Neoadjuvant Treatment
of Esophageal and
Gastro-Esophageal Cancer

Jan Willem van den Berg, Sjoerd M. Lagarde,
Bas PL.Wijnhoven, Ate van der Gaast,
and J.Jan B.van Lanschot

4.1 Introduction

The incidence of adenocarcinoma of the esopha-
gus and gastroesophageal (GE) junction has
increased rapidly in Western countries, while
numbers of squamous cell carcinoma (SCC) have
gradually declined. For locally advanced esopha-
geal cancer, surgery remains the mainstay of
treatment. However, esophagectomy is histori-
cally associated with relatively high rates of
irradical resection margins and high numbers of
patients presenting with recurrent disease within
2 years after surgery. Therefore, the last decades
several multimodality treatment regimens have
been developed. Numerous studies evaluated the
value of neoadjuvant as well as adjuvant strate-
gies, especially chemotherapy and chemoradia-
tion. In most countries advanced esophageal
cancers are treated nowadays by neoadjuvant
multimodality treatment regimens. It is thought
that neoadjuvant chemotherapy and neoadjuvant
chemoradiation eliminate micrometastases and
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induce locoregional tumor regression which
leads to a higher rate of radical esophagectomies
due to a reduction in the number of R1 and R2
resections (downstaging). However, its value has
been debated for several decades. Up to a few
years ago, the majority of the studies did not
show any statistically significant benefit for neo-
adjuvant therapy, but these studies were fre-
quently criticized because of inadequate trial
design, limited statistical power (small sample
size), and poor outcomes in the surgery alone
group. However, in recent years, many different
neoadjuvant regimens have been developed and
tested. Historically, in the United Kingdom neo-
adjuvant chemotherapy was advocated while in
Continental Europa and the USA neoadjuvant
CRT was the preferred treatment. Ultimately the
question which modality is superior will hope-
fully be answered by the Neo-AEGIS study,
which compares perioperative chemotherapy
(MAGIC) with neoadjuvant chemoradiation
(CROSS). This trial design is discussed later on.
The present chapter focuses on the different neo-
adjuvant treatment regimens.

4.2 Neoadjuvant Chemotherapy

Studies in the 80s and 90s of the previous century
revealed that patients with esophageal cancer
who underwent surgical resection with curative
intent had a dismal prognosis, with a 2-year
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survival rate of only 20-30%. Factors that con-
tributed to these poor outcomes were the pres-
ence of locally advanced disease reflected by a
high number of irradical resections and (distant)
micrometastases at the time of surgery, which
could not be detected with the available imaging
techniques. To increase survival rates after esoph-
agectomy, there was interest in the combination
of chemotherapy and surgical treatment.
Multiple randomized trials have evaluated the
benefit of chemotherapy administered prior to
resection in patients with esophageal cancer. For
example, the European EORTC 40954 trial in
which 144 patients with adenocarcinoma of the
stomach or GE-junction were randomized to neo-
adjuvant chemotherapy (5-FU, leucovorin, cispl-
atin) followed by surgery or surgery alone [1].
This trial was stopped for poor accrual, which
limited the power of the study. A significantly
increased RO resection rate was found for patients
treated with chemotherapy, however this did not
translate into a survival benefit. Other studies
such as the OEO?2 trial demonstrated a survival
benefit compared with resection alone. The
OEQ2 trial, in which patients (SCC or adenocar-
cinoma of the esophagus or GE-junction) were
randomized to preoperative chemotherapy (cis-
platin and fluorouracil) followed by surgery or
surgery alone, revealed a survival benefit (HR
0.79, p 0.004) in combination with increased RO
resection rates (60% vs. 54%) [2]. In addition, a
30-day mortality of 10% was observed in both
treatment groups. Long-term follow-up revealed
a modest improvement in 5-year survival (36%
vs. 23%, p = 0.03) [3]. These results can explain
why neoadjuvant chemotherapy became standard
of care for esophageal cancer in the United
Kingdom. For squamous cell carcinoma of the
esophagus a Dutch trial randomized patients for
preoperative chemotherapy (cisplatin and etopo-
side) followed by surgery or surgery alone [4].
The 5-year survival was significantly improved
after chemotherapy (26% vs. 17%). On the other
hand, the USA intergroup 113 trial, which ran-
domly assigned patients with SCC and adenocar-
cinoma to preoperative chemotherapy (cisplatin
and fluorouracil) and surgery or surgery alone,
failed to show a survival benefit for patients

treated with preoperative chemotherapy [5]. They
reported a 2-year survival rate of 35% for patients
who received chemotherapy and 37% for those
who underwent surgery alone. Postoperative
mortality was 6% in both treatment groups. Long
term results showed no difference in overall sur-
vival for patients receiving preoperative chemo-
therapy compared with surgery alone [6]. These
results can explain why neoadjuvant chemother-
apy did not become standard of care for esopha-
geal cancer in the USA. The difference in
outcome between the OEO2 trial and the USA
intergroup 113 trial is difficult to explain as
almost the same chemotherapy regimens have
been applied.

The OEO2 trial was followed by the OEO5
trial, which hypothesized that adding a fourth
cycle of chemotherapy to the neoadjuvant regi-
men would lead to better survival rates compared
with a short neoadjuvant chemotherapy regimen.
The preliminary results of this so called OEO5
trial, which compared prolonged neoadjuvant
chemotherapy (4 cycles of epirubicin, cisplatin,
capecitabine) with standard chemotherapy
(2 cycles of cisplatin and 5-FU) in 895 patients
with esophageal or GE-junction cancer have only
been published in abstract form at the time of
writing this chapter [7]. The OEOS trial showed
that prolonged chemotherapy resulted in
increased RO resection rates, better disease free
survival, and progression free survival. The
3-year overall survival rate was 42% after pro-
longed neoadjuvant chemotherapy versus 39%
after the classical OEO2 regimen, i.e. not signifi-
cantly different, but with a higher toxicity rate in
the group receiving 4 cycles of chemotherapy.
Survival rates in the OEOS trial are higher com-
pared with the historical OEO-2 trial data. This
may be explained by better patient selection and
improved surgical techniques/outcome.

A recent meta-analysis showed a survival ben-
efit for neoadjuvant chemotherapy relative to sur-
gery alone for patients with esophageal or
GE-junction cancer (HR all-cause mortality for
neoadjuvant chemotherapy (HR 0.88 (95% CI
0.80-0.96), p = 0.003)) [8]. In addition, it was
thought that neoadjuvant chemotherapy could
result in an increase of surgery related morbidity
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and mortality, since preoperative therapy might
weaken the patient. A recent prospective study in
patients with SCC of the esophagus or GEJ
indeed showed that neoadjuvant chemotherapy
increased the risk of postoperative complications
compared with surgery alone [9]. However, a
meta-analysis showed that neoadjuvant chemo-
therapy does not increase the risk of postopera-
tive morbidity and perioperative mortality [10].

4.3 Neoadjuvant

Chemoradiation

The role for neoadjuvant chemoradiation has also
been debated for many years because of varying
results of different studies. The high locoregional
and systemic failure after surgery alone urged the
need for new treatment options and resulted in
combined modality treatment using systemic
chemotherapy and locoregional radiotherapy.
The goal of combining both neoadjuvant chemo-
therapy and neoadjuvant chemoradiation is
mainly based on the possibility to downstage the
primary tumor, resulting in higher RO resection
rates. In addition, neoadjuvant chemotherapy
may also eradicate micro-metastatic disease by
decreasing cancer-cell dissemination.

Studies on the effect of neoadjuvant chemora-
diation for esophageal and GE-junction tumors
showed variable results. The French FFCD 9901
trial which randomly assigned 195 patients with
stage 1 or 2 esophageal or GE-junction cancer to
preoperative chemoradiation (5-FU, cisplatin,
and 45 Gy radiation therapy) followed by surgery
versus surgery alone did not improve 3-year sur-
vival (47.5 vs. 53%) [11]. Chemoradiation prior
to surgery did not improve the complete RO
resection rate and was associated with a signifi-
cantly increased postoperative  mortality.
However, interpretation of these results is con-
founded by the fact that the study is underpow-
ered to show a possible survival benefit. A
Swedish trial randomized 181 patients with
esophageal or GE-junction tumors (SCC and
adenocarcinoma) to chemotherapy (cisplatin,
FU) with or without radiotherapy (40 Gy) fol-
lowed by surgical resection (4-6 weeks after

completing neoadjuvant treatment) [12].
Chemoradiation significantly increased patho-
logically complete response (pCR) (28 vs. 9%)
and complete RO resection rate (87 vs. 74%).
However, no significant difference in 3-year sur-
vival was found (47 vs. 49%). An Australian
study randomized 256 patients to chemoradiation
(cisplatin, fluorouracil, 35 Gy radiotherapy) fol-
lowed by surgery or surgery alone [13].
Chemoradiation resulted in a significant increase
of RO resections (80% vs. 59%, p = 0.0002).
However, no difference in overall survival was
shown.

Several other trials and meta-analyses have
demonstrated improved survival with preopera-
tive concurrent chemoradiation as compared to
surgery alone, for potentially resectable stage II
or III localized cancer of the thoracic esopha-
gus. However, the optimal regimen is not estab-
lished yet. A relatively old Irish trial randomized
patients to chemotherapy (fluorouracil and cis-
platin) and radiotherapy (40 Gy) followed by
surgery or surgery alone. This study in 113
patients revealed 25% complete response and a
significantly increased 3-year survival after neo-
adjuvant chemoradiation followed by surgery
(32% vs. 6%) [14]. Postoperative 90-day mor-
tality of both groups combined was 6%.
However, this study was criticized because of
the unusually low survival rate in the surgery
alone group. An American trial (CALGB 9781)
randomized patients to chemotherapy (cisplatin
and fluorouracil) and radiotherapy (50.4 Gy)
followed by surgery or surgery alone. This
study, which was closed prematurely after
3 years and only 56 patients (of the planned 475
patients) due to poor accrual, showed an
increased 5-year survival (39% vs. 16%), how-
ever this did not reach statistical significance
[15]. More recently, the Dutch Cross trial ran-
domized 363 patients comparing preoperative
chemotherapy consisting of carboplatin (doses
titrated to achieve an area under the curve of
2 mg per millilitre per minute) and paclitaxel
(50 mg per m? body-surface area) and radiother-
apy (41.4 Gy in 23 fractions, 5 days per week)
followed by surgery with surgery alone in
patients with potentially curable esophageal or
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GE-junction cancer (SCC and adenocarcinoma)
(Fig. 4.1) [16]. This combination of chemother-
apy and radiotherapy was well tolerated by the
patients and significantly increased the percent-
age of RO resections up to 92% compared with
69% in the surgery alone group. In addition,
29% percent of the patients with chemoradia-
tion had a pCR. The median overall survival was
also significantly higher in the combined treat-
ment arm than in the surgery arm (49 months vs.
24 months; P = 0.003). (Fig. 4.2a, b) The long-
term results confirmed the overall survival ben-
efit for neoadjuvant chemoradiation (5-year
survival 47 vs. 33%, HR for death 0.67, 95% CI
0.51-0.87) [17]. Due to the overall survival ben-
efit, low toxicity, and high RO resection rate
(91%) of the neoadjuvant chemoradiation, the

CROSS regimen is now the preferred multimo-
dality treatment in the Netherlands and several
other Western European countries.

The German POET trial suggested a possible
superiority of neoadjuvant chemoradiation over
chemotherapy. This trial randomized 126 patients
with GE-junction tumors to chemotherapy alone
(cisplatin, FU, leucovorin) followed by surgery
or the same chemotherapy regimen (cisplatin,
FU, leucovorin) followed by low-dose RT con-
current with chemotherapy (cisplatin and etopo-
side) [18]. Induction chemotherapy followed by
chemoradiation significantly increased complete
pathological response (15.6% vs. 2.0%, p = 0.03)
and (non-significantly) increased 3-year survival
(47 vs. 28%, p = 0.07). Recently the long-term
results showed a 5 year overall survival of 24.4%
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in the chemotherapy versus 39.5% in the chemo-
radiation group (p = 0.055) [19]. An Australian
trial randomized 75 patients to neoadjuvant che-
motherapy (cisplatin and 5-FU) followed by sur-
gery or neoadjuvant chemoradiation (cisplatin
and 5-FU in combination with 35 Gy radiation
therapy) followed by surgery [20]. After neoadju-
vant chemoradiation pCR was significantly
increased compared with neoadjuvant chemo-
therapy, 31 vs. 8% (p = 0.01) respectively. No
significant difference in median overall survival
was observed, possibly because of the low num-
ber of included patients.

Overall, a recent meta-analysis based on 6072
patients found that neoadjuvant chemoradiation
followed by surgery compared with surgery alone
was the only regimen to significantly improve
survival (HR 0.77 (95% C10.68-0.87), p < 0.001)
[21]. This network meta-analysis states that neo-
adjuvant chemoradiation followed by surgery is
the most effective strategy in improving survival
of resectable esophageal cancer. Earlier, a meta-
analysis based on 4188 patients included in RCTs
(CROSS, FFCD, CALGB 9781) found that neo-
adjuvant chemotherapy and neoadjuvant chemo-
radiation reduced overall mortality as compared
to surgery alone in patients with T1-3 esophageal
adenocarcinoma [22]. In addition, it has been
debated that neoadjuvant chemoradiation may
enhance the occurrence of postoperative compli-
cations, which for example has also been
observed after neoadjuvant radiotherapy in rectal
surgery. A recent prospective study in patients
with SCC of the esophagus or GEJ indeed showed
that neoadjuvant chemoradiation increased post-
operative mortality compared with surgery alone
[9]. However, a meta-analysis showed that nei-
ther neoadjuvant chemotherapy nor neoadjuvant
chemoradiation increases the risk of postopera-
tive morbidity and mortality [10].

44  Perioperative Chemotherapy

For gastric cancer a strategy of perioperative che-
motherapy, which is also known as the “sandwich
approach”, is the predominant approach in
Europe. This regimen was based primarily on the

United Kingdom Medical Research Council
MAGIC trial which randomized 503 patients
with adenocarcinoma of the stomach, GE-junction
and esophagus, to perioperative ECF (epirubicin/
cisplatin/5-FU) and surgery or surgery alone
[23]. Perioperative chemotherapy improved
5-year survival rate (36% vs. 23%, p = 0.009).
However, only 42% of the patients intentionally
treated with chemotherapy completed the full
regime. Perioperative mortality (death within
30 days) was similar between both groups (5.6%
vs. 5.9%). This study was criticized because of
the lack of a standardized surgical procedure as
well as the late inclusion of GE-junction and
esophageal tumors in the protocol. The initial
trial design was for stomach cancer, however due
to low accrual, distal esophageal tumors and
GE-junction tumors were also included in a later
phase. Only one fourth of the patients had esoph-
ageal or GE-junction cancers. The inclusion of
these last subgroups may have biased the results.
Moreover, no clear evidence has been given
about the additional value of the adjuvant phase
of the study, and long term results have never
been published.

The French FNCLCC-FFCD trial random-
ized 224 patients with adenocarcinoma of the
esophagus, GE-junction, or stomach to periop-
erative chemotherapy (cisplatin and fluoroura-

cil) and surgery or surgery alone [24].
Perioperative ~ chemotherapy  significantly
improved 5-year survival (38% vs. 24%,

p = 0.02), curative resection rate, disease-free
survival (5-year rate: 34% vs. 19%, P = 0.003),
while there was no difference in 30-day mortal-
ity (4.5% vs. 4.6%). In this study 75% of the
patients had esophageal or GE-junction tumor.

4,5 Neoadjuvant Versus

Adjuvant Strategies

Relatively few studies focused on postoperative
strategies. In general, the data suggest that post-
operative regimens fail to improve survival.
There are only a few randomized trials of adju-
vant chemotherapy for resected esophageal ade-
nocarcinoma and only a few Japanese studies in
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resected esophageal squamous cell carcinoma
that showed no survival benefit [25, 26]. Recently,
the superiority of neoadjuvant as compared to
adjuvant chemotherapy was shown in the
Japanese JCOG9907 trial [27]. Patients (n = 330)
with SCC of the esophagus were randomly
assigned to surgery preceded or followed by che-
motherapy (cisplatin and 5-FU). Five-year over-
all survival was significantly higher after
preoperative chemotherapy (55% vs. 43%,
p = 0.04). One of the reasons that neoadjuvant
chemotherapy may lead to better results is the
fact that many patients do not tolerate adjuvant
chemotherapy after an esophagectomy.

4.6 Future Perspectives

Over the last decades multiple trials have indi-
cated that multimodality treatment of patients
with esophageal and GE-junction cancer is nec-
essary to obtain optimal results. At the moment
several phase 3 trials are ongoing to further
determine the optimal (neo)-adjuvant treatment
regimen. The NeoAegis trial is recruiting
patients to evaluate survival of patients treated
with perioperative chemotherapy plus surgery
versus neoadjuvant chemoradiation plus surgery
(MAGIC vs. CROSS) in esophageal and junc-
tional adenocarcinoma. The French PROTECT
trial, investigates the effect of preoperative
radiotherapy (41.4 Gy) in combination with two
different chemotherapy regimens, namely
FOLFOX (folinic acid, fluorouracil, oxalipatin)
versus paclitaxel and carboplatin [28].

The recurrence patterns after CROSS fol-
lowed by surgery for esophageal or GE-junction
cancer reveal that isolated infield locoregional
recurrence is very rare [29]. This indicates that
increase of the dosis of radiotherapy is reason-
less. Isolated outfield lymphatic recurrence is
also very rare which counters a possible positive
effect of enlargement of the radiation field. The
occurrence of distant metastases, whether or not
in combination with locoregional recurrence, is
the major problem. Therefore, a more effective
systemic therapy is needed to improve long-term
survival. However, it is unlikely that much can be

expected from new combinations or adjusted
doses of the classical chemotherapeutic agents.

Several studies investigate the possible benefi-
cial effects of monoclonal antibodies as neoadju-
vant treatment for different types of cancer. For
example in metastatic colorectal cancer and met-
astatic breast cancer the addition of monoclonal
antibodies to standard chemotherapy regimens
has improved survival [30, 31]. However, up to
now, for esophageal cancer no beneficial effects
of monoclonal antibodies have been reported. A
recent study added bevacizumab and erlotinib to
neoadjuvant chemoradiation for patients with
esophageal or GE-junction cancer [32]. The addi-
tion of bevacizumab and erlotinib did not demon-
strate any survival benefit. Another phase 2 trial
showed that for patients with gastric or
GE-junction adenocarcinoma the addition of bev-
acizumab to perioperative epirubicin, cisplatin,
and capecitabine is feasible [33]. However, the
phase-3 part of this STO3 trial is still ongoing.
Also other monoclonal antibodies, for example
against the vascular endothelial growth factor
receptor 2 (ramucirumab), are promising addi-
tions to the standard of care for gastric or gastro-
oesophageal cancer.

The success of immunotherapy for other
tumors gives high expectations for a possible
beneficial effect in esophageal and GE-junction
tumors. Just as e.g. melanoma, esophageal can-
cer has a relatively high burden of genetic muta-
tions which probably act as “neoantigens” and
could be tested as potential targets for immuno-
therapy [34, 35].

The CROSS trial revealed that following
chemoradiation, 49% of patients with SCC and
23% of patients with an adenocarcinoma had a
PCR in the resection specimen. Also other studies
described the effect of neoadjuvant chemoradia-
tion on the occurrence of pCR. Several trials
showed that this “sterilizing” effect is increased
after chemoradiation compared with chemother-
apy alone [12, 18, 20]. The occurrence of patho-
logically complete response opens the possibility
for new (organ sparing) treatment options. It can
be hypothesized that patients with pCR do not
benefit from esophagectomy. Those patients
could undergo an organ sparing approach if
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identified correctly. Such approach would consist
of active surveillance if clinically complete
response (cCR) has been accomplished by
chemoradiation. These effects of neoadjuvant
chemoradiation on the occurrence of pCR raises
questions about the timing and necessity of
esophagectomy after application of the CROSS
regimen. Therefore, a prospective trial (pre-
SANO) is ongoing in the Netherlands which ana-
lyzes the optimal diagnostic set for determining
the presence or absence of residual disease after
chemoradiation [36]. If the preSANO trial shows
that the presence or absence of residual tumor
can be predicted reasonably after chemoradia-
tion, a subsequent randomized controlled trial
will compare chemoradiation plus standard sur-
gery with chemoradiation plus surgery as needed
(SANO trial). In this active surveillance group
surgery will only be performed after CROSS if
residual disease has been proven or is highly sus-
pected. A comparable randomized trial (Esostrate
trial) has recently been initiated in France.

In conclusion, the use of preoperative chemo-
radiation or chemotherapy followed by surgery
is currently the prevailing treatment for most
patients selected for curatively intended treat-
ment. However, up to now none of these two
regimens has been proven superior. Possibly a
treatment more individualized for each patient
will further improve the results of neoadjuvant
therapy in combination with surgery. Recently,
three subtypes of esophageal adenocarcinoma
have been described [37]. This subclassification
may have therapeutic relevance and could result
in individualized treatment regimens for patients
with esophageal or GE-junction tumors to
obtain the optimal results from neoadjuvant
therapy and surgery.
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