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Purpose: Treatment for locally advanced non-small cell lung cancer consists of concurrent chemoradiation followed by
immunotherapy. Though this combination has been shown to have a benefit in both progression-free survival and overall survival,
treatment is often limited by the development of pneumonitis. One way to mitigate toxicity is through adaptive radiation therapy,
which does not currently have a standardized implementation in clinical practice.
Methods and Materials: A single-center retrospective review of patients with locally advanced stage III or oligometastatic stage IV non-
small cell lung cancer who were treated with chemoradiation with concurrent or subsequent immunotherapy from 2015 to 2020 was
performed. Patients were stratified based on having 1 or more offline adapted plan. The aim of this study was to evaluate the association
between dose-volume histogram values and common toxicities experienced during this treatment, including pneumonitis and esophagitis.
Results: Twenty-five patients were included in the final analysis: 10 with adapted plans (AP), and 15 with nonadapted plans (NAP). Mean age
at onset was 74 years. The most common histology was adenocarcinoma (N = 13). Five patients experienced pneumonitis: 2 in AP and 3 in
NAP. Mann-Whitney U test of gross tumor volume sizes between AP (346.2 § 269.7 cm3) and NAP (153.1 § 99.6 cm3) was significant
(P = .019). Multiple linear regression analysis with adjustment for covariates of pneumonitis versus plan adaptation (P = .106) and esophagitis
versus plan adaptation (P = .59) did not demonstrate a significant difference in toxicity between the adapted and nonadaptive patients.
Conclusions: Despite similar toxicities in both groups, the gross tumor volume size in the AP was more than double compared with
NAP, suggesting that adaptive techniques provide a method for patients with larger target volumes to be treated without an observed
difference in pneumonitis rates. These results suggest adaptive radiation therapy may have a role in mitigating toxicity experience from
chemoradiation and immunotherapy and warrants further investigation.
© 2023 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
Lung cancer represents the leading cause of cancer mor-
tality, accounting for almost one-quarter of all cancer
deaths.1 Non-small cell lung cancer (NSCLC) accounts for
around 85% of lung cancer cases, and approximately 20% to
25% of all patients with NSCLC present with locally
advanced disease.2,3 Currently, the standard-of-care
r

http://crossmark.crossref.org/dialog/?doi=10.1016/j.adro.2023.101315&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:reyhanme@cinj.rutgers.edu
mailto:reyhanme@cinj.rutgers.edu
https://doi.org/10.1016/j.adro.2023.101315
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.adro.2023.101315


2 D. Portal et al Advances in Radiation Oncology: January 2024
treatment for these patients with a good performance status
is chemoradiation followed by durvalumab, a humanized
monoclonal antibody-blocking programmed death ligand
checkpoint inhibitor immunotherapy, which increases both
progression-free and overall survival. The most frequent
adverse event leading to discontinuation of immunotherapy
is the development of pneumonitis, which is a toxicity inde-
pendently associated with radiation and immunotherapy.4-6

Adaptive radiation therapy (ART) is a technique used
to address anatomic or physiological changes that occur
during radiation treatment by modification of the treat-
ment plan.7 In lung cancer, there is evidence to suggest
that even after the first fraction of radiation, lung tumors
shrink, thereby changing the dosimetric quality metrics
used to plan the radiation.8-10 The offline ART process
uses integrated imaging techniques to allow physicians to
resimulate and replan a patient’s treatment to minimize
radiation dose to surrounding structures and healthy lung
tissue while still maintaining adequate coverage of the
tumor. ART may improve locoregional control and
reduce toxicity in patients with NSCLC; however, little is
known regarding how the addition of adjuvant immuno-
therapy affects the toxicity profile of pneumonitis and
other radiation-induced side effects.11,12

Antonia et al demonstrated, as part of the PACIFIC trial,
that in patients with stage III NSCLC who received durvalu-
mab after chemoradiation, any grade pneumonitis or radia-
tion pneumonitis was observed at a rate of 33.9%, with grade
3 and 4 pneumonitis observed at a rate of 3.4%.5 In the NIC-
OLAS study, which assessed the safety and efficacy of con-
currently adding nivolumab to standard definitive
chemoradiation demonstrated a grade 3 or higher pneumo-
nitis rate of 11.7%, 4 of the 9 cases were attributed with a
probable relation to radiation therapy.13 Jabbour et al
showed, in a phase 1 study of pembrolizumab given concur-
rently with chemoradiation in patients with stage III NSCLC,
a rate of 33% of grade 2 or higher pneumonitis, with grade 2
pneumonitis occurring both within and outside of the radia-
tion fields.14 Von Reibnitz et al demonstrated a rate of 8% of
grade 2 or greater esophagitis in patients with lung cancer
and melanoma treated with radiation therapy and immuno-
therapy.15 Although these studies investigate toxicities related
to radiation therapy and immunotherapy, none have evalu-
ated the toxicity consequences for the combination of ART
and immunotherapy. This study aims to retrospectively ana-
lyze the differences in toxicity between patients with NSCLC
treated with immunotherapy with and without ART.
Methods and Materials
Study population

After obtaining institutional review board approval, a sin-
gle-center retrospective chart review of electronic medical
records to identify patients with lung cancer based on Inter-
national Classification of Diseases code typing from January
1, 2015 to June 1, 2020 was performed. Patients were then
screened for the following criteria: (1) stage III or stage IV
oligometastatic NSCLC and (2) primary treatment chemora-
diation and concurrent or adjuvant immunotherapy. A total
of 49 patients fit the initial inclusion criteria. Patients were
excluded if they progressed after chemoradiation but before
receiving immunotherapy or were lost to follow-up. A total
of 25 patients (n = 15 nonadaptive) met the final inclusion
and exclusion criteria; 1 adaptive patient was excluded from
the esophagitis analysis due to undergoing transhiatal esoph-
agectomy before radiation therapy. Computed tomography
(CT) simulation was performed per department lung proto-
col with both 3- and 4-dimensional CT protocols depending
on the urgency of treatment or the respiratory pattern of the
patient. The radiation treatment planning including details
regarding simulation, immobilization, target volumes, and
dose constraints were consistent with our institution’s stan-
dardized approach for patients with lung cancer.16 Contour-
ing was performed in Eclipse (Varian Medical Systems, Palo
Alto, CA), the tumor was delineated by the physician, and
lung tissue was determined by the clinical segmentation wiz-
ard and reviewed by the physician. Treatment planning was
performed in Eclipse using the Anisotropic Analytical Algo-
rithm (version 11.0-15.6) with 6 MV, 10 MV, or 15 MV
treatment energies depending on the patient habitus. Offline
plan adaptation was performed at the discretion of the treat-
ing physician with a maximum of 2 adaptations per patient
(n = 3, received 2 plan adaptations). Daily cone beam CTs
were monitored by the physician, and when there was an
observed change of approximately 20% in primary tumor
volume, the physician would adapt the plan. Image registra-
tion was performed rigidly within Eclipse with an emphasis
of matching to the target volume. Plan summation was also
performed within Eclipse using rigid registration between
the CT simulation planning studies.
Data collection

Baseline demographics were collected for the eligible
patients including age at onset of chemoradiation, biologic
sex, race, ethnicity, smoking history, histology, staging
(American Joint Committee on Cancer, seventh edition),
tumor-node-metastasis staging, Eastern Cooperative Oncol-
ogy Group performance status, location of primary tumor,
and International Classification of Diseases diagnosis. Treat-
ment details were extracted from Eclipse version 11 and
included prescribed dose, modality of radiation, treatment
volumes, dose-volume histogram (DVH) values, and che-
motherapy and immunotherapy regimen. Patients were
evaluated for the presence of adapted plans. If the patient
had an adapted plan, a rigid fusion between the original and
adapted plan was performed in Aria version 11. DVH values
were queried from the plans using an Eclipse API (ESAPI)
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script within Eclipse from the initial plan and the plan sum.
The values from the treated plan sum were used for final sta-
tistical evaluation. DVH values collected include gross tumor
volume (GTV); internal target volume; clinical target vol-
ume; planning target volume; V5Lung; V10Lung; V20Lung;
V30Lung; mean, minimum, and maximum lung doses,
V5Heart, V30Heart, 40Heart, V45Heart, V50Heart, mean, mini-
mum and maximum heart doses; V5Esophagus; V50Esophagus;
and mean minimum and maximum esophageal doses. Lung
volumes were collected as total lung, right lung, and left
lung. Plan sums included doses from the initial treatment
plans and the adapted plans, with fractionation matching
the clinical treatment. Treatment-related toxicity data
including grading and frequency were collected for esopha-
gitis and pneumonitis. The Common Terminology Criteria
for Adverse Events version 5 was used to assess the grade
and frequency among these patients. The highest grade of
each toxicity was taken from each patient. The median fol-
low-up time from the completion of radiation therapy was
14.5 months (range, 0.4-50.9 months).

Statistical analysis

Descriptive statistics were used to summarize the
patient characteristics, treatment details, toxicity data,
treatment volumes, and DVH values. Multiple linear
regression analysis was performed to evaluate associations
of the toxicities (pneumonitis and esophagitis) between
the adapted and nonadapted patients adjusting for covari-
ates. Due to the number of covariates (ie, patient charac-
teristics, DVH values, and target values) compared with
the small study sample size, bivariate associations deter-
mined with linear regression were used to determine
which covariates to include in the multiple linear regres-
sion analysis. The Mann-Whitney U test was performed
to assess differences between the adaptive and nonadap-
tive tumor volumes, patient characteristics, and DVH val-
ues. Statistical analyses were performed in Microsoft
Excel and SPSS Statistics for Windows, version 28.

Ethical statement

This study was conducted in accordance with the Dec-
laration of Helsinki and approved by the institutional
review board of Rutgers Biomedical and Health Sciences
(No. Pro20170001559), and individual consent for this
retrospective analysis was waived.

Results
Baseline patient characteristic and
treatment details

Baseline patient characteristics are summarized in
Table 1. The median age for all patients was 74 years
(range, 51-83). Fifty-two percent of patients were
women (n = 13), and the majority had a prior smok-
ing history (n = 23, 92%). Fifty-two percent of patients
presented with adenocarcinoma (n = 13), 36% pre-
sented with squamous cell carcinoma (n = 9), and
12% presented with poorly differentiated carcinoma
that was treated as NSCLC. Most patients presented
with stage IIIB disease (n = 15, 60%), and the remain-
ing patients presented with stage IIB (n = 1, 4%) and
stage IIIA (n = 9, 36%).

Treatment details are outlined in Table 2. A total of
10 patients had adapted plans. The remaining 15 patients
served as the control group. Figure 1 demonstrates an
example of an adapted plan. Ninety percent of patients
had a prescribed dose of 6000 cGy (n = 23), and 96% of
patients received standard photon radiation. One patient
in the control group received proton radiation at a pre-
scribed dose of 5940 cGy. All patients received concur-
rent chemotherapy, with the most common regimen
being carboplatin and paclitaxel (n = 18, 72%). Most
patients received immunotherapy with pembrolizumab
(n = 15, 60%), with fewer patients receiving combination
adjuvant ipilimumab and nivolumab (n = 5, 20%), single
agent nivolumab (n = 3, 12%), and durvalumab (n = 2,
8%). A total of 7 patients received immunotherapy in
the form of pembrolizumab concurrent with the radia-
tion therapy.

Patient toxicity patterns are presented in Table 3. Sev-
enty-nine percent of patients experienced grade 1 or
higher esophagitis (n = 19/24, as 1 patient was excluded
for esophagitis analyses), an acute toxicity, and 20% of
patients experienced grade 1 or higher pneumonitis
(n = 5), a subacute toxicity. Of the 19 patients who experi-
enced esophagitis, 7 patients were in the adapted group,
and 12 patients were in the control group. The highest
grade of both groups for esophagitis was grade 2. Of the 5
patients who experienced pneumonitis, 2 patients were in
the adapted group, and 3 patients were in the control
group. The highest grade of pneumonitis experienced by
any patient was grade 3; this patient was in the adapted
group.

Mean DVH and target values are presented in Table 4.
Mann-Whitney U test was performed for the GTV of
adapted and nonadaptive patients with P = .019, suggest-
ing a significant difference between the GTV sizes of
adapted (346.2 § 269.7 cm3) and nonadapted (153.1 §
99.6 cm3) patients. There were no statistically significant
differences in toxicities between the 2 groups. Results for
a subset of the bivariate analysis are summarized in
Table 5. Multiple regression analysis was performed for
esophagitis versus plan adaptation (P = .59), which did
not show a difference in toxicity between patients when
adjusting for covariates (body mass index, age, esophageal
maximum dose) (Table 6). Multiple regression analysis of
pneumonitis versus plan adaptation (P = .106) did not
demonstrate a significant difference in toxicity between



Table 1 Baseline demographics

Demographic Total, no. (%) Adapted, no. (%) Control, no. (%)

Biologic sex

Male 12 (48) 4 (40) 6 (40)

Female 13 (52) 6 (60) 9 (60)

Race

Asian 2 (8) 0 (0) 2 (13)

Black or African American 4 (16) 1 (10) 3 (20)

White 16 (64) 8 (80) 8 (53)

Unidentified 3 (12) 1 (10) 2 (13)

Ethnicity

Hispanic or Latino 3 (12) 1 (10) 2 (13)

Nonhispanic or Latino 22 (88) 9 (90) 13 (87)

Smoking history

No 3 (12) 1 (10) 2 (13)

Yes 22 (88) 9 (90) 13 (87)

Histology

Adenocarcinoma 13 (52) 3 (30) 10 (67)

Squamous 9 (36) 5 (50) 4 (27)

Poorly differentiated carcinoma 3 (12) 2 (20) 1 (7)

Stage (AJCC 7th)

IIB 1 (4) 0 (0) 1 (7)

IIIA 9 (36) 1 (10) 8 (53)

IIIB 15 (60) 9 (90) 6 (40)

T stage

T1 4 (16) 2 (20) 2 (13)

T2 6 (24) 1 (10) 5 (33)

T3 9 (36) 2 (20) 7 (47)

T4 6 (24) 5 (50) 1 (7)

Location of primary tumor

Left lower lobe 1 (4) 1 (10) 0 (0)

Left upper lobe 8 (32) 1 (10) 7 (47)

Right lower lobe 4 (16) 1 (10) 3 (20)

Right upper lobe 12 (48) 7 (70) 5 (33)

Baseline ECOG performance status

0 7 (28) 4 (40) 3 (20)

1 17 (68) 5 (50) 12 (80)

2 1 (4) 1 (10) 0 (0)

Body mass index (median, range)* 27.08 (26.93-44.19) 28.20 (18.85-44.19) 26.93 (22.71-44.54)

Age (median, range)* 74 (51-83) 72.5 (51.83) 76 (58-82)

Abbreviations: AJCC = American Joint Committee on Cancer; ECOG = Eastern Cooperative Oncology Group; T stage = tumor stage.
*No statistical difference, P < .05.
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Table 2 Treatment details

Treatment Total, no. (%) Adapted, no. (%) Control, no. (%)

Radiation technique

3D-CRT 5 (20) 0 (0) 5 (33)

IMRT 20 (80) 10 (100) 10 (67)

Radiation modality

Photon 24 (96) 10 (100) 14 (93)

Proton 1 (4) 0 (0) 1 (7)

Prescribed dose (cGy)

5760 1 (4) 0 (0) 1 (7)

5940 1 (4) 1 (10) 0 (0)

6000 23 (92) 9 (90) 14 (93)

Concurrent chemotherapy regimen

Abraxane 1 (4) 0 (0) 1 (7)

Abraxane and carboplatin 2 (8) 1 (10) 1 (7)

Pemetrexed and cisplatin 2 (8) 2 (20) 0 (0)

Pemetrexed and carboplatin 1 (4) 0 (0) 1 (7)

Paclitaxel and carboplatin 18 (72) 6 (60) 12 (80)

Etoposide and cisplatin 1 (4) 1 (10) 0 (0)

Immunotherapy agent

Pembrolizumab 15 (60) 6 (60) 9 (60)

Ipilimumab and nivolumab 5 (20) 1 (10) 2 (13)

Nivolumab 3 (12) 3 (30) 2 (13)

Durvalumab 2 (8) 0 (0) 2 (13)

Abbreviations: 3D-CRT = 3-dimensional conformal radiation therapy; IMRT = intensity modulated radiation therapy.
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the adapted and nonadaptive patients when adjusting for
covariates (left lung V20 Gy, right lung max dose, body
mass index, age) (Table 7). There was no significant asso-
ciation between toxicity and the other DVH values sam-
pled.
Figure 1 The change in target size and prescription dose covera
imity to the esophagus.
Discussion
To our knowledge, this retrospective study is the first to
evaluate the utilization of offline adaptive radiation plan-
ning in patients with NSCLC treated with chemoradiation
ge in (A) the initial plan and (B) the adapted plan in prox-



Table 3 Toxicities

Toxicity
Number of patients

Adapted, no. (%) Control, no. (%)

Esophagitis

Grade 1 3 (30) 5 (33)

Grade 2 4 (40) 7 (47)

Pneumonitis

Grade 1 1 (10) 1 (6)

Grade 2 0 2 (13)

Grade 3 1 (10) 0
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and immunotherapy. However, there are currently 32
active clinical trials exploring lung cancer and both online
and offline ART. The primary objective was to describe the
occurrence of pneumonitis and esophagitis and compare
DVH values of patients treated with ART or with conven-
tional radiation therapy. The results showed that despite a
GTV size of more than double in the adaptive group, a
Table 4 Subset of target and dose-volume histogram values

Adapt
Target and DVH Metrics Mean

GTV (cm3) 346.2 §
Bilateral lung volume (cm3) 2885.1

Bilateral lung V5 Gy (%) 56.0 §
Bilateral lung V10 Gy (%) 42.3 §
Bilateral lung V20 Gy (%) 27.5 §
Bilateral lung min (cGy) 31.9 §
Bilateral lung mean (cGy) 1576.5

Bilateral lung max (cGy) 6474.1

Left lung volume (cm3) 1362.5

Left lung V20 Gy (%)y 23.0 §
Left lung max (cGy) 5946.3

Right lung volume (cm3) 1593.1

Right lung V20 Gy (%) 41.12 §
Right lung max (cGy)y 6438.4

Esophagus volume (cm3) 43.1 §
Esophagus V35 Gy (%) 45.2 §
Esophagus V50 Gy (%) 29.1 §
Esophagus min (cGy) 108.1 §
Esophagus mean (cGy) 2989.9

Esophagus max (cGy)y 6338.0

Abbreviations: GTV = gross tumor volume; SD = standard deviation.
*Statistical significance detected with Mann-Whitney U test, P = .019.
yCovariates used in multiple regression analysis.
All values underwent bivariate analysis to determine covariates for multiple re
difference in pneumonitis rates was not observed between
the adapted and nonadaptive groups when accounting for
covariates. The results were unexpected given the positive
association between larger tumor definition and volumes
and the development of radiation pneumonitis.17 The utili-
zation of adaptive planning may have mitigated toxicity
that would have otherwise been observed. Differences in
GTV size have previously confounded predictive algo-
rithms for radiation pneumonitis in patients with lung
cancer.18

Radiation pneumonitis has been extensively studied in
the setting of chemoradiation and, more recently, in com-
bination with immunotherapy. In radiation alone or in
conjunction with chemotherapy, values such as V5, V20,
V30, mean lung dose, and planning target volume are con-
sidered risk factors for the development of radiation pneu-
monitis.19-22 However, we included 7 patients who
received chemoradiation with concurrent immunotherapy,
and based off data from KEYNOTE-799, the suggestion is
that the effects of concurrent administration on radiation
pneumonitis are additive.6 The PACIFIC phase 3 random-
ized control trial was pivotal in demonstrating improved
ed (n = 10) Control (n = 15)
§ SD Mean § SD

269.7* 153.0 § 99.6*

§ 881.9 3563.1 § 1299.4

9.2 57.0 § 8.9

8.7 43.7 § 6.0

6.1 29.5 § 3.0

23.4 30.9 § 16.1

§ 242.3 1727.2 § 186.7

§ 180.1 6853.7 § 291.4

§ 521.1 1647.1 § 588.3

31.9 22.94 § 25.5

§ 2042.1 5636.7 § 1752.6

§ 691.2 1917.8 § 735.6

23.5 33.9 § 21.8

§ 214.1 6697.0 § 415.9

13.6 38.2 § 13.8

12.0 27.5 § 13.5

13.3 22.1 § 12.3

145.2 45.6 § 34.9

§ 657.1 2051.8 § 666.4

§ 204.0 6068.1 § 1056.6

gression.



Table 5 Subset of the variables used for bivariate analysis

Radiation pneumonitis Esophagitis

Target and DVH Parameters Pearson correlation Sig. (2-tailed) Pearson correlation Sig. (2-tailed)

PTV −0.081 0.681 −0.285 0.176

ITV −0.147 0.536 −0.058 0.831

GTV −0.105 0.593 −0.15 0.484

CTV −0.212 0.308 −0.201 0.357

Bilat lungs 0.043 0.83 −0.052 0.814

Bilat lungs V5 0.092 0.649 0.035 0.873

Bilat lungs V10 0.069 0.733 0.162 0.46

Bilat lungs V20 0.079 0.694 0.211 0.333

Bilat lungs V30 0.06 0.767 0.167 0.446

Bilat lungs min 0.047 0.816 −0.117 0.594

Bilat lungs mean 0.081 0.687 0.215 0.325

Bilat lungs max −0.271 0.171 −0.225 0.302

Left lung vol −0.185 0.356 0.077 0.728

Left lung V5 0.298 0.132 −0.015 0.946

Left lung V10 0.323 0.1 0.027 0.901

Left lung V20* 0.417 0.048 0.008 0.97

Left lung V30 0.346 0.077 −0.003 0.99

Left lung min −0.106 0.599 −0.058 0.793

Left lung mean 0.326 0.097 0.021 0.926

Left lung max 0.241 0.226 −0.028 0.9

Right lung vol 0.176 0.38 −0.1 0.649

Right lung V5 −0.186 0.352 0.028 0.898

Right lung V10 −0.221 0.267 0.035 0.875

Right lung V20 −0.263 0.185 −0.02 0.928

Right lung V30 −0.299 0.129 −0.018 0.934

Right lung min 0.123 0.542 0.164 0.455

Right lung mean −0.281 0.156 −0.026 0.905

Right lung max* −0.47 0.013 −0.25 0.25

Eso vol −0.151 0.48

Eso V35 0.274 0.195

Eso V50 0.256 0.227

Eso min −0.05 0.818

Eso mean 0.288 0.173

Eso max* 0.38 0.067

Abbreviation: Bilat = bilateral; CTV = clinical target volume; Eso = esophagus; GTV = gross tumor volume; ITV = internal target volume;
max = maximum; min = minimum; PTV = planned target volume; sig = significant; vol = volume.
*Covariates used for multiple linear regression analysis.
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progression-free survival and overall survival in patients
with locally advanced NSCLC treated with definitive che-
moradiation using consolidative radiation therapy, serving
as the standard of care.4,5,23 Thereafter, increasing efforts
have been made to establish risk factors for developing
radiation pneumonitis after immunotherapy. Most studies
have been retrospective in nature and are inconsistent with
the data previously reported in radiation pneumonitis and
with similar studies conducted. For example, Jang et al
demonstrated prognostic significance of mean lung dose,



Table 6 Multiple linear regression analysis of toxicities (esophagitis)

Multiple Linear Regression Parameters Coefficient Standard error P value Lower 95% Upper 95%

Intercept 3.440 2.189 .133 −1.142 8.022

Adaptation 0.157 0.285 .588 −0.440 0.754

BMI −0.368 0.242 .144 −0.874 0.138

Age onset of chemo/RT −0.047 0.018 .019 −0.086 −0.009

Esophagus max (cGy) 0.000319 0.000166 .0694 −2.79E-05 6.66E-04

Abbreviations: BMI = body mass index; RT = radiation therapy.
Esophagitis regression statistics: R2 = 0.42. Dependent variable: esophagitis. Predictors: (constant), adaptation, BMI, age onset of chemo/RT, esopha-
gus max.

Table 7 Multiple linear regression analysis of toxicities (pneumonitis)

Multiple Linear Regression Parameters Coefficient Standard error P value Lower 95% Upper 95%

Intercept 6.771 3.242 .0504 −0.0143 13.56

Adaptation 0.125 0.328 .707 −0.562 0.812

Left lung V20 (%) 0.0079 0.006 .203 −0.005 0.020

Right lung max (cGy) −0.001 0.000 .072 0.002 0.000

Age onset of chemo/RT 0.009 0.0203 .648 −0.033 0.052

BMI −0.447 0.271 .115 −1.01 0.12

Abbreviations: BMI = body mass index; RT = radiation therapy.
Pneumonitis regression statistics: R2 = 0.359. Dependent variable: pneumonitis. Predictors: (constant), adaptation, BMI, age onset of chemo/RT, left
lung V20, right lung max.
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V20, V30, and V40 in the development of radiation pneu-
monitis in a cohort of 51 of 106 patients who received
immunotherapy after chemotherapy.24 This is in contrast
to the results of Inoue et al, which found no statistical sig-
nificance in V20 and the development of pneumonitis in a
similar patient cohort—similar to our study—but such
results are limited by a fairly small sample size
(n = 30).25,26 More recently, V40 and pulmonary fibrosis
scoring were found to be predictive of grade 2 or higher
radiation pneumonitis, potentially providing a new set of
predictive factors given the evolving treatment regimen for
patients with locally advanced NSCLC.27

There were several limitations in the current study.
The retrospective nature of this study in combination
with the small sample size exudes caution in drawing
definitive conclusions. Additionally, treatment technique
was not addressed by this study. Although the majority of
patients did receive intensity modulated radiation ther-
apy, 5 patients in the nonadapted study arm received 3-
dimensional conformal radiation therapy. The DVH
parameters evaluated as part of this study should take
into account the conformal nature of the different treat-
ment techniques; however, this difference may influence
toxicities. Another source of bias of this study comes
from the decision to adapt a patient’s plan. This was
determined qualitatively by the physician based on daily
cone beam CT. Additionally, the contoured lung tissue
was delineated by the Eclipse lung segmentation
algorithm. Although this algorithm is CT Hounsfield
Unit−based and excludes the GTV, it is not a true Bool-
ean subtraction of the normal lung tissue and the GTV.
Review of the changes in the lung-GTV contour prior and
post adaptation are beyond the scope of this study due to
the limited number of adapted patients but will be
included in future studies. Further, given the addition of
immunotherapy primarily occurred within the study’s
timeframe, there was a limited number of patients partici-
pating in a similar regimen at our institution. Patients
were those typically on clinical trials, and patient selection
may have been dictated by a trial protocol and/or physi-
cian preference. Lastly, some patients were still receiving
immunotherapy at the time of data collection, so longer
follow-up may have revealed the presence of additional
toxicities not captured in this study.
Conclusion
The results suggest that ART has a role in mitigating
toxicity experienced from chemoradiation and immuno-
therapy and warrants further investigation. Future direc-
tions include a phase 2 trial that is currently ongoing
(NCT04751747), which will prospectively investigate the
role of ART on mitigating toxicity in patients with locally
advanced NSCLC receiving chemoradiation and immu-
notherapy.



Advances in Radiation Oncology: January 2024 Adaptive lung RT and immunotherapy 9
Disclosures
Salma K. Jabbour reports grant support to Merck &
Co, Inc, Beigene, and consulting for Radialogica, Advarra,
and IMX Medical. Meral Reyhan reports consulting fees
from Varian Medical Systems.
References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA
Cancer J Clin. 2021;71:7-33.

2. Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA. Non-small cell
lung cancer: Epidemiology, risk factors, treatment, and survivorship.
Mayo Clin Proc. 2008;83:584-594.

3. Auperin A, Le Pechoux C, Rolland E, et al. Meta-analysis of con-
comitant versus sequential radiochemotherapy in locally advanced
non-small-cell lung cancer. J Clin Oncol. 2010;28:2181-2190.

4. Antonia SJ, Villegas A, Daniel D, et al. Overall survival with durva-
lumab after chemoradiotherapy in stage III NSCLC. N Engl J Med.
2018;379:2342-2350.

5. Antonia SJ, Villegas A, Daniel D, et al. Durvalumab after chemora-
diotherapy in stage III non-small-cell lung cancer. N Engl J Med.
2017;377:1919-1929.

6. Jabbour SK, Lee KH, Frost N, et al. Pembrolizumab plus concurrent
chemoradiation therapy in patients with unresectable, locally
advanced, stage III non-small cell lung cancer: The phase 2 KEY-
NOTE-799 nonrandomized trial. JAMA Oncol. 2021;7:1351-1359.

7. Piperdi H, Portal D, Neibart SS, Yue NJ, Jabbour SK, Reyhan M.
Adaptive radiation therapy in the treatment of lung cancer: An over-
view of the current state of the field. Front Oncol. 2021;11: 770382.

8. Kwint M, Conijn S, Schaake E, et al. Intra thoracic anatomical
changes in lung cancer patients during the course of radiotherapy.
Radiother Oncol. 2014;113:392-397.

9. Fox J, Ford E, Redmond K, Zhou J, Wong J, Song DY. Quantifica-
tion of tumor volume changes during radiotherapy for non-small-
cell lung cancer. Int J Radiat Oncol Biol Phys. 2009;74:341-348.

10. Jabbour SK, Kim S, Haider SA, et al. Reduction in tumor volume by
cone beam computed tomography predicts overall survival in non-
small cell lung cancer treated with chemoradiation therapy. Int J
Radiat Oncol Biol Phys. 2015;92:627-633.

11. Suresh K, Voong KR, Shankar B, et al. Pneumonitis in non-small cell
lung cancer patients receiving immune checkpoint immunotherapy:
Incidence and risk factors. J Thorac Oncol. 2018;13:1930-1939.

12. Voong KR, Naidoo J. Radiation pneumonitis after definitive chemo-
radiation and durvalumab for non-small cell lung cancer. Lung Can-
cer.. 2020;150:249-251.

13. Peters S, Felip E, Dafni U, et al. Progression-free and overall survival
for concurrent nivolumab with standard concurrent chemoradio-
therapy in locally advanced stage IIIA-B NSCLC: Results from the
European Thoracic Oncology Platform NICOLAS phase II trial
(European Thoracic Oncology Platform 6-14). J Thorac Oncol.
2021;16:278-288.

14. Jabbour SK, Berman AT, Decker RH, et al. Phase 1 trial of pembroli-
zumab administered concurrently with chemoradiotherapy for
locally advanced non-small cell lung cancer: A nonrandomized con-
trolled trial. JAMA Oncol. 2020;6:848-855.

15. von Reibnitz D, Chaft JE, Wu AJ, et al. Safety of combining thoracic
radiation therapy with concurrent versus sequential immune check-
point inhibition. Adv Radiat Oncol. 2018;3:391-398.

16. Yegya-Raman N, Reyhan M, Kim S, et al. Association of target vol-
ume margins with locoregional control and acute toxicities for non-
small cell lung cancer treated with concurrent chemoradiation ther-
apy. Pract Radiat Oncol. 2019;9:e74-e82.

17. Wang W, Xu Y, Schipper M, et al. Effect of normal lung defini-
tion on lung dosimetry and lung toxicity prediction in radiation
therapy treatment planning. Int J Radiat Oncol Biol Phys.
2013;86:956-963.

18. Bradley JD, Hope A, El Naqa I, et al. A nomogram to predict radia-
tion pneumonitis, derived from a combined analysis of RTOG 9311
and institutional data. Int J Radiat Oncol Biol Phys. 2007;69:985-992.

19. Palma DA, Senan S, Tsujino K, et al. Predicting radiation pneumo-
nitis after chemoradiation therapy for lung cancer: An international
individual patient data meta-analysis. Int J Radiat Oncol Biol Phys.
2013;85:444-450.

20. Dang J, Li G, Zang S, Zhang S, Yao L. Risk and predictors for early
radiation pneumonitis in patients with stage III non-small cell lung
cancer treated with concurrent or sequential chemoradiotherapy.
Radiat Oncol. 2014;9:172.

21. Claude L, P�erol D, Ginestet G, et al. A prospective study on radia-
tion pneumonitis following conformal radiation therapy in non-
small-cell lung cancer: Clinical and dosimetric factors analysis.
Radiother Oncol. 2004;71:175-181.

22. Katsui K, Ogata T, Watanabe K, et al. Radiation pneumonitis after
definitive concurrent chemoradiotherapy with cisplatin/docetaxel
for non-small cell lung cancer: Analysis of dose-volume parameters.
Cancer Med. 2020;9:4540-4549.

23. Ettinger DS, Hughes M. NCCN guidelines insights: Non-small cell lung
cancer, version 2.2021. J Natl Compr Canc Netw. 2021;19:254-266.

24. Jang JY, Kim SS, Song SY, Kim YJ, Kim S-W, Choi EK. Radiation
pneumonitis in patients with non-small-cell lung cancer receiving
chemoradiotherapy and an immune checkpoint inhibitor: A retro-
spective study. Radiat Oncol. 2021;16:231.

25. Inoue H, Ono A, Kawabata T, et al. Clinical and radiation dose-vol-
ume factors related to pneumonitis after treatment with radiation
and durvalumab in locally advanced non-small cell lung cancer.
Invest New Drugs. 2020;38:1612-1617.

26. Inoue H, Ono A, Kawabata T, et al. Correction to: Clinical and radi-
ation dose-volume factors related to pneumonitis after treatment
with radiation and durvalumab in locally advanced non-small cell
lung cancer. Invest New Drugs. 2021;39:899.

27. Mayahara H, Uehara K, Harada A, et al. Predicting factors of symp-
tomatic radiation pneumonitis induced by durvalumab following
concurrent chemoradiotherapy in locally advanced non-small cell
lung cancer. Radiat Oncol. 2022;17:7.

http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0001
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0001
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0002
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0002
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0002
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0003
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0003
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0003
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0004
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0004
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0004
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0005
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0005
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0005
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0006
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0006
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0006
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0006
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0007
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0007
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0007
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0008
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0008
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0008
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0009
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0009
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0009
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0010
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0010
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0010
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0010
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0011
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0011
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0011
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0012
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0012
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0012
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0013
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0013
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0013
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0013
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0013
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0013
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0014
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0014
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0014
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0014
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0015
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0015
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0015
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0016
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0016
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0016
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0016
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0017
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0017
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0017
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0017
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0018
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0018
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0018
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0019
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0019
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0019
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0019
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0020
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0020
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0020
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0020
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0021
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0021
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0021
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0021
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0021
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0022
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0022
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0022
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0022
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0023
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0023
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0024
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0024
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0024
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0024
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0025
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0025
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0025
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0025
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0026
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0026
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0026
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0026
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0027
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0027
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0027
http://refhub.elsevier.com/S2452-1094(23)00143-4/sbref0027

	Adaptive Lung Radiation Therapy in the Era of Immunotherapy: A Single-Center Retrospective Study
	Introduction
	Methods and Materials
	Study population
	Data collection
	Statistical analysis
	Ethical statement

	Results
	Baseline patient characteristic and treatment details

	Discussion
	Conclusion
	Disclosures
	References


