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Original Investigation | Oncology

Association of Radiotherapy Duration With Clinical Outcomes in Patients
With Esophageal Cancer Treated in NRG Oncology Trials
A Secondary Analysis of NRG Oncology Randomized Clinical Trials
Christopher L. Hallemeier, MD; Jennifer Moughan, MS; Michael G. Haddock, MD; Arnold M. Herskovic, MD; Bruce D. Minsky, MD; Mohan Suntharalingam, MD;
Kenneth L. Zeitzer, MD; Madhur K. Garg, MD; Bruce D. Greenwald, MD; Ritsuko U. Komaki, MD; Lindsay L. Puckett, MD; Hyun Kim, MD; Shane Lloyd, MD;
David A. Bush, MD; Harold E. Kim, MD; Thomas E. Lad, MD; Joshua E. Meyer, MD; Gordon S. Okawara, MD; Adam Raben, MD; Tracey E. Schefter, MD;
Jerry L. Barker Jr, MD; Carla I. Falkson, MD; Gregory M. M. Videtic, MD; Rojymon Jacob, MD; Kathryn A. Winter, MS; Christopher H. Crane, MD

Abstract

IMPORTANCE For many types of epithelial malignant neoplasms that are treated with definitive
radiotherapy (RT), treatment prolongation and interruptions have an adverse effect on outcomes.

OBJECTIVE To analyze the association between RT duration and outcomes in patients with
esophageal cancer who were treated with definitive chemoradiotherapy (CRT).

DESIGN, SETTING, AND PARTICIPANTS This study was an unplanned, post hoc secondary analysis
of 3 prospective, multi-institutional phase 3 randomized clinical trials (Radiation Therapy Oncology
Group [RTOG] 8501, RTOG 9405, and RTOG 0436) of the National Cancer Institute–sponsored NRG
Oncology (formerly the National Surgical Adjuvant Breast and Bowel Project, RTOG, and Gynecologic
Oncology Group). Enrolled patients with nonmetastatic esophageal cancer underwent definitive CRT
in the trials between 1986 and 2013, with follow-up occurring through 2014. Data analyses were
conducted between March 2022 to February 2023.

EXPOSURES Treatment groups in the trials used standard-dose RT (50 Gy) and concurrent
chemotherapy.

MAIN OUTCOMES AND MEASURES The outcomes were local-regional failure (LRF), distant failure,
disease-free survival (DFS), and overall survival (OS). Multivariable models were used to examine the
associations between these outcomes and both RT duration and interruptions. Radiotherapy
duration was analyzed as a dichotomized variable using an X-Tile software to choose a cut point and
its median value as a cut point, as well as a continuous variable.

RESULTS The analysis included 509 patients (median [IQR] age, 64 [57-70] years; 418 males [82%];
and 376 White individuals [74%]). The median (IQR) follow-up was 4.01 (2.93-4.92) years for
surviving patients. The median cut point of RT duration was 39 days or less in 271 patients (53%) vs
more than 39 days in 238 patients (47%), and the X-Tile software cut point was 45 days or less in 446
patients (88%) vs more than 45 days in 63 patients (12%). Radiotherapy interruptions occurred in
207 patients (41%). Female (vs male) sex and other (vs White) race and ethnicity were associated
with longer RT duration and RT interruptions. In the multivariable models, RT duration longer than 45
days was associated with inferior DFS (hazard ratio [HR], 1.34; 95% CI, 1.01-1.77; P = .04). The HR for
OS was 1.33, but the results were not statistically significant (95% CI, 0.99-1.77; P = .05).
Radiotherapy duration longer than 39 days (vs �39 days) was associated with a higher risk of LRF
(HR, 1.32; 95% CI, 1.06-1.65; P = .01). As a continuous variable, RT duration (per 1 week increase) was
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Abstract (continued)

associated with DFS failure (HR, 1.14; 95% CI, 1.01-1.28; P = .03). The HR for LRF 1.13, but the result
was not statistically significant (95% CI, 0.99-1.28; P = .07).

CONCLUSIONS AND RELEVANCE Results of this study indicated that in patients with esophageal
cancer receiving definitive CRT, prolonged RT duration was associated with inferior outcomes;
female patients and those with other (vs White) race and ethnicity were more likely to have longer RT
duration and experience RT interruptions. Radiotherapy interruptions should be minimized to
optimize outcomes.

JAMA Network Open. 2023;6(4):e238504. doi:10.1001/jamanetworkopen.2023.8504

Introduction

Radiotherapy (RT) and chemoradiotherapy (CRT) are used for the curative treatment of many
epithelial malignant neoplasms. Treatment-related toxic effects may lead to treatment interruptions
and prolonged treatment duration. In the curative treatment of head and neck, lung, cervical, and
anal cancer with RT and/or CRT, treatment interruptions and prolonged treatment duration have
been associated with inferior tumor local control and/or survival.1-9 Additionally, meta-analyses of
randomized clinical trials in head and neck cancer and lung cancer have demonstrated that
accelerated RT regimens that reduce the RT duration are associated with improved tumor control
and survival compared with conventional fractionation RT regimens.10,11 It is hypothesized that these
observations are related to the accelerated repopulation of tumor clonogen after the initiation of
treatment.1

In patients with esophageal cancer who were treated with definitive CRT, the effect of RT
treatment interruptions and prolonged RT duration on local control and survival has not been well
studied. This topic is of elevated relevance and importance in the context of the COVID-19 pandemic,
which may force difficult decisions regarding potential disruptions in delivery of RT for patients with
esophageal cancer.12 The purpose of this study was to analyze the association between RT duration
and outcomes in patients with esophageal cancer who were treated with definitive CRT in trials of
the National Cancer Institute–sponsored NRG Oncology (formerly known as the National Surgical
Adjuvant Breast and Bowel Project, Radiation Therapy Oncology Group [RTOG], and Gynecologic
Oncology Group13-17). It was hypothesized that RT interruptions and prolonged RT duration would be
associated with inferior outcomes.

Methods

Patient Cohorts and Treatment
This unplanned, post hoc secondary analysis included evaluable patients with nonmetastatic
esophageal cancer who underwent definitive CRT in the RTOG 8501, RTOG 9405 (NCT00002631),
and RTOG 0436 (NCT00655876) randomized clinical trials, with follow-up through 2014
(Figure).13-16 For each of the 3 NRG Oncology trials, patients provided written informed consent. The
protocol, protocol amendments, and informed consent documents were approved by the
institutional review board or ethics committee at each trial site (Supplements 1-3). We followed the
Consolidated Standards of Reporting Trials (CONSORT) reporting guideline, where applicable.

RTOG 8501, which was conducted between January 1986 and April 1990 and predated
ClinicalTrials.gov, was a prospective, multi-institutional randomized phase 3 trial that compared high-
dose RT alone with CRT.13-15 This secondary analysis included only patients in the group who received
CRT. Radiotherapy was 50 Gy in 25 fractions delivered 5 days per week over 5 weeks. Chemotherapy
was cisplatin, 75 mg/m2, delivered on day 1 of weeks 1, 5, 8, and 11 and fluorouracil, 1000 mg/m2,
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delivered on days 1 to 4 of weeks 1, 5, 8, and 11. The protocol mandated treatment interruption for an
absolute neutrophil count less than 1 × 109/L or platelets less than 100 × 109/L.

RTOG 9405, which was conducted between June 1995 and July 1999, was a prospective, multi-
institutional randomized phase 3 trial that compared standard-dose CRT with high-dose CRT.17 This
secondary analysis included only patients in the group who received standard-dose CRT.
Radiotherapy was 50.4 Gy in 28 fractions delivered 5 days per week over 5.5 weeks. Chemotherapy
was cisplatin, 75 mg/m2, delivered on day 1 of weeks 1 and 5 and fluorouracil, 1000 mg/m2, delivered
on days 1 to 4 of weeks 1 and 5. An additional cycle of fluorouracil and cisplatin was administered 4
weeks after completion of CRT. The protocol mandated treatment interruption for National Cancer
Institute Common Toxicity Criteria grade 3 or higher toxic effects possibly related to RT.

RTOG 0436, which was conducted between June 2008 and February 2013, was a prospective,
multi-institutional randomized phase 3 trial that compared standard-dose CRT without cetuximab
and with cetuximab.16 Radiotherapy was 50.4 Gy in 28 fractions delivered 5 days per week over 5.5
weeks. Chemotherapy was cisplatin, 25 mg/m2, and paclitaxel, 50 mg/m2, delivered on days 1, 8, 15,
22, 29, and 36. Additionally, patients in the with-cetuximab group received cetuximab, 400 mg/m2,
delivered on day 1 and cetuximab, 250 mg/m2, delivered on days 8, 15, 22, 29, and 36.

RT Duration and RT Interruptions
Radiotherapy duration was defined as the interval from the date of the first fraction of RT to the date
of the last fraction of RT. Radiotherapy duration was analyzed as a dichotomized variable using its
median value as a cut point, using X-Tile software (Yale School of Medicine) to choose a cut-point
value, and as a continuous variable.18 The X-Tile software cut point was generated using disease-free
survival (DFS) as the end point. Radiotherapy interruption was defined as a temporary
discontinuation of RT (for any reason) as indicated by the investigator on the data collection form.

Outcomes Assessed
Outcomes assessed included local-regional failure (LRF), distant failure (DF), DFS, and overall survival
(OS). Local failure was defined as disease recurrence or progression in the primary tumor. Patients
who never had a local clearance were considered to have failure at day 1. Regional failure was defined
as a recurrence or progression in regional lymph nodes. In the RTOG 8501 trial, nodal failure was
considered to be disease present in the cervical, supraclavicular, scalene, celiac, abdominal (gastric),
and other (esophageal, mediastinal, and intrathoracic) lymph nodes. In the RTOG 9405 trial, nodal
failure was considered to be disease present in the cervical, supraclavicular, scalene, hilar,
mediastinal, and abdominal (epigastric) lymph nodes. In the RTOG 0436 trial, nodal failure was
considered to be nodal disease progression within the radiated field or recurrence after complete
response in the radiated field. Local-regional failure was defined as local failure and/or regional
failure. Distant failure was defined as disease progression in the liver, peritoneum, lung, distant lymph

Figure. Study Flow Diagram

202 Patients included in RTOG 8501 236 Patients included in RTOG 9405 344 Patients included in RTOG 0436

117 Received chemotherapy + RT 105 Received chemotherapy + RT 287 Received chemotherapy + RT

85 Patients not analyzable
63 High-dose RT alone group

(64 Gy)
11 Ineligible/inevaluable/

withdrawn/no RT
11 RT dose <50 Gy

57 Patients not analyzable
63 Ineligible/inevaluable/

withdrawn/no RT
11 RT dose < 50 Gy

57 Patients not analyzable
26 Ineligible/inevaluable/

withdrawn/no RT
31 RT dose < 50 Gy

131 Patients not analyzable
118 Chemotherapy + high-dose

RT group (64.8 Gy)
11 Ineligible/inevaluable/

withdrawn/no RT
2 RT dose <50 Gy

509 Total

RT indicates radiation therapy; RTOG, Radiation Therapy Oncology Group.
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nodes, or other sites. Disease-free survival was defined as freedom from death, LRF, and DF. Overall
survival was defined as freedom from death due to any cause. For LRF and DF, death without failure
was a competing risk. All outcomes were measured from the date of randomization to the date of
death or failure.

Statistical Analysis
All data analyses were performed between March 2022 and February 2023 using SAS, version 9.4
(SAS Institute Inc). A 2-sided P < .05 was considered to be significant.

Local-regional failure and DF were estimated in the univariable analysis using the cumulative
incidence method, and dichotomized RT duration and RT interruptions were compared using the
Gray test.19,20 Overall survival and DFS were estimated in the univariable analysis with the Kaplan-
Meier method, and dichotomized RT duration and RT interruptions were compared using the
log-rank test.21,22 Univariable and multivariable Cox proportional hazards regression models were
used to examine the correlation between RT duration and RT interruptions with OS and DFS.
Univariable and multivariable Fine-Gray regression models were used to investigate the effects of RT
duration and RT interruptions on LRF and DF.23,24 Separate models were built to assess RT duration
and RT interruptions. In all modeling, the NRG Oncology trial (RTOG 8501, RTOG 9405, or RTOG
0436) was forced into the models along with RT duration and RT interruptions. The trial was used to
account for time and the changing of treatment over time.

For the multivariable analyses, after RT duration or RT interruptions and the NRG Oncology trial
were forced into the models, a stepwise selection procedure was used to choose other variables
using an α � .05 level as the entry and exit criteria for the model building. The following additional
variables were assessed in the models: age (continuous); sex (male vs female); race and ethnicity,
which were derived from electronic health records and categorized as White vs other (including
Black, Asian, and other in the RTOG 8501 trial; Black or African American, Hispanic, Native American
[Aleutian, American Indian, and Eskimo], Native Hawaiian or other Pacific Islander, and Asian
[Chinese, Japanese, Korean, and Southeast Asian] in the RTOG 9405 trial; and American Indian or
Alaska Native, Asian, Black or African American, more than 1 race, and unknown in the RTOG 0436
trial); Zubrod performance status score (0 vs 1 or 2); histological subtype (squamous cell vs
adenocarcinoma); primary tumor size (<5cm vs �5 cm); weight loss (<10% vs �10%); N category
(NX or N1 vs N0); and 80% or greater of protocol-specified concurrent chemotherapy (yes vs no).

Results

The cohort included 509 patients, of whom 117 evaluable patients were from the RTOG 8501 trial,
105 evaluable patients were from the RTOG 9405 trial, and 287 evaluable patients were from the
RTOG 0436 trial (Figure; Table 1). Patients had a median (IQR) age of 64 (57-70) years and included
418 males (82%) and 91 females (18%) as well as 376 White individuals (74%) and 133 (26%)
individuals with other race and ethnicity. The median (IQR) RT duration was 39 (38-43) days.
Radiotherapy interruptions occurred in 207 patients (41%). The median (IQR) follow-up was 1.55
(0.73-3.25) years for all patients and 4.01 (2.93-4.92) years for surviving patients (Table 1).

With the median value as a cut point, RT duration was 39 days or less in 271 patients (53%) and
more than 39 days in 238 patients (47%) (eTable 2 in Supplement 4). With the X-Tile software cut
point, RT duration was 45 days or less in 446 patients (88%) and more than 45 days in 63 patients
(12%). In analysis of pretreatment characteristics by RT duration, female (vs male) sex and other (vs
White) race and ethnicity were associated with RT duration longer than 45 days (eTable 1 in
Supplement 4). Patients with RT duration of more than 45 days were more likely to be female vs male
(18 of 63 [29%] vs 73 of 446 [16%]; P = .02), and there were more patients with other vs White race
and ethnicity (23 of 63 [37%] vs 110 of 446 [25%]) with RT duration of more than 45 days. Patients
with RT interruptions were more likely to have other vs White race and ethnicity (31% vs 23%;
P = .04), have a Zubrod score of 1 or 2 vs 0 (57% vs 46%; P = .02), and have a tumor size of 5 cm or
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larger vs smaller than 5 cm (70% vs 59%; P = .01). More female than male patients had RT
interruptions (22% vs 15%; P = .06) (eTable 3 in Supplement 4).

Outcomes for RT Duration Dichotomized by X-Tile Software Cut Point
In univariable analysis, RT duration longer than 45 days (vs �45 days) was associated with inferior
LRF and DFS and a pattern of inferior OS (eFigure 1 in Supplement 4). After controlling for an NRG
Oncology trial, RT duration longer than 45 days (vs �45 days) remained associated with increased
risk of having a DFS failure (hazard ratio [HR], 1.41; 95% CI, 1.07-1.86; P = .01). The HR for LRF was
1.38, but the results were not statistically significant (95% CI, 0.99-1.90; P = .05) (eTable 4 in
Supplement 4). After controlling for an NRG Oncology trial, sex, Zubrod score, tumor size, N
category, histological subtype, and 80% or greater protocol-specified concurrent chemotherapy, RT
duration longer than 45 days (vs �45 days) was associated with increased risk of having a DFS failure
(HR, 1.34; 95% CI, 1.01-1.77; P = .04). The HR for OS was 1.33, but the results were not statistically

Table 1. Patient, Tumor, and Treatment Characteristics

Characteristic No. (%)
No. of patients 509

Age, median (IQR), y 64 (57-70)

Sex

Male 418 (82)

Female 91 (18)

Race and ethnicitya

White 376 (74)

Otherb 133 (26)

Zubrod score

0 254 (50)

1 or 2 255 (50)

Histological subtype

Adenocarcinoma 217 (43)

Squamous 292 (57)

Tumor size, cm

<5 187 (37)

≥5 322 (63)

T category

T1 33 (6)

T2 156 (31)

T3 271 (53)

T4 26 (5)

TX 22 (4)

Unknown 1 (<1)

N category

N0 263 (52)

N1 222 (44)

NX 24 (5)

NRG Oncology trial

RTOG 0436 287 (56)

RTOG 8501 117 (23)

RTOG 9405 105 (21)

≥80% Of protocol-specified concurrent chemotherapy

No 42 (8)

Yes 467 (92)

RT dose, median (IQR), Gy 50.4 (50.4-50.4)

RT duration, median (IQR), d 39 (38-43)

Abbreviations: Gy, gray; RT, radiation therapy; RTOG,
Radiation Therapy Oncology Group.
a Race and ethnicity were derived from electronic

health records.
b Other category included Black, Asian, and other in

the RTOG 8501 trial; Black or African American,
Hispanic, Native American (Aleutian, American
Indian, and Eskimo), Native Hawaiian or other Pacific
Islander, and Asian (Chinese, Japanese, Korean, and
Southeast Asian) in the RTOG 9405 trial; and
American Indian or Alaska Native, Asian, Black or
African American, more than 1 race, and unknown in
the RTOG 0436 trial.
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significant (95% CI, 0.99-1.77; P = .05) (Table 2). The association of RT duration longer than 45 days
(vs �45 days) with LRF was not maintained in multivariable analysis (Table 2).

Exploratory analysis was performed within cohorts of patients with a squamous cell carcinoma
or adenocarcinoma histological subtype. In univariable analysis in the squamous cell carcinoma
cohort, RT duration longer than 45 days (vs �45 days) was associated with inferior LRF and DFS
(eTable 5 in Supplement 4). In univariable analysis in the adenocarcinoma cohort, RT duration longer
than 45 days (vs �45 days) was not associated with outcomes (eTable 6 in Supplement 4).

Outcomes for RT Duration as a Continuous Variable
After controlling for an NRG Oncology trial, a 1-week increase in RT duration was associated with a
17% increased risk of having a DFS failure (HR, 1.17; 95% CI, 1.04-1.32; P = .009) and an LRF (HR, 1.17;
95% CI, 1.04-1.31; P = .01) (eTable 7 in Supplement 4). After controlling for an NRG Oncology trial,

Table 2. Multivariable Models: Radiation Therapy Duration (N = 509 Patients)

Variablea

OS (n = 409 deaths) DFS (n = 445 failures) LRF (n = 288 failures) DF (n = 219 failures)

HR (95% CI) P valueb HR (95% CI) P valueb HR (95% CI) P valueb HR (95% CI) P valueb

RT duration

≤45 d 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

>45 d 1.33 (0.99-1.77) .05 1.34 (1.01-1.77) .04 1.25 (0.90-1.75) .18 0.80 (0.52-1.24) .32

NRG Oncology trial

RTOG 0436 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

RTOG 8501 1.10 (0.84-1.44) .50 1.02 (0.77-1.35) .88 1.19 (0.89-1.59) .25 0.79 (0.54-1.15) .22

RTOG 9405 0.95 (0.73-1.25) .73 1.06 (0.81-1.40) .67 1.33 (0.99-1.78) .05 1.00 (0.69-1.45) .99

Age (continuous; unit increase = 10 y) NA NA 0.86 (0.77-0.97) .01 0.84 (0.73-0.97) .02

Sex

Female 1 [Reference] NA 1 [Reference] NA NA NA NA NA

Male 1.51 (1.15-1.99) .003 1.32 (1.01-1.71) .04 NA NA

Race and ethnicityc

White NA NA NA NA

Otherd NA NA NA NA

Zubrod score

0 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA NA NA

1 or 2 1.26 (1.04-1.54) .02 1.27 (1.05-1.53) .01 1.31 (1.05-1.63) .02 NA

Tumor size, cm

<5 1 [Reference] NA 1 [Reference] NA NA NA 1 [Reference] NA

≥5 1.43 (1.15-1.78) .001 1.31 (1.07-1.61) .01 NA NA 1.35 (1.01-1.80) .04

N category

N0 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA NA NA

NX or N1 1.37 (1.10-1.70) .005 1.35 (1.10-1.67) .005 1.36 (1.07-1.74) .01 NA NA

Histological subtype

Adenocarcinoma NA NA 1 [Reference] NA NA NA 1 [Reference] NA

Squamous NA 0.77 (0.61-0.96) .02 NA 0.60 (0.44-0.80) <.001

≥80% Of protocol-specified
concurrent chemotherapy

No NA NA 1 [Reference] NA NA NA NA NA

Yes NA NA 0.67 (0.48-0.93) .02 NA NA NA NA

Abbreviations: DF, distant failure; DFS, disease-free survival; HR, hazard ratio; LRF, local-
regional failure; NA, not applicable; OS, overall survival; RT, radiation therapy; RTOG,
Radiation Therapy Oncology Group.
a RT duration and NRG Oncology trial were included in each model, and other variables

were included if P < .05.
b P values were from the Cox proportional hazards regression model (OS/DFS) or the

Fine-Gray regression model (LRF/DF).

c Race and ethnicity were derived from electronic health records.
d Other category included Black, Asian, and other in the RTOG 8501 trial; Black or African

American, Hispanic, Native American (Aleutian, American Indian, and Eskimo), Native
Hawaiian or other Pacific Islander, and Asian (Chinese, Japanese, Korean, and
Southeast Asian) in the RTOG 9405 trial; and American Indian or Alaska Native, Asian,
Black or African American, more than 1 race, and unknown in the RTOG 0436 trial.
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sex, Zubrod score, tumor size, N category, histological subtype, and 80% or greater protocol-
specified concurrent chemotherapy, a 1-week increase in RT duration was associated with a 14%
increased risk of having a DFS failure (HR, 1.14; 95% CI, 1.01-1.28; P = .03) (Table 3). The HR for LRF
was 1.13, but the results were not statistically significant (95% CI, 0.99-1.28; P = .07) (Table 3).

Outcomes for RT Duration Dichotomized by Median
In univariable analysis, RT duration longer than 39 days (vs �39 days) was associated with a higher
risk of LRF but not DF, DFS, or OS (eFigure 2 in Supplement 4). After controlling for an NRG Oncology
trial, RT duration longer than 39 days (vs �39 days) remained associated with increased risk of
having an LRF (HR, 1.37; 95% CI, 1.10-1.71; P = .004) (eTable 8 in Supplement 4). After controlling for
an NRG Oncology trial, age, Zubrod score, and N category, RT duration longer than 39 days (vs �39
days) was still associated with increased risk of having an LRF (HR, 1.32; 95% CI, 1.06-1.65; P = .01)
(eTable 9 in Supplement 4). Radiotherapy duration longer than 39 days (vs �39 days) was not
associated with OS, DFS, or DF in multivariable analysis.

Table 3. Multivariable Models: Radiation Therapy Duration, Continuous (N = 509 Patients)

Variablea

OS (n = 409 deaths) DFS (n = 445 failures) LRF (n = 288 failures) DF (n = 219 failures)

HR (95% CI) P valueb HR (95% CI) P valueb HR (95% CI) P valueb HR (95% CI) P valueb

RT duration (continuous; unit increase = 7 d) 1.08 (0.97-1.22) .17 1.14 (1.01-1.28) .03 1.13 (0.99-1.28) .07 0.87 (0.72-1.03) .11

NRG Oncology trial

RTOG 0436 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

RTOG 8501 1.11 (0.85-1.46) .45 1.06 (0.80-1.40) .71 1.21 (0.91-1.62) .19 0.76 (0.52-1.11) .15

RTOG 9405 0.96 (0.73-1.26) .76 1.08 (0.82-1.42) .59 1.33 (0.99-1.78) .05 0.99 (0.68-1.44) .95

Age (continuous; unit increase = 10 y) NA NA 0.86 (0.77-0.97) .01 0.84 (0.73-0.97) .02

Sex

Female 1 [Reference] NA 1 [Reference] NA NA NA NA NA

Male 1.50 (1.14-1.96) .004 1.31 (1.01-1.70) .045 NA NA

Race and ethnicityc

White NA NA NA NA NA NA NA NA

Otherd NA NA NA NA NA NA NA NA

Zubrod score

0 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA NA NA

1 or 2 1.26 (1.04-1.53) .02 1.27 (1.05-1.53) .01 1.30 (1.05-1.62) .02 NA NA

Tumor size, cm

<5 1 [Reference] NA 1 [Reference] NA NA NA 1 [Reference] NA

≥5 1.43 (1.15-1.78) .001 1.30 (1.06-1.60) .01 NA 1.36 (1.02-1.81) .04

N category

N0 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA NA NA

NX or N1 1.36 (1.10-1.69) .005 1.35 (1.10-1.67) .005 1.36 (1.07-1.73) .01 NA

Histological subtype

Adenocarcinoma NA NA 1 [Reference] NA NA NA 1 [Reference] NA

Squamous NA NA 0.76 (0.61-0.95) .02 NA NA 0.60 (0.45-0.81) <.001

≥80% Of protocol-specified
concurrent chemotherapy

No NA NA 1 [Reference] NA NA NA NA NA

Yes NA NA 0.68 (0.49-0.95) .02 NA NA NA NA

Abbreviations: DF, distant failure; DFS, disease-free survival; HR, hazard ratio; LRF, local-
regional failure; NA, not applicable; OS, overall survival; RT, radiation therapy; RTOG,
Radiation Therapy Oncology Group.
a RT duration and NRG Oncology trial were included in each model, and other variables

were included if P < .05.
b P values were from the Cox proportional hazards regression model (OS/DFS) or the

Fine-Gray regression model (LRF/DF).

c Race and ethnicity were derived from electronic health records.
d Other category included Black, Asian, and other in the RTOG 8501 trial; Black or African

American, Hispanic, Native American (Aleutian, American Indian, and Eskimo), Native
Hawaiian or other Pacific Islander, and Asian (Chinese, Japanese, Korean, and
Southeast Asian) in the RTOG 9405 trial; and American Indian or Alaska Native, Asian,
Black or African American, more than 1 race, and unknown in the RTOG 0436 trial.
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Outcomes for RT Interruptions
In univariable analysis, patients with RT interruptions (vs no interruptions) had patterns of inferior
DFS and LRF (eFigure 3 in Supplement 4). After controlling for an NRG Oncology trial, the HR for DFS
was 1.19, but the results were not statistically significant (95% CI, 0.99-1.44; P = .07) (eTable 10 in
Supplement 4). After adjusting for important variables, RT interruptions (vs no interruptions) were
not associated with OS, DFS, LRF, or DF in multivariable analysis (Table 4).

Discussion

In this secondary analysis of patients with esophageal cancer treated with definitive CRT in NRG
Oncology trials, the frequency of RT interruptions and the length of RT duration were characterized.
The association between RT interruptions and RT duration and outcomes, including LRF, DFS, and
OS, was examined. Key findings were (1) RT interruptions were common, occurring in 41% of

Table 4. Multivariable Models: Radiation Therapy Interruptions (N = 509 Patients)

Variablea

OS (n = 409 deaths) DFS (n = 445 failures) LRF (n = 288 failures) DF (n = 219 failures)

HR (95% CI) P valueb HR (95% CI) P valueb HR (95% CI) P valueb HR (95% CI) P valueb

RT interruptions

No 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

Yes 1.09 (0.89-1.33) .42 1.13 (0.93-1.36) .23 1.17 (0.94-1.46) .17 1.06 (0.81-1.39) .69

NRG Oncology trial

RTOG 0436 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

RTOG 8501 1.10 (0.84-1.45) .47 1.07 (0.81-1.42) .63 1.19 (0.89-1.60) .23 0.78 (0.54-1.14) .20

RTOG 9405 0.96 (0.73-1.25) .74 1.08 (0.82-1.42) .59 1.33 (0.99-1.78) .05 0.96 (0.66-1.39) .81

Age (continuous; unit increase = 10 y) NA NA 0.90 (0.82-0.99) .05 0.86 (0.76-0.96) .008 0.86 (0.74-0.99) .04

Sex

Female 1 [Reference] NA NA NA NA NA 1 [Reference] NA

Male 1.50 (1.14-1.97) .004 NA NA NA NA 1.52 (1.01-2.29) .05

Race and ethnicityc

White NA NA NA NA NA NA NA NA

Otherd NA NA NA NA NA NA NA NA

Zubrod score

0 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA NA NA

1 or 2 1.25 (1.03-1.52) .02 1.29 (1.07-1.56) .008 1.30 (1.05-1.62) .02 NA NA

Tumor size, cm

<5 1 [Reference] NA 1 [Reference] NA NA NA 1 [Reference] NA

≥5 1.43 (1.15-1.78) .001 1.30 (1.06-1.60) .01 NA NA 1.35 (1.01-1.81) .04

N category

N0 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA NA NA

NX or N1 1.36 (1.10-1.69) .005 1.37 (1.11-1.69) .003 1.37 (1.08-1.75) .01 NA NA

Histological subtype

Adenocarcinoma NA NA 1 [Reference] NA NA NA 1 [Reference] NA

Squamous NA NA 0.70 (0.56-0.87) .002 NA NA 0.64 (0.47-0.87) .004

≥80% Of protocol-specified
concurrent chemotherapy

No NA NA 1 [Reference] NA NA NA 1 [Reference] NA

Yes NA NA 0.64 (0.46-0.89) .008 NA NA 2.03 (1.03-4.01) .04

Abbreviations: DF, distant failure; DFS, disease-free survival; HR, hazard ratio; LRF, local-
regional failure; NA, not applicable; OS, overall survival; RT, radiation therapy; RTOG,
Radiation Therapy Oncology Group.
a RT duration and NRG Oncology trial were included in each model, and other variables

were included if P < .05.
b P values were from the Cox proportional hazards regression model (OS/DFS) or the

Fine-Gray regression model (LRF/DF).

c Race and ethnicity were derived from electronic health records.
d Other category included Black, Asian, and other in the RTOG 8501 trial; Black or African

American, Hispanic, Native American (Aleutian, American Indian, and Eskimo), Native
Hawaiian or other Pacific Islander, and Asian (Chinese, Japanese, Korean, and
Southeast Asian) in the RTOG 9405 trial; and American Indian or Alaska Native, Asian,
Black or African American, more than 1 race, and unknown in the RTOG 0436 trial.
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patients; (2) RT interruptions and prolonged RT duration were more common in female than male
patients and in those with other vs White race and ethnicity; and (3) RT interruptions and prolonged
RT duration were associated with worse LRF and DFS in several models, supporting the hypothesis
of correlation with inferior outcomes.

There are few published reports evaluating the effect of RT interruptions and duration on
outcomes for patients receiving definitive RT or CRT for esophageal cancer. In patients with localized
esophageal cancer treated with RT alone (without chemotherapy), a meta-analysis of 11 randomized
clinical trials conducted in mainland China found improved local control and survival following late-
course accelerated, hyperfractionated RT regimens that delivered 60 to 70 Gy in 5 to 6 weeks
compared with standard regimens delivering 60 to 70 Gy in 6 to 7 weeks.25 Crehange et al26

performed a post hoc analysis of a phase 3 randomized clinical trial examining the effect of a CRT
schedule on outcomes in 446 patients with esophageal cancer treated with CRT alone vs CRT
followed by surgery. The protocol allowed either continuous CRT (46 Gy in 4.5 weeks with 2 cycles of
fluorouracil and cisplatin, with an additional 20 Gy in 2 weeks administered to those who were
randomized to CRT alone) or split-course CRT (15 Gy in 1 week with fluorouracil and cisplatin followed
by a 2-week break, then 15 Gy in 1 week with fluorouracil and cisplatin, with a third course of 15 Gy
administered in 1 week to those who were randomized to CRT alone).26 Patients who received
continuous (vs split-course) CRT had improved local recurrence–free survival (2 years: 77% vs 57%;
P = .002) but similar survival.26 Di Fiore et al27 retrospectively compared outcomes at 2 French
centers, 1 of which used a continuous course regimen of 50 Gy in 25 fractions over 5 weeks with
fluorouracil and cisplatin (n = 74) and the other used a double-split course regimen of 60 Gy in 30
fractions over 10 weeks (3 courses of 20 Gy in 10 fractions with 2-week breaks) with fluorouracil and
cisplatin (n = 55). Patients who received continuous course treatment had a higher rate of complete
clinical response, but no differences were observed for other outcomes.27 Findings of these previous
studies along with those of the present analysis provide evidence to support the hypothesis that
prolonged RT duration has an adverse effect on disease control in patients receiving definitive CRT
for esophageal cancer.

In the context of the COVID-19 pandemic, patients and oncologists have faced substantial
uncertainty and challenging decisions, including consideration of cancer treatment breaks.
Recommendations have been proposed regarding management of esophageal cancer in the context
of COVID-19, but none specifically address the issue of RT interruptions.12,28 The appropriateness of
RT interruptions due to COVID-19 has been addressed in management guidelines for other solid
malignant neoplasms. For example, in a modified Delphi consensus process of ESTRO-ASTRO
(European Society for Radiotherapy and Oncology/American Society for Radiation Oncology) lung
cancer experts, there was lack of consensus regarding the decision to interrupt RT in patients with
COVID-19 receiving definitive CRT, with 57% of the panel recommending interruption and 43%
recommending continuation of RT.29 In an ESTRO-ASTRO panel of head and neck cancer experts,
there was strong agreement that definitive RT should not be interrupted for patients with mild
COVID-19 symptoms but should be interrupted for patients with severe COVID-19 symptoms until
they have fully recovered.30 On the basis of observations from the present study, the same guidance
for patients with esophageal cancer treated with definitive CRT could be recommended. Consistent
with the National Comprehensive Cancer Network guidelines, all patients with newly diagnosed
esophageal cancer who will be treated with definitive CRT are strongly recommended to undergo
COVID-19 vaccination to minimize the likelihood of SARS-CoV-2 infection and the potential need for
RT interruption.31

Patients with other race and ethnicity and/or female sex were more likely to experience RT
interruptions and prolonged RT duration. Race and ethnicity were not independently associated with
inferior outcomes in the multivariable models, although US population–based studies have observed
a higher rate of mortality in Black than in White patients with esophageal cancer, which may be
explained in part by higher T category at diagnosis and decreased use of surgery.32,33 In a study of
3744 patients with mixed cancer types receiving RT at a single academic center in the US between
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2015 and 2017, Black (compared with White) patients had a higher rate of RT interruptions (43% vs
29%).34 To our knowledge, the association between race and ethnicity and RT duration and
interruptions is a novel finding in the context of definitive CRT for esophageal cancer. Similarly, the
association between female sex and RT duration and interruptions is novel. Further work is needed to
confirm these findings and to investigate the factors associated with racial and sex disparities and
potential interventions to address these disparities.

Strengths and Limitations
Strengths of this study included the prospective data collection using NRG Oncology trials. Length of
follow-up was relatively long, with a median follow-up of 4 years for surviving patients. Additionally,
the cohort was relatively large with a relatively uncommon cancer.

Study limitations included the cohort not being sufficiently large to exclude the possibility of
modest, although clinically relevant, differences in survival associated with RT interruptions and
duration. There was an association between RT duration and inferior LRF, DFS, and OS in some, but
not all, models. Because this study was an unplanned post hoc analysis, we could not account for
potential sources of bias. Enrollment in these NRG Oncology trials spanned approximately 3 decades,
during which there were improvements in staging, RT planning and delivery, and supportive care.
Such changes contributed to the heterogeneity of these trials, although the trial was included as a
variable in the models to account for this heterogeneity. Furthermore, the trials were not associated
with OS, DFS, LRF, or DF in the multivariable models.

Conclusions

In this secondary analysis of 3 NRG Oncology randomized clinical trials, prolonged RT duration was
associated with inferior outcomes. Female patients and those with other race and ethnicity were
more likely to have prolonged RT duration and experience RT interruptions. Radiotherapy
interruptions should be minimized to optimize outcomes. As a practical recommendation, for a
patient starting a course of 28 fractions of RT on a Monday, the goal should be to complete the
treatment course by Friday of the sixth week (ie, <40 days). Treatment interruptions should be
minimized by using aggressive supportive care and interventions to reduce patient nonadherence. If
interruptions occur, incorporating weekend and/or twice-daily treatments, if appropriate, could be
considered to keep the treatment duration less than 40 days. Findings from the present study
suggest that investigating further reduction in RT duration (<5 weeks) might be warranted, such as
through use of moderate hypofractionation RT regimens.
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