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IMPORTANCE Severe acute esophagitis occurs in up to 20% of patients with locally advanced

lung cancer treated with chemoradiation therapy to at least 60 Gy once daily and represents

a dose-limiting toxic event associated with poor outcomes.

OBJECTIVE To assess whether formalized sparing of the contralateral esophagus (CE) is

associated with reduced risk of severe acute esophagitis.

DESIGN, SETTING, AND PARTICIPANTS This single-center phase 1 nonrandomized clinical trial

assessing an empirical CE-sparing technique enrolled patients from July 2015 to January

2019. In total, 27 patients with locally advanced non–small cell lung carcinoma (with or

without solitary brain metastasis) or limited-stage small cell lung carcinomawith gross tumor

within 1 cm of the esophagus were eligible.

INTERVENTIONS Intensity-modulated radiation therapy to 70 Gy at 2 Gy/fraction concurrent

with standard chemotherapy with or without adjuvant durvalumab. The esophageal wall

contralateral to gross tumor was contoured as an avoidance structure to guide a steep dose

falloff gradient. Target coverage was prioritized over CE sparing, and 99% of internal and

planning target volumes had to be covered by 70 Gy and at least 63 Gy, respectively.

MAIN OUTCOMES ANDMEASURES The primary end point was the rate of at least grade 3 acute

esophagitis as assessed by Common Terminology Criteria for Adverse Events, version 4.

RESULTS Of 27 patients enrolled, 25 completed chemoradiation therapy. Nineteen patients

had non–small cell lung carcinoma, and 6 had small cell lung carcinoma. Themedian age at

diagnosis was 67 years (range, 51-81 years), and 15 patients (60%) weremen. Thirteen

patients (52%) had stage IIIA cancer, 10 (40%) had stage IIIB cancer, and 2 (8%) had stage IV

cancer. Themedian CEmaximum dose was 66 Gy (range, 44-71 Gy); the median volume of

CE receiving at least 55 Gy was 1.4 cm3 (range, 0-5.3 cm3), and themedian volume of CE

receiving at least 45 Gy was 2.7 cm3 (range, 0-9.2 cm3). Themedian combined percentage

of lung receiving at least 20 Gy was 25% (range, 11%-37%). Themedian follow-up was 33.3

months (range, 11.1-52.2 months). Among the 20 patients who had treatment breaks of

0 to 3 days and were thus evaluable for the primary end point, the rate of at least grade 3

esophagitis was 0%. Other toxic events observed among all 25 patients included 7 (28%)

with grade 2 esophagitis, 3 (12%) with at least grade 2 pneumonitis (including 1 with grade 5),

and 2 (8%) with at least grade 3 cardiac toxic event (including 1 with grade 5). There was no

isolated local tumor failure. The 2-year progression-free survival rate was 57% (95% CI,

33%-75%), and the 2-year overall survival rate was 67% (95% CI, 45%-82%).

CONCLUSIONS AND RELEVANCE This phase 1 nonrandomized clinical trial found that the

CE-sparing technique was associated with reduced risk of esophagitis among patients

treated uniformly with chemoradiation therapy (to 70 Gy), with no grade 3 or higher

esophagitis despite tumor within 1 cm of the esophagus. This techniquemay be translated

into clinical practice.
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T
he standard treatment of locally advanced non–small

cell lungcancer (NSCLC)and limited-stage (LS) small cell

lung cancer (SCLC) is concurrent chemoradiation

therapy (CRT).1,2Because of the high rates of local tumor fail-

ure with standard radiation therapy, treatment intensifica-

tion has been explored. In NSCLC, dose escalation to 74 Gy is

associatedwith severeesophagitis (CommonTerminologyCri-

teria forAdverseEvents [CTCAE]grade≥3) in17.4%ofpatients.3

InLS-SCLC, current regimens result in severeesophagitis rates

of almost 20%.2 Severe esophagitis is a serious dose-limiting

toxic event requiringhospital admission, feeding tube, or total

parenteral nutrition, which may lead to treatment interrup-

tions and poor outcomes.4

Intensity-modulated radiation therapy (IMRT), including

volumetric-modulated arc therapy, increases dose conformal-

ity and provides greater sparing of normal tissues than tradi-

tional 3-dimensional conformal radiation. However, grade 3

esophagitis remains a problem.5-7Themeanesophageal radia-

Figure. Axial Computed Tomographic Images Illustrating the Contralateral Esophageal–Sparing Technique

Examples of initial (left) and boost (right) target volumes in the same patientA

Examples of boost target volumes for 4 different tumor locationsB

Examples of cumulative isodose distributions for 2 different tumor locationsC

A, Contralateral esophagus (shaded blue), esophagus (green), and target

contouring. Left, clinical target volume (pink) and associated planning target

volume (purple) treated to 44 Gy. Right, boost internal target volume (red) and

associated planning target volume (dark red) treated to 26 Gy. B, Four

additional cases with different anatomical tumor locations. C, Two participants

with isodose distributions for internal target volume treated to 70 Gy (orange)

and planning target volume treated to aminimum of 63 Gy (light green).

Key Points

Question Howcanmodern radiation techniques reduce the risk of

severe esophagitis (CommonTerminologyCriteria forAdverseEvents

grade3or higher) in the treatmentof locally advanced lung cancers?

Findings In this phase 1 nonrandomized clinical trial, esophagitis

rates were examined among 25 participants with locally advanced

non–small cell or small cell lung carcinoma treated with

intensity-modulated radiation therapy and concurrent

chemotherapy using a novel contralateral esophagus–sparing

technique. Despite the delivery of high-dose radiation to 70 Gy

and the requirement for gross tumor within 1 cm of the esophagus,

no participant developed grade 3 or higher esophagitis.

Meaning The use of this contralateral esophagus–sparing

technique was associated with a reduced risk of severe esophagitis

among patients with locally advanced lung cancer receiving

high-dose intensity-modulated radiation therapy andmay be

translated into clinical practice.
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tion dose has been evaluated for limiting esophagitis, but it re-

mains unclear how to optimize IMRT for esophageal sparing.8

We have empirically derived a technique to spare the

esophageal wall contralateral to gross disease.9 This tech-

nique involves contouring the contralateral esophagus (CE)

as an avoidance structure to guide a steep dose falloff gradi-

ent across the esophagus. In our experience of using this

CE-sparing technique (CEST) for CRTof locally advanced tho-

racic malignant neoplasms, no patient experienced grade 3

or higher esophagitis, and only 20% had grade 2 esophagitis

despite a highmedian dose of 70.2 Gy (range, 63.0-72.2 Gy).9

We subsequently designed this phase 1 nonrandomized clini-

cal trial to prospectively examine the frequency of esophagi-

tis in patients with locally advanced lung cancer treatedwith

CRTusingCEST.Amoderate-doseescalation to70Gywascho-

sen to address the high rates of local failure associated with

60 Gy3,10 and in keeping with protocols such as Radiation

Therapy Oncology Group (RTOG) 1308 (NCT01993810).11

Methods

Patient Selection

Patients 18 years of age or olderwith histologically confirmed

locally advanced NSCLC (with or without solitary brain me-

tastasis) or LS-SCLCwith gross primaryornodal tumorwithin

1 cmof the esophaguswere eligible (studyprotocol in Supple-

ment 1). The single-center phase 1 study protocol was ap-

proved by the institutional review board of the Dana-Farber/

Harvard Cancer Center, Boston, Massachusetts. All patients

providedwritten informedconsent thatwasobtained inaman-

ner consistent with the Declaration of Helsinki.12 No one re-

ceived compensation orwas offered any incentive for partici-

pating in this study.

Study Design and Treatment

Participants received standard-of-care CRT to 70 Gy at 2 Gy/

fractionwithorwithout adjuvant durvalumab forNSCLC.Ra-

diationwas plannedwith IMRT or volumetric-modulated arc

therapy (RayStation;RaySearchLaboratories)usingcustomim-

mobilization, 4-dimensional CT planning, and daily image

guidance. A shrinking-field technique was used with a boost

to the internal targetvolumeafter44Gy(eMethodsandeTable1

in Supplement 2). The CE was contoured as a distinct avoid-

ance structure for promoting a steep dose falloff across the

esophagus (Figure; eFigure 1 in Supplement 2). Target cover-

age was prioritized over CE sparing, and 99% of the internal

target volume and of the planning target volume were re-

quired to be covered by 100% and 90% of prescription dose,

respectively. Participants received concurrent chemotherapy

per their treatingmedical oncologist. To be analyzable for the

primary end point, participants were required to have re-

ceived concurrently 5 ormore cycles ofweekly combined car-

boplatin plus paclitaxel or 2 or more cycles of platinum and

pemetrexed or etoposide and to have had 3 or fewer days of

unplannedtreatment interruptionunrelatedtoesophagitis.We

followed theTransparentReporting of EvaluationsWithNon-

randomized Designs (TREND) reporting guideline.

Statistical Analysis

See the eMethods in Supplement 2 for clinical outcome

assessments and failure definitions. Overall survival andpro-

gression-free survival rateswere estimatedusing theKaplan-

Meiermethodwith 95%CIs based on the log-log transforma-

tion. Theprimary objectivewas to describe the rate of grade 3

or higher esophagitis assessedusingCTCAE, version4.0. Sec-

ondaryendpoints included the rateof esophagitisusingRTOG

criteria (eTable 2 in Supplement 2), general toxic events

assessed using CTCAE, and 2-year clinical outcomes. We hy-

pothesized that CESTwould limit the risk of grade 3 or higher

esophagitis to 5% or less of patients. A sample size of 20 par-

ticipants was chosen to ensure that if no more than 1 partici-

pant was observed with grade 3 or higher esophagitis, the

1-sided upper limit of the 90% CI would not exceed 20%. All

analyses were conducted from July to October 2020 using R,

version 4.0.1 (R Foundation for Statistical Computing).

Results

Patient Characteristics

Between July 2015 and January 2019, 27participantswere en-

rolled in the trial (eFigure 2 in Supplement 2). Two partici-

pantswere removed. Patient and treatment characteristics are

Table 1. Patient, Tumor, and Treatment Characteristics

for 25 Eligible Participants

Characteristic No. (%)

Age at diagnosis, median (range), y 67 (51-81)

Sex

Male 15 (60)

Female 10 (40)

Clinical AJCC stage (7th edition)

IIIA 13 (52)

IIIB 10 (40)

IV (solitary brain metastasis) 2 (8)

Histologic results

NSCLC 19 (76)

SCLC 6 (24)

ITV size, cm3

Mean 96

Median 70

Range 8-385

Chemotherapy received

Cisplatin plus etoposide 7 (28)

Cisplatin plus pemetrexed 7 (28)

Carboplatin plus paclitaxel 9 (36)

Carboplatin plus pemetrexed 1 (4)

Carboplatin plus etoposide 1 (4)

Total dose of radiation received, Gy

70 24 (96)

68 1 (4)

Abbreviations: AJCC, American Joint Committee on Cancer; ITV, internal

treatment volume; NSCLC, non–small cell lung carcinoma; SCLC, small cell

lung carcinoma.
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given in Table 1. The median age at diagnosis was 67 years

(range, 51-81 years), and 15 patients (60%) were men. Nine-

teenparticipantshadNSCLC,and6participantshadSCLC.Two

participants had solitary brainmetastases, and all others had

stage IIIA cancer (13 participants [52%]) or stage IIIB cancer

(10 participants [40%]). The total dose was 70 Gy for 24 par-

ticipants (96%). The median CE maximum dose was 66 Gy

(range, 44-71 Gy); themedian volume of CE receiving at least

55 Gywas 1.4 cm3 (range, 0-5.3 cm3), and themedian volume

of CE receiving at least 45 Gy was 2.7 cm3 (range, 0-9.2 cm3).

The median combined percentage of lung receiving at least

20 Gy was 25% (range, 11%-37%).

Toxic Events

The rate of grade 3 or higher esophagitis was 0% (95%CI, 0%-

16%)among20patientseligible for theprimaryendpointanaly-

sis (Table 2). Five participants were ineligible for primary end

point analysis owing to unplanned treatment breaks of more

than 3 days unrelated to esophagitis (eFigure 2 in Supple-

ment2).Grade2esophagitiswasdetected in24%to28%ofpa-

tients depending on the scoring criteria andnumber of partici-

pants analyzed. Other common toxic events included

cardiopulmonary events, fatigue, and dermatitis (Table 2).

Among 25 patients, the rate of grade 2 or higher pneumonitis

was 12% (3 patients), and the rate of grade 3 or higher cardiac

toxic eventswas 8% (2patients). Therewere 2 grade 5 events—

1 participant had fatal pneumonitis, and 1 participantwhohad

preexisting congestive heart failure died of it shortly after ra-

diation therapy.Hematologic toxic events are given in eTable 3

in Supplement 2.

Clinical End Points

The median follow-up was 33.3 months (range, 11.1-52.2

months) among surviving patients. There was no isolated

local tumor failure. The 2-year progression-free survival

rate was 57% (95% CI, 33%-75%), and the 2-year overall

survival rate was 67% (95% CI, 45%-82%) (eFigure 3 in

Supplement 2).

Discussion

Severe esophagitis is a dose-limiting toxic event that compli-

cates intensificationof treatments in locally advancedNSCLC

and LS-SCLC.2,4 We prospectively tested a simple method to

avoid exposing the entire esophagus cross section to high

doses.9Weobservednograde3esophagitis andgrade2events

in 24% to 28% of participants despite all participants having

gross tumor adjacent to the esophagus and96% receiving the

full 70 Gy. To explain how CE sparing may reduce the risk of

severe esophagitis, we consider that the esophagus may be

regarded as an organ with functional subunits arranged in

a serial fashion such that high-dose irradiation of the entire

cross section of the esophagus may result in whole-organ

dysfunction.9,13 Our data suggest that near-normal esopha-

geal function may be maintained by preserving the function

of approximately half of the esophageal cross section (ie, by

converting the esophagus from a serial organ to a parallel

organ) (eFigure 4 in Supplement 2). Mucosa may respond to

radiation injurywithaccelerated repopulationduringa course

of severalweeks of radiation.13Esophagealmucosal regenera-

Table 2. Nonhematologic Toxic Eventsa

Toxic event

No. (%) [95% CI] of patients

Grade 2 Grade 3 Grade 4 Grade 5

CTCAE v 4.0 (primary end point)
(20 patients)

Esophagitis 5 (25) [11-47] 0 (0) [0-16] 0 0

RTOG (secondary end point)
(25 patients)

Esophagitis 6 (24) [12-43] 0 (0) [0-13] 0 0

CTCAE v 4.0 (secondary end points)
(25 patients)

Esophagitis 7 (28) [14-48] 0 (0) [0-13] 0 0

Dysphagia 2 (8) 0 0 0

Dyspepsia 4 (16) 0 0 0

Pneumonitis 2 (8) 0 0 1 (4)

Hypoxia 0 1 (4) 0 0

Pneumonia 1 (4) 0 0 0

Hoarseness 1 (4) 0 0 0

Dyspnea 4 (16) 1 (4) 0 0

Nausea 1 (4) 0 0 0

Fatigue 6 (24) 0 0 0

Dermatitis 5 (20) 0 0 0

Heart failure 0 0 0 1 (4)

Atrial fibrillation 2 (8) 0 0 0

Ventricular tachycardia 0 1 (4) 0 0

Abbreviations: CTCAE v 4.0,

Common Terminology Criteria

for Adverse Events, version 4.0;

RTOG, Radiation Therapy

Oncology Group.

a Toxic events grade 2 or higher

possibly, likely, or definitely

associated with high-dose

radiation therapy.
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tion cannot compensate for high-dose, full-circumference

irradiation but may be able to do so if parts of the adjacent

mucosa are exposed to a lower dose.

Limitations

There are limitations to this study. Because this is a single-

institution trial with a small sample size conducted at a ter-

tiary academic center, the results may not be representative

of a broader patient population. We used multicriteria opti-

mization, whichmay optimize CE sparing but is not available

everywhere.14 The mean internal target volume was some-

what smaller than that inother series (Table 1),whichmayhave

impacted esophagitis.7 However, we included only patients

with tumor within 1 cm of the esophagus, which is expected

to increase esophagitis rates. Finally, we did not observe any

isolated local tumor failures at amedian follow-up of close to

3years, suggesting that the steepdosegradients resulting from

the CE avoidance structure did not compromise target cover-

age; however, this should be validated in larger series.

Conclusions

In this phase 1 trial, CESTwas associatedwith reduced risk of

esophagitis among patients treated uniformlywith chemora-

diation therapy (to 70 Gy), with no grade 3 or higher esopha-

gitis despite tumorwithin 1 cmof the esophagus. Themethod

requires validation by other institutions andmay be included

inprospective trials evaluating theescalationof radiationdose

orother treatment intensifications.CESTmaybetranslated into

clinical practice where it can support current guidelines for

esophagus sparing.15
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