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Background and purpose: We investigated the incidence and dose-volume relationships of radiation
pneumonitis (RP) after concurrent chemoradiotherapy (CCRT) followed by durvalumab for locally
advanced non-small-cell lung cancer (LA-NSCLC).
Materials and methods: We retrospectively analyzed records of 36 patients with LA-NSCLC who under-
went CCRT followed by durvalumab. Incidence of RP was analyzed for correlations with clinical factors
and dose-volume parameters of lung in radiotherapy.
Results: All patients received 60 Gy in 30 fractions of radiotherapy with concurrent chemotherapy. Over a
median follow-up period of 7 months, incidence of grade �2 RP was 36% (including grade 3 RP: 5% and
grade 5 RP: 3%). Age, sex, Brinkman index, and blood test results did not significantly differ between
patients with grade �2 RP and grade �1 RP. Dose-volume parameters (lung volumes that received
5 Gy, 10 Gy, 20 Gy, 30 Gy, 40 Gy, 50 Gy, and mean lung dose) were significantly higher among patients
with grade �2 RP compared with patients with grade �1 RP.
Conclusion: Incidence of grade �2 RP was 36% after CCRT followed by durvalumab for LA-NSCLC, but did
not significantly differ from those of patients treated with CCRT alone. Lung dose-volume parameters
were significantly correlated with RP.

� 2020 The Author(s). Published by Elsevier B.V. on behalf of European Society for Radiotherapy and
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Lung cancer is a major cause of cancer death worldwide [1,2].
For locally advanced non-small-cell lung cancer (LA-NSCLC), con-
current chemoradiotherapy (CCRT), which combines platinum-
based chemotherapy and radiotherapy (RT), is the standard
treatment [3]. However, the 5-year survival rate for LA-NSCLC trea-
ted with CCRT is reportedly only 15–40% [4–7]. Recently, CCRT fol-
lowed by durvalumab was shown to improve overall survival
significantly for patients with LA-NSCLC [8]. Durvalumab is a
human IgG1 monoclonal antibody that blocks programmed death
ligand-1 binding to the programmed death-1 receptor and CD80,
thus increasing anti-tumor activity by T cells [9,10]. However,
possible adverse effects (AEs) due to immune system activation
are major concerns. A major AE after CCRT followed by durvalumab
is radiation pneumonitis (RP). RP is associated with the dose-
volume parameter of lung. [11,12]. If durvalumab increases sus-
ceptibility to RP, the relationship incidence of RP and dose-
volume relationship will be different from that in patients treated
with CCRT alone. Here, we retrospectively analyzed clinical data of
LA-NSCLC patients treated by CCRT followed by durvalumab to
clarify the incidence and dose-volume relationship of RP.
2. Materials and methods

2.1. Patients

We retrospectively analyzed records of patients with LA-NSCLC
who were treated with CCRT followed by durvalumab at our hos-
pital from May 2018 to October 2019. Although most tumors were
pathologically diagnosed using biopsies, some patients could not
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Table 1
Patient and treatment characteristics (n = 36).

Characteristic

Age, years, median (range) 72 (51–80)
Sex, n (%) Male 27 (75)

Female 9 (25)
Histo-pathological type, n (%) Adenocarcinoma 20 (56)

Squamous cell carcinoma 10 (28)
Mixed type 1 (3)
Not identified 5 (13)

*FEV1.0, L, mean (±standard deviation) 2.2 (±0.4)
PD-L1 expression, n (%) Not examined 7 (19)

51% 15 (42)
2–50% 6 (17)
�50% 8 (22)

Chemotherapy regimen, n (%) Daily low dose CBDCA 16 (44)
CBDCA + PTX 12 (33)
CDDP + DTX 4 (11)
CDDP + TS-1 3 (8)
CBDCA + DTX 1 (3)

Interval between last day of RT and start of durvalumab, days,
median (range)

11 (1–39)

Cycles of durvalumab, median (range) 6.5 (1-24)
Clinical stage, n (%) IIB 5 (13)

IIIA 12 (33)
IIIB 13 (36)
IIIC 2 (6)
Post-operative recurrence 4 (11)

Comorbidity, n (%) Diabetes mellitus 11 (31)
COPD 3 (8)
Hypertension 16 (44)
Hyperlipidemia 11 (31)

*Data were taken from 27 patients who underwent respiratory function test.
FEV1.0; forced expiratory volume in one second, PD-L1; Programmed death-ligand
1, CBDCA; carboplatin, CDDP; cisplatin, COPD; chronic obstructive pulmonary dis-
ease, DTX; docetaxel, PTX; paclitaxel, RT; radiation therapy.
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receive biopsies because of comorbidity and were therefore diag-
nosed clinically. Clinical stage was determined using
fluorodeoxyglucose-positron emission tomography, contrast-
enhanced computed tomography (CT), and gadolinium-enhanced
head magnetic resonance imaging and classified according to the
Union for International Cancer Control (8th ed.) criteria. This study
was approved by our hospital’s Institutional Review Board and was
carried out in accordance with the Declaration of Helsinki.

2.2. Radiotherapy

Radiotherapy was performed using 10-MV X-rays with CT
image simulation (1.25-mm thickness). Four-dimensional CT (4-D
CT) was used to evaluate the tumor respiratory motion. For treat-
ment planning, images of expiratory phase were used. Irradiation
technique was conventional three-dimensional conformal radio-
therapy and prescribed dose was 60 Gy in 30 fractions for all the
patient. Gross target volume was defined in simulated CT images
of the lung window. Internal target volume (ITV) was determined
by tumor motion in 4-D CT images to encompass respiratory tumor
motion. Clinical target volume (CTV) included a 5–10 mm margin
in all directions from ITV and prophylactic lymph node area at
the mediastinum. The planning target volume was defined as
CTV with a 5-mm margin to compensate for any set-up error.
Dose-volume parameters such as mean lung dose (MLD), normal
lung volumes that received more than 5 Gy (V5), 20 Gy (V20),
30 Gy (V30), 40 Gy (V40), 50 Gy (V50), and 60 Gy (V60) were recorded
prior to treatment. Dose constraints for organs at risk were <50 Gy
to spinal cord and V20 of the lung should be <35%.

2.3. Chemotherapy

The chemotherapy regimens included daily carboplatin
(CBDCA) alone, weekly CBDCA + paclitaxel (PTX), cisplatin
(CDDP) + docetaxel (DTX), CDDP + TS-1 and CBDCA + DTX, and var-
ied according to physicians’ decisions.

2.4. Durvalumab

Durvalumab was intravenously administered at 10 mg/kg every
2 weeks for 1 year. Diagnostic CTs were taken immediately after
finishing CCRT to evaluate its efficacy and toxicity. If no abnormal-
ities were seen on CT or blood tests, durvalumab was started. After
initiating durvalumab, patients were required to make weekly hos-
pital visits to monitor their conditions and take chest x-rays, com-
plete blood cell counts and laboratory measurements. Chest CT
images were also taken every 3 months for the first year and every
6 months thereafter. AEs were classified using the National Cancer
Institute Common Toxicity Criteria for Adverse Events, version 4.0.
Administration of durvalumab was postponed for grade 2 lung AEs
until the lung AEs was resolved, but canceled and never adminis-
tered again for grade �3 lung AEs. We carefully judged pneumonia
as RP with multidisciplinary discussion because it is sometimes
difficult to differentiate radiation pneumonitis from other pneu-
monia. Our criteria to consider RP were such as abnormal shadows
on X-ray or CT within the irradiated field and no evidence of bac-
terial nor viral infection such as positive urinary antigen detection
of streptococcus pneumonia, legionella and positive antigen test of
influenza.

2.5. Statistical analysis

Mean parameters in the two groups were compared with the
Student’s t-test. Relationships between categorical data and RP
were analyzed by chi-square test. P < 0.05 was considered signifi-
cant. Receiver operating characteristic (ROC) curves and areas
under the curve (AUC) were calculated to assess optimal cut-off
values for dose-volume parameters and their ability to predict
RP. All statistical analyses were performed using IBM SPSS Statis-
tics for Windows, Version 25.0 (SPSS Inc., Armonk, NY, USA).

3. Results

Between May 2018 to October 2019, 36 patients with LA-NSCLC
were treated by CCRT followed by durvalumab at our hospital. Dur-
ing same period, 13 patients received CCRT but they could not
receive durvalumab due to progression of disease, poor general
condition or patient’s refusal. Their median age was 72 years
(range: 51–80 years), and included 27 men and 9 women. Their
histologic diagnoses were adenocarcinoma (n = 20), squamous cell
carcinoma (n = 10), and mixed adenocarcinoma and squamous cell
carcinoma (n = 1). Five patients were treated based on their clinical
diagnoses because they could not receive biopsies for medical rea-
sons. Their disease stages were IIB (n = 2), IIIA (n = 12), IIIB (n = 13)
and IIIC (n = 2). Chemotherapy regimens included daily CBDCA
(n = 16), weekly CBDCA + PTX (n = 12), CDDP + DTX (n = 4),
CDDP + TS-1 (n = 3), and h CBDCA + DTX (n = 1; Table 1). Median
number of cycles of durvalumab was 6.5 times. Among 36 patients,
7 patients accomplished administration of durvalumab for 1 year,
12 patients had been receiving durvalumab at last follow up and
17 patients could not continue administration of durvalumab due
to adverse events including 8 patients with lung toxicity , 6
patients with progression of disease and 3 patients with other
auto-immune related toxicity. Among 8 patients with discontinua-
tion of durvalumab caused by lung toxicity, 4 patients received
corticosteroid administration. Over a median follow-up period of
7 months, 16 patients (44%) developed grade 1 RP, 10 (28%) had
grade 2 RP, 2 (5%) had grade 3 RP, and 1 (3%) had grade 5 RP. Med-
ian interval from first administration of durvalumab to occurrence



Table 2
Comparison of factors and dosimetric parameters between patients with grade � 1
radiation pneumonitis (RP) and those with grade �2 RP.

Parameter grade � 1 RP group
(n = 23)

grade =2 RP group
(n = 13)

p-value

Patient factor
Brinkman Index 968 (±1085) 980 (±456) 0.970
KL-6 353 (±175) 352 (±193) 0.991
CRP 0.71 (±1.37) 1.03 (±1.97) 0.570
LDH 176 (±41) 188 (±39) 0.401
HbA1c 6.2 (±0.6) 6.3 (±0.6) 0.409
Blood sugar 116 (±26) 123 (±36) 0.491
Age 70.1 (±7.7) 72.1 (±5.6) 0.432
FEV1.0* 2.22 (±0.41) 2.20 (±0.53) 0.946
Dosimetric parameter
V5, % 26.8 (±7.7) 32.2 (±7.1) 0.044
V10, % 22.1 (±6.5) 27.4 (±6.0) 0.041
V20, % 17.5 (±5.4) 22.7 (±5.1) 0.008
V30, % 14.2 (±5.1) 19.3 (±4.6) 0.006
V40, % 11.3 (±4.8) 15.6 (±4.3) 0.012
V50, % 8.1 (±4.3) 11.1 (±3.8) 0.043
V60, % 2.2 (±3.0) 2.7 (±2.1) 0.627
MLD, Gy 9.5 (±3.0) 11.8 (±2.8) 0.031

*Data were taken from 27 patients who underwent respiratory function test.
Among 27 patients, 16 patients showed grade �1 radiation pneumonitis and 11
patients showed grade =2 radiation pneumonitis.
CRP; c-reactive protein, KL-6; sialylated carbohydrate antigen, LDH; lactate dehy-
drogenase, FEV1.0; forced expiratory volume in one second, MLD; mean lung dose,
RP; radiation pneumonitis.

Table 3
Chi-square test for factors related to grade �2 radiation
pneumonitis.

p-value

Sex 0.317
Diabetes mellitus 0.127
COPD 0.345
Hypertension 0.121
Hyperlipidemia 0.983
CBDCA + PTX 0.806

COPD; chronic obstructive pulmonary disease, CBDCA;
carboplatin, PTX; paclitaxel.
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of RP was 2 months. Patient characteristics such as age, Brinkman
Index and other pre-treatment blood test results such as c-reactive
protein, Sialylated carbohydrate antigen KL-6, lactate dehydroge-
nase, HbA1c and blood sugar, did not significantly differ in patients
with grade �2 RP (Table 2) compared with patients with grade �1
RP. Patients’ sex, history of diabetes mellitus, chronic obstructive
pulmonary disease, hypertension, hyperlipidemia and specific reg-
imen of chemotherapy were not associated with development of
grade �2 RP (Table 3).
Fig. 1. Cumulative incidence of grade �2 radiation pneumonitis for patients whose lung
6 months was 60% for the �18.3 Gy group and 24% for the <18.3 Gy group.
Dosimetric parameters relating to RP are described in Table 2.
Mean lung V20 in patients with grade �2 RP was significantly
higher than that in patients with grade �1 RP (22.7% vs 17.5%;
P < 0.05). Mean V5, V10, V30, V40 and V50 values were also signifi-
cantly higher in the grade �2 RP group. ROC analysis showed max-
imum AUC with V30 (AUC = 0.779). Other DVH parameters such as
V20 (AUC = 0.756), V40 (AUC = 0.759) and MLD (AUC = 0.742) also
showed large AUCs. The 6-month cumulative incidences of RP
between the two groups, as determined by cut-off values from
ROC analysis, were 60% vs. 24% (V20, �18.3 Gy or less) (Fig. 1).
4. Discussion

The crude incidence of grade �3 RP was 8% in this study.
Reportedly, among patients who receive CCRT for LA-NSCLC, the
range for grade �3 RP incidence is 4%–12% [12–14], which is con-
sistent with our results. Incidence of grade 2 RP was 28% in this
study, but varies widely in the literature; Mun et al. reported
16% among patients who received CCRT for LA-NSCLC, and Pio-
trowski et al reported 47% (29/62) after 3D-CRT for LA-NSCLC
[13,15]. In addition, our own data for the incidence of grade 2 RP
after CCRT alone for LA-NSCLC was 25%. At least, incidence of
V20 was �18.3 Gy and those whose V20 was <18.3 Gy. The cumulative incidence at
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non-severe RP in our study did not deviate from these reports and
our own experience. We think that durvalumab does not increase
RP incidence, regardless of its severity. In the Pacific trial, incidence
of grade 3–4 pneumonitis was 3.4% [8], compared with 5% in the
present study. We consider the results of the randomized phase
III trial were reproduced in this study with real-world data.

In this study, the lung V5 to V50 and MLD were significantly
higher in patients with grade �2 RP compared with patients with
grade�1 RP. Among these DVH parameters, V30 showed the largest
AUC; V20, V40 andMLD also showed large AUCs. However, the small
differences in AUC among these parameters might be meaningless,
because of both the high correlations for these parameters, and the
small number of patients in this study. V20 is widely used to predict
RP [11,12]. This study showed a V20 cut-off of 18.3% optimally pre-
dicted grade �2 RP. Tsujino et al reported a V20 cut-off of 25% opti-
mally to predict grade �2 RP. Palma et al also reported that V20 is a
predictor of pneumonitis [11]. We think that V20 is a useful predic-
tor of RP after CCRT followed by durvalumab, and the dose-volume
relationship between irradiated lung volume and RP does not sig-
nificantly differ from that of patients treated with CCRT alone.

Relationships between patients’ clinicopathological characteris-
tics and development of RP have been controversial. A review arti-
cle described 13 studies that showed older age was a significant
risk factor for RP, whereas 4 studies found no association between
age and RP [16]. Age, sex, Brinkman Index and blood test results
were not significant predictors of grade �2 RP in the present study,
nor did we find any patient characteristics that were significantly
associated with RP in this setting. Palma et al reported that specific
regimen of chemotherapy such as CBDCA + PTX was significantly
associated with RP [11]. In this study, we could not find significant
correlation between CBDCA + PTX and RP. It might be due to small
number of patients of our study. Further accumulation of patients
is required to address this issue.

This study has some limitations—notably, its design as a single-
institutional retrospective study with relatively few patients. How-
ever, owing to the lack of real-world data about RP after CCRT fol-
lowed by durvalumab for patients with LA-NSCLC, we believe our
findings may be helpful to clinicians. In this study, all patients were
treated with elective nodal irradiation (ENI). Irradiated field might
be larger with ENI and incidence of RP will be affected by that.
However, we still think that ‘‘dose-volume relationship” is not
affected by that. In this study, all patient were treated with
three-dimensional conformal radiotherapy (3D-CRT) technique. It
is reported that intensity modulated radiotherapy (IMRT) could
reduce the risk of RP [17]. We have to note that incidence and
dose-volume relationship might be different between 3D-CRT
and IMRT.
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