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Abstract
Purpose Severe acute radiation pneumonitis (SARP) is a life-threatening complication of thoracic radiotherapy. Pre-treat-
ment pulmonary function (PF) may influence its incidence. We have previously reported on the incidence of SARP
among patients with moderate pulmonary dysfunction who received definitive concurrent chemoradiotherapy (dCCRT) for
non-small cell lung cancer (NSCLC).
Methods The clinical outcomes, dose–volume histograms (DVH), and PF parameters of 122 patients (forced expiratory
volume in 1s [FEV1%]: 60–69%) receiving dCCRT between 2013 and 2019 were recorded. SARP was defined as grade
≥3 RP occurring during or within 3 months after CCRT. Logistic regression, receiver operating characteristics curves
(ROC), and hazard ratio (HR) analyses were performed to evaluate the predictive value of each factor for SARP.
Results Univariate and multivariate analysis indicated that the ratio of carbon monoxide diffusing capacity (DLCO%;
odds ratio [OR]: 0.934, 95% confidence interval [CI] 0.896–0.974, p= 0.001) and mean lung dose (MLD; OR: 1.002,
95% CI 1.001–1.003, p= 0.002) were independent predictors of SARP. The ROC AUC of combined DLCO%/MLD
was 0.775 (95% confidence interval [CI]: 0.688–0.861, p= 0.001), with a sensitivity and specificity of 0.871 and 0.637,
respectively; this was superior to DLCO% (0.656) or MLD (0.667) alone. Compared to the MLD-low/DLCO%-high group,
the MLD-high/DLCO%-low group had the highest risk for SARP, with an HR of 9.346 (95% CI: 2.133–40.941, p= 0.003).
Conclusion The DLCO% and MLD may predict the risk for SARP among patients with pre-treatment moderate pulmonary
dysfunction who receive dCCRT for NSCLC. Prospective studies are needed to validate our findings.
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Introduction

Definitive concurrent chemoradiotherapy (dCCRT) is the
standard of care in patients diagnosed with locally advanced
(stage IIIA–B) non-small cell lung cancer (NSCLC) [1, 2].
Radiation pneumonitis (RP) is a common complication of
thoracic radiation therapy, and severe acute radiation pneu-
monitis (SARP) of grade ≥3 may lead to life-threatening
complications in certain cases [3, 4]. Numerous studies have
investigated the predictors for RP, including age, smoking
status, concurrent chemotherapy, dose–volume histogram
(DVH) parameters, and others [5–12].

Reports suggest that the incidence of lung cancer in
those with chronic obstructive pulmonary disease (COPD)
is three- to four-fold higher than that of those without
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[13, 14]. Pre-treatment pulmonary dysfunction is common
among lung cancer patients with COPD. According to in-
ternational guidelines, pulmonary dysfunction is defined by
forced expiratory volume in the first second to forced vi-
tal capacity (FEV1/FVC) ratios of less than 0.70 [15, 16].
Certain researchers have suggested that baseline parameters
(FEV1 and others) obtained from pulmonary function (PF)
testing may predict the risk of RP [8, 17–19]. In a prospec-
tive study, FEV1, ratio of carbon monoxide diffusing capac-
ity (DLCO), and the exhaled fraction of nitric oxide (FeNO)
prior to CCRT was found to be predictive of the incidence
of RP in patients with NSCLC [11].

To date, no studies have evaluated the incidence of SARP
among patients with baseline moderate pulmonary dysfunc-
tion who received dCCRT for lung cancer. Our study aimed
to evaluate the correlation between the incidence of SARP
and clinical characteristics, including pre-treatment PF pa-
rameters, in this select group of patients.

Materials andmethods

Patients

We retrospectively reviewed the data of patients with patho-
logical diagnoses of NSCLC in our hospital between Jan-
uary 2013 and March 2019. Moderate pulmonary dysfunc-
tion was defined based on the recommendations of the
American Thoracic Society (ATS) and the European Res-
piratory Society (ERS), with ratios of actual/estimated first
second of forced expiration (FEV1%) values in the range of
60–69% [20]. Among 632 patients with locally advanced
NSCLC who completed dCCRT, the records of 122 demon-
strated evidence of pre-treatment moderate pulmonary dys-
function.

Definition of clinical and DVH factors

The data on the clinical characteristics that were recorded
included age, gender, Eastern Cooperative Oncology Group
(ECOG) performance status, smoking status, TNM stage,
chemotherapy regimens, and radiotherapy techniques. The
lung volume was defined as the volume of the total lung
excluding the gross tumor volume (GTV) [21, 22]. Vx was
defined as the percentage of lung/heart volume receiving
≥x Gy. The DVH parameters recorded included the lung
V5/20 and mean lung dose (MLD); they were calculated and
obtained from planned dose distributions based on convo-
lution/superposition algorithms.

Radiotherapy

Radiotherapy was delivered using intensity-modulated radi-
ation therapy (IMRT) to a total dose of 60–66Gy at 2.0Gy
per fraction, at five fractions per week. The targets were de-
lineated based on International Commission on Radiation
Units and Measurements (ICRU) reports 62 [23] and 83
[24]. Similar to the descriptions in our previous report, [25,
26], the GTV was defined as the macroscopically identifi-
able tumor including lymph nodes with a margin of more
than 1cm on planning computed tomography images. The
clinical tumor volume (CTV) encompassed the GTV with
8- and 5-mm margins around the lung tissue and involved
lymph nodes, respectively. For superior or inferior lobe tu-
mors, a 10- or 15-mm margin was added isotropically to
the CTV to create the planning target volume (PTV). The
planning organ at risk volumes (PRVs) extended for 5mm
around the spinal cord.

The dose–volume constraints for the lungs were set as
follows: V5< 65%, V20< 35%, and MLD< 20Gy. The max-
imum doses allowed to the spinal cord and heart PRVs were
50Gy and V50< 25%, respectively, and the mean dose was
<20Gy.

Chemotherapy regimens

All of the patients received concurrent chemotherapy dur-
ing radiotherapy; the regimens included paclitaxel with car-
boplatin (PC) and etoposide and cisplatin (EP), in accor-
dance with the National Comprehensive Cancer Network
(NCCN) guidelines [27]. The TC and EP regimens were
administered weekly and every 28 days, respectively. The
chemotherapy dosing and adjustments were performed as
per the NCCN panel recommendations.

Pulmonary function parameters

All the enrolled patients underwent both whole-body
plethysmography (WBP) and gas (helium) dilution (MBHD)
using the full MasterScreen PFT System (Jaeger Corp,
Germany), which was equipped with a mixing fan, carbon
dioxide (CO2) absorber, oxygen (O2) and helium supply,
gas inlet and outlet, and a water vapor absorber.

The pulmonary function parameters recorded included
the forced expiratory volume in 1s% predicted (FEV1%),
forced expiratory volume in 1s/forced vital capacity
(FEV1/FVC), peak expiratory flow% predicted (PEF%),
maximum expiratory flow% predicted (MMEF%), maxi-
mum expiratory flow at 75% of FVC% predicted
(MME75%), maximum expiratory flow at 50% of FVC%
predicted (MMEF50%), maximum expiratory flow at
25% of FVC% predicted (MMEF25%), maximal vol-
untary ventilation% predicted (MVV%), vital capacity%
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predicted (VC%), residual volume/total lung capacity
(RV/TLC), diffusing capacity for carbon monoxide%
predicted (DLCO%), resistance in airways% predicted
(Raw%), and specific airway conductance% predicted
(sGaw%).

Endpoint definitions

Any RP of≥ grade 3 according to the Common Terminol-
ogy Criteria for Adverse Events (CTCAE), version 4.0 [28],
during or within 3 months of completion of CCRT, was
recorded as SARP. The diagnosis of SARP was confirmed
by at least two experienced radiation oncologists based on
the clinical symptoms, synchronous computed tomography
scans of the chest (to exclude the possibility of tumor pro-
gression), and evidence of administration of inhalational
oxygen and corticosteroids in the medical records.

Statistical methods

Univariate logistic regression was performed to evaluate the
predictive value of the individual factors for SARP. Fac-
tors with p< 0.05 on univariate analyses were included in
multivariate analysis. Spearman’s rank correlation analyses
were performed to prevent multicollinearity between fac-
tors. Area under the receiver operating characteristic (ROC)
curve (AUC) analysis was performed to evaluate the optimal
cut-off value of the continuous predictive factors. The Cox
regression model was used to define the incidence curves
of SARP and obtain a hazard ratio. Data analyses were per-
formed using the SPSS (version 25.0, IBM Corp, Armonk,
NY, USA) statistical software package. All of the tests were
two-sided, and a value of p< 0.05 was considered statisti-
cally significant.

Results

Patient characteristics

The baseline characteristics of the study population are
summarized in Table 1. Most of the subjects were male
and had a history of smoking. Overall, 67 (54.9%) were
diagnosed with stage IIIA disease. A total of 48 (39.9%)
patients had an ECOG performance status of 0. Overall,
31 (25.4%) patients were recorded to have SARP; 20.5%
(25 patients), 3.3% (four patients), and 1.6% (two patients)
had developed RP of grades 3, 4, and 5, respectively. The
median interval from the completion of RT to the occur-
rence of SARP was 45 (21–76) days. There were no signif-
icant differences in terms of GTV volume between patients
with (median: 134.4 cm3 and range: 82.80–285.70 cm3) and

Table 1 Baseline characteristics of the present study (n= 122)

Baseline characteristics Number of patients (%)

Age (years), median (IQR) 61 (52–66)

Sex

Male 107 (87.7)

Female 15 (12.3)

ECOG performance status

0 48 (39.3)

1 74 (60.7)

Pathological diagnosis

Squamous cell carcinoma 108 (88.5)

Adenocarcinoma 14 (11.5)

Tumor sites

Upper lobe 43 (35.2)

Middle/lower lobe 79 (64.8)

Laterality

Left 47 (38.5)

Right 75 (61.5)

Smoking status

Yes 100 (82.0)

No 22 (18.0)

T stage

T1/T2/T3/T4 10 (8.2)/36 (29.5)/26 (21.3)/50
(41.0)

N stage

N0/N1/N2/N3 5 (4.1)/18 (14.8)/70 (57.4)/29
(23.8)

Tumor stage

IIIA/IIIB 67 (54.9)/55 (45.1)

Radiation dose (Gy), median
(IQR)

62.0 (60.0–66.0)

PTV (cm3), median (IQR) 416.2 (338.6–556.8)

TLV (cm3), median (IQR) 3623.6 (2773.2–4642.5)

IQR interquartile range; ECOG Eastern Cooperative Oncology Group;
PF pulmonary function; RT radiation therapy; 3D-CRT 3D-conformal
radiation therapy; IMRT intensity-modulated radiation therapy;
PTV planning target volume; TLV total lung volume

without (median: 128.60 cm3 and range: 79.30–266.10 cm3)
SARP (p> 0.05).

Univariate analysis

As shown in Table 2, univariate analysis indicated that
V20 (odds ratio [OR]: 1.082, 95% confidence interval [CI]:
1.023–1.145, p= 0.006) and MLD (OR: 1.002, 95% CI:
1.001–1.003, p= 0.004) were significantly associated with
SARP. Among the PF parameters, DLCO% (OR: 0.956,
95% CI: 0.925–0.988, p= 0.007), FEV1/FVC (OR: 1.043,
95% CI: 1.006–1.082, p= 0.022), PEF% (OR: 1.030, 95%
CI: 1.004–1.057, p= 0.024), MEF75% (OR: 1.027, 95% CI:
1.005–1.049, p= 0.016), and MEF50% (OR: 1.027, 95% CI:
1.001–1.055, p= 0.045) significantly correlated with the in-
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Table 2 Univariate analysis of the DVH parameters/pulmonary function parameters and clinical factors in predicting SARP

With SARP (n= 31) Without SARP (n= 91) Univariate analysis

Median (IQR) Median (IQR) OR (95%CI) p-value

DVH parameters

Total lungs

V5 (%) 60.35 (48.00–72.00) 52.83 (36.00–65.92) 1.023 (0.999–1.047) 0.056

V20 (%) 30.24 (25.20–34.60) 26.40 (18.00–31.20) 1.082 (1.023–1.145) 0.006

MLD (cGy) 1557.21 (1245.24–1741.82) 1279.00 (966.75–1640.40) 1.002 (1.001–1.003) 0.004

Heart

V50 (%) 10.95 (8.70–13.29) 10.31 (8.01–13.35) 1.040 (0.904–1.195) 0.585

Mean dose (cGy) 1486.65(1074.80–2222.02) 1208.20 (683.00–1637.76) 1.001 (1.000–1.001) 0.054

Spinal cord (cGy) 3307.80(2883.60–3841.00) 3434.70 (2920.70–3900.00) 1.000 (1.000–1.001) 0.904

Pulmonary function parameters

FEV1% 60.90 (58.30–66.20) 58.40 (51.70–64.20) 1.042 (0.988–1.098) 0.130

FEV1/FVC 71.49 (62.48–76.55) 63.60 (56.01–72.99) 1.043 (1.006–1.082) 0.022

PEF% 69.60 (57.30–82.40) 60.50 (51.20–71.80) 1.030 (1.004–1.057) 0.024

MMEF% 32.90 (27.00–44.40) 25.80 (19.90–34.60) 1.026 (0.999–1.054) 0.061

MMEF75% 50.20 (38.20–66.60) 39.50 (29.30–52.70) 1.027 (1.005–1.049) 0.016

MMEF50% 35.10 (27.60–47.70) 27.60 (19.40–36.80) 1.027 (1.001–1.055) 0.045

MMEF25% 26.30 (21.90–33.40) 24.10 (17.60–32.80) 1.007 (0.979–1.036) 0.636

MVV% 71.10 (61.95–77.25) 63.60 (56.30–71.35) 1.027 (0.995–1.060) 0.095

VC% 66.70 (57.90–75.70) 71.50 (61.70–77.60) 0.973 (0.147–1.009) 0.147

RV/TLC 48.69 (39.88–55.92) 50.88 (44.26–59.00) 0.975 (0.936–1.015) 0.222

DLCO% 71.90 (61.40–80.10) 80.00 (68.90–87.40) 0.956 (0.925–0.988) 0.007

Raw 83.50 (64.90–112.10) 95.30 (66.00–129.20) 0.999 (0.991–1.007) 0.768

sGaw 118.90 (78.30–176.80) 99.50 (65.60–163.30) 1.002 (0.997–1.007) 0.395

Clinical factors

Age (years) 61 (55–67) 61 (50–65) 1.022 (0.976–1.070) 0.357

Sex: male vs. female – – 1.077 (0.317–3.667) 0.905

ECOG: PS 1 vs. 0 – – 1.506 (0.637–3.560) 0.351

Smoking status: yes vs.no – – 1.664 (0.517–5.362) 0.393

Stage: IIIA vs. IIIB – – 0.590 (0.260–1.342) 0.590

Chemotherapy regimen: EP vs. TC – – 0.882 (0.623–1.185) 0.448

DVH dose–volume histogram; SARP severe acute radiation pneumonitis; IQR interquartile range; 95% CI 95% confidence interval; Vx the
percentage of the lung volume that received more than x Gy;MLD mean lung dose; FEV1% forced expiratory volume in one second% predicted;
FEV1/FVC forced expiratory volume in one second/forced vital capacity; PEF% peak expiratory flow% predicted; MMEF% maximum expiratory
flow% predicted; MME75% maximum expiratory flow at 75% of FVC% predicted; MMEF50% maximum expiratory flow at 50% of FVC%
predicted; MMEF25% maximum expiratory flow at 25% of FVC% predicted; MVV% maximal voluntary ventilation% predicted; VC% vital
capacity% predicted; RV/TLC residual volume/total lung capacity; DLCO% diffusing capacity for carbon monoxide% predicted; Raw% resistance
in air-ways% predicted; sGaw% specific airway conductance% predicted; ECOG Eastern Cooperative Oncology Group; EP etoposide plus
cisplatin; TC paclitaxel plus carboplatin

cidence of SARP. None of the clinical and pathological
features including gender, age, ECOG performance status,
and chemotherapy regimen demonstrated significant corre-
lations with the occurrence of SARP in the study popula-
tion.

Multivariate analysis

As shown in Table 3, Spearman’s correlation analysis
demonstrated relationships between the ventilation param-
eters. This indicated that the DLCO% was not related
to ventilation function. Multivariate logistic regression

was performed using the significant factors obtained dur-
ing univariate analysis; these included the V20, MLD,
DLCO%, FEV1/FVC, PEF%, MEF75%, and MEF50%.
On multivariate analysis, the DLCO% (OR: 0.934, 95%
CI 0.896–0.974, p= 0.001) and MLD (OR: 1.002, 95%
CI 1.001–1.003, p= 0.002) were independent predictive
factors for SARP in the present cohort (shown in Table 4).

ROC curve analysis

The ROC curves of the DLCO% and MLD are shown in
Fig. 1. The ROC curves demonstrated that the AUC of
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Table 3 Spearman’s rank correlation analyses among all the PF parameters

FEV1% FEV1/FVC PEF% MMEF% MEF75%MEF50%MEF25%MVV% VC% RV/TLC DLCO% Raw% sGaw%

FEV1% 1 0.446 0.619 0.646 0.563 0.625 0.564 0.676 0.311 –0.496 0.091 –0.369 0.394

FEV1/FVC 0.446 1 0.518 0.833 0.833 0.859 0.681 0.503 –0.583 –0.427 –0.257 –0.317 0.569

PEF% 0.619 0.518 1 0.608 0.720 0.625 0.434 0.786 –0.041 –0.570 0.017 –0.529 0.605

MMEF% 0.646 0.833 0.608 1 0.871 0.974 0.889 0.642 –0.416 –0.534 –0.241 –0.501 0.666

MEF75% 0.563 0.833 0.720 0.871 1 0.907 0.662 0.670 –0.461 –0.505 –0.176 –0.438 0.653

MEF50% 0.625 0.859 0.625 0.974 0.907 1 0.810 0.637 –0.450 –0.545 –0.226 –0.466 0.657

MEF25% 0.564 0.681 0.434 0.889 0.662 0.810 1 0.513 –0.327 –0.429 –0.244 –0.482 0.603

MVV% 0.676 0.503 0.786 0.642 0.670 0.637 0.513 1 0.023 –0.615 –0.0020 –0.550 0.605

VC% 0.311 –0.583 –0.041 –0.416 –0.461 –0.450 –0.327 0.023 1 –0.021 0.459 0.077 –0.303

RV/TLC –0.496 –0.427 –0.570 –0.534 –0.505 –0.545 –0.429 –0.615 –0.021 1 0.038 0.499 –0.671

DLCO% 0.091 –0.257 0.017 –0.241 –0.176 –0.226 –0.244 –0.002 0.459 0.038 1 0.166 –0.242

Raw% –0.369 –0.317 –0.529 –0.501 –0.438 –0.466 –0.482 –0.550 0.077 0.499 0.166 1 –0.895

sGaw% 0.394 0.569 0.605 0.666 0.653 0.657 0.603 0.605 –0.303 –0.671 –0.242 –0.895 1

PF pulmonary function; FEV1% forced expiratory volume in one second% predicted; FEV1/FVC forced expiratory volume in one second/
forced vital capacity; PEF% peak expiratory flow% predicted; MMEF% maximum expiratory flow% predicted; MME75% maximum expiratory
flow at 75% of FVC% predicted; MMEF50% maximum expiratory flow at 50% of FVC% predicted; MMEF25% maximum expiratory flow at
25% of FVC% predicted; MVV% maximal voluntary ventilation% predicted; VC% vital capacity% predicted; RV/TLC residual volume/total
lung capacity; DLCO% diffusing capacity for carbon monoxide% predicted; Raw% resistance in air-ways% predicted; sGaw% specific airway
conductance% predicted

Table 4 Multivariate analysis and ROC analysis of the DVH parameters and the pre-treatment PF parameters in predicting SARP in studied
population (n= 122)

Multivariate analysis ROC curve

Regression
coefficient

OR (95% CI) p-value AUC (95%
CI)

Cutoff point p-value Sensitivity 1-Speci-
ficity

MLD 0.002 1.002
(1.001–1.003)

0.002 0.667
(0.564–0.769)

1434.56cGy 0.042 0.677 0.648

DLCO% –0.068 0.934
(0.896–0.974)

0.001 0.656
(0.556–0.756)

81.10 0.010 0.871 0.560

Combination of
MLD/DLCO%

– – – 0.775 – 0.003 0.875 0.657

ROC curve receiver operating characteristic curve; DVH dose–volume histogram; PF pulmonary function; SARP severe acute radiation
pneumonitis; OR odds ratio; 95% CI 95% confidence interval; AUC the area under the curve; MLD mean lung dose; DLCO% diffusing capacity
for carbon monoxide% predicted

the DLCO% was 0.656 (95% CI: 0.556–0.756, p= 0.010);
the optimal cut-off point of 81.10% had a sensitivity of
0.871 and specificity of 0.560. The AUC of the MLD
was 0.667 (95% CI: 0.564–0.769, p= 0.042); the opti-
mal cutoff point was 1434.56 cGy (sensitivity/specificity
of 0.677/0.648, respectively). On combined analysis of
the DLCO% and MLD, the AUC was found to be 0.775
(95% CI: 0.688–0.861, p= 0.001), with a sensitivity and
specificity of 0.875 and 0.657, respectively.

Cox regression analysis

The patients were categorized into different groups based on
the average MLD and DLCO% values of the cohort. Com-
pared with patients in the MLD-low group (MLD� average
value), those in the MLD-high group (MLD> average
value) had a higher risk of SARP, with a hazard ratio

(HR) of 2.682 (95% CI: 1.234–5.826, p= 0.013). The inci-
dence of SARP in the patients in the DLCO%-low group
(DLCO%� average value) was significantly higher than
that of those in the DLCO%-high group (HR: 2.762, 95%
CI: 1.271–6.003, p= 0.010). Compared to those in the
MLD-low/DLCO%-high group, patients in the MLD-high/
DLCO%-low group had the highest risk of SARP, with an
HR of 9.346 (95% CI: 2.133–40.941, p= 0.003; Fig. 2).

Discussion

Numerous studies have assessed possible predictors of the
risk of SARP. To the best of our knowledge, the present
study is the first to evaluate the incidence of SARP among
patients with NSCLC who had moderate pulmonary dys-
function. Our findings indicate that the DLCO% and MLD
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Fig. 1 ROC curves of DLCO%, MLD, combination of DLCO% and
MLD for SARP in present study. ROC receiver operating character-
istics, DLCO% diffusing capacity for carbon monoxide% predicted,
MLD mean lung dose, SARP severe acute radiation pneumonitis

obtained from PF testing and DVH analysis, respectively,
had potential predictive value for the occurrence of SARP
in this selected population; the combination of these two
factors was found to be more meaningful.

Two DVH-based parameters, namely, MLD and Vdose,
were previously identified to be important predictive fac-
tors for the risk of RP in patients with NSCLC or other
tumor types receiving thoracic radiotherapy. Reports from
Martel et al.[29], Graham et al.[30], and Hernando et al.[31]
suggested that the risk of RP with radical radiotherapy for
lung cancer increased significantly in cases where the MLD
was ≥20Gy. After advancements in radiation techniques
and the advent of three-dimensional conformal radiother-
apy (3D-CRT and IMRT), a number of studies also demon-
strated that the MLD is a potential predictor of RP even in
cases where the relative values are less than 20Gy [32–36].
Claude et al. found that in patients with NSCLC, the MLD,
V20, and V30 were associated with the risk of severe RP
(grade> or= 2) after 3D-CRT [32]. In a study including
84 patients with lung cancer, the MLD showed a clear trend
towards statistical significance in the patient group without
COPD [33]. In another study on patients with lung cancer,
the incidence of symptomatic RP was 15.0%, and the MLD
(p= 0.043) was statistically significantly related to RP [34].
Recent findings from the study by Lee et al. that used per-
fusion single-photon-emission computed tomography and
fluorodeoxyglucose positron-emission tomography imaging
also suggested that the MLD (also functional MLD) was
a significant predictor of grade ≥2 pneumonitis, with a cut-
off value of 13.6Gy (functional MLD: 13.2Gy) [35]. Our
findings concur with those of these studies, indicating that
the incidence of SARP definitely increased in cases where
the MLD was ≥14.3Gy.

Fig. 2 Kaplan–Meier estimates of cumulative hazards for SARP in
the present study. a MLD-low vs. MLD-high group. b DLCO%-low
vs. DLCO%-high group. c MLD-high/DLCO%-low vs. MLD-low/
DLCO%-high vs. MLD-high/DLCO%-high vs. MLD-low/DLCO%-low
group
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Several studies have investigated the correlation between
the DLCO and incidence of RP after thoracic radiotherapy.
In 2004, Videtic et al. reported that the DLCO was a strong
predictor of treatment-related toxicities after CCRT in pa-
tients with small-cell lung cancer. In their cohort of 215
patients, the incidence of toxicity-related interruptions was
found to be significant for DLCO values of less than 60%
(p= 0.043) [36]. In a prospective study on 53 patients with
NSCLC, RP of grade ≥2 based on the CTCAE scale was
observed in 40% (15/37); the development of RP was signif-
icantly associated with several pre-treatment PF parameters
including FEV1% (p= 0.02), DLCO (p= 0.02), and FeNO
(p= 0.04) [11]. In a study at the MD Anderson Cancer Cen-
ter, Lopez et al. found that the correlation between the per-
cent reduction in the DLCO and the risk of RP differed
significantly between RP of grades �1 and ≥2 (p= 0.0004)
[37]. In a study using a neural network model, the FEV1 and
DLCO% were individually found to be significant risk fac-
tors for RP (p< 0.05) [18]. Our findings agreed with those of
these reports, and the DLCO% was found to be a potential
predictor for SARP. In the present cohort, patients with rel-
atively lower DLCO% had a significantly higher incidence
of SARP (HR: 2.762, 95% CI: 1.271–6.003, p= 0.010).

However, different studies have published conflicting re-
ports. Findings from the study by Wang et al. indicated that
poor baseline PF did not increase the risk of radiation-in-
duced lung toxicity (RILT) [7]; on multivariate analysis, the
MLD and age (≥65 years) were significantly correlated with
the development of symptomatic RILT. In contrast to our
study, only 50% (130/260) of their cohort received CCRT;
this may have had an impact on data analysis. In a large
multi-institutional study, Guckenberger et al. found that pa-
tients with better DLCO values had longer overall survival;
they found no significant association between any param-
eter of pre-treatment PF and the risk of either grade 2 or
3 radiation pneumonitis [38]. In this cohort of 483 patients,
the radiation technique used was image-guided stereotac-
tic body radiotherapy, which differed from the convention-
ally fractionated radiotherapy technique used in our study.
In their systematic review, Chen et al. indicated a rela-
tion between interstitial lung disease-specific toxicity and
treatment-related mortality; the studied population included
patients with early-stage lung cancer [39].

From a physiological perspective, the DLCO reflects the
available alveolar surface area, the volume of blood present
in the pulmonary capillaries, and the thickness of the alve-
olar capillary membrane. This parameter is helpful in the
evaluation of patients with dyspnea, obstructive lung dis-
eases, and restrictive lung diseases, with or without pul-
monary parenchymal involvement; it is also useful for as-
sessing patients with pulmonary vascular diseases. Impaired
DLCO% is indicative of hypoxia [40]. Strong evidence
from the experimental data indicate that hypoxia may be

one of the most important driving forces that initialize and
perpetuate radiation-induced pulmonary injury. In a study
on rats, early changes in lung perfusion, the development of
hypoxia, and chronic oxidative stress after irradiation were
found to be associated with a significant increase in the ac-
tivation of macrophages and the continuous production of
reactive oxygen species, which stimulated the production
of fibrogenic and angiogenic cytokines [41]. Another study
found severe hypoxia to be associated with a significant
increase in macrophage activity, collagen deposition, lung
fibrosis, and levels of TGF-beta, VEGF, and CD-31 en-
dothelial cell markers, suggestive of hypoxia-mediated ac-
tivation of the pro-fibrinogenic pathways [42]. Among the
PFT parameters including FEV1, DLCO has been found
to be a key parameter predictive of post-radiotherapy lung
function [43–46]. In a recent study [46] that prospectively
analyzed patient-, dose-, and PFT-related data before and
after thoracic radiation therapy, the findings suggested that
the DLCOmay be the most reliable indicator for lung tissue
damage after thoracic radiotherapy. Therefore, the DLCO
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is likely to play an important role in radiation-induced lung
toxicity, including RP.

Unfortunately, we failed to identify any other dosimet-
ric or clinical factors that correlated significantly with the
risk of SARP. In a study of the DVH-based parameters of
the heart among patients with Hodgkin lymphoma, Cella
et al. reported that the heart mass receiving >30Gy was
a predictor for the risk of RP in combination with the V5

of the left lung (Rs= 0.35, AUC= 0.78) [47]. A study from
the Memorial Sloan Kettering Cancer Center found that
the heart dose correlated strongly with symptomatic RP in
a large cohort of patients with malignant pleural mesothe-
lioma, where both lungs were treated with intensity-mod-
ulated pleural radiation therapy [48]. In a large cohort of
patients with NSCLC, Tucker et al. reported no association
between incidental heart exposure during radiotherapy and
the occurrence of moderate or severe RP [49]. Although the
NCCN panel recommended dose constraints for the normal
heart, the results of RTOG 0617 suggested that lower radi-
ation doses also have a negative impact on patient survival
after thoracic RT, and more stringent constraints may be
appropriate [50].

The present study has several limitations. First, it was ret-
rospectively designed, and is therefore subject to bias from
multiple sources. In particular, the pre-treatment PF may
have been influenced by the bulky tumor (stage T3 or T4);
this may have indicated bias in certain recruited patients
who did not have actual moderate pulmonary dysfunction
caused by other comorbidities (such as COPD, among oth-
ers). In cases where the tumor progressively shrank dur-
ing treatment, the pulmonary function may have improved,
thereby decreasing the risk of RP. Second, the sample size
was relatively small and insufficient for obtaining a defini-
tive conclusion. Therefore, the risk factors identified from
the present study should be cautiously generalized for rou-
tine use, and require validation in another independent data
set. Third, among the patients with pre-treatment pulmonary
dysfunction, the optimal radiation therapy schedule had not
been established. All patients in this cohort had received
a prescription dose of 60–66Gy without any plan adjust-
ments. Several studies have indicated that tumor sizes de-
crease significantly after the delivery of 45Gy of fraction-
ated radiotherapy [51, 52]. In a prospective phase II trial
using a mid-treatment PET/CT-adapted radiation therapy
strategy, only three (7%) patients developed grade 3 RP
[53]. Therefore, re-simulation and plan modification may
be employed in practice for patients with NSCLC.

The relatively high incidence of SARP in the present
study requires further analysis. According to the design of
this retrospective study, all patients were evaluated only
if their FEV1% was in the range of 60–69%. No previ-
ously published prospective or retrospective studies have
focused on this select group of patients with NSCLC. In

a prospective phase III trial in China [54], RP of grade
≥3 was observed in 7.4% and 8.3% patients with NSCLC
who received the EP or PC regimen, respectively. The me-
dian FEV1% in the PC group was recorded at 76.0%; this
was relatively higher than the FEV1% range in the present
cohort. In our opinion, pre-treatment moderate pulmonary
dysfunction may explain the high incidence of SARP.

In conclusion, the DLCO% and MLD may be possible
predictors of the incidence of SARP in patients with base-
line moderate pulmonary dysfunction who receive defini-
tive CCRT for NSCLC. Combining the two parameters may
further improve their predictive ability. Future prospective
studies are warranted to validate our findings.
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