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Controversies In The Preoperative
Radiotherapeutic Management of
Resectable Esophageal Cancer
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E

sophageal cancer remains the
7th leading cause of cancer death
in the United States with annual
incidence and mortality of 17,290 and
15,580 individuals, respectively.1 Several strategies have been employed over
the years to improve outcomes. Initial
studies comparing surgery to radiation
therapy (RT) showed high operative
mortality in surgical patients, and poor
survival in both the surgical and radiation-alone patients.2 In the 1990s, improvements in survival were made with
the addition of concurrent chemotherapy to RT,3,4 with no patients alive at 3
years in the RT-alone arm. The 2- and
5-year overall survival rates in definitive chemoradiation (CRT) were 35%
to 40%, and 20%, respectively, with
local failure rates of 45% to 55%.5-7
To improve these outcomes, the use of
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surgical resection after chemoradiation
was investigated.8-13
In this review, we examine the role of
trimodality therapy in the management
of locally advanced esophageal cancer,
focusing on controversies surrounding
the optimal total neoadjuvant RT dose
employed. We will additionally review
the current and past technologies for radiation treatment delivery, and their impact on overall survival and toxicity in
this patient cohort.

A Review of Prior Phase III
Concurrent Chemoradiation Trials
Studies Comparing Neoadjuvant
CRT Followed by Surgery to
Definitive CRT

Two randomized trials have compared the use of definitive CRT to neoadjuvant CRT followed by surgical
resection. The German Esophageal
Study Group performed a phase III trial
comparing definitive CRT to preoperative CRT followed by resection in
locally advanced squamous cell carcinoma of the esophagus. Patients were
randomized to induction chemotherapy
(5-FU, leucovorin, etoposide and cisplatin) followed by CRT (40 Gy) and surgical resection or induction chemotherapy
(5-FU, leucovorin, etoposide and cis-

platin) followed by CRT (at least 65 Gy)
without surgical resection.5 At a median
follow-up of 6 years, overall survival
was equivalent between the arms, with
improvements in local progression-free
survival in the surgery group (p = 0.003),
but at the cost of a 9% higher risk of
treatment-related mortality (p = 0.03).
The FFCD 9102 trial randomized 444
patients with resectable esophageal cancer (majority squamous histology) to induction CRT consisting of either 46 Gy
in 23 fractions with concurrent cisplatin
and 5-FU or split course 30 Gy in 10
fractions RT given over 4 weeks (5 days
on, 10 days off, 5 days on).7 Responders
proceeded to surgical resection while
nonresponders completed chemoradiation to a total dose of either 66 Gy in 33
fractions (standard fractionation) or 45
Gy in 15 fractions (for the hypofractionated arm). At 4 years median follow-up,
there was no difference in overall survival between the groups (2-year OS of
39.8% vs. 33.6%, p = 0.03). However,
improved local control was observed in
the surgery arm at 66.4% compared with
57.0% in the definitive CRT arm, but
with higher acute, 3-month mortality in
the surgical group (9.3% vs. 0.8%).
A meta-analysis of 7 studies and
1,114 patients compared surgical with
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Table 1. Phase III Randomized Controlled Trials Comparing Definitive CRT to Neoadjuvant CRT + Surgery
Reference #

AC/SCC Chemo

RT Dose
Surgery
(Gy)/		
Fractions				
40/15
Post
Alone

No. of
Patients		

pCR

Median
Survival
(mo)
16
11

3-year
P-value
Survival
(%)
32
0.01
6

58
55		

25

37/10
(split course)

Post
Alone

143
139		

26

19
19

38
37

0.78

9

100/0

Cis, 5-FU

8

0/100

Cis

10

75/25

Cis, 5-FU,
45 (bid)
Vincristine		

Post
Alone

50
50		

28

17
18

30
16

0.15

11

60/40

Cis, 5-FU

35/15

Post
Alone

128
128		

16

22
19

36
33

0.57

12

75/25

Cis, 5-FU

50.4/28

Post
Alone

30
26		

40

53
21

65
20

0.002

13

75/25

Carbo, Taxol 41.4/23

Post
Alone			

363

29

49
26

53
48

0.003

Key: AC = adenocarcinoma, SCC = squamous cell carcinoma, Cis = cisplatin, 5-FU = 5 fluorouracil, carbo = carboplatin, taxol = paclitaxel,
pCR = pathologic complete response, post = following chemoradiation, alone = no chemoradiation

nonsurgical management of esophageal cancer.14 When comparing definitive CRT to neoadjuvant CRT followed
by surgery, there was no difference in
long-term recurrence or mortality (HR
= 0.88). The impact of cancer histology
could not be adequately assessed since
most trials were limited to squamous
cell carcinoma (SCC) only. The evidence in these studies was considered
low or very low based on trial size and
design and, therefore, strong conclusions cannot be derived from this data.
Future work is needed in this arena.

Studies Comparing Neoadjuvant
CRT Followed by Surgery to
Surgery Alone

Multiple studies have evaluated the
outcomes of neoadjuvant chemoradiation followed by surgical resection with
surgical resection alone (Table 1).8-13
Walsh et al evaluated outcomes of esophageal adenocarcinoma (AC) patients
September 2018

treated with 40 Gy in 15 fractions of RT
combined with cisplatin and 5-fluorouracil (5-FU) chemotherapy followed by
surgical resection compared with surgical resection alone. Three-year survival
improved from 6% in the surgery alone
arm to 32% in the trimodality arm (p =
0.01), and pathologic complete response
(pCR) at time of surgical resection was
25%.9 Similarly, the European Organization for Research and Treatment of
Cancer (EORTC) trial8 randomized SCC
patients to surgery alone or neoadjuvant
CRT consisting of two 1-week courses
of RT, separated by a 2-week break, to a
total dose of 37 Gy in 10 fractions with
concurrent cisplatin. A pCR rate of 26%
was noted, with equivalent 3-year overall
survival near 36%. Urba et al compared
concurrent cisplatin, 5-FU and vincristine with 45 Gy radiation given twicedaily (BID) to surgery alone in a study
population of 100 patients with mostly
AC histology (3:1 AC to SCC ratio in
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both arms). Trial results demonstrated a
pCR rate of 28% and a numerical, but not
statistically significant, improvement in
survival (3-year OS of 30 months vs. 16
months in the neoadjuvant CRT vs. surgery arms, p = 0.15). The Trans Tasman
Radiation Oncology Group (TROG) randomized trial compared cisplatin, 5-FU
and 35 Gy in 15 fractions followed by
surgical resection with surgical resection
alone in a study population of SCC and
AC patients. No survival difference was
observed (3-year survival of 36 months
vs. 33 months in neoadjuvant CRT vs.
surgery, p = 0.57), with pCR rates of
16%.11
In the Cancer and Leukemia Group
B (CALGB) trial, 56 patients were randomized to either surgery alone or surgery following neoadjuvant CRT with
50.4 Gy in 28 fractions plus cisplatin
and 5-FU.12 The trial showed a significant improvement in overall survival
(5-year OS of 39% vs. 16%, p = 0.002).
APPLIED RADIATION ONCOLOGY
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The ChemoRadiotherapy for Oesophageal Cancer Followed by Surgery Study
(CROSS) trial randomized 368 patients
with resectable esophageal cancer (75%
AC) to a new better tolerated CRT
regimen of carboplatin and paclitaxel
combined with 41.4 Gy in 23 fractions
followed by surgical resection to surgical resection alone.13 These impressive
results included a 5-year OS of 47% vs.
34% in the neoadjuvant CRT vs. surgery alone arms (p = 0.003). Neoadjuvant treatment resulted in an overall
pCR rate of 29% (49% for SCC, 23%
for AC, p = 0.008), and an increased
rate of R0 resection (92% vs. 69%, p
< 0.001). These improvements were
achieved without an increase in acute
complication rates, which remained
below 5% in both study arms.
Finally, a meta-analysis of trials from
2007 suggested a 13% absolute difference in survival at 2 years (HR 0.81)
with the addition of neoadjuvant CRT
to surgery, thus confirming the benefit
of preoperative CRT.15

Controversies in Radiation Dose
and Planning Considerations
for Preoperative Resectable
Esophageal Cancer

The studies shown in Table 1 vary
widely with total dose and fractionation
schemes ranging from daily 2 Gy fractions to hypofractionated split courses
of radiation with 2-week breaks to BID
regimens. Total doses of radiation have
ranged from 30 Gy to as high as 50.4
Gy in patients who were eligible to undergo surgical resection. The debate
of dose-escalation has been tested in
a randomized clinical trial6 in the setting of definitive chemoradiation, and
the question remains unanswered at
this point in time. Although improved
local control is noted in higher dose
fractionations, 6,16,17 translation into
an overall survival benefit remains to
be seen in this population. The results
of the Intergroup (INT) 01236 trial did
not demonstrate a survival benefit to
18
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dose-escalation to 64.8 Gy compared
with 50.4 Gy, but the results of this have
been debated as the majority (7/11)
of deaths on the high-dose arm of the
trial occurred before reaching 50.4 Gy.
Therefore, the INT 0123 study does not
preclude the possibility of a benefit with
dose escalation.
In surgical candidates, questions
have centered on the appropriate dose
of radiation offering optimal tumor
response yet minimizing postsurgical complications to enhance the therapeutic ratio. In light of the CROSS
trial, 13 lower doses of 41.4 Gy are
acceptable in the neoadjuvant CRT
setting in patients who are certain to
undergo surgical resection. However,
in patients unable to complete surgical
resection, or for whose surgery candidacy is equivocal, 41.4 Gy may not be
an appropriate dose if these patients
are ultimately transitioned to definitive chemoradiation. In such circumstances, a preoperative dose of 50.4 Gy
with concurrent chemoradiation may
be preferable to ensure that an adequate
dose of radiation is administered in case
surgical resection cannot be completed.
Results from the CROSS trial allude
to the increased likelihood of perioperative pulmonary complications from
esophagectomy after neoadjuvant treatment. Wang et al evaluated 110 patients
with esophageal cancer treated with trimodality therapy who underwent concurrent chemoradiation with cisplatin,
5-FU and 41.4 to 50.4 Gy followed by
surgical resection.18 The primary endpoint of pulmonary complications included pneumonia or acute respiratory
distress syndrome (ARDS) within 30
days after surgery. Multivariate analysis
showed that the volume of lung spared
from doses ≥ 5 Gy (V5) was a significant independent factor associated with
postoperative pulmonary complications
(p = 0.005). Other studies have indicated
that a V10 > 40% resulted in a 35% risk
of pneumonia or ARDS.19 Additionally,
pericarditis has been noted in up to 27%

of patients undergoing chemoradiation
for esophageal carcinoma, with highest
risk noted among patients who received
lung V30 > 46% (risk 73% vs. 13% if
the V30 is above or below 46%) and
mean dose > 26.1 Gy (risk 73% vs. 13%
at doses above and below 26.1 Gy).20
Most recently at the 2018 Gastrointestinal American society of Clinical Oncology (GI ASCO) conference, a study
from Memorial Sloan Kettering Cancer
Center and the University of Colorado
found that that the median overall survival with trimodality therapy dropped
from 44 months to 24 months for those
who had a total lung V20 ≥ 20%. 21
These data illustrate the importance
of minimizing lung dose in patients
who may proceed to surgical resection,
and suggest a possible benefit for patients with radiation modalities that may
limit lung dose, such as proton beam
therapy (PBT).
Similar to the heterogeneity of doses
delivered in preoperative CRT trials,
contouring practice varies widely.
Matzinger et al reported on the EORTC-ROC guidelines for cancers of
the gastroesophageal junction (GEJ)
in 2009,22 which differ from the more
recent U.S. guidelines by Wu et al
designed for integration into intensity-modulated radiation therapy (IMRT)
delivery.23 Significant variation of practice with respect to contouring elective nodes exists in the available trials.
Moreover, tumors of the most common
GEJ location show variation in motion
with respect to breathing and heartbeat24 as well as gastric filling.25 At this
time, there is no consensus on how best
to account for such motion, and studies
vary widely.
Many studies discussed in this review employed 3DCRT techniques.
With 3DCRT, the esophageal cancer is
initially treated using an anterior posterior (AP)/ posterior anterior (PA) field
arrangement followed by a cone-down
volume with oblique fields angled off
the spinal cord. While this approach can
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minimize dose to the spinal cord, radiation exposure to the heart and lungs
remains substantial. This tradeoff has
sparked considerable research to improve radiation dose distributions using
alternative methods such as IMRT or
PBT. Chen et al evaluated helical tomotherapy’s ability to spare heart and
lung dose compared with 3DCRT in
6 patients with mid-distal esophageal
carcinoma receiving 50 Gy to gross
disease. 26 Dose-volume histogram
(DVH) analysis showed significant
sparing of the heart and lung with
significantly reduced V30 and V45
in both organs. In a propensity score
analysis comparing 3DCRT with
IMRT, despite imbalances in the arms
favoring 3DCRT (IMRT patients had
lower FEV1, poorer performance status, and were less likely to undergo
induction chemotherapy) there was an
overall survival benefit to patients receiving IMRT compared with 3DCRT
(Med OS for IMRT 43 months vs. 25
months for 3DCRT).27 The largest retrospective analysis of nonmetastatic
esophageal cancer patients (n = 587)
undergoing 50.4 Gy IMRT with concurrent chemoradiation either preoperatively or definitively showed
a 3-year OS of 51.8% with very low
grade 3 toxicity (1.4% radiation pneumonitis, 13% grade 3 esophagitis).28
A meta-analysis of 5 studies comparing IMRT and 3DCRT treatment of
esophageal carcinoma concluded that
IMRT can improve overall survival in
patients, but did not decrease radiation
pneumonitis or radiation esophagitis
compared with 3DCRT.29
PBT can further reduce normal tissue radiation exposure beyond the
capabilities of IMRT and could further reduce cardiopulmonary toxicity in locally advanced esophageal
cancer patients, especially those who
undergo trimodality therapy. More
recently, a dosimetric study of 10 patients planned to a total dose of 50.4
Gy with 3DCRT, IMRT, and PBT
September 2018

showed benefit of PBT and IMRT over
3DCRT. MD Anderson Cancer Center (MDACC) reported on 62 patients
treated with passive scatter PBT and
concurrent chemotherapy to a median
dose of 50.4 cobalt gray equivalent
(CGE) and noted a 28% pCR and 50%
near CR rate at the time of surgical
resection with decreased local recurrence in the preoperative group compared with the definitive RT group,
although OS did not differ between the
2 groups.30 A comprehensive review
of PBT for esophageal cancer can be
found in the accompanying article by
Chuong et al.31

Conclusions and Future Directions

In this article we have reviewed the
data driving the management of resectable esophageal carcinoma. Preoperative doses of 41.4 to 50.4 Gy are
commonly used with concurrent chemotherapy, with surgical resection to
follow 4 to 6 weeks after completion
of chemoradiation. To minimize postoperative complications including
pulmonary and cardiac toxicity, studies involving modern RT approaches
including IMRT and PBT are warranted. Several prospective, advanced
modality trials are underway: Loma
Linda University (NCT01684904), The
Mayo Clinic (NCT02452021), University of Pennsylvania (NCT02213497),
and MDACC (NCT01512589). The
MDACC study will compare protons
and IMRT, while the remainder focus
on proton therapy alone. Prospective
data from these trials will help clarify future directions in managing resectable locally advanced esophageal
carcinoma.
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