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Abstract Esophageal cancer is a highly lethal and aggres-
sive disease and a major public health problem worldwide.
The incidence of esophageal cancer in the western hemi-
sphere has increased by 400 % in the past few decades
(Posner et al. 2011). Surgery is the mainstay of definitive
management of esophageal cancer; however, the results of
surgery alone have been dismal, with survival rates of
approximately 15 to 20 % at 5 years (Hingorani et al., Clin
Oncol 23:696–705, 2011). The last three decades have seen
growing interest in various adjuvant and neoadjuvant treat-
ment strategies, with an aim to improve disease control and
overall survival. However, due to conflicting and often
contradictory results, there was controversy on the ideal
treatment paradigm. Recent evidence suggests an improve-
ment in overall survival with neoadjuvant therapy, both
chemotherapy and chemoradiotherapy, over surgery. In this
review we address various issues concerning multimodality
management of locally advanced esophageal cancers: Does
neoadjuvant therapy offer a definite benefit over surgery
alone? If so, which neoadjuvant strategy? Does the survival
benefit outweigh the increased treatment related toxicity/-
morbidity? Finally, is neoadjuvant treatment the standard of
care for locally advanced resectable esophageal cancer?

Keywords Locally advanced esophageal carcinoma .

Squamous cell carcinoma . Adenocarcinoma . Neoadjuvant
chemoradiation . Neoadjuvant chemotherapy

Introduction

Esophageal cancer is the eighth most common malignancy
and sixth most fatal malignancy in the world [3]. In India, it
is currently the fifth most common cause of cancer related
death amongst men [4]. It comprises two distinct histopath-
ological types, squamous cell carcinoma (SCC) and adeno-
carcinoma (AC). The “esophageal cancer belt” [5] from the
Middle East through central Asia to north-central China is
the highest risk area for squamous carcinoma, whereas the
west has had a virtual epidemic of adenocarcinoma in the
last few decades. A definite clinical difference exists be-
tween the two, in terms of risk factors, patterns of spread
and tumour behavior, which may potentially influence pa-
tient response to therapy. Most studies mention these as two
separate entities; however the overall management is the
same and despite the dissimilarities, surprisingly there have
been no gross survival differences related to histological
type [1]. This may be due to lack of evidence (and limited
number of patients) rather than clear evidence that there is
no difference.

Surgery remains the primary modality of treatment for
localized and locally advanced esophageal cancer. Unfortu-
nately, despite complete resections, overall survival has
remained low perhaps due to high rates of locoregional and
distant failure. To improve upon the existing treatment, a
number of randomized controlled trials (RCTs) were con-
ducted over the past three decades combining chemotherapy
and/or radiotherapy in both neo-adjuvant as well as adjuvant
settings. Recent cancer statistics [6] show an improving trend
in the 5-year relative survival rates for esophageal cancers
(5 % in 1970s to 19 % in 2001–2007), the difference in rates
reported as statistically significant. Improvement in diagnos-
tic and therapeutic modalities over the years may account for
part of this change but this progress could also be probably
credited to the multimodality treatment approach.
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We reviewed the various RCTs conducted on neoadju-
vant chemotherapy (NACT) and neoadjuvant chemoradio-
therapy (NACTRT) in locally advanced esophageal cancers,
as well as a comparison between the two. Definitive chemo-
radiation is the standard of care for upper third and locally
advanced unresectable esophageal cancers, and the manage-
ment of locally advanced gastro-esophageal cancer overlaps
with that of gastric carcinoma where perioperative chemo-
therapy is the current recommendation (all of which are not
part of this review). The discussion in this review is focused
on the treatment of locally advanced, resectable thoracic
esophageal cancers.

Locally Advanced Esophageal Carcinoma

Locally advanced esophageal cancers are those restricted to
the esophagus or resectable peri-esophageal tissues (>T1,
≤T4a, AJCC/TNM1 system) and/or lymph nodal involve-
ment (N1–3) in the absence of distant metastasis (M0). The
latest AJCC/TNM classification schema categorizes
tumours involving adjacent pleura, pericardium or dia-
phragm as resectable (T4a) whereas involvement of other
adjacent structures like the aorta, trachea, vertebral body, etc
as unresectable (T4b).

Standard diagnostic work up includes an upper
esophago-gastrointestinal endoscopy with biopsy to confirm
the diagnosis, with an endoscopic ultrasonography to differ-
entiate locally advanced from early stage and unresectable
disease. Staging investigations also include a contrast en-
hanced computed tomography of the thorax and upper ab-
domen, and a fibre-optic bronchoscopy for tumours located
in the upper and middle third to assess resectability. There
does seem to be a role of PET-CT in ruling out distant
metastatic disease, better locoregional staging and assessing
response to chemotherapy; however, the evidence to support
this is not very strong. Careful patient selection is crucial in
the management of esophageal cancers. Optimal treatment,
even when evidence-based, should not overlook the
patient’s general condition and ability to withstand the ther-
apy, not only for neoadjuvant treatment but surgery as well.

Pros and Cons of Preoperative Chemotherapy
and Radiotherapy

Several benefits of preoperative chemotherapy have been
proposed. Some of the theoretical advantages are early
treatment of micro-metastasis, down-staging of tumour to
facilitate surgical resection, potential selection of “chemo-

responsive” patients who would benefit from adjuvant che-
motherapy, and better tolerance to preoperative as compared
to postoperative chemotherapy. The potential benefit of
radiotherapy is to achieve better local/locoregional control.
Adding concurrent chemotherapy not only deals with the
micro-metastasis but also acts as a radio-sensitizer. Concur-
rent neoadjuvant chemoradiotherapy theoretically combines
all the above advantages and results in a higher rate of
complete (R-0) resections and complete pathological
responses. On the other hand, chemotherapy and radiother-
apy related toxicity, morbidity and mortality have been a
matter of concern. Non-compliance and intolerance are wor-
risome as the general health and nutritional status of those
with esophageal carcinoma is usually already poor at pre-
sentation. Delay in starting definitive treatment (surgery)
and more importantly disease progression in non-
responders is a major setback for patients who would have
otherwise been resectable. There is also a fear amongst
surgeons that perioperative morbidity and mortality would
be higher after neoadjuvant chemoradiotherapy.

Neoadjuvant Chemotherapy Plus Surgery Versus
Surgery Alone

Earlier comparative (observational) studies using historical
controls overestimated the benefits of chemotherapy [7],
whereas individual RCTs from the 1990s failed to find a
significant advantage in terms of overall survival with neo-
adjuvant chemotherapy. Two major randomized studies, the
Intergroup 113 [8] and the Medical Research Council
(MRC) [9] studies showed conflicting results—the former
showing no difference and the latter showing a benefit with
NACT. Table 1 gives an outline of the trials conducted
comparing NACT-Surgery to Surgery alone. Various che-
motherapy combinations have been used but the most com-
monly used regimen is cisplatin and infusional 5-
fluorouracil. Other drugs that have been used are bleomycin,
vinblastin, carboplatin, etoposide, and more recently pacli-
taxel (as combination regimens).

Response Rates with NACT and Correlation with Survival

Clinical chemotherapy response rates (complete plus partial
response by direct visualization and imaging) have been
reported to range from 19 to 58 % but the pathological
complete response (pCR) rates have been much lower
(2.5–13 %) [10]. Ancona et al. [11] reported pCR in
12.8 % of patients receiving NACT and found significant
improvement in survival in those who had complete re-
sponse while non-responders had a worse outcome than
those who had no chemotherapy: 3-year and 5-year survival
rates of 74 % and 60 %, 24 % and 12 % (p=0.0002), 46 %

1 AJCC: American Joint Committee on Cancer/TNM: Tumour Node
Metastasis staging system 7th edition, 2010
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and 26 % (p=0.01) respectively. Other studies [12–14] also
show that those who have pCR to chemotherapy have better
overall survival. Non-responders doing worse may reflect
on the inherent “unfavorable biology”, rather than the effect
of chemotherapy itself. Clearly, a strategy that has not been
adequately explored is to identify responders from non-
responders so that neoadjuvant treatment is reserved for
patients more likely to respond, with the predicted ‘non-
responders’ going on to primary surgery.

A pathological response grading system, Tumour Regres-
sion Grade (TRG) shown in Table 2 has been found to be an
important and significant predictor of disease free survival
(DFS). Mandard et al [15] report that complete or major
(<10 % residual tumour) pathological response (TRG 1–3)
has a better DFS as compared to minor (>10 % residual
tumour) or no response (TRG 4–5).

Down Staging of Tumour and R-0 Resection Rates

Down staging of tumour may facilitate surgical resection
and improve complete resection (R-0) rates. The MRC trial
[9] showed that tumours in the NACT-surgery group were
significantly smaller, had less frequent extension into the
surrounding tissue and less lymph node involvement. R-0
resection was achieved in 60 % vs. 54 % favouring chemo-
therapy group. These indicate that neoadjuvant chemother-
apy was able to successfully downstage disease. Urschel et
al. [16] also reported that surgery after chemotherapy had
higher rates of R-0 resection (p=0.001) due to tumour down
staging. A decreasing trend in survival has been seen with

the type of resection—a 42.4 % 3-year survival for R-0
resection, 18.0 % for microscopically positive resection
and 8.6 % for grossly positive resection [17].

Post Operative Morbidity and Mortality/All-Cause
Mortality Rates

Data from most meta analysis [16] (Table 3) have shown
similar postoperative morbidity and mortality for neoadju-
vant chemotherapy compared to surgery alone; We have had
experience in operating 868 patients after NACT and our
complication rates and mortality are similar to 579 patients
operated without chemotherapy in the same period (unpub-
lished data). From our personal experience, the dissection
planes are actually better when operating after NACT and
pose no additional intraoperative concerns to the surgeon.
Current evidence strongly supports the view that NACT is
safe, and contrary to popular belief, is not associated with a
higher postoperative complication rate.

Survival Rates

The most recent and updated meta analysis [18] conclusively
showed that there is a definite survival benefit with preop-
erative chemotherapy in locally advanced esophageal can-
cers. Earlier trials like the MRC-OE02 RCT [9] developed in
the 1990s showed a significant improvement in the disease
free survival (DFS) and overall survival (OS) (HR 0.79, p=
0.004), with a median survival benefit of 3.5 months (16.8
vs. 13.3 months) with two cycles of preoperative chemother-
apy (Cisplatin + 5-Fluorouracil). The updated analysis of
this trial [17] in 2009 reported that the survival benefit was
maintained even after a median follow up of 6 years, with
absolute 5-year survival of 23 % for NACT compared with
17 % for surgery alone (HR of 0.84, p=0.03). Besides these,
other studies [19, 20] have also shown significant benefit
with preoperative chemotherapy (Table 1).

The earlier meta-analyses by Urschel et al. [16] (Table 3)
did not include the trials mentioned above and hence failed

Table 1 Randomized controlled
trials: NACT-surgery versus
surgery alone

Adapted with permission from
Sjoquist KM et al: survival after
neoadjuvant chemotherapy or
chemoradiotherapy for resect-
able esophageal carcinoma: an
updated meta-analysis. Lancet
Oncol 2011; 12: 681–92

Trial/author Year No. of patients Chemotherapy (cycles) Histology

Roth 1982 39 Cisplatin/Vindesine/Bleomycin (2) Squamous

Nygaard 1983 81 Cisplatin/Bleomycin (2) Squamous

Schlag 1988 46 Cisplatin/5-FU (3) Squamous

Maipang 1988 46 Cisplatin/Bleomycin (2) Squamous

Law 1989 147 Cisplatin/5-FU (2) Squamous

Boonstra 1989 169 Cisplatin/Etoposide (2) Squamous

Kelsen 1990 467 Cisplatin/5-FU (3) Squamous/Adeno

Ancona 1992 96 Cisplatin/5-FU (2) Squamous

Allum 1992 802 Cisplatin/5-FU (2) Squamous/Adeno

Ychou 1995 169 Cisplatin/5-FU (6 periop) Adeno

Table 2 Tumour Regression Grade [15]

TRG 1 No residual cancer

TRG 2 Rare residual cancer cells

TRG 3 Predominant fibrosis with residual cancer cells

TRG 4 Residual cancer cells outgrowing fibrosis

TRG 5 Complete absence of regression change
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to show survival benefit with preoperative chemotherapy
and suggested ineffectiveness of chemotherapeutic agents
as a probable cause. This was more likely inadequate
number of patients included in the meta analysis, which
was therefore underpowered to detect a clinically impor-
tant benefit. This is obvious from the fact that despite the
chemotherapeutic agents remaining the same, the more
recent meta-analysis by Sjoquist et al. [18] found signif-
icant survival benefits with NACT. As shown in Fig. 1,
this meta-analysis included 10 RCTs and found an abso-
lute survival benefit difference of 5.1 % at 2 years with
NACT-Surgery.

Neoadjuvant Chemoradiotherapy Plus Surgery
Versus Surgery Alone

Several randomized trials (Table 4) have been performed
with NACTRT in esophageal cancers and similar to NACT,
most of the earlier studies showed divergent results. These
contradictory results were probably due to variations in
patient population, tumour histology, treatment (chemother-
apy regimen/dosage, use of radiotherapy in some patients
planned for chemotherapy only, combination CTRT, se-
quential or concurrent, preoperative or postoperative, sur-
gery), limited number of patients per trial as well as

Table 3 List of meta-analyses of Neoadjuvant treatment plus surgery versus surgery alone in esophageal cancer

Author Year No. of RCTs Conclusions % change (p value)

Urschel [16] 2002 11 NACT 2 year survival equivalent OR 0.88 (p=0.45)
Higher R0 resection rate

Kaklamanos [31] 2003 7 NACT No significant survival benefit 4.4 % difference (p=0.07)

5 NACTRT No significan survival benefit 6.4 % difference (p=0.86)

Malthaner [32] 2004 NACT/NACTRT/NART/
Adjuvant CT/RT

No significant benefit with any –

Fiorica [27] 2004 6 NACTRT Reduction in 3 year mortality rate OR 0.53 (95 % CI 0.31–0.93); p=0.03

Greer [33] 2005 6 NACTRT No significant survival benefit: NACTRT RR 0.86 (95 % CI 0.74–1.01; p=0.07

Gebski [30] 2007 10 NACTRT Reduction in all cause mortality with NACTRT: 2 year abs survival benefit −13 %
8 NACT (Significant: both scc, adeno)

With NACT: (significant: only adeno) 2 year abs survival benefit −7 %

Kranzfelder [34] 2011 9 NACTRT Overall survival benefit: NACTRT HR 0.81 (95 % CI 0.70–0.95); p=0.008

8 NACT No survival benefit: NACT HR 0.93 (95 % CI 0.81–1.08); p=0.368
3 dCTRT Better R0 resection: NACT/NACTRT

Sjoquist [18] 2011 12 NACTRT Reduction in all cause mortality with
NACTRT (scc, adeno) and NACT (only adeno)

HR 0.78 (95 % CI 0.70–0.88); p=0.001

9 NACT HR 0.87 (95 % CI 0.79–0.96); p=0.005

2 NACTRT vs NACT

Table 4 Randomized controlled trials: neoadjuvant chemoradiotherapy and surgery versus surgery alone

Trial/author Year No. of patients Chemotherapy (cycles) Radiotherapy Histology

Nygaard 1983 78 Cisplatin/Bleomycin(2), sequential 35 Gy/(1.75 Gy/#)/4 weeks Squamous

Apinop 1986 69 Cisplatin/5-FU(2), concurrent 40 Gy/(2 Gy/#)/4 weeks Squamous

Le Prise 1988 86 Cisplatin/5-FU(2), sequential 20 Gy/10#/12 days Squamous

Urba 1989 100 Cisplatin/5FU/vinblastine(2), concurrent 45 Gy/(1.5 Gy/#)/3 weeks Squamous/Adeno

Bosset 1989 293 Cisplatin (2), sequential 37 Gy/(3.7 Gy/#)/2 weeks Squamous

Walsh 1990 61 Cisplatin/5FU(2), concurrent 40 Gy/15#/3 weeks Squamous

Walsh 1990 113 Cisplatin/5FU(2), concurrent 40 Gy/15#/3 weeks Adeno

Burmeister 1994 256 Cisplatin/5FU(1), concurrent 35 Gy/15#/3 weeks Squamous/Adeno

Tepper 1997 56 Cisplatin/5FU(2), concurrent 50.4 Gy/(1.8 Gy/#)/5.6 weeks Squamous/Adeno

Lv 1997 160 Cisplatin/Paclitaxel(2), concurrent 40 Gy/(2 Gy/#)/4 weeks Squamous

Lee 1999 101 Cisplatin/5FU(2), concurrent 45.6 Gy/(1.2 Gy/#)/28 days Squamous

Mariette 2000 195 Cisplatin/5FU(2), concurrent 45 Gy/25#/5 weeks Squamous/Adeno

Van der Gaast 2004 364 Carboplatin/Paclitaxel(5), Concurrent 41.4 Gy/(1.8 Gy/#)/4.6 weeks Squamous/Adeno

Adapted with permission from Sjoquist KM et al: survival after neoadjuvant chemotherapy or chemoradiotherapy for resectable esophageal
carcinoma: an updated meta-analysis. Lancet Oncol 2011; 12: 681–92
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Fig. 1 Randomized control trials comparing NACT-surgery to surgery
alone: all-cause mortality rates. Reproduced with permission from
Sjoquist KM et al: survival after neoadjuvant chemotherapy or

chemoradiotherapy for resectable esophageal carcinoma: an updated
meta-analysis. Lancet Oncol 2011; 12: 681–92
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“publication bias” [21]. These studies have also been
plagued by large variability in the radiation regimens
used—total radiation doses ranging from 20 to 45 Gray
(Gy), daily dose from 1.75 to 3.70 Gy per fraction,
number of fractions varying from 10 to 30. However,
most investigators used cisplatin and 5-Fluorouracil con-
currently with a total radiation dose of 35–45 Gy. Nota-
bly, the most recently published CROSS trial [22] used
taxane-based chemotherapy with five cycles of weekly
paclitaxel and carboplatin with a total dose of 41.4 Gy
in 23 fractions of 1.8 Gy each.

Response Rates with NACTRT and Correlation
with Survival

Pathological complete response rates (pCR) after neoadju-
vant chemo-radiation ranges from 13 to 49 % [23]. It has
been established that a pCR is associated with improved
survival [24]. Tumour regression grade (Table 2) of patho-
logical specimens after preoperative CTRTwas evaluated by
Mandard et al. [15], and complete response or major path-
ological response (TRG 1–2) was found in 42 %, TRG 3 in
20 % and minor or no pathological response (TRG 4–5) in
33 %. As mentioned earlier, lower TRG (better response) is

associated with better disease free survival. Other investi-
gators [25, 26] have quoted similar associations making
TRG an important prognosticator.

Downstaging of Tumour and R0 Resection Rates

Downstaging of tumors and improved R-0 resection rates
have been seen consistently in most trials evaluating
NACTRT. There have been statistically significant down-
staging of tumour with preoperative CTRT (OR 0.43, p=
0.001) [27]; there is also a significant improvement in
complete resection rates with NACTRT. However this in-
crease does not always translate into a survival benefit [18].

Post Operative Morbidity and Mortality Rates
and NACTRT-Related Mortality

The frequently reported toxicities with NACTRT are neu-
tropenia, which may occur in up to 60 % of patients,
oesophagitis grade 3/4 in up to 43 % and nausea and/or
vomiting, with 6 to 35 % requiring some form of nutritional
support (enteral or parenteral) during CTRT [23]. The
results of several randomized trials as well as some meta
analysis [16, 18, 27, 30–34] show a trend towards higher
morbidity and mortality with neoadjuvant chemoradiother-
apy compared to surgery alone. Higher dose per fraction
appears to be a significant factor predicting postoperative
morbidity. As pointed out in the meta-analyses, the only
individual study that reached statistical significance was by

Fig. 3 Randomized control trials comparing NACT-Surgery to
NACTRT-surgery alone: all-cause mortality rates. Reproduced with
permission from Sjoquist KM et al. [18]: survival after neoadjuvant

chemotherapy or chemoradiotherapy for resectable esophageal carci-
noma: an updated meta-analysis. Lancet Oncol 2011; 12: 681–692

�Fig. 2 Randomized control trials comparing NACTRT-surgery to
surgery alone: all-cause mortality rates. Reproduced with permission
from Sjoquist KM et al. [18]: survival after neoadjuvant chemotherapy
or chemoradiotherapy for resectable esophageal carcinoma: an updated
meta-analysis. Lancet Oncol 2011; 12: 681–692
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Bosset et al. [28], which used 3.7 Gy per fraction. Despite
operative mortality being higher (10.2 % vs. 3.8 %) [29], the
survival benefit of NACTRT is still maintained. At our
institute, we have been highly selective with NACTRT,
reserving it for young fit patients with locally advanced,
resectable esophageal cancer. Our postoperative mortality
rates after NACTRT in 47 patients have been similar to those
operated per primum and after NACT (unpublished data).
However, the small number of patients we have treated with
this regime precludes any definitive statement on the issue.

Survival Rates

The effect of treatment on overall mortality has consistently
been in favour of NACTRT-surgery. Gebski et al. [30] report
a 13 % 2-year survival advantage for chemoradiotherapy. A
subgroup analyses in an earlier meta-analysis [27] showed
significant difference with adenocarcinoma (OR 0.24, p=
0.018) but not with squamous carcinoma (OR 0.81, p=
0.29). However, in an up-dated meta-analysis by Sjoquist
et al. [18], where 13 studies (1,932 patients) were included
(Fig. 2), they report an absolute survival benefit of 8.7 % at
2 years with NACTRT-surgery, with similar benefits be-
tween the two histological types (HR 0.80, p=0.004 for
SCC and HR 0.74, p=0.02 for AC).

Neoadjuvant CTRT Versus Neoadjuvant CT

Two trials comparing NACTRT to NACT were analysed by
Sjoquist et al. [18] in the meta-analyses. Neither of these trials
showed an advantage for one over the other; however, a
pooled analysis of all the studies in the meta-analyses found
a statistically non-significant trend towards improved survival
with NACTRT as compared to NACT (HR 0.88, 0.76–1.01,
Fig. 3). Data from pooled analysis derived across trials com-
paring NACT and NACTRTwith surgery being used to com-
pare NACTwith NACTRT may not be strictly applicable.

Currently, the evidence is not strong enough for one
against the other, as seen in the pooled analyses of the above
study. More RCTs directly comparing NACT to NACTRT
are required to make a definitive statement regarding which
is better, and if benefits remain comparable, how to select
patients to receive one over the other is yet to be investigat-
ed. At our institute, we are presently accruing patients on a
randomized trial comparing NACT with NACTRT prior to
surgery in this subset of patients.

Conclusion

Based on the existing evidence, neoadjuvant chemoradio-
therapy and neoadjuvant chemotherapy both have superior

outcomes with a clear survival benefit as compared to sur-
gery alone. NACT followed by surgery has virtually the
same postoperative morbidity and mortality as patients un-
dergoing surgery alone; the postoperative morbidity and
mortality with NACTRT does seem to be higher than that
of surgery alone, but the survival benefit remains, even
adjusting for this increased treatment related toxicity. Based
on survival data from several RCTs and meta analyses, it is
clear that neoadjuvant treatment is the new standard of care
for locally advanced resectable esophageal cancers. The
unanswered question remains whether neoadjuvant chemo-
radiotherapy is superior to neoadjuvant chemotherapy alone.
Since esophageal cancer patients are already nutritionally
compromised with generally poor performance status at the
time of diagnosis, pre-chemo/pre-operative enhancement of
general condition with nutritional supplementation, hydra-
tion and aggressive physiotherapy may help them tolerate
better such a treatment with minimal complications, better
compliance and maximal benefit.
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