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Abstract
Purpose: To determine the incidence and predictors of gastric bleeding after chemoradiation for esophageal or gastroesophageal
junction cancer.
Methods and Materials: We reviewed patients receiving chemoradiation to at least 41.4 Gy for localized esophageal cancer whose
fields included the stomach and who did not undergo surgical resection. The primary endpoint was grade �3 gastric hemorrhage
(GB3þ). Comprehensive stomach dose-volume parameters were collected, and stomach dose-volume histograms were generated for
analysis.
Results: A total of 145 patients met our inclusion criteria. Median prescribed dose was 50.4 Gy (range, 41.4-56 Gy). Median stomach
Dmax was 53.0 Gy (1.0-62.7 Gy), and median stomach V40, V45, and V50 Gy were 112 cm3 (0-667 cm3), 84 cm3 (0-632 cm3), and 50
cm3 (0-565 cm3), respectively. Two patients (1.4%) developed radiation-induced GB3þ. The only dosimetric factor that was
significantly different for these patients was a higher stomach Dmax (58.1 and 58.3 Gy) than the cohort median (53 Gy). One of
these patients also had cirrhosis, and the other had a history of nonsteroidal anti-inflammatory drug use. Five other patients had
GB3þ events associated with documented tumor progression. A Cox proportional hazards model based on stomach Dmax with
respect to the development of GB3þ was found to be statistically significant. Time-to-event curves and dose-volume atlases were
generated, demonstrating an increased risk of GB3þ only when stomach Dmax was >58 Gy (P < .05).
Conclusions: We observed a low rate of GB3þ events in patients who received chemoradiation to a median dose of 50.4 Gy to volumes
that included a significant portion of the stomach. These results suggest that when prescribing 50.4 Gy for esophageal cancer, there is no
need to minimize the irradiated gastric volume or dose for the sake of preventing bleeding complications. Limiting stomach maximum
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doses to <58 Gy may also avoid bleeding, and particular caution should be taken in patients with other risk factors for bleeding, such as
cirrhosis.
� 2021 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Esophageal cancer, including both squamous cell car-
cinoma and adenocarcinoma, is an aggressive and deadly
malignancy affecting more than 450,000 people annually
worldwide. It ranks sixth among all cancers in mortality
rates, with a 5-year survival ranging from 15% to 25%.1

Radiation therapy, in combination with systemic chemo-
therapy and surgery, is an integral part of treatment for
esophageal cancer. Current guidelines recommend neo-
adjuvant chemoradiation followed by esophagectomy for
patients with locally advanced esophageal cancer. The
standard radiation dose for esophageal cancer in the
United States is 50.4 Gy in 28 fractions.2 Because the
distal esophagus and gastroesophageal (GE) junction are
very common sites of presentation of esophageal adeno-
carcinoma, irradiating esophagus cancer will often
include a significant portion of the stomach in the plan-
ning target volume (PTV), thus exposing the gastric
mucosa to full doses. However, there is a lack of data
characterizing the incidence of radiation-induced gastric
bleeding and assessing dosimetric parameters associated
with its development.

Gastric toxicity is a feared complication of radiation
treatment for upper gastrointestinal malignancies. As a
result, stomach doses �45 to 50 Gy are usually avoided to
prevent severe gastric toxicities, such as hemorrhage, ul-
ceration, and perforation.3,4 Although these complications
have long been recognized, there is a lack of data in the
current literature describing the tolerance of the stomach to
radiation and dose-volume parameters associated with the
development of gastric toxicity. Although a limited number
of prior studies have demonstrated dose-toxicity relation-
ships of gastric complications in patients with intrahepatic
and pancreatic malignancies,5-9 there are no studies to
describe dosimetric parameters associated with the risk of
gastric toxicities in patients undergoing radiation therapy
for esophageal cancer. Because the portion of the stomach
that is irradiated in esophageal cancer (ie, proximal stom-
ach/cardia) is different from that typically irradiated in
hepatobiliary malignancies (body/pylorus), the incidence
and predictors of gastric bleeding may differ.

Our objective was to characterize the incidence of
radiation-induced gastric bleeding and to identify pre-
dictive dosimetric parameters in patients with esophageal
cancer. We therefore retrospectively analyzed dose-
volume histograms (DVHs) of the stomach in a large
series of patients with esophageal cancer treated with
chemoradiation without surgery, thus leaving their stom-
achs intact.

Methods and Materials

Patient characteristics

The institutional review and privacy board approved
this study, and patient confidentiality was maintained as
required by the Health Insurance Portability and
Accountability Act. The records of all patients who
received chemoradiation for stage I to III esophageal or
GE junction cancer between 2007 and 2015 at our insti-
tution were reviewed. Although our standard dose for
both preoperative and definitive-intent chemoradiation is
50.4 Gy, we included all patients who received a pre-
scription dose of at least 41.4 Gy because this represents a
standard baseline dose for preoperative chemoradiation.
We limited our analysis to patients whose PTVs over-
lapped with the stomach and who did not undergo
esophagogastric resection after RT. Although our stan-
dard institutional practice is to recommend surgery after
preoperative chemoradiation for locally advanced distal
esophageal cancer, these patients either were not surgical
candidates or declined surgery.

This yielded a cohort of 145 patients who had available
dosimetric data. Patient medical records, including all
physician notes and endoscopy reports, were reviewed to
identify posttreatment gastric toxicities. Our primary
endpoint, the development of grade >3 gastric bleeding
(GB3þ), was defined per Common Terminology Criteria
for Adverse Events version 4.0 as a hemorrhage that
required transfusion or radiologic, endoscopic, or elective
operative intervention.

Treatment planning

In our standard simulation process, patients are immo-
bilized, arms up, in an alpha cradle mounted in a platform
that indexes to the treatment couch. They receive intrave-
nous and oral contrast. In addition to a computed tomog-
raphy (CT) planning scan under gentle free-breathing (2-
2.5 mm slice thickness) they receive a 4-dimensional CT to
assess target breathing motion. GTV is contoured based
primarily on the CT simulation and diagnostic positron
emission tomography CT imaging, with reference to the
endoscopic reports. Standard clinical target volume ex-
pansions were 3 to 4 cm longitudinally (oriented along the
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esophageal mucosa) but were limited to 1 to 2 cm distally if
the tumor involved the stomach, and elective nodal regions
were also included according to published guidelines.10

Standard PTV expansion was 0.5 cm.
Over the time spanned by this study, two different

planning systems were used: an in-house system
described by Mohan et al. was used until mid-2014, and
Eclipse (Varian Medical Systems) with calculations done
with the Anisotropic Analytical Algorithm was used
thereafter.11 Cases planned in the in-house system were
transferred to Eclipse, and dose distributions were recal-
culated with Anisotropic Analytical Algorithm. All pa-
tients were treated on Varian linear accelerators, mostly
with 6 MV fixed gantry direction sliding-window in-
tensity modulated radiation therapy. The planning goal
was for at least 95% of the PTV to be covered by the
prescription dose and for the maximum plan dose not to
exceed 110% to 112% of prescription dose and to be
located within the PTV. Patients were instructed to fast
for at least 2 hours before simulation and each fraction of
radiation therapy.

The entire outer wall of the stomach, from the GE
junction to the pylorus, was contoured. During the study
timeframe, the only relevant constraint on gastric dose
was to keep the mean dose to the stomach outside the
PTV <30 Gy, meaning that there was no specific
constraint on the part of the stomach within the PTV. As
noted, hotspots in the stomach were to be limited to no
more than 110% of prescription dose.

Statistical analysis

Stomach DVHs were generated for 143 of 145 pa-
tients. Two patients were not exportable for full DVH
analysis. Stomach dose-volume parameters, including
stomach volume, absolute and relative mean dose, abso-
lute and relative maximum dose, and volume of the
stomach receiving 40, 45, and 50 Gy were collected (V40,
V45, and V50). The absolute PTV size and volume of
PTV/stomach overlap was also collected for all patients.

For statistical analysis, a Cox proportional hazards
model based on absolute maximum stomach dose was
generated. Time-to-event curves were generated using
Dmax Z 58 Gy (Dmax in 2 patients with GB3þ) to
dichotomize patients, and a log-rank test was used to
compare the curves. Dose-volume atlases of GB3þ were
subsequently generated.12,13 We then calculated the
probability that the true rate of GB3þ events was >5% in
patients whose treatments violated candidate DVH
thresholds.

Results

Of the 145 patients who met our inclusion criteria, the
median age at diagnosis was 71 years (range, 37-95). The
majority of patients were male (77.9%). The median
follow-up time was 16.8 months (1-118 months) after end
of radiation therapy. All patients had histologically
confirmed malignancy via endoscopic biopsy, with the
majority (78.6%) having adenocarcinoma; the remaining
patients had squamous cell carcinoma. Of the patients
with available clinical staging information at diagnosis
(n Z 142), 11 (7.6%) were stage I, 36 were stage II
(24.8%), and 95 (65.5%) were stage III. The majority of
tumors were located at the gastroesophageal junction
(37.2%) or distal esophagus (51%). In addition, 137
(94.5%) patients underwent induction chemotherapy
before radiation therapy, and 144 of 145 patients received
concurrent chemotherapy. The most common chemo-
therapy regimen was carboplatin/paclitaxel. Patient de-
mographics and characteristics are described in Table 1.

Definitive chemoradiation was the intended therapy
in 77 (53.1%) patients. The remaining 68 (46.9%) pa-
tients were intended to receive preoperative chemo-
radiation but ultimately did not receive surgery,
typically because they either had a clinical complete
response and declined surgery, or because they were
marginal candidates for surgery due to comorbidities or
performance status. One hundred forty-four of 145 pa-
tients underwent intensity modulated radiation therapy,
and the remaining 1 patient had 3-dimensional
conformal radiation therapy. The median dose deliv-
ered was 50.4 Gy (range, 41.4-56 Gy). The majority of
patients (n Z 111) received 50.4 Gy delivered in 28
fractions. In addition, 16 patients being treated with
definitive intent also received a simultaneous integrated
GTV boost to 56 Gy in 28 fractions. Of the remaining
patients, 5 received a dose of 48.6 Gy, 8 received a dose
of 45 Gy, 2 received a dose of 43.2 Gy, and 3 received a
dose of 41.4 Gy.

Median stomach volume and stomach/PTV overlap
were 323 cm3 (47-1107 cm3) and 69 cm3 (0.2-563 cm3),
respectively. Median stomach maximum dose (Dmax)
and mean dose (Dmean) were 53.0 Gy (1.0-62.7 Gy) and
30.5 Gy (0.5-51.4 Gy), respectively. The median stomach
V40, V45, and V50 Gy were 112 cm3 (0-667 cm3), 84
cm3 (0-632 cm3), and 50 cm3 (0-565 cm3), respectively.
Stomach dose parameters for our patient cohort are
described in Table 2.

In total, 7 patients (4.8%) developed grade �3 gastric
bleeding. Five of these patients, however, had endo-
scopically confirmed progression (n Z 3) or recurrence
(n Z 2) of the primary esophageal tumor extending into
the stomach, which was clinically determined to be the
source of bleeding. Of these 5 patients, 4 received a
prescription dose of 50.4 Gy and 1 received 56 Gy. In all
5 of these cases, the gastric mucosa was observed to be
otherwise normal at the time of bleeding by endoscopic
evaluation. The 2 (1.4%) remaining cases of G3þ
bleeding events were therefore presumed to be radiation
induced. Both of these patients were prescribed a dose to



Table 1 Patient demographics

Characteristics n

Age, y
Median 71
Range 37-95

Sex
Male 113
Female 32

Histology
Squamous cell carcinoma 31
Adenocarcinoma 114

Location
Proximal esophagus 2
Mid-esophagus 15
Distal esophagus 74
GE junction 54

Clinical stage
IA 6
IB 5
IIA 2
IIB 34
III 4
IIIA 71
IIIB 11
IIIC 9
Unspecified 3

Chemotherapy
Induction only 0
Concurrent only 7
Induction þ concurrent 137
None 1

RT intent
Preoperative 68
Definitive 77

Dose delivered
41.4 Gy 3
43.2 Gy 2
45 Gy 8
48.6 Gy 5
50.4 Gy 111
56 Gy 16

RT technique
IMRT 144
3CDRT 1

Cirrhosis
Yes 3
No 142

Abbreviations: 3CDRT Z three-dimensional conformal radiation
therapy; GE Z gastroesophageal; IMRT Z intensity modulated
radiation therapy; RT Z radiation therapy.
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the tumor of 56 Gy in 28 fractions. Thus, among patients
who received a dose �50.4 Gy (n Z 127), the rate of
radiation-induced gastric bleeding was 1.6%.

The 2 patients with presumed radiation-induced gastric
bleeding events are described in Table 3. One of these
patients had endoscopically confirmed radiation-induced
erosive gastropathy and a history of cirrhosis with
thrombocytopenia. The second patient had a history of
extensive nonsteroidal anti-inflammatory drug (NSAID)
use and did not undergo endoscopic evaluation, but was
deemed to have likely radiation-induced bleeding due to
the absence of other likely causes (this patient was
without evidence of recurrent malignancy at the time of
bleeding). The absolute stomach Dmean and Dmax values
for these patients were 25.1 and 27.9 Gy and 58.1 and
58.3 Gy, respectively. V40, V45, and V50 were 47 and
178 cm3, 37 and 124 cm3, and 25 and 83 cm3, respec-
tively. The only stomach dosimetric parameter that was
greater in both of these patients compared with the me-
dian value for our overall cohort was Dmax (58.1 and
58.3 Gy vs 53 Gy).

A Cox proportional hazards model based on stomach
Dmax with respect to the development of GB3þ was
found to be statistically significant. Time to event curves
were generated using a cutoff of 58 Gy to dichotomize
patients, given this was the Dmax observed in both events
(Fig 1). A log-rank test comparing the 2 curves was also
statistically significant although only 2 GB3þ complica-
tions were observed in our cohort. Nine patients had
stomach Dmax >58 Gy, including both patients consid-
ered to have radiation-induced gastric bleeding. Of the 7
patients with stomach Dmax >58 Gy who did not expe-
rience bleeding events, 2 had known anticoagulant use
and 3 had known NSAID use. No patients with stomach
Dmax <58 Gy experienced bleeding complications.

Dose-volume atlases of the incidence of GB3þ were
subsequently generated to determine the probability that
the true rate of GB3þ was >5% for DVHs passing over
candidate dose-volume constraints (Fig 2). As illustrated
in Figure 2, dose appeared to be more important than
volume in predicting the probability of gastric bleeding
events. For treatments violating the candidate constraint
Dmax <58 Gy, the probability that the true rate of GB3þ
was >5% is 99%. To facilitate subsequent use, the dose-
volume atlas of the incidence of GB3þ is available in the
Appendix.
Discussion

Contemporary data on dosimetric parameters associ-
ated with radiation-induced gastric toxicities is scarce, but
stomach doses �45 to 50 Gy are traditionally avoided in
clinical practice. For example, a historic guideline for
normal tissue constraints suggests 50 Gy as the threshold
for stomach toxicity when the entire organ is irradiated,
and 45 Gy has been the standard dose for adjuvant or
preoperative radiation therapy to the stomach.3,4 To our
knowledge, this is the first report to investigate stomach
dosimetric parameters associated with the development of
gastric bleeding after radiation therapy in patients with
esophageal cancer. Our cohort is also distinctive in being



Table 2 Stomach dose-volume histogram parameters

Parameters Median Mean Range

PTV (cm3) 691 772 168-2017
Stomach volume (cm3) 323 374 47-1106
PTV/stomach overlap (cm3) 69 86 0.2-563
Absolute maximum stomach dose (Gy) 53.0 51.6 10.1-62.7
% Maximum stomach dose 106 104 2-121
Absolute mean stomach dose (Gy) 30.5 29.6 0.50-51.46
% Mean stomach dose 61 59 1-102
V40 (cm3) 112 123 0-667
V45 (cm3) 84 103 0-632
V50 (cm3) 50 73 0-565

Abbreviation: PTV Z planning target volume.
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limited to patients who did not undergo esophagus or
gastric surgery after radiation therapy because such sur-
gery would otherwise obscure the potential long-term
effect of gastric radiation.

Notably, we observed a very low rate (1.4%) of
radiation-induced gastric bleeding when treating patients
with esophageal cancer to a median dose of 50.4 Gy.
Furthermore, this low rate was observed even though no
significant attempt was made to restrict the volume of
stomach included in the PTV or limit the radiation dose to
stomach within PTV. Tumor progression, in fact, was a
much more frequent cause of gastric bleeding. These re-
sults suggest that the standard dose of 50.4 Gy is safe for
esophageal cancer, even if the PTV includes a significant
portion of the stomach and the patient does not undergo
surgical resection. These results also support the value of
endoscopy to evaluate bleeding; otherwise, this may be
erroneously attributed to radiation toxicity rather than
tumor progression.
Table 3 Summary of radiation-induced grade >3 gastric bleeding

Patient A

Age at diagnosis, y 72
Prescribed tumor dose, Gy 56
Tumor location Distal esophagus
Tumor histology Squamous cell carcino
Concurrent chemotherapy Paclitaxel/capecitabine
Clinical stage at diagnosis IIIA
Other GI risk factors Aspirin use
Time to event, wk 124
Presentation Symptomatic iron defi
Treatment Transfusion
Rebleed No
Stomach max dose, cGy 5809
Stomach mean dose, cGy 2511
Stomach/PTV overlap 20
Stomach V40 47
Stomach V45 37
Stomach V50 25

Abbreviations: GE Z gastroesophageal; PTV Z planning target volume.
The only significant predictor of GB3þ was maximum
stomach dose. Our results demonstrated that there was an
increased risk of GB3þ only when stomach Dmax
exceeded >58 Gy (P � .05). Dose-volume atlases of
GB3þ generated from our data additionally demonstrate
that dose may be more predictive than volume in deter-
mining the true probability of gastric bleeding (Fig 1).
Together, these results suggest that 50.4 Gy is a safe dose
for esophageal cancer and that limiting the maximum
point dose to the stomach to <58 Gy may limit what is
already a very rare incidence of radiation-induced gastric
bleeding.

A limited number of previous studies have character-
ized the incidence of radiation-induced gastric toxicities
in patients treated for gastrointestinal cancers, mainly in
intrahepatic and pancreatic malignancies. These studies
have reported an incidence of radiation-induced gastric
bleeding higher than that of our patient cohort, ranging
from 10.6%5 to 18%.7 A recent retrospective report
events

Patient B

61
56
Distal esophagus

ma Adenocarcinoma
Cisplatin/fluorouracil
IIIB
Cirrhosis, thrombocytopenia
17

ciency anemia Anemia/melena
Transfusion
Yes
5840
2785
85
178
124
83



Figure 1 Freedom from grade >3 gastric bleeding events:
patients split at max dose >58 Gy (P < .05; log-rank test).
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analyzing the incidence of radiation-induced gastric
toxicity for esophageal cancer specifically, however,
found that although gastric mucosal damage was identi-
fied in 35% patients, only 3 of 256 (1.2%) patients
experienced a grade >3 gastric toxicity.14 That report,
however, did not specifically evaluate stomach dosimetric
parameters associated with the development of gastric
toxicity. Together with our report, these data suggest a
lower incidence of radiation-induced gastric bleeding
after chemoradiation in patients with esophageal cancer
versus those with intrahepatic and pancreatic
Figure 2 Color map of probability that true rate of grade >3
gastric bleeding event is >5%. Color coded map of probability
that the true rate of grade �3 gastric hemorrhage is > 5% (for
dose-volume histograms [DVHs] passing above the % volume
and dose constraint at the colored point). Nine DVHs have
Dmax >58 Gy (black arrow), 2 with complications, 134 have
Dmax <58 Gy, none with complications. The black envelope
represents the outer boundary of the treated DVHs. Colors above
and below the envelope represent the a-priori probability in the
absence of any data and the probability for the entire cohort,
respectively.
malignancies, a difference for which an underlying
mechanism should be explored.

We speculate that because radiation therapy for
esophageal cancer involves irradiating the proximal
stomach, as opposed to the distal stomach and duodenum
as for hepatobiliary malignancies, different anatomic re-
gions of the stomach may have different radiation toler-
ances. In a previous report analyzing dosimetric
parameters associated with gastric bleeding in patients
with pancreatic cancer, Nakamura et al found that V50 of
a composite structure containing the stomach and duo-
denum was the best predictor of the development of
radiation-induced gastric bleeding, compared with V50 of
the stomach alone. Maximum dose to the stomach and
stomach/duodenum, however, was not predictive of
gastric complications in their patient cohort. In contrast to
our results, they concluded that irradiating a lower volume
of the stomach with a higher dose is safer than radiating a
high volume of the stomach with a lower maximum
dose.7 Furthermore, 2 other previous reports found PTV
size to be predictive of grade >3 toxicity in chemo-
radiation therapy for pancreatic cancer, although stomach
DVHs were not analyzed.8,9 These results suggest that the
proximal stomach may have a higher tolerance to
radiation-induced mucosal injury than the distal stomach.

Perhaps these findings could in part be explained by
underlying histologic differences in corresponding
anatomic regions of the stomach. The proximal fundus
and body of the stomach contain oxyntic glands filled
with parietal and chief cells responsible for acid secretion,
and the distal antrum contains mucinous pyloric glands
responsible for alkaline mucus and protein secretion.15,16

Differentiated parietal and chief cells of the oxyntic
glands have been shown to be more radiosensitive than
mucus neck cells, thus supporting the hypothesis that the
distal stomach may be more sensitive to radiation.15

It is also important to consider baseline risk factors for
gastric bleeding events, especially when comparing pa-
tients undergoing radiation for esophageal or hep-
atobiliary malignancies. Both patients who experienced
probable radiation-induced gastric bleeding in our patient
cohort had well-known risk factors for gastric bleeding:
NSAID use and cirrhosis. Liver cirrhosis is a known in-
dependent risk factor for gastric bleeding and has also
been shown to be highly predictive of radiation-induced
gastric bleeding in multiple previous studies. It has been
shown that in the setting of liver cirrhosis, the gastric
mucosa displays functional abnormalities, such as
diminished mucus production and inhibited epithelial
proliferation that limit its ability to heal, and the presence
of portal hypertension further contributes to diminished
healing of the gastric mucosa in these patients.5,6 Perhaps
this could, in part, explain the difference in time to gastric
bleeding events in our 2 patients with radiation-induced
gastric bleeding. The patient with cirrhosis and resultant
thrombocytopenia experienced bleeding 17 weeks after
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radiation, and the patient with NSAID use did not expe-
rience bleeding until 124 weeks after radiation (Table 3).
Because cirrhosis is a common comorbidity in patients
with primary intrahepatic malignancies, it must be
adjusted for when comparing the incidence of radiation-
induced gastric bleeding in these patients to those with
esophageal cancer. In a previous study analyzing dosi-
metric factors associated with radiation-induced gastric
bleeding in patients with intrahepatic malignancies,
however, Feng et al found that maximum stomach dose
was predictive of gastric bleeding, even when adjusted for
the presence of cirrhosis.6

Although our study is the first to describe dosimetric
parameters associated with gastric bleeding events in
patients with esophageal cancer, it has notable limitations.
As a retrospective, single-institution study, our results are
from a small cohort of patients and may not be repre-
sentative of the population as a whole. Only 2 patients
had apparent radiation-induced bleeding events, so the
proposed limit of stomach Dmax <58 Gy may be
considered provisional and ideally should be validated in
other data sets.

Another inherent limitation of such analysis is that
stomach volume and dose measurements are subject to
variability because the stomach can change position and
shape anatomically and thus confound dose calculations.
However, it was our practice to instruct patients to fast for
2 to 3 hours before treatment, and it is likely that over the
course of 28 fractions and 5 to 6 weeks, daily variation in
stomach position and filling would have been essentially
random and therefore, on average, not likely to have
systematically biased our dosimetric assumptions.

Additionally, our cohort of 145 patients was not
entirely uniform. After excluding patients who under-
went surgery, 77 of our patients were intended to receive
definitive chemoradiation and 68 were intended to
receive surgery but ultimately did not, typically because
they either had a clinical complete response and
declined surgery or because they were marginal candi-
dates for surgery. Despite this heterogeneity, it seems
unlikely that the specific reason for lack of surgery
would change the risk of experiencing radiation-induced
gastric bleeding events. We also note that it is not al-
ways clear at the outset whether a surgical candidate will
remain a candidate after undergoing chemoradiation,
and some surgical candidates decline surgery if they
have achieved an apparent complete response to che-
moradiation. Indeed, approximately half of the patients
in our cohort were intended to receive preoperative ra-
diation but never received surgery. This is why we
prefer a dose 50.4 Gy regardless of definitive or pre-
operative intent and why it is important to understand
the risk of gastric bleeding if the patient does not ulti-
mately undergo surgery.

Finally, chemotherapy regimen or dose was not
controlled or adjusted for in our analysis, and chemotherapy
itself can be associated with gastrointestinal mucosal dam-
age or have differing radiosensitizing effects depending on
the exact regimens and doses chosen. Because there were
very few RT-associated bleeding events, our data do not
allow us to compare whether different chemotherapy regi-
mens modify the risk of bleeding.

Our results have several important clinical implica-
tions. Most importantly, we found a very low incidence of
radiation-induced gastric bleeding in a large cohort of
patients with distal or GE junction tumors who received
chemoradiation to a median dose of 50.4 Gy to a volume
that included portions of the stomach. The fact that tumor
progression was a more common cause of gastric bleeding
after RT further suggests that deliberately limiting the
volume or dose of stomach within the PTV would be
counterproductive, given that symptomatic tumor
progression in the stomach is more common than
radiation-induced bleeding. We also suggest that radiation
sensitivity of the stomach may differ according to the
anatomic region, with the proximal stomach likely more
radioresistant than the body or distal stomach.
Conclusions

Our results suggest that a dose of 50.4 Gy is safe for
treatment of esophageal cancer even if the volume over-
laps stomach and that there is no compelling reason to
minimize the gastric volume or dose purely on the basis
of preventing future bleeding events, particularly because
tumor progression into the stomach was a more common
cause for gastric bleeding. Practically, we suggest con-
touring and considering the proximal 2 cm of the stomach
as esophagus for treatment planning purposes so that PTV
coverage is not unduly compromised by dosimetric con-
straints on the stomach. This practice would also be
consistent with the eighth edition American Joint Com-
mittee on Cancer definition of esophageal cancer, which
recommends staging GE junction tumors as esophageal
cancers if the epicenter of the tumor is no more than 2 cm
beyond the GE junction.17 Our dosimetric analysis does
suggest that limiting maximum point doses to <58 Gy
may prevent gastric bleeding events, however. Ultimately,
additional study will be helpful to derive more robust
dosimetric predictors of gastric toxicity, and to elucidate a
potential difference in intrinsic radiosensitivity between
different regions of the stomach.
Supplementary Materials

Supplementary material for this article can be found at
https://doi.org/10.1016/j.adro.2021.100648.
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