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ABSTRACT

Over the last several decades, the incidence of adenocarci-
noma of the gastroesophageal junction (GEJ) has been in-
creasing in developed countries. Although complete surgical
resection remains the cornerstone of treatment for resectable
disease, long-term outcomes are poorand recurrence rates are
high with surgery alone in patients presenting with locally
advanced disease. Multimodal therapy has been shown to
improve survival; however, the optimal therapeutic approach
remains controversial, and practices vary across the world.

Preoperative chemoradiotherapy is generally used in the U.S.,
whereas perioperative chemotherapy without radiation is
favored in most European countries. In this review, we discuss
why the treatment of locally advanced GEJ tumors remains
controversial, examine the evidence for various multimodal
approaches, discuss their respective pros and cons, evaluate
the role of radiation therapy, highlight some ongoing and
planned clinical trials, and suggest areas that need further
research. The Oncologist 2015;20:134-142

Implications for Practice: Despite increasing incidence of adenocarcinoma of the gastroesophageal junction in developed
countries, the optimal therapeutic approach for locally advanced disease remains controversial. Outcomes are dismal with surgery
alone. Multimodal therapy improves survival, but practices vary worldwide. Perioperative chemotherapy is the standard in most
European countries, whereas preoperative chemoradiotherapy is favored in the United States. In this review, we discuss reasons
for the controversy, examine the data for various multimodal approaches, summarize key ongoing and future trials, and provide

evidence-based treatment recommendations.

INTRODUCTION

Cancers of the esophagus, gastroesophageal junction (GEJ),
and stomach are among the leading causes of cancer-related
deaths worldwide [1]. Over the last several decades, there has
been a shift in the epidemiology of upper gastrointestinal tract
tumors in developed countries. Rates of proximal esophageal
and distal gastric cancers have declined, but there has been an
alarming increase in the number of distal esophageal, GEJ, and
gastric cardia adenocarcinomas [2—4].

Surgery remains the mainstay of treatment for resectable
disease, but most patients in Western countries present with
locally advanced disease, and 5-year overall survival (OS) rates
with surgery alone are dismally at approximately 25% [5]. Inan
attempt to improve outcomes, multimodal strategies such
as neoadjuvant chemotherapy with or without concurrent
radiotherapy, perioperative chemotherapy, postoperative che-
moradiotherapy, and adjuvant chemotherapy have been in-
vestigated with variable results. The optimal management of
locally advanced GEJ adenocarcinoma remains controversial,

and practices vary across the world. The only consensus is that
surgical resection alone is insufficient, and additional therapy
must be considered. In this review, we discuss why the man-
agement of locally advanced GEJ adenocarcinoma remains
a challenge, analyze the evidence for multimodal therapy,
summarize recent advances in treatment, and highlight
some ongoing and future trials.

THE CHALLENGE

One of the main obstacles in determining an optimal thera-
peutic approach has been the lack of a standardized defi-
nition or classification of GEJ adenocarcinomas [6]. Because
of their borderline location, GEJ cancers have variably been in-
cluded in predominantly esophageal or gastric cancer studies.
Veryfew clinicaltrials have focused on GEJ tumorsas aseparate
entity. Results are difficult to interpret because GEJ tumors com-
prise only a minority in most studies. Moreover, one has to
be mindful of the heterogeneity of patients enrolled. Most
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esophageal studies included patients with proximal squamous
cell carcinomas (SCCs), as well as distal adenocarcinomas;
tumors that behave quite differently and are even staged sep-
arately in the most recent 2010 seventh edition of the
American Joint Committee on Cancer/Union for International
Cancer Control (AJCC/UICC) staging system [7-9]. Similarly,
most gastric cancer studies have not differentiated be-
tween adenocarcinomas of the distal stomach or the
cardia, two dissimilar diseases with unique risk factors and
prognoses [10].

There are also key geographical differences in the etiology,
stage at presentation, treatment tolerability, patient comor-
bidities, and outcomes of these malignancies [11, 12]. Results
from oneregion cannot necessarily be extrapolated to another.
Significantly better outcomes have consistently been reported
from Eastern countries compared with the West [13-15].

In an attempt to harmonize staging, the latest AJCC/UICC
seventh edition included GEJ cancers with esophageal adeno-
carcinomas [8]. This includes tumors arising from the distal 5
cm of the esophagus (Siewert type 1), the GEJ (Siewert type Il),
or the cardia of the stomach (within 5 cm of the GEJ) with
extension into the GEJ or esophagus (Siewert type Ill) [7].
Tumors arising fromthe stomach greaterthan 5 cm distal to the
GEJ or those within 5 cm but without extension into the GEJ or
esophagus are staged as gastric cancers. This revision was
based on worse survival seen among GEJ cancer patients
compared with other gastric cancers [8]. However, several
investigators disagree with this oversimplified classification
of GEJ cancers, and staging remains a subject of debate. In a
large series of patients, Siewert et al. [16] reported that GEJ
adenocarcinoma may be a heterogeneous disease with
variable outcomes based upon the exact location with respect
to the GEJ (i.e., Siewert type). Others have proposed diverse
carcinogenic and molecular pathways for GEJ and esophageal
adenocarcinomas [17, 18]. The Siewert classification remains
very helpful for determining the appropriate surgical approach
butdoes not help guide pre-, post-, or perioperative treatment.

MULTIMODAL TREATMENT OF LOCALLY ADVANCED

GASTROESOPHAGEAL JUNCTION ADENOCARCINOMA

In GEJ cancers, most researchers have focused on either
neoadjuvant or perioperative strategies to reduce the risk of
recurrence, eradicate micrometastatic disease, and improve
outcomes after complete surgical resection. In addition to the
ability to evaluate therapeutic response in vivo, preoperative
therapy offers several other advantages. It affords the pos-
sibility of downsizing tumors and improving rates of RO re-
section. Multiple trials have shown that RO resection is
associated with improved survival [19, 20]. Secondly, patients
cantolerateintensive therapy prior to surgery, but a significant
number of patients are unable to receive postoperative
treatment because of poor tolerance or postsurgical compli-
cations. Forinstance, in the Medical Research Council Adjuvant
Gastric Infusional Chemotherapy (MAGIC) trial, only 41.6% of
all patients randomized to perioperative chemotherapy and
49.5% of all patients who completed preoperative chemo-
therapy and surgery were able to complete postoperative
chemotherapy. Thirdly, preoperative therapy may allow
modification of treatment based upon response. Currently,
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the effects of such an approach on outcomes are not fully
known but trials using pre- and post-treatment positron
emission tomography (PET) scans to assess response and alter
treatment accordingly are ongoing [21].

Chemotherapy

Perioperative Chemotherapy

Two accepted approaches for the treatment of locally ad-
vanced GEJ cancer are perioperative chemotherapy, which is
mostly used in Europe, and preoperative chemoradiotherapy
commonly used in the United States. Although a few smaller
studies are available, three large phase lll trials have addressed
perioperative chemotherapy. Two trials showed a survival
advantage, but the third did not (Table 1) [5, 22, 23].

The strongest evidence for perioperative chemotherapy in
GEJ adenocarcinomas comes from the French ACCORD-07
study [5]. Unlike other trials, it was dominated by GEJ tumors.
224 of the planned 250 patients were enrolled before it was
closed for slow accrual. 64% had GEJ tumors, 24% had gastric
adenocarcinomas, and 11% had lower esophageal adenocar-
cinomas. Patients were randomized to surgery alone or
cisplatin/fluorouracil before and after surgery in responding
patients. Compared with surgery alone, perioperative chemo-
therapy improved both 5-year OS and 5-year disease-free
survival (34% vs. 19%; p = .003). Curative RO resection rates
were significantly higher with chemotherapy. Although all
tumor sites benefited from perioperative chemotherapy, GEJ
tumors benefited the most (hazard ratio [HR] 0.57; 95%
confidence interval [Cl] 0.39-0.83; p = .0145). Only half of
the patients who underwent surgery after chemotherapy
were able to receive postoperative chemotherapy. This
study provides high-level evidence for use of perioperative
chemotherapy.

The other randomized trial to show a survival advantage of
perioperative chemotherapy wasthe MAGICtrial conductedin
the U.K. [22]. This large study primarily focused on gastric
cancer (76%), but 11% of the 503 enrolled subjects had GEJ
tumors, and 14% had lower esophageal adenocarcinomas.
Patients were randomized either to three cycles of chemo-
therapy (epirubicin, cisplatin, fluorouracil) before and after
surgery or to surgery alone. Perioperative chemotherapy
significantly improved 5-year OS (36% vs. 23%; p = .009) and
progression-free survival (PFS) (HR 0.66; 95% Cl 0.53—-0.81;
p <.001). Benefit was seen irrespective of the site of the primary
tumor. Of all patients, 42% were able to complete all planned
cycles of chemotherapy. Although this trial had a smaller
number of GEJ patients, it was reported earlier than the French
study and formed the initial basis for use of perioperative
chemotherapy for gastric and GEJ adenocarcinomasin Europe.
Interestingly, the 5-year survival rates in the two arms of the
MAGIC trial were very similar to the corresponding arms of the
ACCORD-07 trial.

The earliest phase Il study to compare perioperative
chemotherapytosurgeryalone wasthe U.S. Radiation Therapy
Oncology Group (RTOG) 8911/Intergroup (INT)-0113 trial [23].
Patients with resectable esophageal or GEJ cancer were
randomized to either surgery alone or cisplatin/fluorouracil
before and after surgery. Of the 440 eligible patients, 54% had
adenocarcinoma, and 46% had SCC. The percentage of GEJ
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Locally Advanced Gastroesophageal Junction Tumor

Table 1. Outcomes of selected trials comparing perioperative chemotherapy with surgery alone for locally advanced

gastroesophageal cancers

Patients GEJ patients RO resection
Trial Treatment regimen enrolled Histology enrolled rates Survival Outcome
ACCORD-07/ CF X 2-3 — surgery — 224 AdenoCA 64% 87% vs.74%° 5-year OS,®  Positive
FNCLCC-FFCD [5] CF X 3-4vs. surgeryalone (250 planned) 100% (p = .004) 38%vs.24% trial
(p=.02)
MAGIC [22] ECF X 3 — surgery — 503 AdenoCA 11% 69% vs. 66% 5-year 0S,®  Positive
ECF X 3 vs. surgery alone 100% 36%vs.24% trial
(p = .009)
RTOG8911/ CF X 3 — surgery — 440 AdenoCA 54%, NR 62% vs.59%° 23%vs.26% Negative
INT-0113[19,23] CF X 2 vs. surgery alone SCC 46% (p = .004) trial

“Results were statistically significant.

Abbreviations: AdenoCA, adenocarcinoma; CF, cisplatin/5-fluorouracil; ECF, epirubicin/cisplatin/5-fluorouracil; GEJ, gastroesophageal junction; NR, not

reported; OS, overall survival; SCC, squamous cell carcinoma.

patients was not reported. No difference in median OS or RO
resection rates was noted between the two arms. There were
no differences in outcomes based on histology. These results
were reaffirmed in an update in which only RO resection,
irrespective of the use of perioperative chemotherapy, was
associated with improved survival [19]. Several possible ex-
planations for the negative results have been postulated by
the authors [19, 23].

The INT-0113 trial did not report the exact number of GEJ
tumors but included both SCCs and adenocarcinomas in-
volving the esophagus. Other factors could have also impacted
results of the INT-0113 trial; forinstance, 20% of patientsin the
perioperative chemotherapy group did not undergo surgical
resection compared with only 4% in the surgery arm. Secondly,
although postoperative radiation was not part of the treat-
ment plan, it was permitted for patients in either arm who
underwent less than RO resection. Most patients who received
radiation also received concomitant chemotherapy, which
could have further diluted any benefit of perioperative
chemotherapy.

Preoperative Chemotherapy

Neoadjuvant chemotherapy followed by surgery has been
investigated, but results are conflicting. The largest study was
the U.K. Medical Research Council Esophageal Cancer trial
(MRC-OEOQ2), which randomized 802 patients with operable
disease to surgery alone or two cycles of cisplatin/fluorouracil
followed by surgery [24]. Both adenocarcinomas (66%) and
SCCs were included. 10% had tumors of the cardia, and 64%
of the distal esophagus. Regardless of tumor histology or
location, OS was significantly improved with preoperative
chemotherapy, and RO resection rates were higher with
preoperative chemotherapy (60% vs. 54%; p <<.0001). Survival
benefit persisted with long-term follow-up (5-year OS, 23% vs.
17%; p = .03) [20]. However, these results conflict with those of
the smaller European Organization for Research and Treat-
ment of Cancer (EORTC) 40954 trial, which randomized 144
patients to surgery with or without preoperative chemother-
apy using a different regimen of cisplatin/fluorouracil [25].
Almost equal numbers of GEJ (53%) and gastric adenocarci-
nomas were included. Chemotherapy significantly improved
rates of RO resection (82% vs. 68%; p = .036), but no difference
in survival was seen between the two arms. Statistical power of
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this trial was limited because only 40% of planned patients
were enrolled before it was closed because of poor accrual.
Superior outcomes in the surgery-alone arm compared with
other trials could have also contributed to the lack of benefit
from chemotherapy. Although approximately equal numbers
of GEJ patients were enrolled in both studies, a direct com-
parison between the two is difficult because the MRC-OEO2
was predominantly an esophageal cancer trial and the EORTC
40954 was a gastric trial.

A meta-analysis identified eight clinical trials comparing
neoadjuvant chemotherapy to surgery alone in patients with
esophagogastric cancerand showed an absolute improvement
in survival of 7% at 2 years with preoperative chemotherapy
[26]. Survival benefit was only significant for patients with
adenocarcinoma (HR 0.78;95% CI0.64—0.95; p = .014). Benefit
was reconfirmed in a recent update of the same meta-analysis
[27]. Utility of preoperative chemotherapy pertaining to GEJ
adenocarcinomas remains unclear from this meta-analysis
because trials evaluating perioperative chemotherapy were
also included.

Postoperative Chemotherapy

Adjuvant chemotherapy has been showntoimprove survivalin
gastric cancer [28]; however, its role in GEJ cancer is unknown
because there are no large randomized trials comparing
postoperative chemotherapy to surgery alone. Most adjuvant
chemotherapy trials for gastric cancer were conducted in
Eastern countries, and very few, if any, patients with GEJ
adenocarcinomas were included [28, 29].

Adjuvant chemotherapy has been shown to improve
survival in gastric cancer; however, its role in GEJ
cancer is unknown because there are no large
randomized trials comparing postoperative chemo-

therapy to surgery alone.

Chemoradiotherapy

Preoperative Chemoradiotherapy

Despite adequate resection, a significant number of patients
with GEJ adenocarcinomafail locoregionally [30]. Preoperative
chemoradiotherapy can reduce local recurrences and improve
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Table 2. Outcomes of selected trials comparing preoperative chemoradiotherapy with surgery alone for locally advanced
gastroesophageal cancers
Survival
Patients enrolled Median OS (CRT vs.
Treatment XRT (CRT vs. surgery Tumor Path CR Disease-free (CRTvs. surgery surgery
Trial regimen dose alone) Histology location (with CRT) survival alone) alone)
Walsh etal. CF+ XRT 40 113 (58 vs. 55) AdenoCA Cardia 25% NR Median OS, 3-yr OS,
[33] vs. surgery Gy 100% 35%, distal 16vs. 11 mo®  32%vs.
alone esophagus (b =.01) 6%"°
51% (p=.01)
Urbaetal. CF/ 45 100 (50 vs. 50) AdenoCA Mid/distal 28% 3-yr DFS, Median OS, 3-yr OS,
[34] vinblastine Gy 75%, SCC esophagus (SCC38%, 28%vs.16% 16.9vs.17.6 30% vs.
+ XRTvs. 25% 92% AdenoCA (p = .16) mo 16%
surgery 24%) (p =.15)
alone
Australasian CF + XRT 35 256 (128 vs. 128) AdenoCA Lower third 16% 16vs. 12 mo Median OS, NR
trial [35] vs. surgery Gy 62%, SCC of esophagus (SCC27%, (p=.18),R0 22.2vs.19.3
alone 37% 79% AdenoCA resection, mo (p = .44)
9%) 80% vs. 59%°
(p = .0002)
CALGB 9781 CF + XRT 50.4 56 (475 planned) AdenoCA NR 40% Median PFS, Median OS, 5-yr OS,
[36] vs. surgery Gy (30 vs. 26) 75%, SCC 3.47vs.0.01 4.48vs.1.79yr® 39% vs.
alone 25% yrs; 5-yr PFS, (p = .002) 16%
28% vs. 15%
CROSS [37] Carbo/ 41.4 366 (178 vs. 188) AdenoCA GEJ24%, 29% RO resection, Median OS, 5-yr OS,
Taxol + Gy 75%, SCC distal (SCC49%, 92% vs.69%° 49.4vs.24 mo”® 47% vs.
XRT vs. 23% esophageal AdenoCA (p <.001) (p = .003) 34%
surgery 58% 23%)
alone
FFCD 9901 CF + XRT 45 195 (97 vs. 98) SCC70%, Thoracic 33.3% Median DFS, Median OS, 3-yr OS,
[38] (stage  vs.surgery Gy AdenoCA esophageal 27.8vs.26.7 31.8vs.41.2 47.5%
/1 alone 29% 100% mo; 5-yr DFS, mo (p = .66) vs. 53%;
esophageal 35.6% vs. 5-yr OS,
only) 27.7% 41.1%
vs.33.8%

“Results were statistically significant.

Abbreviations: AdenoCA, adenocarcinoma; Carbo/Taxol, carboplatin/paclitaxel; CF, cisplatin/5-fluorouracil; CRT, chemoradiotherapy; DFS, disease-free
survival; GEJ, gastroesophageal junction; mo, months; NR, not reported; OS, overall survival; Path CR, pathologic complete response; PFS,
progression-free survival; SCC, squamous cell carcinoma; XRT, radiation therapy.

rates of pathologic complete response, a variable associated
with improved survival [30-32]. Until recently, results have
been mixed and the utility of radiotherapy has been con-
troversial because most early trials either had small numbers
of patients or suffered from other shortcomings.

Six trials are most relevant because they enrolled pre-
dominantly adenocarcinomas of the esophagus and GEJ,
although most of them also included at least some patients
with SCCs (Table 2). Walsh et al. [33] showed a survival
advantage for multimodal therapy (3-year OS 32% vs. 6%;
p = .01), whereas Urba et al. [34] failed to show any survival
advantage for preoperative chemoradiotherapy, likely be-
cause of insufficient statistical power. A subsequent larger
(n = 265) phase lll Australasian study that included GEJ tumors
reported significantly improved RO resection rates with
chemoradiotherapy (80% vs. 59%; p .0002) but no
improvement in PFS or OS [35]. Almost 37% subjects had
SCC, and subgroup analysis suggested that SCC patients had
better PFS with chemoradiotherapy.

The Cancer and Leukemia Group B (CALGB) designed
a phase Il trial comparing surgery with or without pre-
operative chemoradiotherapy for gastroesophageal cancer
and showed animprovementin median OS (4.48 vs. 1.79 years;
p = .002) with chemoradiotherapy. Although this trial closed
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prematurely because of poor accrual (n = 56) [36], it provides
some data for the utility of trimodality therapy because it was
a well-designed multicenter prospective study with adequate
follow-up.

Perhaps the strongest evidence for neoadjuvant chemo-
radiotherapy comes from the Chemoradiotherapy for Esoph-
ageal Cancer Followed by Surgery Study (CROSS) [37]. This trial
randomized 366 patients with resectable esophageal or GEJ
tumors to preoperative radiation (41.4 Gy in 23 fractions)
combined with chemotherapy (weekly carboplatin/paclitaxel)
or surgery alone. Most patients had adenocarcinoma (75%),
and the majority of tumors were located in the distal
esophagus (58%) or the GEJ (24%). Radiation was delivered
using three-dimensional conformal radiation therapy (3D-
CRT), specifying that the gross tumor volume and any enlarged
regional nodes be delineated prior to a set expansion for the
planning target volume. There was no mention of a specific
clinical target volume (CTV). Chemoradiotherapy was associ-
ated with increased rates of RO resection (92% vs. 69%) and,
more importantly, a meaningful improvement in median OS
from 24 to 49.4 months (p = .003), corresponding to a 5-year
OS rate of 47% compared with 35% with surgery alone. The
survival benefit of chemoradiotherapy persisted irrespective
of the tumor histology, but SCCs derived more benefit and had
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higher pathologic complete response rates (49% vs. 23%;
p = .008). Postoperative morbidity and early mortality were
not increased with preoperative chemoradiotherapy. Longer
follow-up of the CROSS phase Ill and its predecessor phase Il
trial confirmed that chemoradiotherapy considerably reduced
locoregional recurrences, peritoneal carcinomatosis, and, to
a lesser extent, distant recurrences [30]. CROSS is most re-
levant because it was a large prospective study that included a
substantial number of GEJ tumors.

In contrast, the French FFCD 9901 randomized early stage
esophageal cancer patients (predominantly SCC) to surgery
with or without preoperative chemoradiation and reported no
improvement in survival with chemoradiotherapy [38]. Post-
operative mortality was higher in the chemoradiotherapy
group, and the trial was stopped early for futility. The results
were likely negative because this trial exclusively enrolled early
stage (I and Il) patients, who are least expected to benefit from
such an aggressive approach.

A recent updated meta-analysis of 12 randomized
esophageal cancer trials comparing neoadjuvant chemo-
radiotherapy to surgery alone (including CROSS) concluded
that chemoradiotherapy was associated with a significant
improvement in OS (HR 0.78, 95% Cl 0.70-0.88; p < .0001)
[27].This correspondsto an absolute survival benefit of 8.7% at
2 years and a number needed to treat of 11. Survival benefit
wasseeninboth SCCs (HR0.80;95% C10.68—0.93 p = .004) and
adenocarcinomas (HR 0.75; 95% Cl 0.59-0.95 p = .02),
dispelling the notion that only SCCs benefit from chemo-
radiotherapy. In the same meta-analysis, although both neo-
adjuvant chemoradiotherapy and preoperative chemotherapy
improved survival compared with surgery alone, greater
benefit was seen with chemoradiotherapy.

Postoperative Chemoradiotherapy

Based on the INT-0116, adjuvant chemoradiotherapy is con-
sidered a standard approach for resected gastric cancer in
the U.S. In this large phase Ill trial, 556 patients with gastric
(80%) or GEJ (20%) adenocarcinomas were randomized to
postoperative chemoradiotherapy or observation after re-
section [39]. Three-year OS was significantly improved with
postoperative chemoradiotherapy (50% vs. 41%; p = .005), as
was the 3-year relapse-free survival (48% vs. 31%; p < .001).
The survival benefit persisted after 10 years of follow-up [40].
One of the major criticisms of this study has been that only 10%
of patients underwent D2 lymphadenectomy, so chemo-
radiation may have only compensated for suboptimal surgery.
Although recent data have underscored the importance of
adequate surgery [41], postoperative chemoradiotherapy re-
mains a valid option for patients with high risk GEJ tumors who
undergo surgical resection without preoperative treatment.

Preoperative Chemoradiotherapy

Versus Chemotherapy

Whereas there is evidence to support both preoperative
chemoradiotherapy and perioperative chemotherapy over
surgery alone, studies comparing the two approaches head to
head are lacking. The Preoperative Chemotherapy or Radio-
chemotherapy in Esophagogastric Adenocarcinoma Trial
(POET) is the only phase Il study to exclusively enroll GEJ
tumors to answer this question [42]. One hundred and
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nineteen patients with locally advanced tumors (uT3-
4NxMO0) were randomized to either preoperative induction
chemotherapy (cisplatin/fluorouracil/leucovorin) orinduction
chemotherapy followed by chemoradiotherapy (cisplatin/
etoposide combined with 30 Gy in 15 fractions of radiation)
and then surgery. The investigators specified a CTV that
encompassed elective nodes (left and right cardiac, left
gastric, lesser curvature, and along the celiac, splenic, and
hepatic arteries). From a radiation biology standpoint, this
dose schemais lower than the 45-50.4 Gy in 25-28 fractions,
which has traditionally been the recommended dose to
control microscopic disease. Chemoradiotherapy signifi-
cantly improved rates of pathologic complete response
(15.6%vs. 2.0%; p = .03) and tumor-free lymph nodes (64.4%
vs. 37.7%; p = .01) at resection. Unfortunately, the trial was
closed prematurely because of poor accrual, and statistical
significance could not be achieved, but there was a trend
toward improved 3-year survival with neoadjuvant chemo-
radiotherapy (47.4% vs. 27.7%; p = .07).

Reviewing trials comparing the benefits of neoadjuvant
chemotherapy versus neoadjuvant chemoradiotherapy, the
Australasian meta-analysis was only able to identify one other
small trial, which also closed prematurely [27]. It finally
concluded that a clear advantage of preoperative chemo-
radiotherapy over chemotherapy could not be established.

Response-Directed Therapy

Not all patients with GEJ tumors respond to preoperative
chemotherapy [5, 22]. By identifying such patients, the toxicity
of futile treatment can be spared, and alternative effective
therapy can be recommended. Currently, no such biomarkers
are available; however, data are emerging that metabolic
information from interim 18-fluorodeoxyglucose PET may be
prognostic and predictive [43, 44]. In a phase Il study,
metabolic responses were evaluated using PET after 2 weeks
of induction chemotherapy with cisplatin/fluorouracil in 110
patients with locally advanced GEJ adenocarcinoma [43].
Metabolic responders continued chemotherapy for 12 weeks
and then underwent surgery, whereas nonresponders imme-
diately proceeded to surgical resection. After 2.3 years of
follow-up, median OS was not reached for responders,
whereas it was 25.8 months for nonresponders (HR 2.13;
95% Cl 1.14-3.99 p = .015). Responders also had improved
median event-free survival (29.7 vs. 14.1 months; p = .002)
and major histologic remission rates (58% vs. 0%; p = .001).
Median survival of PET nonresponders referred for early
surgery seemed to be comparable or even superior to
metabolic nonresponders (25.8 vs. 18 months) in a previous
prospective study in which all patients received two cycles of
preoperative chemotherapy irrespective of PET response [45].
Although comparisons across trials should be interpreted
with caution, compared with these historical controls, early
termination of chemotherapy did not seem to negatively
impact survival in PET nonresponders.

The same investigators conducted another study to eval-
uate a PET-guided treatment algorithm in 56 patients in which
responders continued preoperative chemotherapy and non-
responders underwent salvage chemoradiotherapy followed
by surgery [44]. Histologic response rates improved with
salvage chemoradiotherapy, but survival remained poor in
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PET nonresponders. Although this may indicate the unique
aggressiveness of nonresponders irrespective of therapy used,
the dose of radiation used was relatively low (32 Gy), and the
same chemotherapeutic agents deemed ineffective by PET
response were continued in combination with radiotherapy.
The ongoing CALGB 80803 trial evaluating the utility of PET-
directed selection of chemotherapeutic agents to combine
with neoadjuvant radiotherapy may be a more robust and
appropriate evaluation of this response-directed strategy [21].

In addition to the commonly reported decline in maximum
standardized uptake value (SUV) parameter, there may be other
useful predictors of response such as spatial-temporal features
that can be extracted from an initial and post-treatment PET/
computed tomography (CT) [46]. In one study, declines in mean
SUV and skewness, as well as three textural features, were found
to be associated with response in a series of 20 patients who
were treated with trimodality therapy [46].

DiscussION

Treatment of locally advanced GEJ adenocarcinoma remains
challenging. Although there are data to support several
strategies, none has emerged as a clear winner. Based on the
ACCORD-07 and MAGIC trials, perioperative chemotherapy
hasbecomethe standardin most European countries, whereas
preoperative chemoradiotherapy is favored in the United
States. In the absence of a study comparing the two ap-
proaches directly, one can make an argument for either.
Clearly, a preoperative treatment approach should be used
because it is not only most tolerable before surgery but also
improves rates of RO resection and pathologic complete
response, both of which correlate with improved survival.

As mentioned earlier, initial trials evaluating chemo-
radiotherapy had several limitations. In these trials, a variety
of radiation techniques and doses were used that could have
impacted the results, especially because the way radiotherapy
is planned, imaged, and delivered has changed dramatically
over the last 30 years. Prior to the integration of 3D-CRT, in
which beams are designed to improve normal tissue sparing,
two dimensional plans were the standard such that a fluoro-
scopic image was generated with the patient swallowing
contrast to delineate the primary tumor [47]. Current practice
options offer 3D-CRT and intensity-modulated radiation
therapy (IMRT) techniques, which rely on modern imaging
for tumor target delineation with CT, PET/CT, and four-
dimensional CT scanning, which can determine the amount
of tumor-associated respiratory motion. Moreover, endo-
scopic oncologists can also place radio-opaque markers called
fiducial markers, above and below the tumor so that the
radiation oncologist can visualize the extent of disease as the
patient breathes and thus rely on image-guided radiation
therapy to confidently irradiate the daily target [48]. In the
preoperative setting, avoidance of tissue injury to the lung
and heart is of particular importance, and these improve-
ments may be associated with improved outcomes, such
as the significantly improved OS, locoregional control, and
non-cancer-related death seen in the M.D. Anderson Cancer
Center series of patients treated with IMRT compared with 3D-
CRT [49]. Moreover, the daily and total dose of radiation has
differed across the trials, with a schema of 45-50.4 Gy
delivered in 25-28 fractions common in the U.S. versus
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a variety of daily and total dose regimens elsewhere. Finally,
although consensus guidelines have been adopted across
many gastrointestinal sites, there has not yet been agreement
on a uniform GEJ treatment volume [50-52]. The extent of
tissue irradiated is influenced by the elective nodal target,
which formsthe basis for the CTV; the Gastrointestinal Working
Party of the Radiation Oncology Group of the EORTC has
developed guidelines for the neoadjuvant radiation for GEJ
adenocarcinoma, but these guidelines have not been widely
adopted elsewhere [53]. In other sites, such as pancreatic
cancer, failure of radiation field design to incorporate specific
guidelines has resulted in reduced survival and a trend toward
increased nonhematologic toxicity [54].

Based on available data, there remains a strong rationale to
consider neoadjuvant radiotherapy, despite the heterogeneity
in dose, technique, and volume of neoadjuvant irradiation
used. Although results were not reported by tumor location in
the CROSS, a substantial number of patients had GEJ tumors
(24%), and improved survival was reported for all patients. The
POET, which exclusively enrolled GEJ tumors, reported higher
rates of pathologic complete response and lymph-node neg-
ative status at surgery with chemoradiotherapy compared
with chemotherapy. Unlike the CROSS, elective nodal regions
wereincludedinthe POET, in which even ata dose of only 30 Gy
in 15 fractions, there was a significantly higher tumor-free
lymph node rate. This may be more relevant for Western
patients with larger, more advanced tumors. Moreover, the
sequence strategies differed, with the CROSS delivering
upfront concurrent chemoradiation versus induction chemo-
therapy followed by concurrent chemoradiation. Unfortu-
nately, POET did not reach statistical significance because it
failed to complete accrual, but there was a trend toward
improved survival with chemoradiotherapy. The updated
Australasian meta-analysis was only able to identify one other
smalltrial besides POET and failed to identify a clear advantage
of chemoradiotherapy over chemotherapy; however, the
absolute survival benefit at 2 years seemed better with
chemoradiotherapy (8.7% vs. 5.1%) [27]. Similarly the number
needed to treat was less with chemoradiotherapy than with
chemotherapy (11 vs. 19) [27]. Perioperative chemotherapy
and postoperative chemoradiotherapy are also reasonable
options, but only half the patients are able to receive
treatment after surgery.

Based on available data, there remains a strong
rationale to consider neoadjuvant radiotherapy, de-
spite the heterogeneity in dose, technique, and

volume of neoadjuvant irradiation used.

FUTURE PERSPECTIVES

Survival rates of locally advanced GEJ adenocarcinomas
remain far from satisfactory, and improved therapies are
needed. Targeted agents, which appear promising for
metastatic disease, warrant prospective studies in the ad-
juvant setting. GEJ tumors often express epidermal growth
factor receptor (EGFR); however, the anti-EGFR antibodies
cetuximab and panitumumab have failed to improve
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outcomes in unselected patients with advanced disease [55,
56]. Similarly, both the SCOPE1 and RTOG 0436 phase Il studies
were stopped early for futility because they showed no benefit
of adding cetuximab to concurrent chemoradiotherapy for
locally advanced disease [57, 58].

On the contrary, trastuzumab, a monoclonal antibody
against human epidermal growth factor receptor-2 (HER2),
prolonged survival when combined with chemotherapy in
HER2-overexpressing metastatic gastric or GEJ adenocarcino-
mas and is now approved for thisindication [59]. Almost 30% of
GEJ tumors express HER2 and adjuvant trastuzumab has been
shown to improve survival in other HER2-expressing malig-
nancies [60, 61]. The phase Il TOXAG study is assessing the
safety and efficacy of trastuzumab with postoperative chemo-
radiotherapy in resected HER-2-positive gastric and GEJ tu-
mors [62]. More importantly, the ongoing randomized phaselll
RTOG 1010 trial is evaluating the benefit of adding trast-
uzumab to neoadjuvant chemoradiotherapy with carboplatin/
paclitaxel followed by completion of 1 year of trastuzumab
after curative resection of HER-2-overexpressing adenocarci-
nomas of the esophagus and GEJ [63].

Another key pathway involved in tumorigenesis is the
angiogenic pathway. The phase Ill Avastin in Gastric Cancer trial
(AVAGAST) failed to show an improvement in survival with the
addition of bevacizumab (a monoclonal antibody against
vascular endothelial growth factor) to chemotherapy in patients
with advanced gastric or GEJ cancer, but preplanned subgroup
analysis showed a survival benefit in patients from North and
South America [64]. Results are awaited from the MAGIC-B trial
comparing perioperative chemotherapy with or without bev-
acizumab in resectable gastric and GEJ cancers [65].

Studies directly comparing perioperative chemotherapy
with chemoradiotherapy are lacking; however, several ongo-
ingtrialsaimtoanswer thisveryimportant question.The phase
II/11l TOPGEAR study is comparing perioperative chemother-
apy with or without preoperative chemoradiotherapy in pa-
tients with resectable gastric and GEJ adenocarcinoma [66].
Similarly, the phase Ill Neo-AEGIS (ICORG 10-14) trial is ran-
domizing patients with adenocarcinoma of the esophagus and
the GEJ to either perioperative chemotherapy (modified
MAGIC regimen) or neoadjuvant chemoradiotherapy as per
the CROSS protocol [67]. This Ireland-led study has now
expanded to the U.K. and is powered to detect a 10% survival
difference at 3 years with a sample size of 592.

Trials evaluating chemoradiotherapy have combined
various chemotherapeutic agents with radiation, and the
optimal regimen remains unknown. The NeoSCOPE random-
ized phase Il trial seeks to compare two preoperative chemo-
radiotherapy regimens (oxaliplatin/capecitabine and carboplatin/
paclitaxel) to determine the most appropriate regimen to be
taken forward to a phase lll trial against neoadjuvant chemo-
therapy [68]. A key component of this trial is the strict
radiotherapy quality assurance, which will ensure that the
radiotherapy given is consistent across all centers.
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The debate regarding the role of radiotherapy could
potentially be clarified if consensus volume guidelines can
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Implications for Practice:

The disease burden of esophageal cancerisincreasingin the United States and worldwide, 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 cancer and comprehensively reviews the current state of the art in targeted
therapyforesophageal 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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