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Simple method for evaluating achievement degree of lung
dose optimization in individual patients with locally
advanced non-small cell lung cancer treated with
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Abstract
Background: In this study, we developed a simple method for evaluating achievement
degree of lung dose optimization in individual patients with locally advanced non-small
cell lung cancer (NSCLC) treated with intensity modulated radiotherapy (IMRT).
Methods: Data of 28 patients with stage IIB to IIIC NSCLC were retrospectively ana-
lyzed. All patients were treated with IMRT and a simulated three-dimensional confor-
mal radiotherapy (3D-CRT) plan created for them. Dose-volume parameters of lung
were analyzed for their correlation with radiation pneumonitis (RP).
Results: Over a median follow-up of 14 months, grade 1 pneumonitis was diagnosed in
14 patients (50%), grade 2 pneumonitis in 11 (39%), and grade 3 pneumonitis in one
(4%). Two patients did not develop pneumonitis. None of the patients developed grade
4 or 5 pneumonitis. Regarding dose-volume parameter ratios between IMRT and simu-
lated 3D-CRT, receiver operating characteristic analysis showed that mean lung dose
(MLD)IMRT/MLD3D-CRT had the largest area under curve (0.750). Cumulative 6-month
incidences of grade 2 or greater RP were 78.4% versus 19.5% (MLDIMRT/MLD3D-CRT,

≥1.0 or less); this difference was significant (p < 0.05).
Conclusions: We found that cutoff values for dose volume parameter ratios signifi-
cantly predict grade 2 or greater RP. We believe that these parameter ratios could be
useful in assisting evaluation of achievement degree of lung dose optimization in
IMRT for LA-NSCLC.
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INTRODUCTION

Concurrent chemoradiotherapy (CCRT) is a standard form
of curative treatment for locally advanced non-small cell
lung cancer (LA-NSCLC).1 The PACIFIC trial recently
reported that consolidative therapy with durvalumab after
CCRT significantly prolongs overall and progression-free

survival.2 Another recent change in treatment of LA-NSCLC
has been improvement in radiotherapy techniques. Intensity-
modulated radiotherapy (IMRT) is a means of concentrating
the radiation dose on the target and sparing surrounding nor-
mal tissue.3 In patients with LA-NSCLC, IMRT enables delivery
of significantly lower doses to the lung, heart, and esophagus
than is achieved with conventional three-dimensional conformal
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radiotherapy (3D-CRT).4 There have been no direct compari-
sons between IMRT and 3D-CRT; however, several retrospec-
tive studies have found that IMRT led to reduced toxicity while
equaling or improving survival outcomes.5,6 Therefore, IMRT
has been increasingly administered to patients with LA-NSCLC,
especially in the Western world during the last decade.7

Although IMRT for LA-NSCLC is being increasingly used
worldwide,7–11 the proportion of the facilities where IMRT for
LA-NSCLC is performed varies widely in each region, mainly
due to limited human and machine resources.12 One of the
obstacles in performing IMRT for LA-NSCLC is the difficulty
in the treatment plan optimization process because it is more
complex than for 3D-CRT. With 3D-CRT, lung dose distribu-
tion may not vary much once target volume is determined.
However, with IMRT to the same target volume, lung dose opti-
mization can vary widely because dose distribution can easily be
modified by adjusting optimization settings. Additionally, some
researchers have expressed concern that the incidence of radia-
tion pneumonitis (RP) may be slightly higher in specific ethnic
groups after CCRT followed by durvalumab.9–16 Thus, it is
important to create safe and reproducible IMRT plans for treat-
ing LA-NSCLC. However, in the absence of established means
of determining clinical goals for lung dose optimization in indi-
vidual patients, it is difficult to be sure that adequate optimiza-
tion has been achieved or not. In this study, we developed
simple methods for evaluating achievement degree of lung dose
optimization in individual patients and evaluated its utility with
an endpoint RP.

METHODS

Patients

Relevant data of patients with LA-NSCLC who had been treated
with CCRT using IMRT followed by durvalumab in our institu-
tion between March 2020 and August 2021 were retrospectively
analyzed. Histological diagnoses had been made by examining
bronchoscopy biopsies from all patients. Additionally, all
patients had undergone computed tomography (CT), magnetic
resonance imaging of the brain, and fluoro-deoxy-glucose posi-
tron emission tomography. Tumors were classified in accor-
dance with the TNM classification of malignant tumors (eighth
edition). Treatment modalities such as radiotherapy or surgery
were carefully chosen by our hospital’s tumor board, which con-
sists of a thoracic surgeon, thoracic medical oncologist, radiolo-
gist, and radiation oncologist. This study was approved by our
Institutional Review Board (reference number: 20–167) and per-
formed in accordance with the Helsinki Declaration of the
World Medical Association. Written informed consent for the
use of medical data was obtained from all study patients.

Radiotherapy

IMRT was performed using a volumetric modulated arc
radiotherapy (VMAT) technique in all the patients. A

representative image of the VMAT plan is shown in
Figure 1. Four-dimensional CT and CT in the mid-respiratory
phase were performed for treatment planning. The thickness
of CT in the mid-respiratory phase was 2.5 mm. Doses were
calculated on the basis of CT findings in the mid-respiratory
phase and four-dimensional CT was used to create the internal
gross tumor volume (IGTV) with maximum intensity projec-
tion methods. A clinical target volume (CTV) margin of 5 mm
was added to the IGTV. Bony structures and other organs with
no evidence of invasion by tumor were excluded from the
CTV. In this study, the elective nodal area was not included in
the CTV. A planning target volume (PTV) margin of 5 mm
was added to the CTV in all directions. A total of 60 Gy in
30 fractions was prescribed to cover 95% of the PTV. Dose
constraints for organs at risk were as follows: less than 35% of
lung volume to receive more than 20 Gy (lung V20), less than
60% of lung volume to receive more than 5 Gy (lung V5), max-
imum dose (Dmax) to spinal cord less than 50 Gy, less than
25% of esophageal volume to receive more than 40 Gy, and
less than 20% of heart volume to receive more than 40 Gy. To
calculate lung dose, GTV was excluded from lung. Treatment
plans were created using Eclipse (Armonk), the dose calcula-
tion algorithm being AAA.

Chemotherapy

The general conditions of patients were carefully checked by
thoracic medical oncologists to determine whether chemother-
apy was indicated. Generally, patients with ECOG performance
status of 0–2 and good organ function were considered candi-
dates for CCRT. Interstitial pneumonia is considered a contra-
indication to CCRT in our hospital. Individual chemotherapy
regimens were determined by medical oncologists.

Durvalumab

After CCRT, all patients received durvalumab biweekly until
development of grade 2 or greater toxicity, or completion of

F I G UR E 1 Representative actual treatment plan of intensity modulated
radiotherapy (volumetric modulated arc radiotherapy). Two arcs were used
with arc angles of 10–181 degrees and 181–10 degrees, respectively
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24 cycles. Toxicities were classified in accordance with the
National Cancer Institute Common Toxicity Criteria for
Adverse Events, version 5.0. Blood tests and chest radio-
graphs were routinely performed at every hospital atten-
dance for administration of durvalumab. If pneumonitis
or disease progression was suspected, chest CT and any
other examinations deemed necessary were performed.

Dose volume parameters of radiotherapy

In addition to lung V20 and lung V5, mean lung dose (MLD),
and volumes of lung receiving more than 30 Gy (lung V30),
more than 40 Gy (lung V40), more than 50 Gy (lung V50), and
more than 60 Gy (lung V60) were calculated and recorded.

Simulated 3D-CRT plan

For a reference, 3D-CRT plans were created on CT images
for IMRT with the same target volume. Anterior-posterior
beams and 30�of diagonal beams were used. A representative
image is shown in Figure 2. The weights of anterior-posterior:
diagonal beams were set at 2:1. Sixty Gy in 30 fractions was
prescribed to the isocenters of the beams, which were set in
the centers of the PTV and adjusted slightly when they were
on air in lung parenchyma. To create the irradiation field, a
multileaf collimator (MLC) margin of 5 mm was added to
the PTV and beam angle or shape of MLC was not modified
to spare the spinal cord because this simulated plan was only
for reference. The treatment planning system and dose calcu-
lation algorithm were the same as for IMRT. The same dose
volume parameters for lung as with IMRT were calculated
and recorded. To evaluate differences between the IMRT and

simulated 3D-CRT plans, the ratios of dose-volume parame-
ters such as V5IMRT/V53D-CRT, V20IMRT/V20 3D-CRT, and
MLDIMRT/MLD3D-CRT were calculated.

F I G U R E 2 Representative treatment plan of simulated 3D-CRT as
same patient in Figure 1. The thick white arrow indicates the beams. There
are four beams in the anterior-posterior direction and 30–210 degrees in
diagonal directions

TAB L E 1 Patient characteristics (n = 28)

Characteristics

Age, years, median
(range)

71 (36–82)

Performance status 0 16

1 12

History of smoking Current or former 24

Never 4

Sex Male 20

Female 8

Histopathological type,
n (%)

Squamous cell carcinoma 18

Adenocarcinoma 9

Non-small cell lung cancer 1

T classification, n (%) T1b 2

T1c 4

T2a 5

T2b 2

T3 3

T4 12

N classification, n (%) N0 3

N1 6

N2 14

N3 5

Clinical stage, n (%) IIB 1

IIIA 16

IIIB 9

IIIC 2

Volume of planning
target volume, ml,
median (range)

200 (119–651)

Location of primary
tumor

Right upper lobe 10

Right lower lobe 7

Left upper lobe 9

Left lower lobe 2

Regimen of
chemotherapy, n (%)

Carboplatin+paclitaxel 14

Daily carboplatin 13

Cisplatin+S1 1

Tumor proportion
score, n (%)

<1 10

1–49 7

≥ 50 9

not examined 2

Mean lung dose, Gy 11.5 (�2.2)

Lung V5, % 47.7 (�9.0)

Lung V20, % 19.2 (�4.3)
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Statistical analysis

The incidences of grade 2 or greater RP were compared
between the two groups with the Kaplan–Meier method and
log–rank test. Cutoff values for creating the two groups were

determined by receiver operating characteristic (ROC) anal-
ysis. p < 0.05 was considered to denote significant differ-
ences and all tests were two-sided. All statistical analyses
were performed using IBM SPSS Statistics for Windows,
version 25.0 (IBM Corp.). Scatter diagrams were created
using Excel 2016 (Microsoft).

RESULTS

Patients

Data of 28 patients were analyzed. They comprised 20 men
and eight women of median age 71 years. Their histological
diagnoses were squamous cell carcinoma (n = 18), adeno-
carcinoma (n = 9), and non-small cell lung cancer (n = 1).
Their disease stages were IIB (n = 1), IIIA (n = 16), IIIB

T A B L E 2 Dose-volume parameters of IMRT and simulated 3D-CRT

Dose-volume parameter IMRT Simulated 3D-CRT p-value

Mean lung dose, Gy 11.5 (�2.2) 11.6 (�2.8) 0.774

Lung V5, % 47.7 (�9.0) 32.7 (�7.1) < 0.001

Lung V20, % 19.2 (�4.3) 21.7 (�5.3) 0.004

Lung V30, % 12.6 (�3.4) 18.2 (�5.0) < 0.001

Lung V40, % 8.0 (�2.9) 15.1 (�4.4) < 0.001

Lung V50, % 5.0 (�2.1) 10.6 (�3.4) < 0.001

Lung V60, % 2.3 (�1.2) 1.9 (�1.7) 0.254

T A B L E 3 Results of univariate analysis of clinical and dosimetric factors associated with incidence of ≥grade 2 pneumonitis

Variable Cutoff value
Number
of patients

Six months cumulative
incidence of ≥2 RP p-value

Age (years) ≥ 63 24 51.6% 0.789

< 63 4 100%

Sex Male 20 57.6% 0.635

Female 8 41.7%

Performance status 0 12 54.5% 0.782

1 16 42.6%

Stage IIB, IIIA 17 46.5% 0.785

IIIB, IIIC 11 60.7%

Smoking Never 4 25.0% 0.427

Current or former 24 60.7%

Brinkman index ≥ 1455 4 75%

< 1455 24 40.3%

Absolute volume of PTV (ml) ≥ 151.7 23 100% 0.772

< 151.7 5 45.1%

Mean lung dose (Gy) ≥ 10.5 19 57.4% 0.046

< 10.5 9 37.5%

Lung V5 (%) ≥ 51.6 9 77.8% 0.005

< 51.6 19 39.8%

Lung V20 (%) ≥ 21.8 5 100% 0.009

< 21.8 23 42.1%

Lung V30 (%) ≥ 14.5 6 77.8% 0.111

< 14.5 22 42.5%

Lung V40 (%) ≥ 8.3 11 61.8% 0.191

< 8.3 17 41.9%

Lung V50 (%) ≥ 5.7 10 70.0% 0.061

< 5.7 18 38.3%

Lung V60 (%) ≥ 2.2 15 51.1% 0.602

< 2.2 13 56.2%

Lung V5 of contralateral lung (%) ≥ 45.3 7 57.1% 0.782

< 45.3 21 50.6%
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(n = 9) and IIIC (n = 2). Chemotherapy regimens included
weekly carboplatin + paclitaxel (n = 14), daily carboplatin
(n = 13), and cisplatin + TS-1 (n = 1). Programmed death
ligand 1 tumor proportional scores were evaluated in 26 patients
and were <1% in 10 patients, 1%–49% in seven, and ≥ 50% in
nine. These data are summarized in Table 1. The correlation
coefficient between volume of PTV and lung V20 was 0.01.

Administration of durvalumab

The median number of cycles of durvalumab was 10. Durvalu-
mab was discontinued in 16 of the 28 patients. Reasons for dis-
continuation of durvalumab comprised progression of disease
in four patients, pneumonitis in six, hematological toxicities in
two, diarrhea in one, hyperthyroidism in one, patient refusal in
one, and anaphylactic shock in one. Administration of durva-
lumab was postponed in five patients due to pneumonitis.

Incidence of RP

Over a median follow-up of 14 months, grade 1 pneumonitis
was diagnosed in 14 patients (50%), grade 2 pneumonitis in

11 (39%), and grade 3 pneumonitis in one (4%). Two
patients did not develop pneumonitis. None of the patients
developed grade 4 or 5 pneumonitis.

Cutoff values for dose-volume parameters for
predicting ≥ grade 2 RP

Dose-volume parameters for IMRT and simulated 3D-
CRT are shown in Table 2. ROC analysis showed that
lung V5, lung V20, and MLD had relatively large AUCs
(0.651, 0.607, and 0.620, respectively). Cutoff values for
lung V5, lung V20, and MLD were 51.6, 21.8 and 10.5 Gy,
respectively. Comparisons of the 6-month cumulative
incidence of grade 2 or greater RP between the two
groups, as determined by cutoff values derived from ROC
analysis, yielded the following results: 77.8% versus 39.8%
(lung V5, ≥ 51.6% or less), 57.4% versus 37.5% (lung V20,
≥10.5 Gy or less), and 100% versus 42.1% (MLD, ≥ 21.8%
or less). The incidence of RP differed significantly
between these two groups (p < 0.05). Results of these ana-
lyses are shown in Table 3. Regarding dose-volume
parameter ratios between IMRT and simulated 3D-CRT,
ROC analysis showed that MLDIMRT/MLD3D-CRT had the
largest AUC (0.750) and cutoff value for MLDIMRT/
MLD3D-CRT was 1.0. Cumulative 6-month incidences of
grade 2 or greater RP were 78.4% versus 19.5%
(MLDIMRT/MLD3D-CRT, ≥1.0 or less); this difference was
significant (p < 0.05) (Figure 3). Median MLDIMRT/
MLD3D-CRT was 0.93 (range: 0.71–0.99) in patients whose
MLDIMRT/MLD3D-CRT was below this cutoff value. Also,
V20IMRT/V203D-CRT was significantly associated with RP
(p = 0.003). Cutoff value for V20IMRT/V203D-CRT was 1.0.
Cumulative 6-month incidences of grade 2 or greater RP
were 100% versus 33.5% (V20IMRT/V203D-CRT, ≥1.0 or
less). In this study, the cutoff value for V5IMRT/V53D-CRT

was 1.5; however, the association with RP was not signifi-
cant (p = 0.087). With a simulated 3D-CRT plan,
13 patients exceeded dose constraint for spinal cord
(Dmax <50 Gy). Seven of those 13 patients satisfied cutoff
value of MLDIMRT/MLD3D-CRT. Also, eight of 13 patients
satisfied cutoff value of V20IMRT/V203D-CRT.

F I G U R E 3 Cumulative 6-month incidences of ≥grade 2 RP were
78.4% versus 19.5% (MLDIMRT/MLD3D-CRT, ≥1.0 or less) (p = 0.006)

F I G U R E 4 Scatter diagram of volume
of PTV and MLDIMRT/MLD3D-CRT. The
dotted line represents the line of best fit, and
the correlation coefficient was �0.41. The
white circle represents patients with ≥grade
2 RP and the black circle represents patients
with <grade 2 RP
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Relationship between ratio of dose-volume
parameter and PTV volume

We plotted absolute volume of PTV and ratio of dose-volume
parameters in scatter diagrams. Scatter diagrams of volume of
PTV and MLDIMRT/MLD 3D-CRT are shown in Figure 4.
Approximate curves of the scatter plots showed a negative
correlation between volume of PTV and V5IMRT/V5 3D-CRT,
V20IMRT/20 3D-CRT, and MLDIMRT /MLD3D-CRT. Correlation
coefficient were �0.30 for V5IMRT/V5 3D-CRT, �0.42 for
V20IMRT/20 3D-CRT, and �0.41 for MLDIMRT /MLD3D-CRT.

DISCUSSION

To our knowledge, this is the first study to explore means of
evaluating achievement degree of lung dose optimization by
IMRT followed by durvalumab for individual LA-NSCLC
patients. We first examined the dose–volume relationship
between lung dose and grade 2 or greater RP and found that
lung V5, lung V20, and MLD were significantly associated
with grade 2 or greater RP, consistent with the findings of
other studies.8–10 Furthermore, the ratio of dose–volume
parameters between IMRT and simulated 3D-CRT was
significantly associated with grade 2 or greater RP. Clearly,
the predictive ability of these cutoff values for ratios of dose-
volume parameters requires verification in a prospective
study. In the meantime, this method could easily be imple-
mented with high reproducibility in any facilities and could
therefore be used as a reference for each facility to examine
their own achievement degree of lung dose optimization
with their own cutoff values.

In this study, the crude incidence of grade 2 or greater
RP was 43%, which was consistent with reports from Asian
countries.8–11,13–16 We consider that our clinical data are
comparable to reported results from other Asian facilities
and could therefore validly be used for analyzing dose–
volume relationships of RP and evaluating achievement
degree of lung dose optimization.

In this study, we have shown that lung V5, lung V20,
and MLD are significantly associated with grade 2 or greater
RP. Tsukita et al. reported that a V5 of 58.9% is a significant
predictor of grade 2 or greater RP after IMRT followed by
durvalumab.8 Our cutoff value for lung V5 was 51.6%,
which is slightly lower than that reported by Tsukita et al.
However, in our opinion, this slight difference in absolute
value of V5 is meaningless because these values were derived
from ROC analysis and the cutoff value is easily affected by
small differences in occurrence of events. However, we still
believe that V5 is a useful predictor of grade 2 or greater RP
and that we should minimize it as much as possible. We
consider that lung V20 and MLD should also be minimized.
This makes sense because, in IMRT for lung cancer, it is
meaningless to prioritize only one point on the dose–volume
curve; rather, it is important to reduce whole dose–volume
curves by working on multiple evaluation points. This strat-
egy is consistent with MLD being a significant factor.

In this study, we also aimed to develop methods for eval-
uating achievement degree of lung dose optimization in indi-
vidual patients. The complexity of the optimization process
and limited time in clinical situations makes it difficult to
determine definite goals for lung dose optimization in indi-
vidual patients. We initially created simulated 3D-CRT plans
for all patients and have described in detail how we created
those plans in this study. Because beam angle, MLC margin,
and prescription method were fixed in this study, there were
few variations when creating such simulated 3D-CRT plans
once the target volume had been determined. According to
ROC analysis, the optimal cutoff value for predicting grade
2 or greater RP was MLDIMRT/MLD3D-CRT of 1.0. The cumu-
lative 6-month incidences of grade 2 or greater RP were
78.4% versus 19.5% between the above and below cutoff value
groups (p = 0.006). The median MLDIMRT/MLD3D-CRT was
0.93 (range: 0.71–0.99) among patients whose MLDIMRT/
MLD3D-CRT were below this cutoff value. We consider that
these results indicate that MLDIMRT/MLD3D-CRT should, at
the very least, be less than 1.0, and ideally less than 0.9. We
also found V20IMRT/V203D-CRT to be significantly associated
with RP (p = 0.003), whereas V5IMRT/V53D-CRT was not. The
cutoff value for V20IMRT/V203D-CRT was also 1.0 and the
median V20IMRT/V203D-CRT 0.85 (0.59–0.98) among patients
whose V20IMRT/V203D-CRT was less than 1.0. We also con-
sider that V20IMRT/V203D-CRT should, at the very least, be less
than 1.0, and ideally less than 0.85. Unlike V20 and MLD,
V5IMRT/V53D-CRT showed no statistical significant association
with RP. Lung V5 may inevitably be higher when using
IMRT than when using 3D-CRT.6,8,11 In this study, the cutoff
value for V5IMRT/V53D-CRT was 1.5; however, the association
with RP was not significant (p = 0.087). Further studies with
greater numbers of patients are necessary to clarify the opti-
mal cutoff value for V5IMRT/V53D-CRT.

We found that ratios of dose-volume parameters such as
V5IMRT/V5 3D-CRT, V20IMRT/20 3D-CRT, and MLDIMRT/
MLD3D-CRT were negatively correlated with volume of PTV,
suggesting that patients with large PTVs may benefit more
from IMRT. Facilities with limited resources who must select
patients for treatment with IMRT or 3D-CRT could consider
this as one objective factor for informing their decisions.

The following limitations of this study should be noted.
First, the retrospective nature of the study made it difficult
to eliminate biases in baseline patient characteristics. How-
ever, our patient characteristics were similar to those of
other retrospective studies from Japanese facilities, as were
our clinical results.8–11,13–16 Second, the cutoff values in this
study reflect our early experience with lung dose optimiza-
tion. More efficient lung dose optimization would further
lower the target value of ratio of dose-volume parameters.
Nonetheless, we believe that this method could be used as a
reference to assist other facilities to determine their own cut-
off values for determining achievement degree of lung dose
optimization. Third, optimal dose-volume parameter ratio
would be different according to volume or location of
tumor. Further studies to explore more detailed cutoff values
of dose-volume parameter ratios are warranted.
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In conclusion, we found that cutoff values for lung V5,
lung V20, and MLD of 51.6%, 21.8%, and 10.5 Gy signifi-
cantly predict grade 2 or greater RP. Also, a cutoff value of
1.0 for both MLDIMRT/MLD3D-CRT and V20IMRT/V203D-CRT
is a significant predictor of grade 2 or greater RP. We believe
that these parameters could be useful in assisting evaluation
of achievement degree of lung dose optimization in IMRT
for LA-NSCLC.
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