAC vs. 13% ESCC), transforming
growth factor (TGF) b signaling (34% EAC vs. 8% ESCC), and
RAS/MEK/MAPK (34% EAC vs. 8% ESCC). Cell cycle pathway
genes were found to be equally altered in both subtypes of
esophageal cancers, with ESCC cases at 94% and EAC cases at
93% (Fig. 3).

In the 71 ESCC cases, 2 (3%) tumors featured ERBB2
amplification. In the 231 EAC cases, 54 (23%) featured
ERBB2 amplification (Table 2). In two cases of EAC harboring
ERBB2 gene amplification, pointmutations in ERBB2were also
found involving one kinase domain mutation (V777L) and one
extracellular domain mutation (S310F). The 231 EACs also
featured 31 (13%) tumors with EGFR amplification (Fig. 2).
Two EAC cases with EGFR amplification also featured EGFR
point mutations (P596L and K714N). In addition, two EGFR
rearrangements were found in the EAC group, which may
predict alternative activation of EGFR signaling. In the 71
ESCC cases, 6 (8%) featured EGFR amplification (Table 2).

High-level ERBB2 amplification (.30 copies) was identi-
fied in a male patient aged 70 years with de novo metastatic
EAC. This patient with multiple hepatic metastases demon-
strated a rapid response to 3 months of single-agent
trastuzumab (Fig. 4). Concurrent GA in this case included
GNAS R165C, SMARCA4 R1135W, TP53 R273H, DNMT3A
C586fs*26, and CDK12 gene rearrangement and amplifica-
tion. Similarly, another EAC patient with metastatic re-
currence 2 years after neoadjuvant chemoradiation and
surgery was found to harbor high-level ERBB2 amplification
with more than 70 copies. This patient demonstrated a pro-
longed radiographic remission after trastuzumab-containing
systemic therapy, followed by 2 years of trastuzumab
maintenance monotherapy with continuous remission since
2013 (Fig. 5). The other alterations identified in this patient
included CDKN2A V51F, TP53 R213*, CREBBP M1193fs*49,

Table 1. Clinical features and genomic alteration frequencies

in 302 cases of esophageal carcinoma

Features ESCC EAC

Number of cases 71 231

Male:female 40:31 206:25

Age, median (range) 63
(28–85)

60
(26–89)

Stage III/IV III/IV

GA/sample 7.4 5.6

Clinically relevant GA/sample 2.6 2.7

Samples with at least one clinically
relevant GA, n (%)

67/71
(94.4)

215/231
(93.1)

Abbreviations: EAC, esophageal adenocarcinoma; ESCC, esophageal
squamous cell carcinoma; GA, genomic alteration.
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and MCL1 gene amplification with copy number at seven
copies.

DISCUSSION

Despite the differing risk factors and pathobiology of ESCC and
EAC, bothdiseases are aggressivemalignancieswith apropensity
topresentasadvanceddiseasewithsubstantialpatientmorbidity
[1–4]. Systemic options for metastatic disease are limited and
composed primarily of multiagent cytotoxic chemotherapy,
which achieves a median overall survival of 12 months. The
Anti-ERBB2 monoclonal antibody trastuzumab is the only
approved targeted therapy, and use is generally restricted to
EAC.Despitetheintroductionoftargetedanti-ERBB2therapyfor
EAC[18,19],advancesinpatientoverallanddisease-freesurvival
in the neoadjuvant chemoradiation era have been limited
[15–17]. The increasing importance of molecularly directed
therapiesforadvancedcancershasbeenhighlightedbysuccesses

in non-small cell lung cancer harboring oncogenic drivers (ALK,
EGFR, ROS, cMET, RET) and othermalignancies. Extension of this
genomically driven therapeutic paradigm to other disease may
be possible and has led investigators to seek such options for
patients with advanced esophageal carcinoma. Comprehensive
genomicprofilingtechnologieshaveenabledclinicalappreciation
of molecular targets in advanced esophageal cancer such as the
series presented in this paper.

In the current study, the traditional clinicopathologic
differences between ESCC and EAC have been expanded by
addition of genomic profiling. ESCC and EAC both have high
frequencies of overall and clinically relevant GA; however, the
specific distribution of GA in the two diseases differs widely
with regard to altered genes and pathways, with KRAS and
ERBB2 farmore frequently altered in EAC comparedwith ESCC
and with mammalian target of rapamycin pathway genes
(PIK3CA and PTEN) and NOTCH1 more frequently altered in

Figure 1. Long-tail distribution of genomic alterations in 71 cases of esophageal squamous cell carcinoma.

Figure 2. Long-tail distribution of genomic alterations in 231 cases of esophageal adenocarcinoma.
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ESCCcomparedwith EAC (Table 2, Fig. 3). In addition, themore
frequent NOTCH1 mutations seen in ESCC versus EAC
identified in the current study have also been reported
previously in a retrospective analysis of primary tumors,
validating the approach used in our study [22]. For EAC, we
compared our frequency of substitutions and indels with one
previous study [28]. In the current study, a higher frequency of
variants in TP53 (83% vs. 71%) and in CDKN2A (24% vs. 13%)
were noted. In addition, there was a significantly lower
frequency of variants in ERBB4 in the current study at 6%
compared with the previously published frequency of 12%
[28]. For all other genes thatwere evaluated in both EAC series
with a frequency of greater than 5%, the difference in the
frequency of genomic alterations was not statistically signif-
icant (supplemental online Tables 1, 2). Finally, we compared
our findings in base substitutions and indels for ESCC with
three previous studies of genomic alterations in this disease
(supplemental online Figs. 1, 2) [29–32]. The current study is
essentially in agreement with previous studies on the
frequency of genomic alterations in ESCC but also showed
differences possibly of note. TP53 mutations were found in

92% of our cases, but only 58% were noted in the NG3076
data set. NFE2L2 was at 26% but at only 6% and 9% in the
2 published data sets (supplemental online Fig. 1). We
identified SOX2 gene amplifications at 16%; in contrast; it
was 2% and 10% in the 2 published data sets (supplemental
online Fig. 2). Our series is representative of U.S. clinical
practice, and the prior esophageal series have generally been
based on Asian ESCC patients and involved treatment-naı̈ve
samples. The altered frequency difference may indicate
distinct genetic mechanisms due to stages of disease at the
time of sequencing, environment, ethnicity, and pre- or
posttreatment factors. Although our series contains some
heterogeneity in terms of specimens used for genomic
profiling (pre- or posttreatment, primary vs. metastatic),
the cases all had advanced disease, and the overall similarity
with previously published research series suggests that the
methodology used in our series can achieve robust results
capable of influencing patient care. The patient examples
presented support two interesting observations from our
case series. First, genomic profiling produces quantitative
estimates of ERBB2 amplifications, and second, higher
level ERBB2 copy number may be associated with greater
patient benefit from anti-ERBB2 directed therapies.
Larger series with clinical outcomes will be needed to
determine the influence on treatment response of the
co-occurring GA in these patients, and the concept of
passenger GA modifying response is an area of active
investigation.

In addition to contrasting the genomic alterations in
ESCC versus EAC, we sought to identify potential therapeutic
targets not traditionally assessed in cases of advanced
esophageal cancer. The frequency of clinically relevant
alterations in both tumor types was striking at 2.7 clinically
relevant genomic alterations per sample in both ESCC and
EAC. For ESCC, notable potential therapy-related targets
included alterations in PTEN (11%), EGFR (8%), and FGFR1
(7%). Driver genomic alteration prevalence in ESCC shows
significant difference from several published results con-
cerning Asian patients [29–31] and may indicate distinct
genetic mechanisms due to stage of disease at the time
of sequencing, environmental factors such as infection
related tumors, ethnicity, and treatment history. Activation
of the PI3K/AKT/MTOR pathway associated with loss of
PTEN is a common contributor to ESCC development and
progression [33]. PTEN loss or mutation may predict
sensitivity to inhibitors of the PI3K/AKT/MTOR pathway
[34]. EGFR amplification and/or overexpression has been
detected in a wide variety of ESCC samples, ranging from 7%
to greater than 60%, and has been associated with adverse
prognosis [35, 36]. EGFR activating mutations or amplifica-
tion may predict sensitivity to EGFR inhibitors including
kinase inhibitors and anti-EGFR antibody therapeutics [37].
Nonetheless, the prior suggestion has not held true in an
unstratifiedpopulationof EAC cases, as shown in thephase III
clinical trials EXPAND and REAL3 [38, 39]. Such therapy could
yield clinical benefit if given to a population known to harbor
relevant GA in EGFR. FGFR1 amplification has been reported
to occur twice as frequently in ESCC than in EAC and has been
associated with an unfavorable prognosis [40]. Tumors
with FGFR1 amplification or activating mutations may be

Table 2. Contrasting genomic alterations in 71 cases of ESCC

and 231 cases of EAC

Gene
ESCC
cases (%)

EAC
cases (%)

p value
(Fisher’s exact test)

ERBB2 3 23 ,.0001

KRAS 6 23 .0008

SMAD4 1 14 .002

PTEN 11 4 .03

PIK3CA 24 10 .004

CCND1 42 13 ,.0001

NFE2L2 24 1 ,.0001

NOTCH1 17 3 .0002

MLL2 14 5 .02

SOX2 18 1 .0001

EGFR 8 15 .2

Abbreviations: EAC, esophageal adenocarcinoma; ESCC, esophageal
squamous cell carcinoma.

Figure3. Frequencyofalterations inbiologicpathways inesophageal
squamous cell carcinoma and esophageal adenocarcinoma.
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sensitive to FGFR inhibitors such as pazopanib and ponatinib
and to other kinase inhibitors currently in clinical trials [41].
For EAC, notable potential therapy targets included the well-
known ERBB2 target in 23% of cases and the EGFR (14%) and
FGFR2 (5%) targets described above in the ESCC patient
cohort. Targeting ERBB2 is now well established as a major
approach in the treatment of EAC [18, 19]. The EGFR and
FGFR2 alterations in this study were more frequently
identified in EAC than in ESCC. Notable additional targets

included PIK3CA (10% EAC) and MET (4% EAC). One EAC
patient with MET amplification responded to crizotinib and
had stable disease for more than 2 months and then
progressed. TheMET gene had a focal change of.50 copies,
and this patient also harbored CDKN2A/B gene homozygous
deletions, TP53 E286K, SMAD4 R361C, and APC M314fs*23
truncation, so perhaps MET amplification was not the only
dominantdriving gene for this tumor. In a recent studyofMET
inhibitorAMG337,62%of13patientswithMETamplification

Figure 4. Response after 3months of trastuzumab in a 70-year-old patientwith ERBB2 amplified esophageal adenocarcinoma identified
by comprehensive genomic profiling. From left to right, extensive hepatic metastases (A) resolved after 3 months of genotype-directed
therapy (B).

Figure 5. Response to FOLFOX1herceptin in a patientwith ERBB2-amplified esophageal adenocarcinoma. Amale patient aged66 years
showed ERBB2-amplified advanced esophageal adenocarcinoma (A). High-level ERBB2 amplification with.70 copy numbers informed
treatment with the FOLFOX regimen plus trastuzumab for 7 months with complete response (B) followed by continuous remission for
more than 2 years on single-agent trastuzumab. (A): Right adrenal mass 2.13 2.9 cm. Date of computed tomography (CT) scan, June 25,
2012. (B): Right adrenal mass nonmeasurable. Date of CT scan, August 24, 2014.
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showed responses to AMG 337 [42]. A MET amplified
gastroesophageal junction patient, for example, responded
significantly to MET inhibitor, and the tumor size decreased
40% in 5weeks, reached complete response in 40weeks, and
continued response for more than 38 months [42]. More
investigation is needed on targeted therapy for patients with
MET amplification.

CONCLUSION
Comprehensive genomic profiling shows significant promise
in identifying clinically relevant genomic alterations in both
ESCC and EAC and informs the potential use of targeted
therapies in both major types of esophageal cancer. The
frequent identification of clinically relevant genomic alter-
ations in our series underscores the need for increased
molecularly directed clinical trials to confirm the improved
patient outcomes observed in our cases.
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For Further Reading:
Patrick M. Forde, Ronan J. Kelly. Genomic Alterations in Advanced Esophageal Cancer May Lead to Subtype-Specific
Therapies. The Oncologist 2013;18:823–832.

Implications for Practice:
The disease burden of esophageal cancer is increasing in the United States andworldwide, primarily driven by higher rates of
adenocarcinoma risk factors, including obesity and Barrett’s esophagus. Chemotherapy has moderate efficacy for locally
advanced and metastatic esophageal cancer, but new approaches to treatment are urgently needed. This article focuses on
potential oncogenic targets in esophageal cancerandcomprehensively reviewsthe current stateof theart in targeted therapy
for esophageal and gastroesophageal junction tumors. Anti-human epidermal growth factor receptor-2 therapy has provided
benefit for a small proportion of patients; however, despite signs of efficacy in early phase clinical trials, results with anti-
epidermal growth factor receptor and anti-vascular endothelial growth factor therapy have been generally disappointing.
Experience to date with targeted agents suggests that collaborative trials of target-specific agents in those subgroups of
patients who have potential oncogenic drivers represent the best opportunity for bringing novel agents to the clinic.
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