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Background: Chemoradiotherapy is the recommended treatment for patients with unresectable locally
advanced non-small cell lung cancer (NSCLC). This study aimed to determine the impact of age on the
survival outcomes and risk of radiation pneumonitis (RP) in patients with unresectable locally advanced
NSCLC.

Methods: The data of patients with unresectable locally advanced NSCLC who were treated with
radiotherapy (RT), sequential chemoradiotherapy, or concurrent chemoradiotherapy between January, 2013,
and December, 2017, in our institution were retrospectively reviewed and analyzed. Student’s z-test and
¥ test were used to evaluate the differences between groups divided by optimal cutoff. Survival rates were
calculated using the Kaplan-Meier method, and multivariate cox regression was performed to determine the
prognostic factors for survival outcomes.

Results: A total of 749 patients were included in this analysis. Based on the optimal cutoff, the patients
were stratified into two age groups: <65 years old (the younger group, n=482) and >65 years old (the
older group, n=267). The older group had more patients with poor Karnofsky Performance Score (KPS),
squamous cell sarcoma (SCC), and ITIA stage than the younger group. The older patients were more likely
to have received RT alone (40.1%) and less likely to have received concurrent chemoradiotherapy (cCRT)
(26.6%) than the younger patients (8.1% and 54.8%, respectively, P<0.001). The median overall survival
(OS) was 33 months (95% CI: 29-37 months) and 21 months (95% CI: 18-27 months) for the younger
group and the older group, respectively (P<0.001). Multivariate Cox regression analysis showed that age
had a significant independent association with OS (HR, 1.25; 95% CI: 1.01-1.55) after adjustment for
covariates. The incidences of RP, symptomatic RP, and severe RP were similar between the two groups, but
the incidence of fatal RP was higher in the older group (4.5% vs. 1.7%, P=0.039).
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Conclusions: The clinical characteristics of the older patients in our study differed from those of the

younger patients, and the older patients were more likely to choose conservative treatment. OS was longer in

the older patients and more cases of fatal RP occurred in the older group.
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Introduction

The dynamic, chronological process of aging is
characterized by the gradual accumulation of cell damage,
progressive functional decline, and higher susceptibility and
vulnerability to diseases (1). Elderly people are at increased
risk of developing chronic diseases, including cancer,
cardiovascular disease, hypertension, and diabetes mellitus.

With an estimated 2,093,876 new cases and 1,761,007
deaths in 2018, lung cancer is the most common and
deadliest of any malignancy (2). Among elderly patients, the
incidence and mortality of advanced lung cancer have been
increasing (3). Previous studies have shown that the patient’s
age at diagnosis plays an important role in the prognosis
and treatment selection of lung cancer (4-6), prostate cancer
(7,8), thyroid cancer (9), and lymphoma (10).

For patients with unresectable locally advanced non-small
cell lung cancer (NSCLC), concurrent chemoradiotherapy
(cCRT) followed by durvalumab can improve progression-
free survival (PFS) [hazard ratio (HR) =0.52,95% confidence
interval (CI): 0.42-0.65, P<0.001] and overall survival
(OS) (HR =0.68, 95% CI: 0.53-0.87, P<0.001) compared
with ¢cCRT alone (11-13). However, cCRT carries the
risk of developing radiation pneumonitis (RP). The
sensitivity of lung to radiation remains the dose-limiting
factor for radiotherapy for lung cancer. Severe RP is life
threatening and RP also can delay or interrupt subsequent
treatment and impact survival. In one study, a higher
incidence of RP was shown in the Asian subgroup (14).
It was important to evaluate the risk of RP and its
relationship with age at diagnosis in Chinese population.

cCRT is still the important part of the multimodality
therapy of PACIFIC pattern. Jeremic ez a/. (15) investigated
the clinical prognostic factors in patients from Serbia with
locally advanced NSCLC treated with chemoradiotherapy
and the results showed only age did not influence OS
and local PFS, whereas female gender, lower KPS, less
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pronounced weight loss, lower stage, squamous histology
and treatment independently predicted better OS and local
PFS. But the impact of age on survival in Chinese patients
with unresectable locally advanced NSCLC receiving
chemoradiotherapy was unknown. This study investigated
the association of age with the survival outcomes and risk of
RP in Chinese patients with unresectable locally advanced
NSCLC receiving chemoradiotherapy from one institution.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2137).

Methods
Study population

The retrospective data of patients with unresectable
locally advanced NSCLC who underwent radiotherapy
(RT), sequential chemoradiotherapy (sCRT), or cCRT
between January, 2013, to December, 2017, in our
institution were reviewed. Inclusion criteria were as follows:
age >18 years; obtained histologic confirmation of NSCLC;
patients were IITA and IIIB [7" edition TNM classification
of the American Joint Committee on Cancer (AJCC)J;
the patients, who received thoracic RT using IMRT or
VMAT, form the population of this study. The patients
with actual RT fractions less than 15, using split course RT,
hypofractionation (single dose >2.5 Gy) and incomplete
follow-up information were excluded from this population.
The data of the patients were analyzed, including: age,
gender, Karnofsky Performance Score (KPS), smoking
history, histology, disease stage (7™ edition of AJCC
classification), radiation dose, chemotherapy, toxicity
(RP, radiation esophagitis, skin reaction, and hematologic
toxicity), disease progression, and survival time. Patients
between January, 2013, to December, 2017 were included in
this analysis to ensure enough sample size to avoid selection
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Figure 1 Histogram of age distribution. Age at diagnosis followed
a normal distribution, and the median age of the patients was
61 years old (23-83 years old).
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Figure 2 Hazard ratio of age on overall survival by restricted cubic
spline. The estimated HR (solid line) with 95% CI (dotted line) for
the association between age at diagnosis and OS in 675 patients,
based on restricted cubic spline (RCS), was calculated using R
package ‘survival’ and ‘rms’. The HR of patient age as a continuous
variable was 1.18 (95% CI: 0.91-1.54, P<0.01). HR, hazard ratio;

OS, overall survival.

bias.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Independent Ethics Committee of
National Cancer Center/National Clinical Research Center
for Cancer/Cancer Hospital, Chinese Academy of Medical
Science and Peking Union Medical College (No. 20/179-
2375). Because of the retrospective nature of the research,
the requirement for informed consent was waived.

Toxicity evaluation and follow-up

Toxicity was graded according to the Common Terminology
Criteria for Adverse Events (CTC AE) version 4.0.
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Overall survival (OS) was measured from the date of initial
treatment to the date of death from any cause, or to the
time of last follow-up. Progression-free survival (PFS) was
measured from the date of initial treatment to the date of
disease progression or recurrence, or death from any cause.
RP was defined as all RP (grades 1 to 5). Symptomatic RP
was defined as RP > grade 2. Severe RP was defined as
RP > grade 3. Fatal RP was classified as grade 5 RP.

Statistical analysis

A Cox proportional hazards model with restricted cubic
spline (RCS) was used to investigate the relationship
between age and OS. The optimal cutoff age was defined
by maximally selected rank statistics from the 'maxstat’
R package, which is an outcome-oriented method that
provides a cut-point value with the most significant
statistical relation with the outcome (16). The differences
between groups were analyzed with Student’s z-test and
%’ test. Survival rates were calculated using the Kaplan-
Meier method, and the survival outcomes of the groups
were compared by log-rank test. A P value of <0.05 was
considered statistically significant. Multivariate Cox
regression analysis was conducted to determine the
prognostic factors for survival outcomes and to calculate
the hazards ratios (HRs). Analyses were performed using
R software (Version 3.6.2) (http://www.r-project.org/). R
packages included survival, survminer, rms, and maxstat.

Results
Optimal cutoff of age at diagnosis for OS

A database with 789 patients with unresectable locally
advanced NSCLC who received RT in our institution
was established. Ultimately, 749 patients with complete
data available were included in the analysis. Of the 40
excluded patients, 37 patients were excluded due to
missing disease progression information, 2 patients were
excluded due to missing survival information, and 1
patient was excluded due to missing toxicity information.
The age of the patients at diagnosis was normally
distributed (median, 61 years; range, 23-83 years)
(Figure 1). Figure 2 shows the HR of the patients’ age
as a continuous variable by RCS (HR 1.18, 95% CI:
0.91-1.54, P<0.01). An age cutoff of 65 years was defined
by maximally selected rank statistics. Based on this cutoff,
the patients were stratified into two age groups: <65 years

7 Thorac Dis 2020;12(8):4347-4356 | http://dx.doi.org/10.21037/jtd-20-2137


http://www.r-project.org/

4350 Zhang et al. Age is a prognostic factor for unresectable locally advanced NSCLC patients

Table 1 Clinical characteristics of the patients according to age group

Characteristics Younger group (n=482) Older group (n=267) P value

Gender 0.801
Male 394 (81.7%) 221 (82.8%)
Female 88 (18.3%) 46 (17.2%)

KPS <0.001*
<80 8 (1.7%) 33 (12.4%)
>80 474 (98.3%) 234 (87.6%)

Smoking history 0.711
Non-smoker 132 (27.4%) 69 (25.8%)
Smoker 350 (72.6%) 198 (74.2%)

Pathology <0.001*
SCC 263 (54.6%) 182 (68.2%)
Non-SCC 219 (45.4%) 85 (31.8%)

Clinical stage 0.005*
A 179 (37.1%) 128 (47.9%)
1B 303 (62.9%) 139 (52.1%)

Therapy <0.001*
RT alone 39 (8.1%) 107 (40.1%)
sCRT 179 (37.1%) 89 (33.3%)
cCRT 264 (54.8%) 71 (26.6%)

RT dose 0.645
Mean (SD) 59.0 (5.01) 58.8 (6.25)

RT dose group 0.552
<60 Gy 105 (21.8%) 64 (24.0%)
>60 Gy 377 (78.2%) 203 (76.0%)

*, P<0.05. KPS, Karnofsky Performance Score; SCC, squamous cell sarcoma; RT, radiotherapy; sCRT, sequential chemoradiotherapy;

cCRT, concurrent chemoradiotherapy.

old (the younger group, n=482) and >65 years old (the older
group, n=267).

Patient baseline characteristics and treatment

Of the patients, 615 (82.1%) patients were male, and 548
(73.2%) patients had a history of smoking. The majority
(708, 94.5%) had good KPS (>80). In terms of histology,
445 (59.4%) patients had squamous cell carcinoma (SCC)
and 304 (40.6%) were non-SCC. According to the AJCC
7" edition staging classification, 307 (41.0%) patients were
stage IIIA and 442 (59.2%) patients were stage IIIB. The
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baseline demographic and clinical characteristics of the two
groups are listed in 7ible 1. There were more patients with
poor KPS (<80) in the older group than in the younger
group (12.4% vs. 1.7%, P<0.001). A higher proportion of
patients in the older group had SCC (68.2% vs. 54.6%,
P<0.001) and IIIA stage disease (47.9% vs. 37.1%, P=0.005).
The older patients were more likely to have received RT
alone (40.1% vs. 8.1%) and less likely to have received
cCRT (26.6% wvs. 54.8%) than the younger patients
(P<0.001). As shown in Figure 3, the older patients received
less cCRT than the younger patients. The radiation dose
between the two groups was similar (P>0.05).
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The prognostic value of age at diagnosis for OS

The median follow-up time was 22 months (range,
1-89 months ) for the entire cohort, and 32 months (range,
1-83 months ) in the surviving patients. A total of 259
deaths and 347 events of progression happened in younger
group and 177 deaths and 198 events of progression
happened in older group. The median OS was 33 months
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Figure 3 The relationship between age at diagnosis and treatment
selection. The older patients were less likely to receive cCRT than
the younger patients, which shows that the older patients were
more likely to choose conservative treatment. RT, radiotherapy
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(95% CI: 29-37 months) and 21 months (95% CI:
18-27 months) in the younger group and older group,
respectively (P<0.001) (Figure 44). The 2- and 5-year
OS rates were 60.3% and 31.6% in the younger group,
respectively, and 45.9% and 23.2% in the older group,
respectively. The median PFS was 15 months (95% CI:
13-17 months) in the younger group and 13 months
(95% CI: 12-15 months) in the older group (P=0.054)
(Figure 4B). The 2- and 5-year PFS rates were 32.5%
and 19.7% in the younger group, respectively, and
27.5% and 10.3% in the older group, respectively.
Multivariate Cox regression models revealed patient age
at diagnosis to have a significant independent association
with OS (HR: 1.25; 95% CI: 1.01-1.55) after covariate
adjustment (gender, KPS, smoking, pathology, and
disease stage) and treatment (therapy type and radiation
dose) (Figure 5). In the subgroup analysis stratified by
clinical factors (Figure 6), no source of heterogeneity was
found. Patients >65 years old had high risk of death in
male patients (HR =1.46, 95% CI: 1.19-1.79), female
patients (HR =1.81, 95% CI: 1.07-3.05), patients with
good KPS (HR =1.43, 95% CI: 1.17-1.75), patients
with smoking history (HR =1.58, 95% CI: 1.27-1.96),
patients with SCC (HR =1.50, 95% CI: 1.19-1.89), patients
in ITIA (HR =1.70, 95% CI: 1.26-2.29) and IIIB stage (HR
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Figure 4 Kaplan-Meier curves of OS and PFS in different age groups. (A) Kaplan-Meier curve of OS; (B) Kaplan-Meier curve of PFS. OS,

overall survival; PES, progression free survival.
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Variables HR(95%Cl) P value
Age(elder vs. youngen) - 125(1.01-155) P=0.039"
Gender(female vs. male) - 0.64(0.46-0.89) P=0.008*
KPS(>=80 vs. <80) - 0.65(0.44-0.95) P=0.028*
Smoking(yes vs. no) —-— 1.47(1.11-1.95) P=0.008*
Pathology(Non-SCC vs. SCC) - 0.84(0.68-1.04) P=0.117
Stage(llIB vs. 1lIA) - 1.25(1.03-1.51) P=0.027*
Therapy

sCRT vs. RT alone - 0.82(0.63-1.08) P=0.152

cCRT vs. RT alone = 0.60(0.45-0.79) P<0.001*
Radiation Dose (>=60gy vs. <60Gy) - 0.75(0.60-0.94) P=0.011*

I T T 1

0 1 2 3
Figure 5 Age at diagnosis as an independent prognostic factor by multivariate Cox regression analysis. The associations of clinical
characteristics and therapy with OS were analyzed using multivariate analysis. The forest plots indicate the independent prognostic effects of
age at diagnosis and other clinical variables on OS. *, P<0.05. OS, overall survival; HR, hazard ratio; CI, confidence interval; SCC, squamous

cell carcinoma; RT, simple radiotherapy; sCRT, sequential chemoradiotherapy; cCRT, concurrent chemoradiotherapy.

No. of event/No. of patients

Subgroup <65 >=65 HR for OS(95%Cl) P value
Overall 259/482 177/267 1.50(1.24-1.82) -
Gender P=0.463
Male 227/394  152/221 1.46(1.19-1.79) ]
Female 32/88 25/46 1.81(1.07-3.05) ]
KPS P=0.600
<80 7/8 25/33 1.13(0.49-2.61) =
>=80 252/474  152/234 1.43(1.17-1.75) ]
Smoking history P=0.427
no smoking 58/132 36/69 1.30(0.86-1.98) ]
smoking 201/350  141/198 1.58(1.27-1.96) ]
Pathology P=0.698
scc 160/263  129/182 1.50(1.19-1.89) ]
Non-SCC 99/219 48/85 1.36(0.96-1.93) n
Clinical Stage P=0.403
A 85179  86/128 1.70(1.26-2.29) n
nB 174/303  91/139 1.44(1.12-1.86) ]
Therapy P=0.376
RT alone 22/39 78/107 1.62(1.01-2.60) ]
sCRT 102/179 60/89 1.38(1.00-1.91) ]
cCRT 135/264 39/71 1.11(0.78-1.59) ]
RT Dose Group P=0.292
<60Gy 61/105 41/64 1.24(0.84-1.85) ]
>=60Gy 198/377  136/203 1.59(1.28-1.98) ]
0 1 2 3

Figure 6 Subgroup analysis of hazard ratio stratified by clinical factors.
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Table 2 Treatment related toxicity according to age group
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Toxicity Younger group (n=482) Older group (n=267) P value

Radiation pneumonitis 0.482
Grade 0-2 452 (93.8%) 246 (92.1%)
Grade 3-5 30 (6.2%) 21 (7.9%)

Radiation esophagitis 1.000
Grade 0-2 473 (98.1%) 262 (98.1%)
Grade 3-5 9 (1.9%) 5(1.9%)

Skin reaction 0.603
Grade 0-2 481 (99.8%) 265 (99.3%)
Grade 3-5 1(0.2%) 2 (0.7%)

WBC decrease 0.083
Grade 0-2 423 (87.8%) 246 (92.1%)
Grade 3-5 59 (12.2%) 21 (7.9%)

Anemia 1.000
Grade 0-2 480 (99.6%) 266 (99.6%)
Grade 3-5 2 (0.4%) 1(0.4%)

PLT decrease 0.613
Grade 0-2 475 (98.5%) 261 (97.8%)
Grade 3-5 7 (1.5%) 6 (2.2%)

Hematologic toxicity 0.034*
Grade 0-2 418 (86.7%) 246 (92.1%)
Grade 3-5 64 (13.3%) 21 (7.9%)

Any toxicity 0.286
Grade 0-2 382 (79.3%) 221 (82.8%)
Grade 3-5 100 (20.7%) 46 (17.2%)

*, P<0.05.

=1.44, 95% CI: 1.12-1.86), patients receiving RT alone
(HR =1.62, 95% CI: 1.01-2.60) or sCRT (HR =1.38, 95%
CI: 1.00-1.91), patients receiving RT dose of >60 Gy
(HR =1.59,95% CI: 1.28-1.98).

Toxicity

The radiation-related toxicities experienced by the patients
are listed in 7ables 2 and 3. The type and rate of toxicities
were similar between the two groups. More patients

suffered from grade 3-5 of hematologic toxicity in the
younger group than in the older group (13.3% wvs. 7.9%,

© Journal of Thoracic Disease. All rights reserved.

P=0.034). Although the incidences of symptomatic RP
and severe RP were similar in the two groups (18.9% and
6.2% in the younger group vs. 16.1% and 7.9% in the older
group, P<0.05). There was a higher incidence of fatal RP
in the older group (4.5% vs. 1.7%, P=0.039). As shown in
Figure 7, the incidence of fatal RP increased with age.

Discussion

In this study, we found that the clinical characteristics of
elderly patients (>65 years old) and young patients differed.
Older patients were also more likely to choose conservative

7 Thorac Dis 2020;12(8):4347-4356 | http://dx.doi.org/10.21037/jtd-20-2137
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Table 3 Incidence of radiation pneumonitis and fatal radiation pneumonitis according to age group

Radiation pneumonitis Younger group (n=482) Older group (n=267) P value

Symptomatic RP (grade 2-5) 91 (18.9%) 43 (16.1%) P=0.396
Severe RP (grade 3-5) 30 (6.2%) 21 (7.9%) P=0.482
Fatal RP (grade 5) 8 (1.7%) 12 (4.5%) P=0.039*

*, P<0.05. RP, radiation pneumonitis.

Relationship between Age and Radiation Pneumonitis
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Figure 7 The relationship between age at diagnosis and RP.
The incidence of fatal RP increased with age. RP, radiation

pneumonitis.

treatment. OS was higher in the younger patients in our
study than in the older group. We also found a higher
incidence of fatal RP in the older group. To our knowledge,
this is the first report about the relationship between fatal
RP and age.

Table 1 shows that 12.4% of the older group had poor
performance status (KPS <80), compared with 1.7% of
the younger group (P<0.001), and that SCC was more
common in the older group than the younger group (68.2%
vs. 54.6%, P<0.001). Data from the National Cancer Data
Base (NCDB) (4) showed similar results. In this analysis,
only stage III NSCLC patients were included, and the
younger group had more stage IIIB cases (62.9% vs. 52.1%,
P=0.004). NCDB (4) and SEER (5) analysis involving all
stages of NSCLC found more cases of stage IV lung cancer
in younger patients. These analyses and our data showed
that younger patients tended to have more aggressive,
late-stage tumors. Consistent with our findings, previous
data showed that younger patients were more likely to
receive the recommended treatment, while older patients
were more likely to choose no treatment or conservative
treatment (4,5). Of the older patients in our study, we found
that only 26.6% received cCRT and 40.1% received RT

© Journal of Thoracic Disease. All rights reserved.

alone. The proportion of older patients who received RT
alone was higher than that of younger patients.

Younger patients generally have better prognosis than
older patients; this has been demonstrated in studies on
prostate cancer (7,8), thyroid cancer (9), and lymphoma (10).
Similar results were also observed for NSCLC in NCDB (4)
and SEER (5,6) analysis. Our analysis focused specifically
on patients with unresectable locally advanced NSCLC who
received either RT alone, sSCRT, or cCRT. Our conclusion
was consistent with the results of these previous studies.
Multivariate Cox regression analysis (Figure 5) determined
age at the time of diagnosis to be an independent prognostic
factor for OS. Subgroup analysis produced the same results
(Figure 6). Figure 44,B showed that the younger patients
had better OS than the older patients, while the two groups
had similar PFS. The NCDB (4) and SEER (5,6) studies did
not take PFS data or the relationship between PFS and OS
into account. We hypothesized that the following reasons
may be related to the poorer OS of the older patients and
the similar PFS of the two groups. First, the older patients
were more likely to refuse recommended therapy after
progression. Second, the older patients had a higher risk
of dying from causes other than lung cancer (analysis from
SEER database, which was not reported yet). More data are
needed to approve these two hypotheses. Third, as shown
in Table 3 and Figure 7, the rate of fatal RP was higher in the
older patients than in the younger patients, while the rates
of symptomatic RP and other toxicities were similar in both
groups. Some studies have found that elderly patients are at
increased risk of side effects from chemotherapy or targeted
therapy (17,18). Our analysis did not identify this trend
in radiation esophagitis, skin reaction, and hematologic
toxicity, which may be related to fewer patients in the older
group receiving chemoradiotherapy. Palma ez /. (19) found
that the incidence of symptomatic RP increased with age
in univariate analysis; however, this was not reflected in
multivariate analysis. Meanwhile, Tsujino (20) found that
older patients were more likely to have severe RP (20.6%
vs. 8.0%, P=0.05). Neither of these two studies reported
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the relationship between age and fatal RP. We found higher
incidences of fatal RP and similar symptomatic RP in the
older group after RT than in the younger group, which
means the elderly patients were less likely to recover from
symptomatic RP.

This study has some limitations. First, this analysis
was based on a retrospective, single-institution database.
Also, compared with the SEER and NCDB studies, which
involved hundreds of thousands of individuals, only 749
patients were enrolled in our study (3,4,6). Furthermore,
some relevant information, such as the treatment
compliance, treatment after progression, and cause of
death, was missing. This information may help to explain
how age affects patients’ survival. The NCDB study used
modified Charlson-Deyo scores to record the comorbidity
of patients and found that those with a higher age had a
higher score; however, this was not available in our analysis.
Additionally, patients with incomplete information or those
lost to follow-up were excluded, which may have led to
bias. After the amazing results of the PACIFIC trail were
published (11,12), durvalumab as consolidation therapy was
recommended for unresectable stage IIl NSCLC. Although
the patients included in our data were treated before
the PACIFIC era and no patients received consolidative
immunotherapy, the current analysis stresses the need to
pay more attention to elderly patients when consolidative
immunotherapy is used, due to the high risk of fatal RP in
older patients.

In conclusion, the elderly patients with unresectable
locally advanced NSCLC in our study had poorer
performance status and were more likely to have SCC
and stage IITA disease than younger patients. They also
tended to choose conservative treatment more. Importantly,
age at diagnosis had prognostic value for OS. More
attention should be paid to the risk of fatal RP associated
with chemoradiotherapy with/without consolidative
immunotherapy in elderly patients.
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