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Historically, the landmark 1992 RTOG 85-01 trial by
Herskovic et al. established concurrent chemoradiation
(CRT) to a total dose of 50 Gy with cisplatin and
fluorouracil as superior to 64 Gy radiation therapy alone (1).
Additional studies have also demonstrated durable local
control rates after delivery of >50.4 Gy CRT with/without
brachytherapy boost (2,3). The seminal INT 0123 trial
(RTOG 94-05) published in 2002 was a phase III trial
comparing high-dose (64.8 Gy) vs. standard dose (50.4 Gy)
CRT with concurrent 5-fluorouracil and cisplatin
chemotherapy in ¢T1-T4, cNO/1, MO esophageal cancer
selected for a nonsurgical approach (4). The trial was
terminated early after an interim analysis due to futility.
The median follow-up was 16.4 months for all patients
and 29.5 months for patients still alive. Of the 218
randomized patients [squamous cell carcinoma (SCC): 85%,
adenocarcinoma (ADC): 15%], median survival, 2-year OS
and 2-year locoregional disease persistence/failure were
13.0 vs. 18.1 months, 31% vs. 40% and 56% vs. 52% in
the high-dose and standard-dose arms, respectively (non-
significant in all instances). Seven of the 11 deaths in the
high-dose arm occurred in patients who received <50.4 Gy.
Thus, the trial has been subject to critique as some authors
have commented that the high mortality in the high-
dose arm may not be related to the applied radiation dose,
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given that most of these deaths occurred in patients who
had not reached the dose escalation portion of treatment
and this may have obscured the results. In addition, critics
have argued that older radiation techniques were utilized,
and that dose escalation should be evaluated using modern
radiation techniques. The results of the aforementioned
trial were however corroborated by a recent analysis
of the National Cancer Data Base (NCDB) by Brower
et al. (5). From 2004 to 2012, a total of 6,854 patients were
included; 3,821 (55.7%) received 50-50.4 Gy and 3,033
(44.3%) received doses >50.4 Gy. There was no significant
difference in OS in patients receiving 50 to 50.4 Gy wvs.
>50.4 Gy (P=0.53). On subgroup analyses, the effect of
dose escalation based on histology and delivery of intensity
modulated radiation therapy (IMRT) demonstrated no
benefit, which was also confirmed on propensity score
matching analysis. Interestingly, the data highlighted that
many radiation oncologists had not universally embraced
the concept that dose escalation was not associated with
improved OS in esophageal cancer given the number of
patients receiving >50.4 Gy. Thus, radiation dose escalation
in esophageal cancer has long been understudied, although
modest improvements in survival have been achieved by
combining neoadjuvant CRT and surgery (6). However,
survival in patients treated with CRT or surgery alone
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remains dismal with unacceptably high locoregional
recurrence and mortality rates. As such, the issue of dose-
escalation has been revisited.

The phase I/II trial of CRT with simultaneous integrated
boost (SIB) in unresectable advanced esophageal cancer
is one of such studies (7). In the study by Chen ez 4l., 46
patients with locally advanced or metastatic esophageal
cancer were enrolled from April 2010 to April 2015 at a
single tertiary academic cancer center to receive CRT to a
total dose of 50.4/63.0 Gy in 28 daily fractions to subclinical
regions at risk and SIB to the gross tumor and involved
nodes. After an initial total SIB dose of 58.8 Gy (evaluation
of toxicity in the first 3 patients), 63.0 Gy was delivered in
the rest of the patient cohort if no grade 4-5 adverse events
were observed. As part of an interim analysis, a comparison
with 97 similar patients treated from January 2010 to
December 2014 at the same institution was performed. At
a median follow-up of 52 months, the 6-month, 1-year and
2-year local recurrence rates were 22%, 30%, and 33%,
respectively. Median overall survival time was 21.5 months.
Again, exploratory comparison with the 97-patient cohort
receiving standard-dose CRT demonstrated improved
local control [hazard ratio (HR), 0.49; 95% CI, 0.26-0.92;
P=0.03] and OS (HR, 0.66; 95% CI, 0.47-0.94; P=0.02) in
the group that received CRT with a SIB. However, based
on the pre-determined primary endpoint, enrolment of at
least 42 patients would provide 90% power to detect an
improvement in l-year tumor control from 70% to 85%
(1-sided a <0.10). The authors concluded that although the
results of this trial did not meet the pre-specified target, it
should not be considered negative. The reasoning being
that if the reference 1-year LC had been approximately
55% observed in the INT-0123 trial, the results of the
current trial would be deemed superior.

Nevertheless, corroborative prospective randomized
controlled multicenter trials are required to test this modern
treatment paradigm. Several studies have been initiated and
will be addressed later in this editorial commentary.

This analysis by Chen er 4l. is interesting and highly
relevant as the authors address an issue which has long
puzzled radiation oncologists. The authors should be
commended for conducting this study. The results of 2-year
locoregional control of 67% are encouraging. Importantly,
treatment was well tolerated with 10 acute grade 3 adverse
events constituting dysphagia (n=3), anorexia (n=3) and
esophagitis (n=4) as well as 3 late grade 3 toxic events. No
patients experienced grade 4/5 adverse events. Vis-a-vis all
long-term events (regardless of grade), 17 patients (37%)
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developed esophageal stricture. There was no difference
when compared to the rate of stricture development in the
97-patient contemporarily treated cohort with standard
dose [30 (31%); P=0.47]. Two patients developed self-
limited (grade 1 or 2) esophageal hemorrhage. This may yet
have been underestimated due to inclusion of patients who
eventually received surgery, as both local failure (relative to
definitive CRT) and areas at risk of late toxic effects (e.g.,
stricture) are reduced by esophagectomy. Nevertheless, one
may conclude that dose-escalation via SIB to gross tumor
volume and involved lymph nodes up to 63 Gy in 28 daily
fractions appears to be safe and effective.

Initial staging included contrast-enhanced positron
emission tomography-computed tomography (PET-CT)
for all enrolled patients. PET-CT in esophageal cancer
has the ability to better detect distant metastases not fully
appreciated on CT imaging alone (8). PET-CT has also been
utilized for tumor volume delineation (T'VD) in esophageal
cancer (9). Furthermore, the study was performed at a
high-volume tertiary cancer center and inclusion of a high
proportion of patients with advanced disease (87% c13-
T4, 78% stage III-1V) is a major bonus. Concurrent CRT
was also delivered in all patients with the use of modern
radiation treatment techniques: IMRT (photon) in 39 (85%)
patients and intensity-modulated proton therapy (IMPT)
in 7 (15%) patients. All patients underwent daily image
guidance prior to each radiation fraction. In addition, the
median follow-up of 52 months is another strength of the
analysis as well as the additional exploratory comparison of
treatment efficacy in a 97 contemporarily treated cohort at
the same institution, which in fairness is no substitute for
a prospective randomized trial but provides some valuable
insights.

Notwithstanding, the current analysis however has
some limitations in addition to those noted by the authors.
The study was a mono-centric study enrolling a limited
number of patients (in total 46 patients) with 8 (17%)
patients presenting with oligometastatic disease, defined
as cases with up to 3 distant metastatic sites; all had non-
regional nodal disease but no visceral organ metastasis.
Also, multimodal treatment was heterogeneous with 17
(37%) patients receiving induction chemotherapy prior
to concurrent CRT and 11 (24%) patients eventually
undergoing esophagectomy. Other caveats of the present
include missing information regarding anatomical
localization of the primary tumor: cervical vs. thoracic.
There is no supplementary information on radiation
treatment and quality assurance e.g., mean heart and lung
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doses as well as the volume of heart or lung receiving 20
and 30 Gy, respectively (V20 and V30) although the authors
report that no patient experienced late (regardless of grade)
cardiopulmonary adverse events and no patient experienced
intraoperative complications, although postoperative
cardiopulmonary complications included atrial fibrillation,
acute respiratory distress syndrome and aspiration
pneumonia. None of the 11 patients that underwent surgery
died within the first 90 days after surgery. In surgical
patients, previous studies addressing preoperative CRT
followed by resection showed that dosimetric parameters
including mean lung dose (MLD), effective dose, V5, V10
and V15 were predictors of development of postoperative
pulmonary complications (10,11). There is also no data
on the rates of severe (> grade 3) hematological toxicity
including neutropenic fever etc. as well as patient treatment
compliance. Previous data have revealed that the addition
of chemotherapy can also significantly increase acute
complications. In a follow-up analysis of the RTOG 85-
01 study, patients in the concurrent CRT arm had a higher
incidence of acute grade 3 (44% vs. 25%) and grade 4
toxicity (20% wvs. 3%) (12).

Importantly, in an era in which biomarkers of treatment
response are being intensively investigated, information on
such analyses is not provided. Previously, the same group at
MD Anderson Cancer Center (MDACC) showed that grade
4 lymphopenia during CRT and not lymphocyte recovery
post-CRT independently predicted worse OS in esophageal
cancer patients (13).

The search for biomarkers predicting treatment efficacy
should be deemed a pre-requisite for further optimization
of multimodal treatment, especially molecular-genetic and
immunological factors characterizing tumor and patient
constitution may play a role in long-term tumor control and
outcome after chemoradiation. Future studies will need to
address these critical points.

Currently, several ongoing phase III studies are
evaluating the concept of dose-escalation. The French
CONCORDE-PRODIGE 26 trial (NCT01348217) is
currently randomizing patients to receive 66 vs. 50 Gy
combined with FOLFOX 4 (14,15). Similarly, the
Dutch ART deco trial (old NTR ID: 3532) is evaluating
radiation dose escalation in non-operable esophageal
cancer patients (50.4 vs. 61 Gy with increasing dose per
fraction concomitant boost) with concurrent carboplatin
and paclitaxel. The United Kingdom SCOPE 2
(NCTO02741856) study is a four-arm trial comparing
carboplatin/paclitaxel versus cisplatin-/capecitabine-based
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CRT, with a second randomization to standard vs. high-
dose radiation therapy (50 vs. 60 Gy, both in 25 fractions).
Patients will receive induction chemotherapy and then be
further randomized based on interim PET analyses.

Finally, the role of proton beam therapy (PBT) in the
multimodal treatment of esophageal cancer has previously
been addressed in a retrospective study at the MDACC.
Compared with IMRT, PBT was associated with improved
OS, PES and locoregional failure-free survival (LRFFS) (16).
A number of prospective randomized studies are
ongoing and comparing PBT vs. IMRT (NCT03801876,
NCTO01512589). The study by Chen er 4l. although in
a limited number of patients did not report a survival
advantage of IMPT vs. IMRT (P=0.22), however, local
recurrence cumulative incidence at 12 months was 14% and
33% in the IMPT and IMRT groups, respectively.

In conclusion, in our opinion the issue of dose escalation
in esophageal cancer addressed in the study by Chen ez 4.
has long been a conundrum for radiation oncologists. Based
on their findings, dose-escalation seems feasible, but the
results of prospective randomized studies will have to be
awaited before it can be considered standard of care.
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