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3.1	 �Epidemiology

	(a)	 In the United States, esophageal cancer con-
stitutes 6 % of all GI malignancies.

	(b)	 Squamous cell carcinoma and adenocarci-
noma comprise approximately 95  % of all 
esophageal cancer types:
	(i)	 Worldwide, 90 % of patients with esoph-

ageal cancers have squamous cell 
carcinoma.

	(ii)	 In the United States, the rates of adeno-
carcinoma now exceed those of squa-
mous cell carcinoma [1].

	(c)	 The rate among white men in the United 
States is <5/100,000 but is as high as 
100/100,000 of the total population in certain 
regions of Asia [1, 2].

	(d)	 An estimated 17,000 cases will be diagnosed 
in the United States in 2016 with 15,600 
deaths, with males four times as likely to be 
diagnosed as females [3].

3.2	 �Risk Factors

	(a)	 In many western countries, the incidence of 
esophageal adenocarcinoma has been 
increasing by 5–10 % per year over the last 
20 years:
	(i)	 This may be related to the rising rates of 

gastroesophageal reflux disease (GERD) 
and obesity:
	 (i)	 Long-standing GERD can lead to 

the development of metaplastic 
columnar esophageal epithelium 
known as Barrett’s esophagus. This 
finding has been associated with a 
10–15 % risk of developing esopha-
geal adenocarcinoma [4]

	(ii)	 A meta-analysis examining the 
association of GERD with esopha-
geal adenocarcinoma shows an 
overall risk factor of 7.4 for patients 
experiencing daily symptoms of 
GERD [5]

	(iii)	 Obesity also raises the risk of esoph-
ageal adenocarcinoma by a factor of 
2.4–2.8 according to separate meta-
analysis [6, 7]

	(iv)	 A similar risk of esophageal adeno-
carcinoma has been reported for 
patients with central adiposity 
which may lead to decreased lower 
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esophageal sphincter tone and 
higher rates of hiatal hernia devel-
opment, as well as increasing rates 
of low-grade inflammation leading 
to metabolic and ultimately genetic 
derangements [8].

	(b)	 In North America and Western Europe, alco-
hol and/or tobacco use is often associated 
with the development of esophageal squa-
mous cell carcinoma [9]:
	(i)	 The combination of these two factors is 

synergistic with the risk of esophageal 
cancer increasing by a factor of 155 for 
patients with the highest rates of con-
sumption of both [10].

	(c)	 Diets high in fiber, fruits, and vegetables lead 
to a lower risk of esophageal cancer [11, 12], 
while diets high in nitrosamines portend an 
increased risk [13, 14].

	(d)	 Patients with long-standing achalasia have an 
increased risk of squamous cell carcinoma 
by a factor of 10, resulting in an overall life-
time risk of 5 % [15, 16].

3.3	 �Molecular Biology

	(a)	 Multiple genetic aberrations have been linked 
to the development of esophageal cancer:
	 (i)	 Patients with heritable tylosis, an auto-

somal dominant syndrome producing 
papillomas of the esophagus, are at an 
increased risk of esophageal cancer 
[17]. This has been linked to the long 
arm of chromosome 17 [18] and muta-
tions in the protease RHBDF2 [19].

	(ii)	 Other investigators have reported muta-
tions in p53 as well as amplification of 
cyclin D1 and epidermal growth factor 
receptor (EGFR) underlying squamous 
cell carcinoma development and over-
expression of p53, EGFR, and HER2 
associated with development of adeno-
carcinoma [20].

	(iii)	 Whole exome sequencing has identi-
fied mutations in p53 and the cyclin-
dependent kinase inhibitor CDKN2, 
as well as multiple other known 

tumor-associated genes, in both ade-
nocarcinoma and squamous cell carci-
noma [21, 22].

3.4	 �Staging

	(a)	 In esophageal cancer, tumor (T) staging is 
based on depth of invasion (Fig. 3.1):
	 (i)	 T1 tumors are further characterized as 

T1a tumors (limited to the lamina pro-
pria or muscularis mucosae) and T1b 
tumors (invasion of the submucosa).

	(ii)	 T2 and T3 tumors invade the muscularis 
propria and the adventitia, respectively.

	(iii)	 The distinction between T4a and T4b 
tumors is based on the tumor resectabil-
ity: tumors extending to the pleura, peri-
cardium, or diaphragm that may be 
resectable are staged as T4a, while those 
invading other local structures that are 
unresectable (aorta, vertebral body, tra-
chea) are deemed T4b.

	(b)	 Involvement of 1–2, 3–6, or > 7 nodes is 
staged as N1, N2, and N3, respectively.

	(c)	 M1 indicates the presence of distant meta-
static disease.

	(d)	 The current AJCC staging system also 
accounts for the tumor’s histologic type 
(squamous cell carcinoma or adenocarci-
noma), histologic grade, and location in early 
stage, node-negative disease (Fig. 3.1):
	 (i)	 For example, a T1  N0 grade 1 squa-

mous cell carcinoma is staged as IA, 
while grade 2–3 tumors are stage IB.

	 (ii)	 T2-3 N0 squamous cell carcinomas of 
the lower esophagus are either stage IB 
or IIA based on grade of 1 or 2–3, 
respectively.

	(iii)	 T2-3 N0 squamous cell carcinomas of 
the upper and middle esophagus are 
stage IIA and IIB based on the same 
grade distinction.

	(iv)	 For early stage node-negative adeno-
carcinomas, grades 1 and 2 are grouped 
such that a grade 3 T1 N0 tumor is 
stage IB, while similar tumors with a 
lower grade are stage IA.
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Fig. 3.1  American Joint Committee on Cancer 2010 esophageal cancer staging system
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	 (v)	 T2 N0 tumors are either staged as IB or 
IIA based on low- (grades 1–2) or high-
grade (grade 3) histology.

	(vi)	 T3 N0 adenocarcinomas are stage IIB 
regardless of grade.

	(vii)	 The remaining stage groupings for 
more advanced tumors can be seen in 
Fig. 3.1.

3.5	 �Prognostic Factors

	(a)	 According to SEER Data, the 5-year survival 
of patients with esophageal cancer is approx-
imately 20 %, and patients with esophageal 
cancers with lymph node-negative disease, 
lymph node metastases, and systemic metas-
tases have a 5-year survival rate of 40  %, 
21 %, and 4 %, respectively.

	(b)	 Resection status, age, and histologic subtype 
have been prognostic for patients undergoing 
surgery alone [23]:
	(i)	 Survival data from the Intergroup 0113 

trial, which randomized esophageal 
cancer patients to surgery or neoadju-
vant cisplatin and 5-FU followed by 
surgery, reported 5-year survival of 
patients undergoing an R1 or R2 resec-
tion that was significantly inferior to 
those patients with an R0 resection 
[24].

	(ii)	 The CROSS study, which randomized 
patients to neoadjuvant chemoradiation 
followed by surgery or surgery only, 
showed that there was a near doubling of 
overall survival for patients with squa-
mous cell carcinoma versus adenocarci-
noma [25].

	(c)	 Tumor size has also been reported to be prog-
nostic for both adenocarcinoma and squa-
mous cell carcinoma:
	(i)	 In one series 5-year survival decreased 

from 77 to 23  % for patients with 
resected squamous cell carcinomas mea-
suring less than 1 cm compared to those 
greater than 3 cm [26].

	(ii)	 Patients with adenocarcinomas greater 
than 2 cm have also been shown to have 

significantly worse 5-year survival com-
pared to patients with tumors <2  cm 
[27].

3.6	 �Management

	(a)	 Surgery alone
	(i)	 Surgery for esophageal cancer often 

involves a subtotal or total esophagec-
tomy, via a transthoracic or transhiatal 
approach, with nodal dissection:
	(i)	 It has been suggested that exposure 

of the chest cavity with a transtho-
racic approach can facilitate a more 
complete resection and therefore 
improved disease-related outcomes.

	(ii)	 The question of optimal surgical 
approach was examined in a Dutch 
trial which randomized 220 patients 
to transthoracic or transhiatal resec-
tion [28]:
	1.	 Although the rate of locoregional 

recurrence was similar between 
the two surgical approaches 
(31  % in the transthoracic arm 
versus 32  % in the transhiatal 
arm), there appeared to be 
improved survival at a median 
follow-up of 4.7  years with the 
transthoracic approach (40 % vs. 
30 %, p = 0.012).

	2.	 Higher rates of perioperative 
morbidity, pulmonary complica-
tions, and lengths of hospital 
stays were seen in patients under-
going resection by the transtho-
racic approach.

	(ii)	 Independent of surgical technique, local 
recurrence rates range from 32 to 45 % 
in randomized trials containing a 
surgery-alone arm (Table 3.1), providing 
a rationale for multimodality treatment 
of this malignancy.

	(b)  Postoperative therapy
	 (i)	 One of the advantages of adjuvant ther-

apy is that the pathological stage of the 
malignancy is known; thus, patients 
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with either early stage or metastatic dis-
ease, who may not benefit from adju-
vant therapy, can be identified.

	(ii)	 Pathologic staging and knowledge of 
surgical findings are helpful in radiation 
therapy planning.

	(iii)	 Studies investigating the efficacy of 
adjuvant radiation therapy following 
surgery have not consistently demon-
strated an improvement in either local 
control or survival:
	 (i)	 French investigators

	1.	 Randomized 221 patients with 
squamous cell carcinoma of the 
mid- to distal esophagus to either 
resection, with or without post-
operative radiation therapy alone.

	2.	 Irradiated patients received 
45–55  Gy within 3  months of 
surgery [29].

	3.	 There was no improvement in 
survival for patients random-
ized to adjuvant radiation ther-
apy even with a reduction 
in  local recurrence rates from 
35 to 10 % [29].

	(ii)	 Hong Kong investigators
	1.	 Evaluated the outcome of 130 

patients undergoing surgery 
and adjuvant radiation therapy 
alone versus surgery only in 
patients undergoing curative or 
palliative resection [30].

	2.	 Similar to the French trial, 
local recurrence was decreased 
(31 % vs. 15 %, p = 0.06) in the 
radiation group.

	3.	 Median survival, however, was 
significantly worse in the adju-
vant group (median OS 8.7 vs. 
15.2  months, p  =  0.02), possi-
bly due to morbidity associated 
with the large dose-per-fraction 
of 3.5 Gy and high overall dose 
of 49 Gy in patients treated with 
curative intent.

	(iii)	 Chinese investigators
	1.	 Study of 549 patients that 

reported a near doubling of sur-
vival at 5 years for lymph node-
positive patients receiving 
adjuvant radiation therapy ver-
sus those having surgery alone 
(17.6–34.1 %) [31].

	2.	 As expected, patients with 
three or more involved lymph 
nodes had worse 5-year sur-
vival (14.4  %) compared to 
patients with 1–2 (30.6  %) or 
no lymph nodes involved 
(58.1 %).

	(iv)	 Results of the Intergroup 0116 study 
[32] support an approach of combined 
chemotherapy and radiation therapy fol-
lowing resection of gastroesophageal 
junction (GEJ) adenocarcinomas:

Table 3.1  Comparison of surgery alone arms in randomized studies of surgery with or without preoperative 
chemoradiation

Trial Year Patients, total
Patients, 
surgical

Median survival 
(months) 2-year survival 3-year survival

Walsh et al. [60] 1996 110 55 11 26 % 6 %

Urba et al. [41] 2001 100 50 18 NA 15 %

Bosset et al. [38] 1997 282 139 19 40 % 35 %

Kelsen et al. [36] 1998 440 227 16 37 % 23 %

MRC [61] 2002 802 402 13 34 % NA

Burmeister et al. 
[62]

2005 256 128 19 NA 31 %

Van Hagen et al. 
[42]

2010 366 188 24 NA 48 %

Mariette et al. [39] 2014 195 98 44 NA NA

3  Esophageal Cancer: Background and Clinical Evidence



28

	 (i)	 This study included patients with 
gastric or GEJ adenocarcinomas 
undergoing an R0 resection.

	(ii)	 Five hundred fifty-six patients 
were randomized to no adjuvant 
therapy versus adjuvant therapy 
with 5-FU and leucovorin before, 
during, and after radiation therapy.

	(iii)	 With a median follow-up greater 
than 10 years, the HR for survival 
was 1.32 favoring postoperative 
chemoradiation [33].

	(iv)	 This benefit was observed across 
all stages and tumor locations.

	(v)	 Therefore, adjuvant treatment for 
GEJ adenocarcinomas is advised 
for resected T2–T4 N0 or any 
node-positive patients not receiv-
ing neoadjuvant therapy.

	(c)	 Preoperative therapy
	 (i)	 Preoperative treatment with either radi-

ation or chemotherapy has a number of 
potential advantages:
	 (i)	 For radiation specifically, preoper-

ative treatment often employs 
smaller radiation fields with less 
treatment-related morbidity com-
pared to postoperative treatment.

	 (ii)	 Resection of the treated esophagus 
may also limit long-term complica-
tions as one of the primary tissues at 
risk, the esophagus itself, is removed.

	(iii)	 Neoadjuvant chemotherapy may 
allow for elimination of micromet-
astatic disease and determination 
of tumor chemosensitivity.

	(iv)	 Overall, an increased likelihood of 
resection due to downstaging and 
avoidance of surgery in patients 
with progression through treat-
ment underscore the rationale for 
preoperative therapy.

	(v)	 Preoperative therapy is associted 
with higher rates of compliance 
and ability to deliver intended 
therapy as compared to the adju-
vant setting. 

	(ii)	 Preoperative chemotherapy
	(i)	 Similar to the conflicting results of 

adjuvant radiation therapy (described 
previously), the outcomes of ran-
domized trials of preoperative  
chemotherapy alone have not consis-
tently shown a survival benefit:
	1.	 Medical Research Council 

(MRC) OEO2 trial
	(a)	 Largest trial including 802 

patients with adenocarci-
noma or squamous cell car-
cinoma of the esophagus 
randomized to cisplatin and 
5-FU for two cycles prior to 
surgery versus surgery alone 
[34].

	(b)	 Long-term follow-up at 
6 years showed significantly 
improved 5-year overall sur-
vival in the preoperative che-
motherapy arm (23  %) 
versus the surgery-alone 
(17 %) arm [35].

	2.	 Intergroup 0113 trial
	(a)	 Four hundred forty patients 

received either cisplatin 
with 5-FU before and fol-
lowing resection or resec-
tion alone.

	(b)	 No difference in 3-year over-
all survival or local or distant 
failure was seen [24, 36].

	(c)	 Potential caveats to this 
study include that only 
approximately 60  % of 
patients in either arm under-
went an R0 resection, and in 
patients undergoing R1 
resection, the only long-term 
survivors received adjuvant 
radiation therapy [24].

	3.	 MAGIC trial
	(a)	 Perioperative combination of 

epirubicin, cisplatin, and 
5-FU (ECF) was evaluated 
[37].
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	(b)	 Although designed for 
patients with gastric cancer, 
the study eligibility was later 
expanded to include patients 
with distal esophageal and 
GEJ cancers, and ultimately 
one-fourth of patients 
accrued on this study had 
esophageal or GEJ tumors.

	(c)	 There were no pathologic 
complete responders to the 
neoadjuvant chemotherapy 
component.

	(d)	 The 5-year survival was sig-
nificantly improved for 
patients randomized to peri-
operative chemotherapy 
(36 %) compared to patients 
undergoing surgery only 
(23 %, p = 0.009). This sur-
vival benefit was seen in all 
primary sites  – esophageal, 
GEJ, or stomach.

	4.	 Results of the phase III studies of 
preoperative chemotherapy are 
summarized in Table 3.2.

	 (iii)	 Preoperative chemoradiation:
	 (i)	 Preoperative radiation in addition 

to chemotherapy has been investi-
gated given the limited complete 
pathological response rate of the 

primary tumor and discrepancy in 
survival outcomes with chemo-
therapy alone:
	1.	 EORTC (European 

Organisation for Research and 
Treatment of Cancer) trial:
	(a)	 Randomized 282 patients 

with squamous cell 
carcinoma.

	(b)	 Demonstrated a median 
survival of 18.6  months 
with or without neoadju-
vant chemoradiation, albeit 
with improvement in dis-
ease-free survival and can-
cer-related deaths with the 
use of neoadjuvant therapy 
[38].

	(c)	 In this study, cisplatin alone 
was administered concur-
rently with 37 Gy in a split 
course at 3.7  Gy per 
fraction.

	(d)	 Postoperative mortality 
was worse in the patients 
randomized to preoperative 
chemoradiation (12 %) ver-
sus surgery alone (4  %). 
This has been hypothesized 
to be due to the increased 
fraction size and may 

Table 3.2  Results of preoperative chemotherapy vs. surgery-alone phase III trials

Study

Median 
F/U 
(years) Path Arms

Number of 
patients pCR

2-year
survival

Survival 
difference

OEO2 [34, 35]
MRC

6.0 SCC+
adeno

5-FU-CDDP/
surg
surg

400
402

4 %
–

43 %
34 %

p = 0.004

Kelsen et al. [36]
Intergroup

4.6 SCC+
adeno

5-FU-CDDP/
surg
surg

213
227

2.5 %
–

23 % 
(3 years)
26 % 
(3 years)

NS

Cunningham 
et al. [37]
MRC

4.0 Adeno EPI-CDDP-
5-FU/surg
surg

250
253

0 %
–

36 %
23 %

p = 0.009

SCC squamous cell carcinoma, Adeno adenocarcinoma, EPI epirubicin, 5-FU 5-fluorouracil, CDDP cisplatin, pCR 
pathologic complete response, NS not significant
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potentially account for the 
lack of overall survival 
benefit seen [38].

	2.	 FFCD (La Fédération 
Francophone de Cancérologie 
Digestive) 9901 trial:
	(a)	 Randomized 195 patients 

with clinically staged I–II 
squamous cell or 
adenocarcinoma.

	(b)	 Stopped early due to cross-
ing a prespecified boundary 
for futility in terms of 
improved survival [39].

	(c)	 Although the pathologic 
complete response rate 
(33.3  %) was high, there 
was no difference in R0 
resection rate of 93.8 % in 
the chemoradiation group 
versus 92.1  % in the sur-
gery group.

	(d)	 Postoperative mortality was 
significantly worse with 
neoadjuvant treatment 
(11.1  % vs. 3.4  %), with a 
3-year overall survival of 
47.5  % in the neoadjuvant 
group compared to 53  % 
with surgery alone, poten-
tially negating any treatment-
related survival benefit.

	3.	 CALGB (Cancer and Leukemia 
Group B) 9781 trial:
	(a)	 Randomized 56 patients to 

50.4  Gy with concurrent 
cisplatin/5-FU and surgery 
or surgery only.

	(b)	 The 5-year overall survival 
was 16  % in the surgery-
alone arm compared to 
39  % with neoadjuvant 
chemoradiation [40].

	4.	 University of Michigan:
	(a)	 One hundred patients with 

either adenocarcinoma or 
squamous cell carcinoma.

	(b)	 Three-year survival was 
improved from 16 to 30 % 
with the addition of preop-
erative radiation with 5-FU, 
cisplatin, and vinblastine to 
surgery alone, although this 
did not reach statistical sig-
nificance [41].

	5.	 CROSS (Chemoradiotherapy 
for Oesophageal Cancer 
Followed by Surgery Study):
	(a)	 Largest study of combined 

modality therapy, random-
izing 368 patients to 
41.4 Gy with weekly pacli-
taxel (50  mg/m2) and car-
boplatin (AUC  =  2) 
followed by surgery versus 
resection alone [42].

	(b)	 Pathologic complete 
response was seen in 
47/161 patients (29  %) of 
the chemoradiation group.

	(c)	 148/161 of neoadjuvantly 
treated patients (92  %) 
underwent R0 resection ver-
sus 69 % in the surgery-alone 
group. Similarly, locore-
gional failure rates were sig-
nificantly lower in the 
chemoradiation group versus 
the surgery-alone group (22 
vs. 38 %, p < 0.0001) [25].

	(d)	 With a median follow-up of 
84.1  months in surviving 
patients, an overall survival 
benefit to neoadjuvant 
chemoradiation (median 
48.6 vs. 24  months) was 
reported [25]. This benefit 
was greater in patients with 
squamous cell carcinoma 
(median survival 81.6 
months vs. 21.1  months), 
as compared to adenocarci-
noma (median survival 
43.2 vs. 27.1 months).
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	(e)	 Preoperative chemoradia-
tion did not increase the 
toxicity of surgery as in 
hospital mortality was 4 % 
in each group, and rates of 
anastomotic leak (30 % vs 
22  %) and mediastinitis 
(6 % vs. 3 %) were worse in 
the surgery-alone group 
[42].

	6.	 Table 3.3 summarizes the 
results of the prospective phase 
III randomized trials evaluating 
the role of preoperative 
chemoradiation.

	7.	 Meta-analyses have been per-
formed to examine the discrep-
ancies in these study results:

	(a)	 In two of these analyses, 
the 2- and 5-year absolute 
overall survival rates were 
higher by 13 % and 6.5 % 
with preoperative chemo-
radiation, respectively 
[43, 44].

	(b)	 A third meta-analysis of 
over 4000 patients demon-
strated an HR of 0.78 for 
all-cause mortality with 
preoperative chemoradia-
tion as compared to surgery 
alone with similar improve-
ment in patients with either 
adenocarcinoma (HR 0.75) 
or squamous cell carci-
noma (HR 0.80) [45].

Table 3.3  Results of preoperative combined chemoradiation vs. surgery-alone phase III trials

Study

Median 
F/U 
(years) Path Arms

Number 
of patients pCR

3-year 
survival

Survival 
difference

Urba et al. [41]
Michigan

8.2 SCC+
adeno

5-FU-CDDP-
Vinb/45 Gy/surg
surg

50
50

28 %
–

30 %
16 %

p = 0.15

Bosset et al. 
[38]
EORTC

4.6 SCC CDDP/37 Gy/surg
surg

143
138

20 %
–

33 %
36 %

NS

Walsh et al. 
[60]
Ireland

1.5 Adeno 5-FU-CDDP/40 Gy/surg
surg

58
55

22 %
–

32 %
6 %

p = 0.01

Burmeister 
et al. [62] 
Australia

5.4 SCC+
adeno

5-FU-CDDP/35 Gy/surg
surg

128
128

16 %
–

35 %
31 %

NS

Tepper et al. 
[40]
CALGB

6.0 SCC+
adeno

5-FU-CDDP/50 Gy/surg
surg

30
26

40 %
–

39 % 
(5 years)
16 % 
(5 years)

p = 0.008

Van Hagen 
et al. [42]
Netherlands

2.7 SCC+
adeno

Pac-carbo/41.4 Gy/surg
surg

180
188

29 %
–

58 % 
(5 years)
44 % 
(5 years)

p = 0.001

Mariette et al. 
[63]
FFCD

5.7 SCC+
adeno

5-FU-CDDP/45 Gy/surg
surg

97
98

29 %
–

32 mo med 
OS
44 mo med 
OS

NS

SCC squamous cell carcinoma, Adeno adenocarcinoma, 5-FU 5-fluorouracil, CDDP cisplatin, Vinb vinblastine,  
Pac paclitaxel, Carbo carboplatin, pCR pathologic complete response, NS not significant

3  Esophageal Cancer: Background and Clinical Evidence



32

	(c)	 In contrast, the survival 
benefit at 2 years was only 
5.1  % with neoadjuvant 
chemotherapy alone and 
significant only for patients 
with esophageal adenocar-
cinoma and not squamous 
cell carcinoma [45].

	 (ii)	 The addition of cetuximab, a monoclo-
nal antibody directed at EGFR, to preopera-
tive chemoradiation has not been shown to 
improve outcomes for esophageal cancer 
patients:

	1.	 SCOPE1 (chemoradiotherapy 
with or without cetuximab in 
patients with esophageal can-
cer) trial
	(a)	 Multi-institutional trial 

planned as phase II/III 
study of the addition of 
cetuximab to cisplatin and 
capecitabine concurrently 
with 50  Gy of radiation 
[46].

	(b)	 After recruiting 258 
patients, the trial was ter-
minated, and continuation 
onto the phase III compo-
nent was not initiated.

	(c)	 Freedom from treatment 
failure was worse in the 
cohort receiving cetuximab 
(66.4  %) compared to the 
group that did not (76.9 %) 
at 24  weeks, although this 
was not significant.

	(d)	 Median overall survival 
was also decreased with the 
addition of cetuximab (22.1 
vs. 25.4 months, p = 0.035) 
correlating with greater 
rates of grade 3 or 4 toxic-
ity (79  % vs. 63  %, 
p = 0.004).

	2.	 RTOG 0436 trial
	(a)	 Evaluated the addition of 

cetuximab for nonoperative 
esophageal cancer patients.

	(b)	 Preliminary results of this 
study showed no difference 
in 2-year overall survival 
with (44  %) or without 
(42  %) EGFR-targeted 
therapy [47].

	 (iii)	 Neoadjuvant chemoradiation compared 
to neoadjuvant chemotherapy:

	1.	 POET (Preoperative Chemo 
therapy or Radiochemothe 
rapy in Esophagogastric 
Adenocarcinoma Trial):
	(a)	 Randomized 126 patients 

with adenocarcinoma of 
the lower esophagus or gas-
tric cardia [48].

	(b)	 Although underpowered 
due to poor accrual, patients 
in the chemoradiation 
group showed a pathologic 
complete response rate of 
15.6 % as compared to 2 % 
in the chemotherapy-alone 
group despite a low radia-
tion dose of 30 Gy.

	(c)	 Postoperative mortality 
was higher in the combined 
modality group versus 
chemotherapy-only group 
(10.2  % vs. 3.8  %, 
p  =  0.26), yet there was a 
trend toward improved 
3-year survival with radia-
tion (47.4  % vs. 27.7  %, 
p = 0.07).

	2.	 Australian trial:
	(a)	 Randomized phase II trial 

of 75 patients.
	(b)	 Improvement in histopath-

ologic response rate (8  % 
vs. 31  %, p  =  0.01) with 
35  Gy in 15 fractions and 
5-FU and cisplatin com-
pared to that chemothera-
peutic regimen alone [49].

	(c)	 Although there was an 
improvement in the noncu-
rative resection rates with 
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radiation (11  % vs. 0  %, 
p = 0.04), there was no dif-
ference in median overall 
survival (29  % vs. 32  %, 
p = 0.83).

	3.	 Scandinavian trial:
	(a)	 Randomized phase II study 

[50].
	(b)	 While the addition of 40 Gy 

to chemotherapy with a 
platinum agent and 5-FU 
increased the rate of patho-
logic complete response 
(9 % vs. 28 %, p = 0.002) 
and R0 resection rate (74 % 
vs. 87  %, p  =  0.04), there 
was no difference in 3-year 
overall survival between 
the two arms (49 % in the 
chemotherapy group vs. 
47 % in the chemoradiation 
group).

	(c)	 This study was not pow-
ered to detect an increase in 
survival.

	4.	 Given the outcomes of preop-
erative chemoradiation com-
pared to either preoperative 
chemotherapy alone or surgery 
alone for esophageal cancer 
patients with clinical stage > T2 
or node-positive disease, cur-
rent recommendations call for 
preoperative chemoradiation 
therapy in these patients.

	 (iv)	 Surgery following preoperative 
chemoradiation:

	 (i)	 The necessity of immediate sur-
gery following chemoradiation has 
also been evaluated given the suc-
cess with chemoradiation and mor-
bidity and mortality associated 
with esophagogastrectomy.

	(ii)	 French 9102 study:
	1.	 Randomized 445 patients, 90 % 

with squamous cell carcinoma, 
receiving neoadjuvant chemo-
radiation (either 46 Gy or a split 

course of 30 Gy with 5-FU and 
cisplatin) [51]. Patients achiev-
ing at least partial response 
were then randomized to 
receive either further chemora-
diation or surgery.

	2.	 Ninety-day mortality rate of 
9 % was observed in the surgery 
group compared to 1  % in the 
chemoradiation group.

	3.	 Median overall survival was 
similar for both randomized 
arms at 18 versus 19 months.

	4.	 While clinician reported quality 
of life was worse in the surgery 
group, the rates of esophageal 
stenting and dilatation were 
worse in the nonsurgical group.

	(iii)	 German Esophageal Cancer Study 
Group trial:
	1.	 One hundred seventy-two 

patients with locally advanced 
squamous cell carcinoma 
received 40 Gy with concurrent 
5-FU, leucovorin, cisplatin, and 
etoposide and were then ran-
domized to receive either fur-
ther chemoradiation to a dose 
of at least 65 Gy or proceeding 
with surgery [52].

	2.	 Despite only two-thirds of 
patients in the surgery group 
actually undergoing surgery, 
there was an improvement 
in  local progression-free sur-
vival at 2 years (64 % in the sur-
gery group vs. 41  % in the 
chemoradiation group, 
p = 0.003).

	3.	 This did not translate into a sig-
nificant improvement in overall 
survival (31  % vs. 24  %, log 
rank test for equivalence 
p = 0.007).

	4.	 Toxicity in the operative arm 
was high, with a 70 % postop-
erative complication rate and 
13 % in hospital mortality rate.
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	(iv)	 Based on the results of the CROSS 
trial and others, in operable candi-
dates, a trimodality approach of 
neoadjuvant chemoradiation and 
surgery remains standard of care.

	(v)	 Radiation alone:
	 (i)	 Single modality radiation treat-

ment alone is used when long-term 
survival is predicted to be poor, 
particularly with more advanced 
lesions, due to poor overall sur-
vival rates:
	1.	 Five-year overall survival by 

stage for patients undergoing 
radiation alone has been 
reported as 20  %, 10  %, 3  %, 
and 0 % for stage I, II, III, and 
IV disease, respectively [53].

	2.	 In two large reviews, 5-year 
survival was approximately 
6 % when all patients were con-
sidered [54, 55].

	(ii)	 RTOG 85–01:
	1.	 Patients randomized to radia-

tion only (64  Gy) or radiation 
(50  Gy) with concurrent 5-FU 
and cisplatin.

	2.	 Five-year survival of 26 % in the 
chemoradiation arm and 0 % in 
the radiation-alone arm despite 
an increased radiation dose in 
the radiation-alone arm [56].

	3.	 This survival benefit was asso-
ciated with a decrease in both 
local (69 % vs. 45 %) and dis-
tant (44  % vs. 25  %) recur-
rences, at the expense of an 
increase in high-grade toxicity 
from 3 to 20 % [56].

	(iii)	 Intergroup 0123 trial:
	1.	 Follow-up study to RTOG 

85–01. Two hundred thirty-six 
patients randomized to 50.4 Gy 
with concurrent 5-FU and cis-
platin or 64.8 Gy with the same 
concurrent chemotherapy

	2.	 Increased radiation dose to the 
primary tumor from 50.4 to 
64.8  Gy, concurrent with che-
motherapy, did not improve 
2-year survival or locoregional 
control rates [57].

	3.	 There was a higher treatment-
related mortality rate in the 
64.8 Gy arm; however, this did 
not appear to be related to the 
higher radiation dose.

	4.	 Two-year survival rates in this 
study (31 and 40 %) are compa-
rable to survival rates of patients 
treated with surgery-alone trials 
presented in Table 3.1, suggest-
ing possible equivalency of 
definitive chemoradiation with 
surgery.

	(iv)	 For medically fit patients, com-
bined modality therapy is preferred 
to radiation alone.

3.7	 �Ongoing Studies

	(a)	 Many current trials in esophageal cancer uti-
lize a chemoradiation template with platinum 
and taxane agents as reported in the CROSS 
trial.

	(b)	 RTOG 1010:
	(i)	 Evaluating the addition of trastuzumab 

(Herceptin), a monoclonal antibody to 
the Her2 receptor that is overexpressed 
on approximately 20  % of esophageal 
adenocarcinomas [58, 59].

	(ii)	 Patients whose tumors are positive for 
Her2 overexpression receive 50.4  Gy 
with carboplatin/paclitaxel, followed by 
surgery, with a randomization of ± 
trastuzumab during neoadjuvant radia-
tion therapy/adjuvantly for 13 cycles fol-
lowing surgery.

	(c)	 MAGIC-CROSS:
	(i)	 ICORG (All-Ireland Cooperative 

Oncology Research Group) study
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	(ii)	 Comparing the CROSS-combined 
modality regimen with the perioperative 
chemotherapy-alone regimen in the 
MAGIC trial

	(d)	 TOPGEAR (Trial of Preoperative Therapy 
for Gastric and Esophagogastric Junction 
Adenocarcinoma):
	(i)	 Sponsored by the Australasian Gastro-

Intestinal Trials Group but enrolling 
patients in Europe and Canada as well

	(ii)	 Investigating the addition of preopera-
tive chemoradiation with a fluoropyrimi-
dine to the MAGIC chemotherapy 
regimen of epirubicin, cisplatin, and 
5-FU for gastric and GEJ tumors

	(e)	 ESOPEC (Perioperative Chemotherapy 
Compared To Neoadjuvant Chemoradiation 
in Patients With Adenocarcinoma of the 
Esophagus) trial:
	(i)	 German trial from the University 

Medical Center Freiburg
	(ii)	 Comparing an alternative periopera-

tive chemotherapy regimen FLOT 
(5-FU, leucovorin, oxaliplatin, and 
docetaxel) to the CROSS chemoradia-
tion regimen

	(f)	 PET Scan Imaging in Assessing Response in 
Patients With Esophageal Cancer Receiving 
Combination Chemotherapy trial:
	(i)	 Randomized phase II US Alliance group 

trial
	(ii)	 Comparing FOLFOX chemotherapy to 

carboplatin and paclitaxel, followed by 
further chemotherapy/concurrent 
chemoradiation regimen dictated by 
PET response to chemotherapy

	(g)	 Esostrate (Comparison of Systematic 
Surgery Versus Surveillance and Rescue 
Surgery in Operable Esophageal Cancer 
With a Complete Clinical Response to 
Radiochemotherapy) trial:
	(i)	 French study from the Centre Hospitalier 

Universitaire Dijon
	(ii)	 Evaluating systematic versus salvage 

surgery in operable esophageal cancer 
patients achieving clinical complete 

response to neoadjuvant 
chemoradiotherapy

�Conclusions

	 (a) � The rates of esophageal cancer continue 
to rise in the United States along with an 
increasing preponderance of adenocarci-
nomas, likely secondary to rising rates of 
GERD and obesity.

	 (b) � Trimodality treatment with preopera-
tive chemoradiation is a current stan-
dard of care for > T2 lesions and/or 
those node-positive disease given an 
improvement in overall survival with 
this regimen.

	 (c)� � Studies are underway in efforts to con-
tinue to optimize and refine neoadjuvant 
approaches in these patients, along with 
optimizing definitive regimens for non-
operative patients.
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