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Abstract. There are few treatment guidelines for locally
recurrent esophageal cancer after trimodality treatment
(pre-operative chemoradiation followed by surgery) in
patients with a poor performance status. The purpose of
this single institutional, retrospective study was to evaluate
the clinical outcomes and toxicities of definitive-intent
re-irradiation for patients with recurrent esophageal cancer
with a poor performance status [ECOG (Eastern Cooperative
Oncology Group) =2]. Seven patients were identified with a
median age of 74 years (range, 61-81 years). Four patients
were ECOG 2 and three patients were ECOG 3. The median
follow-up time after re-irradiation was 49 months. The
median interval between initial radiotherapy and re-treatment
was 32 months. Six patients received concurrent chemo-
therapy [carboplatin + paclitaxel in three patients; folinic
acid, fluorouracil, oxaliplatin (FOLFOX) + 5-fluorouracil in
one patient; FOLFOX in one patient, and capecitabine in one
patient]. At the last follow-up, the six patients who underwent
concurrent chemotherapy had stable disease (86%), while
the one who did not receive chemotherapy progressed (14%).
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Two patients developed metastases. Three patients developed
acute (<6 months) grade 4 toxicities (dysphagia, anemia,
esophagitis). There were no early deaths attributable to treat-
ment. Late toxicities (>6 months) were limited to grades 1 and
2 dysphagia and pneumonitis in four patients. In conclusion,
definitive re-irradiation of recurrent esophageal cancer in
patients with a poor performance status appears to be safe
with acceptable acute toxicity and late complications. It also
appears to result in durable local control when combined with
chemotherapy, albeit with a small number of patients and
limited follow-up.

Introduction

Esophageal cancer is the eighth most common cancer and
is the sixth leading cause of cancer deaths worldwide (1).
Greater than 450,000 new cases of esophageal cancer are
reported worldwide every year, with its incidence rising (1).
In non-metastatic, locally advanced disease, trimodality treat-
ment, which includes pre-operative chemoradiation followed
by surgery, is the standard of care.

However, over 50% of patients with esophageal cancer
treated with pre-operative chemoradiation followed by surgery
experience local or regional recurrence (1). In patients with
locoregional recurrence, surgery, when feasible, is the standard
for definitive local control, with salvage esophagectomy
offering a 5-year survival rate of 25% (1). However, salvage
surgery is associated with high morbidity and is typically
limited to patients with a good performance status.

The management of patients with a poor performance
status who experience locoregional esophageal recurrence
after trimodality therapy remains challenging. Many of
these patients often receive palliative RT to treat local
symptoms only. To date, only a few series have explored
definitive, non-palliative re-irradiation for locally recurrent
esophageal cancer (2-4). These studies have demonstrated
that re-irradiation in such cases may be effective but with
variable toxicity. However, they have excluded patients with
a poor performance status [Eastern Cooperative Oncology
Group (ECOG) =2].
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We hypothesized that definitive-intent re-irradiation
may offer durable local control with acceptable toxicities
even in patients with a poor performance status. Thus, in
the present study, we sought to evaluate the role of definitive
re-irradiation for recurrent locoregional esophageal cancer
after trimodality therapy in patients with a poor performance
status.

Materials and methods

Subjects. The inclusion criteria for this retrospective analysis
were as follows: i) Biopsy-proven localized recurrence of
cancer of the esophagus or gastroesophageal (GE) junction;
ii) history of pre-operative radiation followed by surgery;
iii) non-metastatic disease; iv) receipt of non-palliative
re-irradiation dose of >45 Gy, and v) ECOG =2. The exclu-
sion criteria were everything outside of the categories listed
in the inclusion criteria. Baseline clinical data of the subjects
were collected including age, sex, ECOG performance score,
primary site of disease, clinical TNM stage, dose of radio-
therapy (RT) received, RT technique, chemotherapy used,
histology, and pathologic TNM. Not all patients had their
initial pre-operative chemoradiation and/or surgery at our
institution. All patients had their re-irradiation courses at our
institution.

The present study was approved by the Dana-Farber Cancer
Institute Institutional Review Board (approval no. 18-381).
Patients who participated in this research had complete clinical
data. The signed informed consents were obtained from the
patients or the guardians.

Re-irradiation treatment. All patients underwent 4-dimen-
sional (4D) computed tomography (CT) simulation. Positron
emission tomography (PET) scans, when available, were fused
with the simulation scan in order to aid in target delineation.
Gross tumor volume (GTV) included macroscopic tumor
and enlarged lymph nodes. Clinical tumor volume (CTV)
margin included the GTV with 2-3 cm proximal and distal
borders. The radial borders were 0.7-1 cm from the GTV. The
expansion into cardiac tissue was limited to 0.5 cm when the
GTV was located at the esophagus-heart interface. The CTV
did not include elective uninvolved nodes in the CTV for the
re-irradiation course. An internal target volume (ITV) was
created to account for tumor motion. The CTV to planning
target volume (PTV) margin was 0.5-1 cm. Cone-beam CT
was performed pre-treatment. All re-irradiation was performed
with intensity modulated RT (IMRT), whereas initial RT was
predominantly 3-dimensional (3D) conformal with only two
patients receiving IMRT.

Statistical analysis. Kaplan-Meier survival curves were gener-
ated from the time of re-irradiation of the recurrence to the
event point of interest. The events were defined as local failure,
metastasis, and any progression. Toxicities were graded
based on Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0. Toxicity was categorized as either acute
(during or within 3 months after re-irradiation) or late (over
3 months after completion of re-irradiation). Stata Statistical
Software (StataCorp) was used to perform all statistical
analyses.

Results

Patient, tumor and treatment characteristics. A total of
ten patients met the eligibility criteria. Seven patients
were included in this study as three patients did not have
adequate clinical information available. The median interval
between initial RT and re-irradiation was 32 months. Patient
characteristics at initial treatment and re-irradiation are
summarized in Tables I and II, respectively. There were
six males and one female. Pathologic stage following their
initial chemoradiation course was I (n=3), II (n=2), or III
(n=2). Primary histology in six patients was adenocarcinoma
while one patient had squamous cell histology. Tumor
locations included GE junction (n=3), lower esophagus
(n=2), mid-esophagus (n=1), and upper esophagus (n=1).
The initial radiation dose ranged from 45 to 64.8 Gy and
the re-irradiation dose ranged from 50.4 to 68.4 Gy. ECOG
performance status at the time of initial RT was 0 (n=4)
or 1 (n=3). ECOG performance status at re-irradiation was
2 (n=6) or 3 (n=1). Three of the seven recurrences overlapped
with the prior RT field. The median interval between
radiation treatments was 33 months (range 8.6-57.4 months).
All seven patients had initial concurrent chemotherapy
with carboplatin and paclitaxel. At time of re-irradiation,
six had concurrent chemotherapy during re-irradiation
(with either carboplatin and paclitaxel, FOLFOX (folinic
acid, fluorouracil, oxaliplatin) +/- 5-FU (5-fluorouracil), or
capecitabine) and one patient received RT alone. The patient
who received RT alone was thought to be unable to tolerate
concurrent chemotherapy.

Disease control. Median follow-up time after re-irradiation
was 49 months. Local failure-free survival, metastasis-free
survival, and progression free-survival data are summarized
in Figs. 1-3, respectively. Progression free-survival was
defined as the interval to any recurrence, local failure or
metastasis. At last follow-up, all patients except one achieved
stable disease with re-irradiation; progressive disease was
observed in the one patient who did not receive concurrent
chemotherapy.

Toxicity. Toxicities from treatment are summarized in
Table III. All patients suffered from at least grade 1-2 toxici-
ties after re-irradiation with fatigue being the most common.
Five patients had grade 3 toxicity, including esophagitis (n=3),
neutropenia (n=1), dysphagia (n=2), and dermatitis (n=1).
Three patients had grade 4 toxicities: One patient each with
dysphagia, anemia, and esophagitis. There were no grade
5 toxicities seen after re-irradiation. Four patients had late
toxicities of dysphagia or pneumonitis but all were low grade
in severity (grades 1 and 2).

Re-irradiation planning. The planning parameters are shown
in Table I'V. The PTV was planned to ensure 100% of the PTV
received at least 95% of the prescription dose. Maximum dose
heterogeneity was set at 107%. Biologically effective dose
(BED) with an o/p ratio of 2 for spinal cord was used to calcu-
late total cumulative dose. Maximum cumulative BED for the
spinal cord was set at <135 Gy with all re-irradiation intervals
being longer than 6 months (5,6). The PTV coverage at 95% of
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TNM

pathology

RT technique (drugs)

(total/daily, Gy)

TNM

Primary site

Sex (years) ECOG

ID

ypT1bNOMO
ypT1bNOMO
ypT2N1MO

Adenocarcinoma

Carboplatin, paclitaxel

504/1.8 3D conformal

T2N2MO

1 GE junction

81

Adenocarcinoma

Carboplatin, paclitaxel

3D conformal

45.0/1.8

T3NOMO
T2N1MO

Lower esophagus
Upper esophagus
Mid-esophagus

62

Adenocarcinoma

Carboplatin, paclitaxel
Squamous

3D conformal
IMRT

50.4/1.8

0
0

63

ypT1bNOMO
ypT2NOMO
ypT3N2MO
ypT3NOMO

Carboplatin, paclitaxel

64.8/1.8

T1bNOMO
T3NIMO

76
61
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Adenocarcinoma

Carboplatin, paclitaxel

3D conformal
IMRT

52.2/1.8

Lower esophagus

GE junction

Adenocarcinoma

Carboplatin, paclitaxel

48.6/1.8

T3NOMO
T2NOMO

1

0

76
74

Adenocarcinoma

Carboplatin, paclitaxel

3D Conformal

50.4/1.8

GE junction

F, female; M, male; ECOG, Eastern Cooperative Oncology Group; GE, gastroesophageal; RT, radiotherapy; 3D, 3 dimensional; yp, pathological data following pre-operative chemoradiation.

prescription dose ranged from 96.1 to 100% (Table IV). The
maximum dose given to spinal cord ranged from 10.9 to
47.8 Gy. Heart V25 ranged from 2.2 to 9.4% and lung V20
ranged from 4 to 22.7%.

Discussion

Previous studies exploring the use of re-irradiation in patients
with locoregional recurrence of esophageal cancer have
suggested that non-palliative treatment may be a safe and
effective strategy for prolonging overall survival in patients
with a good performance status (ECOG 0 or 1) (4,7). We
examined the generalizability of these findings in patients
with poor performance status (ECOG =2) and found that
definitive, non-palliative re-irradiation may offer durable local
control with acceptable toxicity in this patient population
as well. Although our study was comprised of a small
cohort, to our knowledge, this represents the first study to
specifically assess the role of re-irradiation in patients with
locoregional recurrence of esophageal cancer with a poor
performance status.

Chen et al (2) compared the efficacy of salvage surgery
versus re-irradiation in patients with recurrent esophageal
cancer and good performance status (ECOG O or 1), finding
no difference in survival but more complications (esophageal
fistula/perforation) in the re-irradiation group. A study of six
patients re-irradiated in Japan for recurrent squamous cell
esophageal cancer found a median survival time of 13.6 months
(1.9-33.3 months) after re-irradiation, with three of six patients
remaining alive at one year after re-irradiation (7). Out of six
patients included in this study, one patient developed grade 4
leukopenia, and two patients developed grade 3 leukopenia.
The authors compare their reported median survival time
(13.6 months) to the expected survival time of patients with
advanced esophageal cancer treated only with chemotherapy
(9.9 months) (8).

A Korean study with short follow-up examined ten
patients who were re-irradiated for recurrent esophageal squa-
mous cell carcinoma and followed patients for a median of
4.9 months (3). These patients were either inoperable due to
the extent of recurrent disease or they refused salvage surgery.
At three months, this study observed two complete responses,
one partial response, two stable disease states, and five cases of
progression. Three patients developed grade 5 tracheoesopha-
geal fistula; two of these three patients were re-irradiated within
one year of the original radiation treatment. This small study
identified several factors that may have played a role in the
differing outcomes of the ten patients, including the total dose
of re-irradiation (higher dose was associated with more severe
toxicity), time interval between primary RT and re-irradiation
(shorter interval was associated with more severe toxicity),
extent of disease progression (disease progression may be
confused with treatment-related toxicity), treatment modality,
concurrent versus sequential chemotherapy, tumor stage, and
irradiated volume of esophagus. Due to its limited size and
short follow-up time, further clinical studies are required to
understand the effects of each variable on re-irradiation safety
and efficacy.

A larger Japanese study examined 237 patients receiving
re-irradiation for oligo-lymph node recurrent (1-5 Ilymph
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Table II. Patient characteristics at re-irradiation.

Patient Overlap with Dose of RT Interval between RT RT Concurrent chemo
ID ECOG prior RT field? (total/daily, Gy) treatment, months technique (drugs)

A 3 Yes 50.4/1.8 27.6 IMRT None

B 2 No 54.0/1.8 574 IMRT FOLFOX, 5-FU

C 2 No 594/1.8 56.3 IMRT FOLFOX

D 2 Yes 68.4/1.8 11.0 IMRT Carboplatin, paclitaxel
E 2 No 60.0/2 32.7 IMRT Carboplatin, paclitaxel
F 2 Yes 54.0/2 8.6 IMRT Capecitabine

G 2 No 59.4/1.8 33.0 IMRT Carboplatin, paclitaxel

ECOG, Eastern Cooperative Oncology Group; RT, radiotherapy; IMRT, intensity modulated RT; FOLFOX, folinic acid, fluorouracil,

oxaliplatin; 5-FU, fluorouracil.

0.8

0.6

04

0.2

Freedom from local recurrence

0 12 24 36 48 60
Time from re-irradiation (months)

Figure 1. Local failure-free survival for patients (n=7) with recurrent
esophageal cancer and a poor performance status who received definitive
re-irradiation.
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Freedom from distant metastasis
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Time from re-irradiation (months)

Figure 2. Metastasis-free survival for patients (n=7) with recurrent esophageal
cancer and a poor performance status who received definitive re-irradiation.

nodes positive) esophageal cancer over a 29.6-month follow-up
period (4). The study included 83/237 patients with Karnofsky
performance status (KPS) <90. Over 97% of patients had
squamous cell tumor histology. In this study, median survival
time was 21.6 months; the 3-year overall survival was 37%,
local control was 45%, progression-free survival was 24%,
and esophageal cancer-specific survival was 42%. The
3-year overall survival in the KPS 80-100 group was 43.1%,
compared to 11.9% for KPS <70. This large study identified
several positive prognostic factors for patients undergoing
re-irradiation: Combined chemotherapy, disease-free interval
=12 months, max lymph node diameter <22 mm, and

1.0

08

0.6

04

0.2

Progression-free survival

0.0
a 12 24 36 48 &0

Time from re-irradiation (months)

Figure 3. Progression-free survival for patients (n=7) with recurrent
esophageal cancer and a poor performance status who received definitive
re-irradiation.

KPS =80%. This study was adequately powered to support
the feasibility of safe and beneficial usage of re-irradiation
for recurrent esophageal cancer with oligo-lymph node
recurrence. We provide a summary of the aforementioned
studies in Table SI.

Esophageal adenocarcinoma and squamous cell carci-
noma may differ in cancer cell biology, location within the
esophagus, and sensitivity to RT. Conclusions drawn from
re-irradiation of one tumor histology therefore may not apply
to other histological types. Of note, each of the three afore-
mentioned studies of re-irradiation in recurrent esophageal
cancer include a predominance of patients with squamous cell
histology. In our study, six patients had adenocarcinoma and
only one had squamous histology, offering novel insight into
the role of re-irradiation in recurrent adenocarcinoma of the
esophagus.

To our knowledge, the present study is the first to specifically
assess re-irradiation in patients with a poor performance status
who have locally recurrent esophageal cancer after trimodality
therapy. The patients in this study had a good performance status
at the time of initial RT but a poor performance status (ECOG
2 or 3) at the time of re-irradiation. Over the 49 month median
follow-up period, there were no patient deaths and only one
case of progressive disease among seven patients treated with
definitive re-irradiation. Six patients exhibited stable disease at
last follow-up. The patient who progressed in this study was the
only one who did not receive concurrent chemotherapy.
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Table III. Toxicity from re-irradiation.
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Acute toxicity

Patient Late toxicity

ID Grades 1 and 2 Grade 3 Grade 4 Grade 5 grades 1-5

A Fatigue, nausea Esophagitis - - Dysphagia (grade 1)

B Fatigue Anemia, neutropenia Dysphagia - Pneumonitis (grade 1)

C Anorexia Esophagitis, dermatitis Anemia - -

D Fatigue, anemia Dysphagia, nausea - - Dysphagia (grade 2)

E Fatigue, anemia, dermatitis - - - Dysphagia (grade 2),
pneumonitis (grade 1)

F Fatigue, dermatitis Dysphagia, esophagitis - -

G Anorexia, anemia - Esophagitis - -

Table I'V. Dose volume histogram from re-irradiation course.

Patient ID PTV @ 95% of Rx, % Cord max, Gy Heart V25, % Lung V5, % Lung V20, %

A 100.0 109 55 12.8 40

B 96.8 334 22 435 22.7

C 99.3 478 3.1 27.1 15.5

D 96.5 10.6 35 6.2 3.6

E 96.1 30.2 43 343 20.1

F 99.8 11.8 8.8 424 16.4

G 100.0 434 94 355 18.0

PTV, planning target volume; Rx, prescription dose; PTV @ 95% of Rx (%), percent of the PTV receiving at least 95% of the prescription dose;

VX, %, percent of volume of interest receiving xGy.

The outcomes in our study are more favorable than
those reported in previous studies examining the role of
re-irradiation in patients with locoregional recurrence
of esophageal cancer. Our findings should be taken with
consideration of the following main distinctions between our
study and previous studies: i) The majority of our patients
had adenocarcinoma histology, whereas other studies had
predominantly squamous cell patients; ii) our study focused
on poor performance status patients, whereas other studies did
not stratify for this criterion, and iii) all patients were treated
at a major academic medical center with significant experience
in complicated re-irradiation cases and tremendous oncologic
care support (9). Furthermore, it should be noted that this study
is limited by lack of baseline organ (i.e. liver, kidney) function
data at time of recurrence/re-irradiation. We also lack data
regarding any hematologic, hepatic, or renal toxicities related
to treatment.

In conclusion, this series of patients suggests that even in
the setting of poor performance status, definitive re-irradiation
may be given safely and achieve durable response in patients
with locally recurrent esophageal cancer after trimodality
therapy.
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