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Introduction
Smokers with chronic obstructive pul-
monary disease (COPD) have a 2 to  
5 times higher lung cancer risk than 
non-COPD smokers.1-4 According to 
international guidelines, a ratio of forced 
expiratory volume in 1 second (FEV1) to 
forced vital capacity (FVC) of less than 
0.70 after inhaling bronchodilators is a 
diagnostic criterion for COPD.5 Patients 
with COPD or pulmonary interstitial 
diseases and lung cancer also have pre-
treatment pulmonary dysfunction. Cur-
rently, no standard treatment is available 
for those patients with baseline severe 
pulmonary dysfunction who might 
not tolerate surgery or definitive con-
current chemoradiotherapy (CCRT). 
Those patients who have impaired pul-
monary function were often subjected 
to stereotactic radiotherapy treatment in 
early-stage cases, whereas advanced-stage 
cases could only receive medical treat-
ment without thoracic radiotherapy.6-10 

As part of either definitive or palliative 
therapy, radiotherapy may help treat all 
stages of NSCLC and small cell lung 
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ABSTRACT

BACKGROUND AND PURPOSE. Currently, there is no standard treatment for 

patients with lung cancer with deteriorated pulmonary function. In this study, we 

aimed to assess the efficacy of thoracic radiotherapy for unresectable non–small cell 

lung cancer (NSCLC) with baseline severe pulmonary dysfunction and severe acute 

radiation pneumonitis (SARP).

METHODS. Patients were categorized into a radiotherapy group and a 

nonradiotherapy group, followed by analysis of clinical variables. A Cox regression 

was used to evaluate the impact of various factors on overall survival (OS). Each 

SARP factor’s predictive value was assessed using logistic regression, receiver 

operating characteristic curve, and Kaplan-Meier analyses.

RESULTS. The median OS in the radiotherapy group was 21.6 months vs 8.9 months 

in the nonradiotherapy group. Cox analysis revealed that chemotherapy (HR, 0.221; 

95% CI, 0.149-0.329; P < .001) and radiotherapy (HR, 0.589; 95% CI, 0.399-0.869; P = 

.008) are independent prognostic factors for the current cohort. The data suggested 

that the ipsilateral lung V10 (ilV10, the percentage of the lung volume that received 

more than 10 Gy) was an independent predictor of SARP. 

CONCLUSIONS. Our findings suggested that thoracic radiotherapy might be 

associated with clinical benefits to inoperable NSCLC in patients with severe 

pulmonary dysfunction and that ilV10 may be involved in the prediction of risk for 

SARP in these patients.
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cancer.11,12 The role of conventional- 
fractionated thoracic radiotherapy 
in patients with NSCLC and serious  
pulmonary dysfunction was unclear 
due to the consideration of severe acute  
radiation pneumonitis (SARP). Ac-
cording to the results of our previously 
reported study, the mean lung dose 
(MLD) and carbon monoxide diffusing 
capacity of the lungs (DLCO%) possess 
the potential to predict the SARP risk 
in patients with NSCLC and baseline 
moderate pulmonary dysfunction.13 To 
date, no research has evaluated the ef-
fectiveness and radiotoxicity of thorac-
ic radiotherapy in patients with NSCLC 
and severe pulmonary dysfunction at 
the outset. In the study reported below, 
we gathered information on clinical 
causes, treatment, survival status, dosi-
metric parameters, and SARP frequency 
in these patients to assess the clinical 
benefits of thoracic radiotherapy and to 
identify possible risk factors for SARP.

Patients and Methods
Patients
A total of 33,582 patients who had been 
diagnosed with NSCLC pathologically 
in West China Hospital and Sichuan Pro-
vincial People’s Hospital between Janu-
ary 2014 and December 2018 were ret-
rospectively reviewed. Among these, the 
records of 795 demonstrated evidence 
of pretreatment severe pulmonary dys-
function. Severe pulmonary dysfunction 
was defined according to the American  
Thoracic Society and the European 
Respiratory Society; the actual or esti-
mated ratio of FEV1 ranged from 35% 
to 49%.14,15 The current study has not 
included patients with extremely severe 
pulmonary dysfunction (FEV1 <35%) 
because they were often unable to  
receive most tumor-related therapy 
due to poor pulmonary function. The 
predetermined inclusion criteria were 
NSCLC with a definite pathological  
diagnosis, pretreatment severe pul-
monary dysfunction, and an ECOG  

performance status of 0 to 2. Patients 
who had undergone surgery, targeted 
therapy, or stereotactic radiation were 
excluded from the study. Ultimately,  
170 patients were eligible for the study 
and were divided into 2 groups: a ra-
diotherapy group (53 patients) and a 
nonradiotherapy group (117 patients). 

Introduction to Clinical  
and Dose-Volume  
Histogram Factors
Clinical factors including age, ECOG 
performance status, gender, patholog-
ical diagnosis, laterality, sites of the  
tumor, smoking status, tumor-node- 
metastasis stage, pulmonary function, 
radiotherapy procedures, chemotherapy 
treatments, and survival were recorded. 
Restaging of all patients was conducted 
according to the staging scheme of the 
8th edition of the Union for Interna-
tional Cancer Control/American Joint 
Committee on Cancer to improve data 
comparability.16 To obtain the lung  
volume, the gross tumor volume (GTV) 
was subtracted from the total lung  
volume (TLV).17,18 The proportion 
of lung/heart volume that received  
greater than variable x Gy was known 
as Vx. From the dose-volume histogram 
(DVH), we extracted and collected the 
following parameters: total/ipsilateral 
/contralateral lung V5/10/20/30, heart 
V10/20/30/40/50, mean dose (MD), planning 
target volume (PTV) radiation dose, and 
TLV. The convolution/superposition  
algorithm was used to measure all of 
these parameters from the planned dose 
distribution. The conversion of DVH 
parameters was done for patients who 
had not completed their radiotherapy 
treatment schedule.

Radiotherapy
Of the 53 patients who received thorac-
ic radiotherapy, 3 received radiother-
apy alone, 21 received concomitant 
chemoradiotherapy, and 29 received 
sequential chemoradiotherapy. Intensity 

modulated radiation therapy (IMRT) 
with a cumulative dose of 36 Gy- 
66 Gy, at 1.8 Gy-3 Gy per fraction, was 
administered 5 days a week. Targets 
were defined based on reports 62 and 
83 of the International Commission on 
Radiation Units and Measurements.19-21 
GTV was identified as a tumor that 
could be seen macroscopically on CT 
images, including lymph nodes with 
a diameter of greater than 1 cm. To  
account for setup instability and  
respiratory motion, the GTV plus a 
5- and 10-mm margin around the  
affected lymph nodes and lung tissue, 
respectively, comprised the PTV. For  
normal tissues, the following dose- 
volume constraints were established: 

 � to the whole lung, V20 ≤30%-
35% and MLD ≤15 Gy;

 � to the heart, V50 ≤25% and MD 
≤20 Gy;

 � to the spinal cord, ≤50 Gy; and
 � to the esophagus, MD ≤34 Gy.

Chemotherapy
Chemotherapy was given to 114 pa-
tients, with 50 receiving concurrent or 
sequential radiotherapy. Chemotherapy  
was given every 21 days with a median  
of 7 cycles (range, 2-12). First-line 
chemotherapy included docetaxel,  
paclitaxel, pemetrexed, and etopo-
side combined with carboplatin or 
cisplatin. Combination treatment 
with bevacizumab had a significant 
effect on patients with nonsquamous 
cell lung cancer. Pemetrexed and 
docetaxel were given as second-line 
therapy for patients with nonsqua-
mous and squamous cell lung cancer. 
None of the studied population had  
received immune checkpoint inhibitors. 
The National Comprehensive Cancer 
Network (NCCN) protocols were used 
to determine all doses and changes to the 
chemotherapy regimen.11

End Point Definitions
Determination of overall survival 
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(OS) was assessed by using the date of  
pathologic diagnosis of lung cancer to 
the date of all-cause death or the last 
date of follow-up for all patients in the 
survival study. In the case of radiation  
pneumonitis (RP), the primary end 
point was the occurrence of SARP at 
grade 3 or above with 3 months of 
radiotherapy. According to the Com-

mon Terminology Criteria for Adverse 
Events (version 5.0),  grade 3 RP was 
classified as an asymptomatic disease 
affecting daily events and requiring 
oxygen inhalation or hospital sup-
port.22 Based on clinical signs, changes  
in CT pictures and proof of oxygen  
inhalation, and corticosteroid adminis-
tration in medical records, a minimum 

of 2 experienced radiation oncologists 
jointly supported the diagnosis of SARP.

Statistical Analysis
Chi-squared tests were employed 
to evaluate the relative balance of 
baseline characteristics between the  
radiotherapy and nonradiotherapy  
groups. The Kaplan-Meier test and 
log-rank test were conducted to  
calculate OS and to determine the  
significance of the differences  
between the 2 groups. The effect of  
various factors on OS was studied  
using univariable and multivariable  
Cox proportional hazards models. 
First, with the univariate Cox regression, 
we assessed the predictive value of indi-
vidual factors for OS. Second, in multi- 
variate analysis, factors with P < .05 by 
univariate analyses were included.

In 53 patients who received radio-
therapy, a univariate logistic regression 
model was utilized to assess the ability 
of every single factor to predict SARP. 
In the multivariate logistic regression 
model, only univariate variables with 
P < .05 were included. The optimal  
cutoff value of the predictor was  
determined using receiver operating 
characteristic (ROC) curve analysis. 
The Kaplan-Meier test was performed 
to obtain the hazard ratio for SARP and 
incidence curves. All tests were 2-sided  
and a P value of less than .05 was con-
sidered statistically significant. IBM 
SPSS statistics software version 27.0 
was used to analyze the data. 

Results
Patient Characteristics
Table 1 summarizes baseline features  
of the sample population. The ma-
jority of patients were men who had 
previously smoked. Of 170 patients, 
114 (67.1%) received chemotherapy 
and 53 (31.2%) received radiotherapy.  
There was a significant variation in 
tumor stage between the radiotherapy 
and nonradiotherapy groups (P < .001).  

TABLE 1. Baseline Characteristics of All Patients (N = 170)

Characteristics

Total (%) RT (%) Non-RT (%)

P (N = 170) (n = 53) (n = 117)

Age (years)

<60 67 (39.4) 22 (41.5) 45 (38.5)
.706

≥60 103 (60.6) 31 (58.5) 72 (61.5)

Gender

Male 140 (82.4) 46 (86.8) 94 (80.3)
.307

Female 30 (17.6) 7 (13.2) 23 (19.7)

ECOG performance status

0 54 (31.8) 21 (39.6) 33 (28.2)
.139

1-2 116 (68.2) 32 (60.4) 84 (71.8)

Pathological diagnosis

SCC 92 (54.1) 36 (67.9) 56 (47.9)
.015

Non-SCC 78 (45.9) 17 (32.1) 61 (52.1)

Tumor site

Upper lobe 95 (55.9) 34 (64.2) 61 (52.1)
.144

Middle/lower lobe 75 (44.1) 19 (35.8) 56 (47.9)

Laterality

Left 75 (44.1) 26 (49.1) 49 (41.9)
.383

Right 95 (55.9) 27 (50.9) 68 (58.1)

Smoking status

Yes 130 (76.5) 39 (73.6) 91 (77.8)
.551

No 40 (23.5) 14 (26.4) 26 (22.2)

Tumor stage

T1-2 55 (32.4) 17 (32.1) 38 (32.5)
.958

T3-4 115 (67.6) 36 (67.9) 79 (67.5)

N stage

N0-1 29 (17.1) 8 (15.1) 21 (17.9)
.647

N2-3 141 (82.9) 45 (84.9) 96 (82.1)

Tumor stage

III 73 (42.9) 35 (66.0) 38 (32.5)
<.001

IV 97 (57.1) 18 (34.0) 79 (67.5)

N, node; RT, radiotherapy; SCC, squamous cell carcinoma.
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The mean radiation dose in the  
radiotherapy group was 54.5 Gy 
(range, 36-66 Gy).

Survival Outcomes
In this study, 138 deaths were record-
ed with a median follow-up time of 
38.0 months (95% CI, 36.1-39.9). The  
median OS was found to be 12.9 
months (95% CI, 10.6-15.2). Of the 170  
analyzed patients, 32 were still alive 
at the final analysis, 14 (26.4%) in the 
radiotherapy group and 18 (15.4%) in 
the nonradiotherapy group, respectively.  
In the radiotherapy group, the median  
OS was 21.6 months (95% CI, 19.5-
23.7) while in the nonradiotherapy  
group, it was 8.9 months (95% CI, 6.5-
11.4; HR, 0.481; 95% CI, 0.344-0.673; 
P < .001; Figure 1). 

FIGURE 1. Overall Survival of Patients in the Present Study, by Treatment
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FIGURE 2. Overall Survival in Subgroups Between Radiotherapy and Nonradiotherapy Groups

PS, performance status; SCC, squamous cell carcinoma.
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We evaluated the OS in radiotherapy  
and nonradiotherapy groups who 
were stratified by age, gender, per-
formance status, pathology, smoking  
status, and tumor stage (Figure 2). Our 
study found that radiotherapy could 
improve OS in all subgroups except 
females (HR, 0.650; 95% CI, 0.292-
1.447; P = .319), patients with perfor-
mance status of 0 (HR, 0.557; 95%  
CI, 0.297-1.044; P = .067), and non-
smokers (HR, 0.556; 95% CI, 0.278-
1.112; P = .104).

Univariate and Multivariate 
Analyses for OS
In univariate analysis, tumor stage, che-
motherapy, and radiation were found to 
be statistically associated with OS (Table 
2). Chemotherapy (HR, 0.221; 95% CI, 
0.149-0.329; P < .001) and radiothera-
py (HR, 0.589; 95% CI, 0.399-0.869; 
P = .008) were found to be independent 
prognostic factors for OS in the current 
cohort by multivariate analysis.

Incidence of Toxicity
Among 53 patients who had received 
radiotherapy, radiation esophagitis 
was diagnosed in 4 patients (7.5%),  
2 (3.8%) developed grade 2 or grade 3 
radiation esophagitis, and 16 (30.2%) 
were diagnosed with SARP (grade 3, 
15 patients [28.3%]; grade 4, 1 patient 
[1.9%]). The median time between the 
end of radiotherapy and the onset of 
SARP was 42 days (range, 16-85). 

Univariate and Multivariate 
Analyses for Predicting SARP
In univariate analysis, total lung V10, 
total lung V20, total lung V30, total  
lung mean dose, ipsilateral lung (il) V5, 
ilV10, ilV20, ilV30, ipsilateral lung mean 
dose, heart V10, heart mean dose, TLV, 
age, and tumor stage were statistically 
associated with SARP, as seen in Table 
3. These factors were all involved in  
the multivariate analysis. Only ilV10 
(odds ratio 1.093; 95% CI, 1.030- 

1.161; P = .004) was found to be an  
independent predictor of SARP by 
multivariate analysis.

ROC Curve and Cox Regression 
Analyses for SARP
According to the ROC curve, the area 
under the curve of ilV10 was 0.785 
(95% CI, 0.661-0.909; P = .001), with 
an optimal threshold above 50.7% (Fig-
ure 3a). The patients were then grouped 
according to the mean ilV10. Compared 
with the ilV10-low group (ilV10 ≤ mean), 
the ilV10-high group (ilV10 > mean) pos-
sessed higher SARP risk (HR, 5.33; 95% 
CI, 1.99-14.29; P = .003; Figure 3b).

Discussion
Several studies6-10 have examined the 

treatment of NSCLC in patients with 
impaired pulmonary function, while 
others23-27 have focused on the risk  
factors for SARP. This is the first study to 
assess the clinical value of convention-
al-fractionated thoracic radiotherapy 
for advanced-stage NSCLC in patients 
with severe pulmonary dysfunction 
and risk factors for SARP. Our findings 
showed that thoracic radiotherapy may 
be associated with survival benefits in 
this particular population and that ilV10 
had predictive value for the incidence of 
SARP in this cohort.

Induction chemotherapy before ra-
diotherapy has been reported to increase 
response rate in locally advanced, unre-
sectable NSCLC as compared with radio-
therapy alone.28 The randomized phase 

TABLE 2. Cox Regression Analysis for Overall Survival

Univariable 
analysis 

Multivariable 
analysis

HR (95% CI)  P HR (95% CI) P

Age (years)

≥60 vs <60 0.956 (0.680-1.345) .796 — —

Gender

Female vs male 1.259 (0.821-1.932) .291 — —

ECOG PS

1-2 vs 0 1.440 (0.993-2.089) .055 — —

Pathology

Non-SCC vs SCC 1.252 (0.895-1.751) .190 — —

Smoking status

Yes vs no 1.065 (0.717-1.582) .754 — —

T stage

T3/T4 vs T1/T2 1.014 (0.713-1.444) .937 — —

N stage

N2/N3 vs N0/N1 1.068 (0.687-1.661) .769 — —

Tumor stage

IV vs III 1.548 (1.100-2.177) .012 — —

Chemotherapy 

Yes vs no 0.201 (0.138–0.297) <.001 0.221 (0.149-0.329) <.001

Radiotherapy 

Yes vs no 0.473 (0.326–0.688) <.001 0.589 (0.399-0.869) .008

N, node; PS, performance; RT, radiotherapy; SCC, squamous cell carcinoma.
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TABLE 3. Logistic Regression Analysis of the DVH Parameters and Clinical Factors in Predicting SARP (n = 53)

With SARP  
(n = 16) 

Without SARP  
(n = 37) 

Univariate 
analysis

Multivariable 
analysis

Median (IQR) Median (IQR) OR (95% CI) P OR (95% CI) P

DVH parameters

Total lung

V5 (%) 51.06 (37.66-60.23) 44.27 (31.72-52.45) 1.042 (0.994-1.093) .084 — —

V10 (%) 38.87 (29.30-44.75) 31.95 (24.32-37.44) 1.069 (1.002-1.142) .045 — —

V20 (%) 24.57 (20.59-26.76) 21.00 (14.43-26.49) 1.105 (1.002-1.218) .046 — —

V30 (%) 15.68 (13.59-18.65) 12.48 (7.96-17.98) 1.143 (1.002-1.304) .047 — —

MD (cGy) 1295 (1136-1452) 1010 (799-1334) 1.002 (1.000-1.005) .025 — —

Contralateral lung

V5 (%) 29.20 (16.87-49.34) 25.66 (11.10-43.13) 1.012 (0.980-1.045) .463 — —

V10 (%) 18.21 (9.45-30.74) 15.46 (7.64-27.72) 0.998 (0.990-1.006) .666 — —

V20 (%) 6.71 (3.95-13.24) 5.59 (2.22-11.99) 1.001 (0.923-1.086) .976 — —

V30 (%) 2.49 (1.53-6.31) 0.99 (0.14-5.77) 1.006 (0.880-1.150) .928 — —

MD (cGy) 609 (365-900) 547 (274-804) 1.001 (0.999-1.002) .457 — —

Ipsilateral lung

V5 (%) 70.69 (65.73-79.72) 60.39 (45.89-70.86) 1.071 (1.018-1.128) .009 — —

V10 (%) 59.09 (53.89-69.26) 47.22 (34.36-60.07) 1.093 (1.030-1.161) .004 1.093 (1.030-1.161) .004

V20 (%) 44.19 (40.16-57.11) 32.84 (24.73-47.37) 1.109 (1.036-1.187) .003 — —

V30 (%) 34.16 (29.03-39.43) 21.56 (13.12-35.12) 1.105 (1.028-1.187) .007 — —

MD (cGy) 2268 (1942-2617) 1631 (1196-2159) 1.002 (1.001-1.004) .003 — —

Heart

V10 (%) 45.52 (28.08-68.85) 23.84 (16.08-43.07) 1.023 (1.001-1.046) .040 — —

V20 (%) 32.01 (17.57-46.25) 15.79 (7.12-31.80) 1.030 (0.999-1.062) .058 — —

V30 (%) 20.15 (9.50-33.33) 9.60 (3.21-20.56) 1.037 (0.997-1.079) .070 — —

V40 (%) 9.85 (3.84-17.37) 4.26 (0.32-11.36) 1.054 (0.994-1.118) .077 — —

V50 (%) 2.92 (1.19-7.96) 1.02 (0.00-3.80) 1.081 (0.977-1.196) .131 — —

MD (cGy) 1550 (977-2248) 863 (521-1501) 1.001 (1.000-1.002) .029 — —

Radiation dose (Gy) 60.0 (50.1-60.0) 50.4 (50.0-60.0) 1.001 (1.000-1.001) .263 — —

BED (Gy) 72.0 (60.0-72.0) 60.0 (60.0-72.0) 1.000 (1.000-1.001) .288 — —

PTV (cm3) 387.8 (225.3-447.1) 351.5 (176.3-458.8) 1.001 (0.997-1.004) .634 — —

TLV (cm3) 3021.6 (2283.1-3645.8) 3867.1 (3102.1-4578.2) 0.999 (0.999-1.000) .030 — —

Clinical factors

Age (years) 56 (45-64) 62 (54-68) 0.932 (0.873-0.995) .035 — —

Sex: female vs male — — 3.778 (0.736-19.382) .111 — —

ECOG PS: 1-2 vs 0 — — 0.783 (0.238-2.573) .687 — —

Pathological diagnosis: non-SCC vs SCC — — 0.947 (0.268-3.343) .933 — —

Tumor site: middle-lower vs upper lobe — — 1.108 (0.328-3.739) .869 — —

Laterality: right vs left — — 1.661 (0.203-2.153) .492 — —

Smoking status: yes vs no — — 0.460 (0.128-1.653) .234 — —

Tumor stage: IV vs III — — 0.188 (0.037-0.946) .043 — —

Concomitant chemoradiotherapy: 
yes vs no — — 1.846 (0.562-6.068) .313 — —

BED, biological effective dose; cGy, centigray; DVH, dose-volume histogram; MD, mean dose; OR, odds ratio; PS, performance status; PTV, planning target 
volume; SARP, severe acute radiation pneumonitis; SCC, squamous cell carcinoma; TLV, total lung volume; Vx, the percentage of the lung volume that received 
more than x Gy, respectively. 
The constant in the logistic regression equation is -5.713 and the regression coefficient in the logistic regression equation is 0.089.
The logistic regression equation is: logit(p) = -5.713 + 0.089 × ipsilateral lung V10 (%).

LunG CanCEr     ORIGINAL RESEARCH
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3 RTOG 9410 trial (NCT01134861) 
showed the superiority of CCRT vs  
sequential chemoradiotherapy for stage III 
NSCLC in terms of survival.29 According 
to Daniel R. Gomez, MD, and colleagues, 
local consolidative therapy, such as  
radiotherapy and surgical resection, may 
substantially improve progression-free 
survival (PFS) in patients with metastatic 
NSCLC who have not progressed after 
initial systemic therapy vs maintenance 
therapy or observations.30 Numerous 
studies have found that radiotherapy is 
beneficial for both locally advanced and 
metastatic lung cancers; radiotherapy 
has not been widely used to treat patients 
with severe pulmonary dysfunction  
because of the toxicity of radiotherapy. 

According to Gerben R. Borst, MD, 
and colleagues, patients with NSCLC 
had a small decrease in pulmonary 
function after radiotherapy whereas  
patients with COPD had a great reduction 
in pulmonary function.31 Radiotherapy  
can cause changes in the structure of 
the lungs, leading to a decrease in pul-
monary function, worsening symptoms, 
and lower quality of life. A multicenter  

prospective longitudinal study of  
patients receiving CCRT for advanced 
NSCLC found substantial decreases in 
FEV1, total lung capacity, and FVC.32 
Despite the fact that radiotherapy has 
a range of toxic effects,33,34 our research 
found that radiotherapy may be an in-
dependent prognostic factor for 
OS in patients with NSCLC and 
severe pulmonary dysfunction. 
Therefore, when selecting treat-
ment for this population, radio-
therapy should be considered.

Numerous investigators 
have examined the predictors 
for the incidence of RP. Re-
search groups led by Yuichi 
Ozawa, MD, PhD,35 and Yun 
Hee Lee, MD,36 suggested an 
association between RP and intersti-
tial lung disease. According to Mitsu-
ru Okubo, MD, PhD, and colleagues, 
subclinical interstitial lung disease 
was also a significant risk factor for 
grade 2 or greater RP.37 Tiziana Ran-
cati, MS, found that the presence of 
COPD is associated with an increased 
risk of RP.38 Given that patients with 

impaired pulmonary function are at a 
higher risk of developing RP, we should 
pay special attention to the development 
of RP in these patients following radio-
therapy. Our findings showed that ilV10 
is an independent predictor of SARP  
incidence. In a prior study, V10 was found 

to be statistically significant 
in relation to RP.39 However, 
patients in that study received 
volumetric modulated arc ther-
apy while patients in our study 
received IMRT; the predictive 
value of V10 was consistent with 
our findings. Multivariate anal-
ysis revealed a strong correlation 
between ilV10 and RP in helical 
tomotherapy–based lung cancer 
treatment.40 A study of concur-

rent erlotinib and thoracic radiotherapy 
to treat NSCLC indicated that V5, V10, 
V15, V20, and V30 were significantly associ-
ated with RP.41 These findings suggested 
that V10 may play an important role in 
the development of RP.

SARP was recorded in 25.4% of 
patients in our previous study13 and in 
30.2% of patients in this study. Poorer  
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FIGURE 3. (A) ROC Curve of iIV10 for SARP in Present Study; (B) Kaplan-Meier Estimates for the Total Hazards for SARP 
(iIV10-low vs iIV10-high Group)

AUC, area under the curve; iIV10, ipsilateral lung V10; ROC, receiver operating characteristics; SARP, severe acute radiation pneumonitis.
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baseline lung function may account for 
the higher incidence of SARP in this 
study. Additionally, our previous study 
found that DLCO% and MLD were 
associated with SARP in CCRT for  
patients with NSCLC affected by pre-
treatment moderate pulmonary dysfunc-
tion, whereas the present study showed a 
significant correlation between ilV10 and 
SARP. This disparity may be the result 
of inconsistencies between the 2 studies. 
First, the previous study was based on 
patients with NSCLC and moderate pul-
monary dysfunction, while in this study, 
the subjects were patients with NSCLC 
and severe pulmonary dysfunction. A 
decrease in pulmonary function would 
increase the probability of SARP. Sec-
ond, the previous study focused on stage 
III disease, whereas the current study  
included patients with disease classified 
as either stage III or IV. The late stage of 
lung cancer may have an impact on the 
occurrence of SARP. Third, in this study, 
only a small proportion of patients re-
ceived concomitant chemoradiotherapy 
(due to their poorer performance status) 
and the rest received sequential chemo-
radiotherapy or radiotherapy alone, but 
all patients in the previous study received 
CCRT, which was proposed as an RP 
risk factor.24 From our perspective, the 
patient characteristics in these 2 studies 
were quite different and thus both studies 
have distinct clinical significance.

The phase 3 PACIFIC study 
(NCT02125461) showed that con-
solidation therapy with durvalumab 
can significantly improve PFS and 
OS after definitive chemoradiothera-
py for locally advanced unresectable 
NSCLC.42 Perhaps immunotherapy 
administered following radiotherapy 
can increase OS in individuals with  
severe pulmonary impairment. How-
ever, because some of these individuals 
have preexisting lung disease, it is im-
portant to monitor them for the possi-
ble development of pneumonitis.

Several limitations to the current  

research should be noted. First, as it 
was a retrospective study, there was 
some selective and biased information. 
For example, a patient’s large tumor 
volume could have influenced baseline  
pulmonary function. As the tumor 
shrinks with treatment, the pulmonary 
function may improve, resulting in pro-
longed survival and a reduced risk of 
SARP. In univariate analysis, tumor 
stage was an independent predictor of 
SARP, and patients with stage III vs stage 
IV disease were more likely to develop 
SARP (HR, 5.33; 95% CI, 1.06-26.90; 
P = .043). One possible reason was that 
more patients with stage III vs stage IV 
disease continued to be treated and fol-
lowed up in our hospital after the com-
pletion of radiotherapy. There could 
be more patients with stage IV disease 
and SARP who were not treated, but 
we were unable to collect appropriate 
clinical data. Second, a relatively small 
sample was used;  larger samples would 
be necessary to prove our conclusion. 
However, the strategies of treatment 
used in this study followed the recom-
mendations of the NCCN guidelines 
and the conclusions can be useful for 
oncologists in the course of making clin-
ical treatment decisions and evaluating 
radiotherapy plans. Third, only ilV10 
was linked to the development of SARP 
in this study, and the best radiotherapy 
regimen for unresectable NSCLC with 
severe pulmonary dysfunction has yet 
to be determined. Future research is re-
quired to assess the target population’s 
radiotherapy-related toxicity risks in  
order to improve the radiotherapy  
protocol with the greatest clinical benefit 
and the least radiation toxicity.

In conclusion, thoracic radiotherapy 
might be associated with survival ben-
efits among patients with inoperable 
NSCLC and baseline severe pulmo-
nary dysfunction. Multivariate analysis  
specified that ilV10 (>50.7%) was an 
independent predictor for SARP in the 
present cohort. While future studies are 

needed to verify our results, these results 
have value to oncologists as they make 
clinical treatment decisions and predict 
the prevalence of SARP among patients 
with inoperable NSCLC and baseline 
severe pulmonary dysfunction. 

FUNDING: This research did not receive any 
specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

CONFLICT OF INTEREST: There are no conflicts 
of interest declared by any of the contributors.

ETHICAL APPROVAL: The study was approved 
by the West China Hospital research Ethics 
Board, Sichuan Province, China.

STATEMENT OF HUMAN AND ANIMAL 
RIGHTS: This article does not contain any 
studies with human or animal subjects.

STATEMENT OF INFORMED CONSENT: 
There are no human subjects in this article and 
informed consent is not applicable.

AUTHOR AFFILIATIONS:  
1Department of Thoracic Oncology and State 
Key Laboratory of Biotherapy, Cancer Center, 
West China Hospital, Sichuan university, 
610041 Chengdu, China
2Center of radiation Physics, West China 
Hospital, Sichuan university, 610041 
Chengdu, China
3Department of Oncology, Chengdu Jinniu 
District People’s Hospital, 610031 Chengdu, 
China
4Department of Oncology, Sichuan Provincial 
People’s Hospital, 610072 Chengdu, China
*Email address of corresponding author: 
gongyouling@hotmail.com (y. Gong).

REFERENCES
1. Carr LL, Jacobson S, Lynch Da, et al. Features of COPD 
as predictors of lung cancer. Chest. 2018;153(6):1326-1335. 
doi:10.1016/j.chest.2018.01.049
2. de Torres JP, Bastarrika G, Wisnivesky JP, et al. 
assessing the relationship between lung cancer risk and 
emphysema detected on low-dose CT of the chest. Chest. 
2007;132(6):1932-1938. doi:10.1378/chest.07-1490
3. Mayne ST, Buenconsejo J, Janerich DT. Previous lung 
disease and risk of lung cancer among men and women 
nonsmokers. Am J Epidemiol. 1999;149(1):13-20. 
doi:10.1093/oxfordjournals.aje.a009722 
4. Mouronte-roibás C, Leiro-Fernández V, Fernández-Villar 
a, Botana-rial M, ramos-Hernández C, ruano-ravina 
a. COPD, emphysema and the onset of lung cancer. a 
systematic review. Cancer Lett. 2016;382(2):240-244. 
doi:10.1016/j.canlet.2016.09.002

For full reference list, visit 
cancernetwork.com/Deng_1.23


