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Abstract
Purpose: Our purpose was to report outcomes of elderly patients who underwent definitive treatment involving radiation therapy for
esophageal cancer at our institution.
Methods and Materials: We performed a retrospective review of patients aged �75 years with esophageal cancer treated with definitive
radiation therapy (�45 Gy) at our institution from 1997 to 2019. Acute and late Radiation Therapy Oncology Group grade 3þ toxicities
were recorded. Survival was estimated using the Kaplan-Meier method.
Results: Of the 89 patients included, median age was 80 and 78% were male. Median adjusted Charlson Comorbidity Index and
Karnofsky Performance Status were 5 (3-12) and 80 (50-100), respectively. The majority of cancers were adenocarcinoma (58%), distal
(67%), and stage III (62%). Fifty-eight percent underwent definitive chemoradiotherapy, and one-third underwent preoperative intent
chemoradiotherapy. Median prescribed dose was 50 Gy (45-66 Gy), and intensity modulated radiation therapy was used in 76%. Eighty-
five percent completed the radiation therapy course. Among these, 20% had radiation therapy breaks. For those receiving concurrent
chemotherapy, 37% had a dose reduction and 39.5% had a break/cycle reduction. Acute grade 3þ toxicity was 22%, with 2% grade 5
toxicity. Twenty-one of the 29 patients (72%) treated with preoperative intent underwent surgery. There were no deaths 90 days
postoperatively. For patients who underwent surgery, 1- and 2-year overall survival were 95% and 84%. For those who did not
undergo surgery, 1- and 2-year overall survival were 70% and 52%.
Conclusions: There is a role for aggressive radiation therapy in well-selected elderly patients with esophageal cancer. However,
optimization of supportive care, chemotherapy regimens, radiation therapy dose/fractionation, and surgical indications are needed to
reduce toxicity.
� 2020 The Authors. 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/).
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Introduction

For patients with locally advanced esophageal cancer,
preoperative chemoradiotherapy improves survival
compared with surgery alone.1 For patients who cannot
undergo surgery, definitive chemoradiotherapy can ach-
ieve long-term disease control.2 However, elderly patients
are underrepresented in randomized trials,3 raising the
question of the generalizability of these results for the
elderly. Although Radiation Therapy Oncology Group
(RTOG) 85-01 included 26% of patients aged �70 years,
outcomes for this group were not specifically evaluated.
In the ChemoRadiotherapy for Oesophageal cancer fol-
lowed by Surgery Study (CROSS trial), only patients
aged 18 to 75 were eligible, and the median age was 60.
Yet, one-third of patients diagnosed with esophageal
cancer are >75 years of age (Surveillance, Epidemiology,
and End Results 21, 2012-2016).

Because many patients with esophageal cancer are
elderly with comorbidities and poor performance status, a
substantial proportion are not considered for chemo-
radiation or surgery, given concerns for toxicity. In
RTOG 85-01, the rate of acute life-threatening/fatal tox-
icities associated with chemoradiotherapy was 10%.
Esophagectomy is associated with perioperative mortality
rates as high as 20%.4-6 Accordingly, elderly patients with
esophageal cancer are less likely to be referred to a cancer
specialist and, if referred, are less likely to receive surgery
or chemotherapy, regardless of tumor stage or comor-
bidities.6-8

To reduce missed opportunities for curative treatment
based on age alone, further evaluation of efficacy and
tolerability of multimodality therapy in elderly patients is
critical. Although some series have demonstrated favor-
able outcomes in well-selected elderly patients, they often
focused on patients �65 years of age.9-11 However, older
patients tend to fare worse with multimodality treat-
ment.6,12,13 In a National Cancer Database analysis, oc-
togenarians had worse survival with multimodality
treatment versus nonoctogenarians, with no survival
benefit compared with surgery alone.6 In addition, age
>80 was predictive of worse survival after esoph-
agectomy (with 30-day perioperative mortality >20%),
independent of comorbidities.5,12 Thus, we sought to
evaluate our institutional outcomes for elderly patients
(age �75 years) with esophageal cancer who underwent
treatment with definitive radiation therapy.
Methods and Materials

Study cohort

In this institutional review boardeapproved study, we
performed a retrospective review of patients aged �75
years with biopsy-proven esophageal cancer treated with
definitive radiation therapy from 1997 to 2019. All can-
cers were prescribed a dose �45 Gy using 3-dimensional
(3D)econformal or intensity modulated radiation therapy
(IMRT). Stage IVB oligometastatic and postoperative
radiation therapy patients were permitted, as the study
intent was to evaluate toxicity/tolerability of definitive
radiation therapy doses. Treatment intent (definitive,
preoperative, or postoperative) was determined based on
clinical notes. Decision to pursue surgery was based on
patient preference and medical/surgical evaluation. Date
of diagnosis was defined as the date of biopsy-proven
diagnosis. Staging was reported as American Joint
Committee on Cancer, eighth edition. Charlson Comor-
bidity Index (CCI) was used to quantify patients’
comorbidities14 and was adjusted to exclude the esopha-
geal cancer diagnosis (“adjusted CCI”) to account for
patients with a second solid malignancy.

Treatment

Generally, patients were simulated supine and immo-
bilized with a Vac-Lok bag/wing board for midthoracic to
distal esophageal tumors or long mask for upper esoph-
ageal tumors. Four-dimensional computed tomography
(CT) and respiratory gating were performed for mid-
thoracic/distal cancers; otherwise, planning was based on
3DCT with intravenous contrast. Positron emission to-
mography (PET)/CT was either done at the time of
simulation or staging. PET was imported and fused to the
simulation CT. Gross tumor volume was delineated based
on PET and CT. For >0.5 cm of diaphragmatic/tumor
motion throughout the respiratory cycle, an internal target
volume was generated based on the four-dimensional CT.
Clinical target volume was defined as a margin 3 to 4 cm
craniocaudally and 1 to 2 cm radially (but <5 mm
extension into lung parenchyma). Clinical target volume
included elective nodal regions as recommended in the
IMRT consensus guideline.15 Planned target volume was
defined as a 5-mm margin. A simultaneous or sequential
boost was frequently incorporated and prescribed to the
gross tumor volume with 1- to 2-cm isotropic margin.
Typical constraints included combined lung V20 < 20%,
V30 < 20%, and mean <18 Gy; heart V30 < 50% and
mean <20 Gy; and spinal cord maximum �45 Gy.
Dosimetric planning was performed with an Eclipse
(Varian) treatment planning system. Patients were
assessed by their radiation oncologist every 5 fractions.

Outcomes

Radiation breaks were defined as documented breaks
or calculated elapsed days >2 days from expected
completion date without documentation of a break.
RTOG grade 3þ toxicities (G3þ) were noted from



Table 1 Patient characteristics

Characteristics All patients (n Z 89) Age �80 y (n Z 49) Underwent surgery* (n Z 21)

Age, median (IQR) 80 (76-84) 84 (82-86) 77 (76-78)
Male, n (%) 69 (78) 38 (78) 16 (76)
Adjusted CCI, median (range) 5 (3-12) 6 (4-12) 4 (3-6)
KPS, median (range) 80 (50-100) 85 (50-100) 90 (70-100)
Histology, n (%)
Adenocarcinoma 52 (58) 27 (55) 14 (67)
Squamous cell 35 (40) 20 (41) 7 (33)
Poorly differentiated 2 (2) 2 (4) 0 (0)

Location of primary, n (%)
Cervical 8 (9) 3 (6) 0 (0)
Upper-middle thoracic 21 (23.6) 13 (27) 2 (9.5)
Distal/GEJ 60 (67.4) 33 (67) 19 (90.5)

Stage, n (%)
I 4 (4.5) 2 (4.1) 0 (0)
II 16 (18) 10 (20.4) 2 (9.5)
III 55 (61.8) 29 (59.2) 17 (81)
IVy 14 (15.7) 8 (16.3) 2 (9.5)z

Year of treatment, n (%)
1997-2002 15 (16.9) 5 (10.2) 3 (14.3)
2003-2008 19 (21.3) 13 (26.5) 2 (9.5)
2009-2014 25 (28.1) 12 (24.5) 7 (33.3)
2015-2019 30 (33.7) 19 (38.8) 9 (42.9)

Follow-up (median, IQR) 16 mo (6-29) 16 mo (6-24) 24 mo (14-44)

Abbreviations: CCI Z Charlson Comorbidity Index; GEJ Z gastroesophageal junction; IQR Z interquartile range; KPS Z Karnofsky Performance
Status.

* Underwent preoperative chemoradiation and surgery. Excludes those who underwent upfront surgery and postop radiation.
y Includes 7 patients with distantly oligometastatic disease (stage IVB).
z All stage IVA (locoregionally advanced due to tumor and/or nodal disease, depends on histology).
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treatment start to 90 days posttreatment (acute) and from
90 days to last follow-up (late), and included toxicity
thought to be secondary to chemotherapy, radiation, or
surgery. Overall survival (OS) and progression-free sur-
vival (PFS) were calculated from treatment start. Emer-
gency department (ED) visits and intensive care unit
admissions during or within 30 days of treatment were
documented. Presence of gastrotomy or jejunostomy
tubes were categorized by placement before, during, or
after radiation; those placed as adjunct to surgery were
excluded. Follow-up visits typically occurred at 4 to 6
weeks post radiation therapy and at 6-month intervals
with CT and/or PET in the first 5 years.

Statistical analysis

Baseline characteristics were summarized as fre-
quencies for categorical variables and median values for
continuous variables. Chi-square and Fisher's exact test
(when observed cell counts were <5) were used for group
comparisons. OS and PFS were estimated using the
Kaplan-Meier method. Difference in survival between
groups was determined with the log-rank test.

Tests were 2-sided, and P < .05 was considered sta-
tistically significant. Statistical analyses were performed
with SAS University Edition version 3.8 (SAS Institute
Inc, Cary, NC). Survival graphs were generated with
Prism version 8 (GraphPad Software, San Diego, CA).

Results

Patient characteristics

Eighty-nine patients were eligible, and their charac-
teristics are summarized in Table 1. Median age at treat-
ment was 80 (interquartile range 76-84, with 7 patients
�90, age deidentified per Health Insurance Portability and
Accountability Act regulations), and 78% were male.
Median adjusted CCI and Karnofsky Performance Status
were 5 (3-12) and 80 (50-100), respectively. The majority
of tumors were adenocarcinoma (58%), distal (67%), and
stage III (62%). Seven (7.9%) patients had oligometastatic
IVB disease (distant metastases, M1).

Treatment regimens

Eighty-one patients (91%) received concurrent
chemotherapy, most commonly carboplatin-paclitaxel
(46%) or a platinum-fluoropyrimidine (30%). Median



Table 2 Treatment regimens

All patients (n Z 89) Age �80 y (n Z 49) Underwent surgery* (n Z 21)

Intent, n (%)
CRT without preoperative intent 52 (58) 33 (67) 0 (0)
CRT with preoperative intent 29 (33) 11 (22) 21 (100)
Definitive radiation alone 5 (6) 3 (6) 0 (0)
Postoperative radiation 3 (3) 2 (4) 0 (0)

Chemotherapy, n (%)
Carboplatin-paclitaxel 41 (46) 22 (45) 15 (71)
Platinum-fluoropyrimidine 27 (30) 12 (24) 6 (29)
Fluoropyrimidine alone 14 (16) 11 (22) 0 (0)
Other 2 (2) 1 (2) 0 (0)
None 5 (6) 3 (6) 0 (0)

Radiation
Dose, median (range) 50 Gy (45-66 Gy) 50 Gy (50-60 Gy) 50 Gy (45-55.8 Gy)
IMRT modality 68 (76%) 39 (80%) 17 (81%)

Abbreviations: CRT Z chemoradiation; IMRT Z intensity modulated radiation therapy.
* Underwent preoperative chemoradiation and surgery. Excludes those who underwent upfront surgery and postop radiation.
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prescribed radiation therapy dose was 50 Gy (45-66 Gy),
with IMRT used in 76%. There were 2 definitive che-
moradiation cases with prescribed dose of 45 Gy (both
squamous cell carcinomas); all other cases were pre-
scribed to at least 50 Gy.

Twenty-nine patients (33%) underwent preoperative
intent chemoradiotherapy (Table 2). The majority (72%)
treated with preoperative intent underwent surgery. Eight
patients did not undergo surgery because of performance
decline after chemoradiotherapy (n Z 3), disease pro-
gression (n Z 2), or patient preference (n Z 3). Surgery
was performed a median 60 days (range, 27-127 days)
after completing radiation therapy. Two patients demon-
strated complete pathologic response (both adenocarci-
nomas), and 15 were down-staged.

Three patients with presumed early stage cancers were
surgically upstaged and thus received postoperative che-
moradiotherapy. In these patients, radiation therapy was
delivered a median of 168 days (range, 109-160 days)
after surgery to a median dose of 50 Gy (range, 45-50 Gy)
and was given with concurrent chemotherapy.

Toxicities

Thirteen patients (15%) did not complete the planned
radiation therapy course (Table 3); they stopped at a
median dose of 28 Gy (range, 3.6-53.6 Gy) owing to
clinical decompensation or treatment intolerance. Two
patients deteriorated after unrelated hospitalizations
(inguinal hernia incarceration and hemorrhage of a psoas
metastasis). One patient had fatal hemoptysis in the
setting of thrombocytopenia.

Of those who did complete radiation therapy, 18 (20%)
required radiation therapy breaks (median, 3 days; range, 1-
10 days). Reasons for breaks could be determined for 61%of
patients and were mostly due to pharyngitis/mucositis/
dehydration. Three breaks were due to unrelated events
(hospitalizations for incarcerated hernia, ureteral stent
placement, and gastrointestinal bleed secondary to supra-
therapeutic international normalised ratio). For those
receiving concurrent chemotherapy, 30 (37%) were dose
reduced and 34 (39.5%) required a chemotherapy cycle
reduction or break primarily owing to G1 to G2 cytopenia (n
Z 10) and less commonly owing to mucositis/dehydration,
diarrhea, or hand-foot syndrome (from capecitabine). The
older age group demonstrated a higher proportion of
chemotherapy dose reductions/adjustments (Table 3).

Twenty-six patients (29%) had an ED visit during or
within 30days of completing radiation therapy.Themajority
of visits (41%) were for G3 dysphagia, and 19% were for
sepsis (primarily from aspiration pneumonia). Two patients
had intensive care unit admissions for fatal complications
(esophago-pleural fistula diagnosed during radiation therapy
course and fatal hemoptysis in the setting of thrombocyto-
penia). Feeding tubes were placed in 26% of patients; of
these, 52% were placed before radiation therapy, primarily
for prophylactic intent. In 2 cases, the feeding tube was
permanent (both placed before radiation therapy).

The rates of acuteG3,G4, andG5 toxicitywere 20%, 0%,
and 2%. The rates of late G3, G4, and G5 toxicity were 9%
(all for dysphagia/stricture requiring dilations), 2% (nZ 2,
nonfatal esophageal perforation/fistula), and 0%. Acute and
late G3þ toxicities differed by chemotherapy regimens:
platinum-fluoropyrimidine demonstrated higher G3þ tox-
icities versus carboplatin-paclitaxel (acute, 31% vs 17%, P
Z .004; late, 25% vs 5.5%, PZ .004), whereas fluoropyr-
imidine alone demonstrated the lowest toxicities (acute,
7.1%; late, 0%). Acute G3þ toxicity was also statistically
significantly different among adjusted CCI stratifications:
CCI 1 to 4 (30%), 9 to 12 (22%), then 5 to 8 (13%) (P Z
.012). Treatment breaks did not significantly differ among
the subgroups, but chemotherapy dose reductions/reduced



Table 3 Treatment outcomes

All patients
(n Z 89)

Age 75-79 y
(n Z 40)

Age �80 y* (n Z 49) Underwent surgeryy

(n Z 21)

Any RT or chemotherapy
break/dose
reduction/discontinuation,
n (%)

50 (58) 16 (40) 34 (74) P Z .01 8 (38) P Z .02

Radiation
Did not complete, n (%) 13 (15) 4 (10) 9 (18) P Z .27 0 (0) P Z .02
RT break, n (%) 18 (20) 7 (18) 11 (22) P Z .56 1 (5) P Z .03

RT break duration
(median, range)

3 days (1-10) 4 days (3-10) 3 days (1-9) 3 days (N/A)

Chemotherapy
Dose-reduced, n (%)z 30 (37) 5 (13) 25 (57) P < .001 3 (15) P Z .02
Chemo break, n (%) 10 (11.5) 4 (10) 6 (13) P Z .75 3 (14) P Z .70
Reduced
cycles/discontinuation,
n (%)

24 (28) 8 (20) 16 (34) P Z .14 3 (14) P Z .11

Underwent surgery, n (%) 21 of 89 (24) 16 of 40 (40) 5 of 49 (10) 21 of 21 (100)
Hospitalizations
ED visit, n (%) 26 (29) 11 (28) 15 (31) P Z .75 1 (5) P Z .003
ICU admission, n (%) 5x (5.6k) 4x (10) 1 (2) P Z .17 3x (14) P Z .08

Acute toxicities, n (%)
G3 18 (20) 6 (15) 8 (16) P Z .31 3# (14) P Z .19
G4/G5 0 (0)/2 (2) 0 (0)/1 (2.5) 0 (0)/1 (2) P Z .50 0 (0)/0 (0) P Z .58

Late toxicities,** n (%)
G3 8 (9) 6 (15) 0 (0) P Z .01 2 (9) P Z .33
G4/5 2 (2)/0 (0) 2 (5)/0 (0) 0 (0)/0 (0) P Z .19 1 (5)/0 (0) P Z .39

30-day mortality 4 (4) 1 (4) 3 (6) P Z .30 0 (0) P Z .33
90-day mortality 13 (15) 5 (15) 8 (16) P Z .61 0 (0) P Z .02
G/J tube, n (%) 23 (26) 8 (20) 15 (31) P Z .19 4 (19) P Z .23
Placed before RT 12 (52) 3 (37.5) 9 (60) 2 (50)

Abbreviations: EDZ emergency department; G3Z grade 3; G/JZ gastrotomy or jejunostomy; ICUZ intensive care unit; RTZ radiation therapy.
* P values (X2 or Fisher’s exact) reported compared with age 75 to 79; P value is bolded if significant (P < .05).
y Underwent preoperative chemoradiation and surgery. Excludes those who underwent upfront surgery and postop radiation. P values calculated

with Fisher’s exact (given observed cell counts <5), compared with those who did not undergo surgery. P value is bolded if significant (P <.05).
z Excludes cases where dose was unknown (n Z 3)
x Includes n Z 3 nonfatal postop complications in surgical group, which required ICU stay.
k Other cases: Fatal hemoptysis and complications from esophago-pleural fistula, which both occurred during RT course.
# All acute toxicities were dysphagia-related. Two were present preoperatively (and thus likely due to chemoradiotherapy), whereas the third was

present postoperatively (and thus likely due to surgery).
** All late toxicities were dysphagia-related.
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cycles were significantly different (15%, 30%, and 66%, for
CCI 1-4, 5-8, and 9-12, respectively, PZ .04).

Of the 21 patients who underwent surgery, 14% (n Z
3) had nonfatal acute surgical complications (acute res-
piratory distress syndrome, anastomotic leak, and
ventilation-dependence requiring tracheostomy). There
were no cases of 30- or 90-day mortality, and ED visits
were significantly less compared with those who did not
undergo surgery (P Z .003; Table 3).
Survival outcomes

For the entire cohort, median follow-up was 16
months (interquartile range, 6-29 months). Median OS
and PFS were 28 months (95% confidence interval
[CI], 18-45 months) and 15 months (CI, 9.1-25
months), respectively (Fig 1). One- and 2-year OS were
70% and 52%, respectively. Outcomes were similar
with the 3 postoperative radiation therapy patients and
7 oligometastatic patients excluded (73% and 54%,
respectively). Of the 34 patients (38%) who developed
progression, 16 (47%) had distant progression alone, 3
(9%) had synchronous distant and locoregional pro-
gression, and 15 (44%) had locoregional progression
alone. Patients with IVB disease demonstrated worse
median OS (3.1 months; 95% CI, 0.9-33 months vs 28
months; CI, 18-53 months, P Z .0003) and PFS (2.4
months; 95% CI, 0.5-33 months vs 15 months; CI, 9-25
months, P Z .005).



Figure 1 Overall survival (left panel) and progression-free survival (right panel). Overall study population is shown in the top panel,
stratification by age group is shown in the middle panel, and surgical management is shown in the bottom panel.
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Those who underwent a radiation break (n Z 18)
appeared to have worse OS compared with those who did
not, although the difference was not statistically signifi-
cant (median, 8 months; 95% CI, 1.88 months [non-
reportable upper limit] vs 28 months; CI, 19-62 months, P
Z .067). PFS was not statistically significant between the
2 groups (radiation therapy break median 6.5 months;
95% CI, 1.9 months [nonreportable upper limit] vs 17
months; CI, 9.4-25 months, P Z .45). There was no
difference in median OS or PFS for those who had a
chemotherapy dose-reduction/break/discontinuation (OS:
33 months; 95% CI, 18-53 months vs 38 months; CI, 9.0-
85 months, P Z .58; median PFS: 25 months; 95% CI,
9.6-45 months vs 9 months; CI, 4.9-25 months, P Z .11).

Given prior studies demonstrating worse outcomes in
octogenarians, and given the median age of our cohort
was 80, we compared outcomes between patients aged 75
to 79 and �80 years. Median survival between the groups
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was numerically but not statistically significantly different
(OS: 44 months; 95% CI, 15-122 months vs 23 months;
CI, 12-33 months, P Z .17; PFS: 18 months; 95% CI,
8.0-63 months vs 13 months; CI, 6.7-23 months,
P Z .31).

Patients who underwent preoperative chemo-
radiotherapy and surgery demonstrated significantly better
median OS (86 months; 95% CI, 28-133 months vs 19
months; CI, 10-33 months, P Z .009) and PFS (44
months; 95% CI, 25-133 months vs 9.8 months; CI, 6.5-
17 months, PZ .024). One- and 2-year OS were 95% and
84%. Of the 7 patients (33%) who progressed after sur-
gery, 4 (57%) had distant progression alone, 1 (14%) had
synchronous distant and locoregional progression, and 2
(29%) had locoregional progression alone; all of these
patients had residual pathologic disease (ypT2-4 ypN0-3).
Discussion

Since the publication of RTOG 85-01 and CROSS,1,2

standard of care for resectable locally advanced esopha-
geal cancer has comprised preoperative chemo-
radiotherapy followed by surgery. However, the efficacy
and tolerability of aggressive multimodality therapy in
elderly patients are not clear. We report our experience
with definitive radiation therapy for elderly patients, over
half of whom were �80 years of age, and found survival
comparable to historical outcomes.

A National Cancer Database analysis of over 4000
patients with locally advanced esophageal cancer treated
with definitive chemoradiation showed 3-year OS of 24%;
median age was 67 years (range, 22-90 years).16 Several
randomized trials have demonstrated 2-year OS ~35% to
40% and 5-year OS ~20% for all-comers treated with
definitive chemoradiotherapy,2,17-19 typically in cohorts
with median age in the mid-60s. Although cross-
retrospective comparisons have significant limitations,
our older age cohort demonstrated 3-year OS of 44%,
suggesting reasonable outcomes. The CROSS trial re-
ported 3-year OS ~60% in patients who underwent tri-
modality treatment, with median OS ~50 months; median
age of the CROSS cohort was 60 years. The surgical
patients from our study were aged 75 to 85 and demon-
strated 3-year OS of 75%, again within limitations of a
cross-study comparison and short follow-up. Overall, our
results demonstrate favorable survival outcomes in care-
fully selected elderly patients who undergo multimodality
treatment, similar to other retrospective studies that have
focused on elderly cohorts, typically aged 65 to 70 years
and up,9-11,13 including a recent systematic review of 19
retrospective studies.10 In this review, despite favorable
survival outcomes, a high rate of toxicities was noted with
definitive bi/trimodality treatment, similar to our study.
G3þ toxicities were 22% to 36% in the chemo-
radiotherapy group and 27% to 69% in the trimodality
group. Our reported surgical complications were low,
possibly owing to careful patient selection and optimal
surgical techniques anticipated from a specialized high-
volume center.

A recent Japanese retrospective study evaluated out-
comes in elderly patients with a higher age threshold of
�7520 and similarly found good oncologic outcomes,
with 2-year OS of 53%; notably, patients older than 80
years demonstrated decreased tolerance for concurrent
chemotherapy, were less likely to receive chemotherapy,
and still demonstrated higher G3þ toxicities compared
with the younger elderly patients. Other retrospective
studies have similarly suggested decreased tolerance/sur-
vival benefit of chemotherapy in patients over 80,21 un-
like younger elderly cohorts.22 In our study, we similarly
saw a higher prevalence of chemotherapy dose reductions
in this older age group, although there did not appear to
be increased toxicity, possibly owing to planned rather
than reactionary dose reductions. Notably, patients with
metastatic disease demonstrated poor survival despite
definitive treatment. Although conclusions are limited by
the small sample size of this group (nZ 7) and long study
period (2000-2018), with changes in practice patterns and
treatment techniques, these results highlight the impor-
tance of patient selection.

The majority of patients in our study received con-
current chemotherapy. Only 4 received definitive radia-
tion therapy alone, either due to patient refusal or a
medical contraindication, such as myelodysplasia. Almost
one-quarter of patients underwent surgery, with good
surgical outcomes; there was no 90-day postoperative
mortality, and there were only 3 instances of nonfatal
acute surgical complications. Notably, our overall and
surgical study populations represent a favorable group of
elderly patients, with minimal comorbidities. Although
rates of life-threatening and fatal toxicities were low, a
significant proportion of patients had grade 3 toxicity,
radiation therapy/chemotherapy breaks, and ED visits.
The majority of acute G3þ toxicities were attributed to
chemotherapy-induced cytopenia and dysphagia (often
difficult to ascertain from tumor- vs treatment-related);
these were also primary reasons for treatment breaks.
We were unable to find a correlation between age and
toxicity apart from significantly lower late G3 toxicity
among those �80 years of age. We suspect this may be
due to increased dose reductions in this group versus
limitations in follow-up documentation. These data
emphasize a critical role of rigorous supportive care; for
example, prophylactic intravenous hydration, nutrition
consults, and more frequent on-treatment visits toward the
end of treatment could reduce the number of ED visits
and treatment breaks in this vulnerable population. Acute
nonfatal toxicities were highest among those with low
CCI, which may in part be due to more intense chemo-
therapy/fewer dose reductions; notably, there are limita-
tions with CCI, as it includes a select group of
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comorbidities and does not necessarily correlate with
frailty. As may be expected, our data showed higher
nonfatal acute toxicity among platinum-fluoropyrimidine
versus carboplatin-paclitaxel regimens, and lowest
toxicity among fluoropyrimidine alone. Carboplatin-
paclitaxel is considered more tolerable than platinum-
fluoropyrimidine based on comparison of the CROSS
trial with historical controls (ie, RTOG 8501 and Inter-
group [INT] 0123) and retrospective studies.1,23-25 The
ongoing PReoperative Chemoradiation for Resectable
Esophageal and Junctional Cancer (PROTECT-1402)
phase II trial will compare preoperative folinic acid, 5-
FU, and oxaliplatin to carboplatin-paclitaxel.26 Single-
agent chemotherapy typically is considered non-
curative27; notably, 20% of our study population received
fluoropyrimidine alone.

Further optimization of therapy can also reduce
toxicity. The European CROSS trial used a preoperative
radiation dose to 41.4 Gy in 23 fractions. Our institutional
practice has been to use a preoperative dose of �45 Gy.
Thus, we defined definitive dose as �45 Gy. In the
nonsurgical setting, most practitioners consider �50 Gy
as definitive per the negative dose-escalation study
INT0123.28 In our study, there were 2 cases of definitive
chemoradiotherapy with 45 Gy (both were squamous cell
carcinomas, which is thought to be more radiosensitive
with increased pathologic complete response, as reflected
in the CROSS trial). All other cases were prescribed to
�50 Gy. Although there is no convincing prospective
data for dose-escalation >50 Gy, there were limitations/
criticisms of INT0123. Thus, some practitioners still
escalate to 60 to 70 Gy,29 particularly for adenocarci-
noma, which is thought to be more radioresistant.1

Optimal radiation technique has also not been well
evaluated, as there are no prospective trials comparing
IMRT versus 3D conformal radiation therapy in esopha-
geal cancer.30 The majority of our cohort were treated
with IMRT after its introduction at our institution in the
late 1990s. Most seminal trials, including CROSS, used
3D conformal radiotherapy. Given the conformality of
IMRT, it theoretically could reduce toxicity to allow for
dose escalation. With advances in the planning and de-
livery of conformal radiation, there has also been growing
interest in hypofractionation (>2 Gy per daily fraction
with lower cumulative dose).31 This approach may be
beneficial for elderly patients given reduced treatment
duration with potentially improved tolerability.

Study limitations are primarily due to the retrospective
nature and associated inherent biases. It was single
institutional, which may limit generalizability, and the
study duration spanned over 2 decades, during which time
treatment techniques have evolved/improved. There was
inconsistent documentation regarding posttreatment PET/
CTs and endoscopies, which limited our ability to report
clinical response. Toxicity assessment may be incomplete,
as we relied on radiation oncology on-treatment notes
(which contain weekly toxicity assessments) for grading
of acute toxicity during radiation therapy, whereas
toxicity after radiation therapy was determined indirectly
based on follow-up notes. Attributing toxicity to different
treatment modalities retrospectively was challenging, and
hence not attempted to avoid bias. Furthermore, the effect
of treatment on patient-reported toxicity and quality of life
are critical areas for research in future prospective studies,
given known discrepancies between patient- and
physician-reported toxicities.32 Retrospective assessment
of chemotherapy doses and duration of feeding tubes may
also be incomplete.
Conclusions

Definitive treatment for esophageal cancer should not
be withheld for carefully selected elderly patients. How-
ever, given the high rate of G3þ toxicities and treatment
breaks or dose-reductions, patient selection and proactive
supportive care are critical. We were not able to find clear
correlatives of who may be at highest risk for toxicity, and
prospective studies are needed to better assess outcomes
in elderly patients receiving definitive therapy and to
optimize chemoradiotherapy regimens and surgical in-
dications/techniques in this unique population.
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