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Fractionations for Lung Cancer

Yuxin Jiao?, Yanping Ren?, Weiqiang Ge, Libo Zhang and Xiangpeng Zheng*

Department of Radiation Oncology, Huadong Hospital, Fudan University, Shanghai, China

Background: This study aims to establish lung biologically effective dose (BED)-based
uniform dosimetric constraints for minimizing the risk of symptomatic radiation
pneumonitis (SRP) from stereotactic body radiation therapy (SBRT) using variable
fractionations in patients with lung tumors.

Materials and Methods: A total of 102 patients with primary or oligometastatic lung
tumors treated with SBRT in our institution were enrolled into this study. The associations
between the clinical and dosimetric parameters and the incidences of SRP were analyzed
using univariate and multivariate Cox regression hazard models. The receiver operating
characteristic (ROC) curve was generated to evaluate the predictive performance of lung
BED on the SRP risk compared with the physical dose.

Results: SRP occurred in 11 patients (10.8%). In univariate analysis, the mean lung
dose (p = 0.002), V5 (p = 0.005), Voo (p < 0.001), and the percentage of non-target
normal lung volume receiving more than a BED of 5-170 Gy (Vgeps_170, p < 0.05) were
associated with SRP. Multivariate logistic regression analysis showed that there existed a
significant statistical correlation between SRP and Vggp7o (0 < 0.001), which performed
better than V5 or Vog on the ROC curves, resulting in an optimal cut-off value of lung
VBED?O of 2.22%.

Conclusions: This retrospective study indicated that non-target lung BED may better
predict SRP from patients with SBRT-treated lung cancer. Limiting the lung Vgepro
below 2.22% may be favorable to reduce the incidence of SRP, which warranted further
prospective validation.

Keywords: lung cancer, stereotactic body radiation therapy (SBRT), radiation pneumonitis, biological effective
dose (BED), risk factors
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INTRODUCTION

Surgical resection still remains the standard of care for
patients with operable early-stage non-small cell lung cancer
(NSCLC). For those patients with inoperable conditions, the
hypofractionated stereotactic body radiation therapy (SBRT)
can achieve better outcomes than conventional radiation
therapy, and even comparable efficacy with surgery in terms
of local control and overall survival (1, 2). Of note, the
application of SBRT has been expanding to oligometastatic
intrapulmonary (and extrapulmonary) lesions from any solid
tumors (3).

Despite the favorable safety profile, various SBRT-related
adverse effects have been reported with the predominance of
radiation pneumonitis (RP). Mounting evidence has shown that
the incidence rate of RP could be higher than 50%, and the
percentage of symptomatic RP (SRP, grade >2 RP) ranges from
9 to 28% (4). Considering the fragile conditions frequently
present in SBRT-treated patients, SRP could compromise the
quality of life of patients and subsequently increase hospital
admission as well as mortality rate (5-7). Hence, special
attentions and endeavors should be invested to minimize the
incidence of SRP during the initial evaluation and radiotherapy
treatment planning.

Multiple retrospective studies have reported associations
between the probability of SRP and dosimetric parameters,
including ipsilateral or bilateral mean lung dose (MLD),
V2.5-50, planning target volume (PTV) volume or maximal
dose, and internal target volume (ITV) (4, 8, 9). However,
the clinical applicability of dosimetric constraints has been
compromised due to conflicting or inconsistent results mainly
attributed to variable fractionation regimens. Several guidelines
or consensuses have been published on organ at risk (OAR)
dose constraints in specific lung SBRT regimens (3, 5, or
8 fractions) (10). Still, the complexity of clinical scenario
exceeds the guidelines, reflected by more dose regimes (from
1 to 10 fractions) and varying biologically effective dose
(BED) to tumors.

BED has been proven to be a reliable uniform dosimetric
index for understanding tumor and normal tissue response
to various fractionation schemes, especially in SBRT. A BED
above 100 Gy to the tumor has been reported to be associated
with better local control and overall survival in SBRT-treated
early-stage NSCLC and widely accepted as the standard dose
prescription. However, due to the variation in fractionation
schemes, guidelines or consensus on dose constraints of OARs
are only fractionation dependent. For example, dose limits
of bronchus in commonly used 3-, 5-, or 8-fraction SBRT
has been available but lacking in other SBRT or SBRT-like
schemes (up to 10 fractions). Also, even for those available
dose constraints, inconsistency exists among institutions and in
the literature, which together causes difficulties in evaluation
and comparison of treatment-related toxicities, especially SRP.
Hence, this retrospective study aimed to establish lung BED-
based uniform dosimetric constraints for minimizing the risk
of SRP from SBRT using variable fractionations in patients with
primary or oligometastatic lung tumors.

MATERIALS AND METHODS

Patient Enroliment

Patients with primary or metastatic malignant lung tumors
receiving SBRT treatment in our department from October 2011
through June 2019 were enrolled into this study. Their medical
records and radiation treatment planning data were retrieved
from the database for analysis.

Before SBRT treatment, pathologic confirmation of NSCLC
or metastatic lung tumors was required unless patients declined
to or were not physically suitable for invasive pathological
procedures. In the latter case, clinical diagnosis was made based
on the growing patterns of persistent pulmonary lesions in
series of follow-up CT examinations despite administration of
antibiotics and avid uptake of '®FDG on the PET scan. All
cases were reviewed by our multidisciplinary lung tumor board
to evaluate the operability, comorbidities, and performance
status to facilitate a consensus of SBRT treatment. Each patient
signed the written consent form for radiation therapy before the
implementation of SBRT treatment. This retrospective study was
approved by the institutional review board, thus the requirement
for informed consent was waived.

SBRT Implementation

A combination of vacuum body cushion and thermoplastic
body mask was utilized for position immobilization. Patients
were coached to lay comfortably on a customized vacuum
body cushion with both arms extending overhead with hands
gripping the position bar. The vacuum cushion provided
support and immobilization from the bottom and sides. In
the meanwhile, the thermoplastic body mask applied pressure
from the anterior direction to strengthen immobilization and
inhibit the respiratory amplitude. Abdominal compression was
applied to patients with tumor motion exceeding 15 mm in the
longitudinal direction according to RTOG 3502 protocol.

CT simulation was conducted using a three-phase scanning
protocol (free breathing, end of expiration, and end of
inspiration) or 4D-CT acquisition protocol (Siemens Somatom
Sensation; Siemens Healthineers Corporation, Germany).
Afterwards, reconstruction images of 2-mm slice thickness
were transferred to TPS workstation (Eclipse 8.5; Varian Co.)
for contouring and treatment planning. Gross tumor volume
(GTV) was contoured on each three-phase CT imaging series
under lung window setting with no expansion, then combined to
produce the ITV projected to free-breathing CT series. For the
4D-CT scans, the ITVs were derived from the summed GTVs
from all respiratory phases or, alternatively, directly contoured
on the maximum intensity projection CT dataset. The PTV
was created by expanding the ITV with margins of 3mm in
posteroanterior/lateral planes and 5mm in the craniocaudal
plane to compensate for daily motion variations as well as set-up
errors (2, 11-13).

Structures and organs at risk, including lungs, trachea, main
bronchus, ribs, esophagus, heart, spinal cord, and brachial
plexus (in cases with tumors located in the lung apex), were
delineated on the reference images. Based on patients’ physical
condition and tumor location, individualized dose prescription
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was administrated with >90% of PTV being encompassed
by >90% of the prescription dose. Besides, SBRT plans were
evaluated according to RTOG 0813 using parameters such as the
ratio of prescription isodose volume to the PTV volume (R100%),
the ratio of 50% prescription isodose volume to the PTV volume
(R50%), and maximum dose at 2cm from PTV in any direction
(D2cm) (14). Each SBRT plan should respect all critical organ
dose-volume constraints: for lung, V20 < 10%, V12.5 < 15%;
for esophagus, maximum dose <35 Gy at 0.1 cc; for trachea and
main bronchus, no hot point (0.1 cc) over 32Gy; for ribs in
the fields, V30 < 30 cc; for spinal cord, maximum dose <32 Gy
at 0.1 cc.

All patients received treatment on a linear accelerator
(Trilogy; Varian Medical Systems, Inc.). Treatment course was
completed within 2 weeks. For plans with four or five fractions,
treatment was delivered every other day; for those with more
fractions, consecutive treatment was applied. Each treatment
was image guided with cone-beam CT, including pre-treatment,
intra-fractional, and post-treatment. All imaging was online
reviewed by attending physicians and medical physicists to
validate tumor position and correct errors.

Follow-Up and Assessment of SRP

Patients were followed up routinely every 3 months in the
first year. Tumor measurements at each follow-up were carried
out using the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.0, in which local control failure is defined
as at least a 20% increase in the longest diameter relative to
the previous baseline smallest longest diameter. As the most
common radiation-related toxicity, the diagnosis of RP was
based on the clinical symptoms and radiographic findings on
consecutive follow-up CT imaging. According to NCI Common
Terminology Criteria for Common Adverse Events 5.0 (CTCAE
5.0), RP is classified into five grades by severity: grade 1 RP
is non-symptomatic or mild symptomatic without medication
requirement; grade 2 RP is symptomatic and required medical
intervention, but did not interfere with daily activities; grade 3
RP requires hospitalization and intravenous hormonal treatment
and oxygen; grade 4 RP needs mechanical ventilation; grade 5
RP is irreversible fatal pneumonitis. The primary endpoint of
this study was the incidence of RP events grades 2-5, which was
defined as SRP. Time to SRP was recorded since the start of
radiation therapy, with disease recurrence or death considered
censoring events.

Statistical Analysis

As hypothesized, a BED-based uniform dose constraint to normal
lung tissue would be more applicable in treatment planning
evaluation and protocol compliance in cases with variable SBRT
fractionations. To calculate the biological effective dose received
by normal lung tissue, we converted actual physical dose to BED
using the following formula derived from the linear-quadratic (L-
Q) model: BED (Gy) = n*d* [1 + d/(a/B)], where n and d are
the number and size of the dose fractions, and the ratio of a/p
is assumed as 3 and 10 Gy for normal lung tissue and tumor,
respectively (15). In the present study, MLD, tumor BED, lung
VBEDs, and lung Vpgpig through Vpgpaoo with an increment

of 10 Gy were selected as the dosimetric factors to be analyzed.
Veepx means the percentage of normal lung volume receiving
dose over x Gy of BED.

Besides, parameters including gender, age, Eastern
Cooperative Oncology Group performance status (ECOG
PS), the presence of chronic obstructive pulmonary disease,
chemotherapy history before radiotherapy, tumor diameter,

TABLE 1 | Treatment and characteristics of patients with lung malignant tumors
treated by SBRT.

Characteristic Value %
Gender

Male (n) 68 66.7

Female (n) 34 33.3
Age

Median (range) 77 (39-94) /
Tumor location

RUL (n) 30 29.4

RML (n) 13 12.8

RLL (n) 14 18.7

LUL (n) 36 35.3

LLL (n) 9 8.8
Histology

Primary (n) 72 70.6

Metastatic (n) 30 29.4
ECOG PS

0 20 19.6

1 55 53.9

2 27 26.5
Diameter (mm)

Mean + SD 26.1 £12.0 /
GTV (cm?®)

Mean + SD 11.8+17.3 /
PTV (cm?®)

Mean + SD 25.6 £21.9 /
Radiation schedules

5Gy x 10-12Fx 17 16.7

6Gy x 8-10Fx 38 37.3

7.5Gy x 8-10Fx 34 33.3

8-12Gy x 4-8Fx 13 12.7

Chemotherapy 20 19.6

Platinum 17 77.3

Pemetrexed 15 68.2

Others 7 31.8
COPD (n) 20 19.6
BED (Gy)

Mean + SD 9568+ 11.4 /
Follow-up (months) /

Median (range) 25.4 (1.7-86.7) /

SBRT, stereotactic body radiation therapy; RUL, right upper lobe; RML, right middle
lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; ECOG PS,
Eastern Cooperative Oncology Group performance status; GTV, gross tumor volume; PTV,
planning target volume; COPD, chronic obstructive pulmonary disease; BED, biologically
effective dose.
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location and histology, and the sizes of GTV and PTV were
factored into the occurrence and severity of SRP.

Fishers exact test and the independent t-test were used
for univariate analysis of the association of dosimetric and
clinical factors with the occurrence of SRP. Multivariate logistic
regression analysis was conducted to investigate the significant
factors (p < 0.05) obtained from the first step to assess their
relative important association with SRP. Kaplan—Meier estimates
of cumulative incidence of SRP over time were generated with
log-rank tests used across different groups. Then the receiver
operating characteristic (ROC) curve was generated to compare
the performance of Vggpy and traditional V5, V20 of non-target
lung for predicting risk of SRP and obtain the most optimal cut-
off value. We further used each cut-off value of Vggpy parameters
that was identified from the ROC curve to generate a biologically
effective dose-volume histogram (BEDVH) of normal lung tissue
to reduce the risk of SRP. All statistical tests were processed
using the Statistical Package of Social Sciences (SPSS version
19.0, Chicago, IL) and two-sided with p < 0.05 indicative of
statistical significance.

RESULTS

A total of 109 patients met the initial inclusion criteria, and
7 patients were lost to follow-up, leaving 102 patients as the
subjects of this analysis. Of those, the median age was 77 years
(range, 39-94 years). Sixty-eight (67%) patients were males and
44 (33%) patients were females. All patients completed the
radiotherapy as planned with a prescription dose of 48-75 Gy in
4-12 fractions. The mean BED;q (with the a/f ratio of 10 Gy)
estimated for the targeted tumor was 95.8 £ 11.4 Gy, and BED;
(with the o/f ratio of 3 Gy) was 186 + 30.1 Gy for the non-
targeted normal lung as shown in Table 1. The median follow-
up period was 25.4 months (range, 1.7-86.7 months). At 1, 3,
and 5 years, the local control rates were 97.6, 90.4, and 85.3%

(Figure 1A), whereas the overall survival rates were 86.8, 66.9,
and 51.9%, respectively (Figure 1B).

During the follow-up, 11 (10.8%) patients developed SRP:
9 (8.8%) grade 2 and 2 (2.0%) grade 3. No grade 4 or 5
RP was observed. The median interval from the completion
of radiotherapy to the development of SRP was 3.4 months
(range, 1.1-4.4 months). Only one patient suffered rib fracture
14 months after radiotherapy. Other adverse effects such as
acute esophagitis, brachial plexopathy, and cardiac toxicity were
not recorded.

The univariate analysis showed that none of the baseline
clinical characteristics, including gender, age, chronic obstructive
pulmonary disease, ECOG PS, chemotherapy history, tumor
location, tumor histology, diameter, and GTV or PTV volume,
had statistical significance with the risk of SRP (Table 2). All
dosimetric factors (MLD, lung Vggps—170, and V5, V20) except
tumor BED and Vggp1s0—200 Were correlated with SRP (p < 0.01)
and thus were included in the multivariate analysis.

Subsequent multivariate analysis showed that the significant
factor was Vggpyo (p < 0.001). Further analysis using ROC
curve for Vggpyo demonstrated that the area under the curve
(AUC) was 0.919 and the optimal cut-off value was 2.22%,
with a sensitivity of 0.91 and a specificity of 0.87. Comparing
with conventional V5 and V20, Vggpyo has a better predictive
performance with the AUC value of 0.797, 0.873, and 0.919,
respectively (p = 0.001, p < 0.001, p < 0.001; Figures 24, 3).
Using Vpgp7o = 2.22% as the stratification factor, the cumulative
incidence of SRP was 1.5% in patients with Vggpyo < 2.22% and
dramatically rose to 45.5% in patients with Vggp7o > 2.22% (p <
0.001; Figure 2B).

Furthermore, considering that dosimetric variables were
correlated with each other, we used ROC analysis to establish the
best cut-off values and assess the predictability of each parameter
from Vggps to Vegpi7o. The incidence of SRP was significantly
lower in the patients with cut-off values of Vpgps < 23.34%,
Veep1o < 12.03%, VBep2o < 7.04%, VBeDp3g < 5.84%, VBED4o
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FIGURE 1 | The local control and overall survival rates for enrolled patients treated with SBRT (K-M curve). (A) Local control rates through follow-up. (B) Overall
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TABLE 2 | Univariate and multivariate analysis of factors predicting SRP.

No-SRP group  SRP group P P

univariable multivariable

Gender 0.173 /

Male 63 5

Female 28 6
Tumor location 0.947 /

RUL 26 4

RML 12 1

RLL 12 2

LUL 33 3

LLL 8 1
Chemotherapy 0.219 /

Yes 16

No 75 7
COPD 0.219 /

Yes 16 4

No 75 7
Histology 0.418 /

Primary (n) 62 10

Metastatic (n) 29 1
ECOG PS 0.633 /

0 19 1

1 48 7

2 24 3
Age (years) 76 (41-94) 76 (39-91) 0.888 /
MLD (Gy) 291.12 + 122.74 428.55 + 109.95 0.002 0.884
Diameter (mm) 26.05+ 12.05 26.60 + 12.47 0.891 /
GTV (cm®) 1166 £17.71  13.64 + 13.69 0.709 /
PTV (cmd) 2531 £22.97 27.94+10.15 0.506 /
BED (Gy) 95.63 £ 11.62 96.75 £ 9.22 0.717 /
Lung Vaeps (%) 16.55 +£7.85 2523 +7.85 0.001 0.715
Lung Veepio (%)  9.85 +4.64 17.30 £ 5.82 0.002 0.486
Lung Veepeo (%)  6.05 £ 3.21 11.21 £ 3.55 <0.001 0.653
Lung Veeogo (%) 4.16 + 2.37 8.52 + 2.81 <0.001 0.787
Lung Veepao (%)  3.01 £1.76 6.82 +£2.30 <0.001 0.383
Lung Vaepso (%) 2.29 + 1.38 5.42 4 2.01 <0.001 0.469
Lung Veepeo (%)  1.79 £1.12 4.43+1.78 0.001 0.337
Lung Veepro (%)  1.44 £0.93 3.66 + 1.59 0.001 <0.001
Lung Veepso (%)  1.17 £0.78 3.06 + 1.41 0.001 0.329
Lung Veepgo (%)  0.96 £ 0.66 2.58 +£1.26 0.002 0.401
Lung Veepioo (%) 0.78 +£ 0.57 218+ 1.14 0.002 0.477
Lung Veepi1o (%)  0.64 £ 0.49 1.84 +£1.03 0.003 0.512
Lung Veepioo (%)  0.52 £ 0.43 1.55 +0.96 0.005 0.560
Lung Veep14o (%)  0.33 £0.32 1.06 + 0.86 0.018 0.549
Lung Veepiso (%)  0.26 £ 0.27 0.89 £ 0.79 0.024 0.629
Lung Veeoieo (%)  0.19 +0.23 0.74 + 0.71 0.028 0.827
Lung Veepi7o (%)  0.14 £ 0.19 0.61+0.64 0.036 0.935
Lung Veepigo (%)  0.10 £0.16 0.49 + 0.58 0.051 /
Lung Veep1go (%)  0.07 £0.13 0.38 +£0.53 0.082 /
Lung Veepeoo (%)  0.04 £ 0.10 0.29 +0.49 0.125 /
Lung Vs (%) 14.48 + 7.08 2219 +7.10 0.005 0.847
Lung Voo (%) 3.51 +£2.10 6.78 + 2.07 <0.001 0.636

SRR, symptomatic radiation pneumonitis; RUL, right upper lobe; RML, right middle lobe;
RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; COPD, chronic obstructive
pulmonary disease; ECOG PS, Eastern Cooperative Oncology Group performance status;
MLD, mean lung dose; GTV, gross tumor volume; PTV, planning target volume; BED,
biologically effective dose.

< 4.57%, VBepso < 3.42%, VBepso < 2.78%, Veep7o < 2.22%,
VgEDgo < 1.69%, Veepog < 1.57%, VeeD100 < 1.35%, VBED110 <
1.15%, VBED120 < 0.93%, VBED130 < 0.79%, VBEDI140 < 0.70%,
VBED150 < 0.57%, VBED160 < 0.47%, and Vggpi70 < 0.36%,
respectively (all p < 0.001). Finally, we used each optimal cut-off
value of lung Vpgps—170 parameters that was identified from the
ROC curve to draw a BEDVH to reduce risk of SRP (Figure 2C).

DISCUSSION

Hypofractionated SBRT has dramatically improved the
management of inoperable early-stage NSCLC and
oligometastatic pulmonary diseases with excellent tumor
control and overall survival in comparison with conventional
radiotherapy (3, 16). In contrast to conventional radiotherapy
routinely used for locally advanced NSCLC in combination with
chemotherapy, SBRT delivers highly focused, high fractionated
dose to a limited target volume, typically smaller than 5cm in
diameter with the mediastinal structures spared. Consequently,
the irradiated lung volume in SBRT is much smaller than in
conventional radiotherapy. As a result, the pulmonary toxicity
profile featured by radiation pneumonitis differed between
these two radiation treatment regimens. SBRT-related radiation
pneumonitis, if occurred, is commonly characterized by few
clinical symptoms, self-limiting, and focal radiological findings
(consolidation, for instance) (17). However, severe pulmonary
toxicity especially the SRP has been reported to be a potential
risk for pulmonary fibrosis and functional insufficiency, which
could exacerbate pre-existing compromised pulmonary function,
leading to treatment failure and even death (18). Considering
that a large majority of patients receiving SBRT have severe
comorbidities or have been in fragile conditions, radiation
pneumonitis, particularly SRP, should be prevented and/or
actively managed.

Apparently, RP results from the direct exposure of lung tissue
to radiation. The radiation dose and irradiated volume bear the
most significant weight in the occurrence of RP. Prescription
dose (or tumor BED) has been reported to be associated with
tumor control and SRP incidence. Considering that the majority
of our patients were fragile with limited pulmonary functional
reserve, a moderate BED of 95.8 + 11.4 Gy was applied which
partly accounted for the relatively low incidence of SRP and the
lack of correlation between tumor BED and SRP. In our study,
the incidence of grade 2 and grade 3 RP was 8.8 and 2.0%,
respectively, comparable with 11% reported in previous studies
(9, 19). The percentage of non-target lung volume receiving more
than a specific radiation dose (Vx) and mean lung dose (MLD)
have been widely investigated for the correlation to SRP (20, 21).
However, the results seem inconclusive. In a study conducted
by Barriger et al., MLD and V20 were deemed as the significant
risk factors of SRP (22). Contrarily, Matsuo et al. concluded that
only PTV, V20, and V25 were RP indicators, whereas factors
such as MLD, V5, V10, V15, V30, and V40 were not associated
with RP (8). As both studies addressed regarding the limitation,
variation of dose fractionation and biological effective dose may
be the major confounding factor of inconsistent reported results.
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Despite that, V20 < 10% has been recommended as the uniform
dose constraint for normal lung in UK consensus on normal
tissue dose constraints for SBRT regardless of 3, 5, or 8 fraction
schedules (10).

In light of the aforementioned controversy, in this study we
attempted to apply the concept of BED to unify the lung dose
(lung BED) in variable SBRT fractionations and investigate the
correlation between lung BED and SRP with an aim to establish a
lung BED-based constraint to minimize the risk of SRP.

In the univariate analysis, we found that derived BED
dosimetrics (dose-volume variables and MLD) were associated
with SRP in patients receiving SBRT. In contrast, there was no
significant difference in clinical variables between the SRP group
and the non-SRP group. However, the multivariate analysis
demonstrated that lung Vggp7o was the only risk factor for SRP,
whereas the risk factors for SRP reported in previous literature,

such as V5, V20, and MLD, were not statistically different
between patients with SRP and SRP-free patients in this study.

Furthermore, in the ROC analysis, Vpgpyo had better
predictive performance with higher AUC value than V5 and
V20. In the present study, Vpgpyo could predict SRP among
patients treated with SBRT with rates of 45.5% for patients with
VBED70 > 2.22 vs. 1.5% for those with Vpgp7o < 2.22% (p <
0.001). Obviously, our study suggested that the lung BED volume
parameter had reliable predictive value for severe SRP across
various SBRT fractionation regimens.

Interestingly, the Vpgp7o of the two patients with RP grade
3 were 528 and 2.99%, which were not the highest in the
SRP group. Because all the parameters from Vpgps to Vegpi70
were significant in the univariate analysis, we selected each
corresponding optimal cut-off value obtained from the ROC to
draw a tolerance curve based on lung Vggp (BEDVH), which may
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FIGURE 3 | The examples of correlation between lung BED70 (magenta circle) and SRP in three different SBRT fractionations. (A-C) A 39-year-old female patient
with adenocarcinoma in the right lower lobe received a prescription dose of 50 Gy in 5 fractions (Veep7o = 4.88%); (D-F) a 76-year-old male patient with metastatic
lung tumor in the left upper lobe received a prescription dose of 60 Gy in 8 fractions (Vgep7o = 3.78%); (G-1) an 85-year-old male patient with squamous cell
carcinoma in the right upper lobe received a prescription dose of 60 Gy in 10 fractions (Veep7o = 3.15%).

be more appropriate than single-point dosimetric constraints to
optimize the SBRT planning.

Various clinical factors have been reported to be associated
with SBRT-related SRP, including patient age, smoking status,
performance status, and tumor location, diameter as well as
concurrent chemotherapy (23). These factors should be taken
into consideration with dosimetric parameters in evaluation
of potential risk of SRP. For patients with mild symptoms,
clinical observation with short-term prophylactic use of oral
corticosteroid should be adequate. However, for patients
with severe symptoms, hospitalization and systemic therapies
including oxygen, glucocorticoids, and anti-inflammatory agents
should be given to avoid symptomatic deterioration.

Two major limitations in this study should be addressed: the
small sample size and relatively consistent tumor BED (95.8 £+
11.4 Gy). The former might create deviation in the SRP group and
the non-SRP group, whereas the latter may only represent certain
actual SBRT prescription as for some tumors a higher BED may
be prescribed in many institutions. Hence, with the retrospective

nature, the extrapolation of current results should be cautious
before further prospective validation study is available. However,
the most important point revealed from this study is that we
should pay more attention to the application of the lung-BED
concept in predicting SRP across various SBRT fractionation
regimens. The other issue worthwhile to be mentioned is
patient selection. According to our SBRT protocol, lung SBRT
is applied to lesions with predominance of solid component and
those ground-glass nodules (GGNs), either highly suspicious or
diagnostic of lung cancer, are excluded, implying that current
results may not be applicable to patients with GGNs treated
with SBRT. Patients with GGNs are prone to develop SRP with
increasing likelihood, severity, and uncertainties in extent after
SBRT treatment according to our experience and limited reports
(24, 25).

In conclusion, this retrospective study shows that the severity
of SRP in SBRT tends to be highly correlated to the moderate or
high dose received by lung tissues surrounding the target, which
emphasizes the importance of restraining dose spillage in SBRT
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treatment planning. Also, lung BED may better predict SRP in
patients receiving SBRT treatment with varying fractionations.
Similar to tumor BED, the adoption of lung BED could facilitate
treatment plan evaluation and comparison among patients as
well as SBRT regimens. To limit the Vggp7o below 2.22% by
improving treatment plan quality may be favorable to reduce the
incidence of SRP, which warranted further prospective validation
in a large cohort of patients.
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