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Abstract
Purpose: Cardiopulmonary toxic effects may reduce the efficacy of postoperative radiation therapy (PORT) in patients with non-small
cell lung cancer (NSCLC). However, few studies have examined whether the heart and lung doses affect overall survival (OS). We
investigated the correlation of heart and lung doses with OS in patients with NSCLC undergoing PORT.
Methods and Materials: This retrospective analysis included 307 patients with NSCLC undergoing PORT. The total dose was
50 Gy. Landmark analyses were performed at 36 months, with hazard ratios (HRs) calculated separately for events occurring
up to 36 months (early survival) and after 36 months (long-term survival). Stabilized inverse probability of treatment weighting
(sIPTW) was performed to balance the characteristics of the high- and low-dose groups. We performed sensitivity analyses at
24 and 48 months.
Results: The median follow-up period was 67.42 months. Heart doses were significantly correlated with long-term survival (HR, 1.14;
P = .015) but not with early survival (HR, 0.97; P = .41) or whole survival (HR, 1.02; P = .58). Lung doses were marginally significantly
correlated with early survival (HR, 1.03; P = .07) but not with long-term survival (HR, 1.00; P = .85) or whole survival (HR, 1.02;
P = .12). Higher heart and lung doses were associated with decreased long-term and early survival, respectively, before and after
sIPTW. Landmark analyses at 24 and 48 months showed consistent results.
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Conclusions: For patients with NSCLC undergoing PORT, a higher heart dose was associated with decreased long-term survival,
whereas a higher lung dose was associated with decreased early survival.
© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Postoperative radiation therapy (PORT) for non-small
cell lung cancer (NSCLC) is controversial.1 Many retro-
spective and large public database studies have suggested
that PORT confers survival benefits for patients with
pathologic N2 NSCLC2,3; however, 2 recent randomized
controlled trials showed that PORT does not improve
progression-free survival (PFS) or overall survival (OS) in
these patients.4,5 Cardiopulmonary toxic effects may
diminish the benefit of PORT. Moreover, owing to the
short survival of patients with locally advanced NSCLC,
the focus of treatment is primarily on disease control, and
current surveillance strategies may underestimate heart
and lung radiation injuries and their effect on survival.

Results of the Radiation Therapy Oncology Group
(RTOG) 0617 trial6 raise the question of whether the heart
dose in definitive radiation therapy affects OS.7 Many stud-
ies have shown that the radiation therapy heart dose is a
prognostic factor for poor OS,8-10 but some studies have
shown that cardiac dose is not related to OS.11-13 Moreover,
to our knowledge, only 2 studies have investigated whether
the heart dose in PORT affects OS. One study had a limited
sample size of 43 patients,14 and the other had 289 patients
but included patients with incomplete resection (R1) who
had nonuniform stages (I-III), and it used a heterogeneous
radiation dose (45-70 Gy).15 Therefore, the conclusions
were not convincing. Regarding the lung dose, most studies
have concentrated on its effect on radiation pneumonitis or
fibrosis rather than survival. Moreover, few studies have
investigated the effect of the lung dose on the survival of
patients undergoing PORT.

Radiation heart injury develops over several years after
radiation, whereas radiation pneumonitis and fibrosis
peak at 1 to 3 months and 6 to 12 months after radiation
therapy, respectively. Therefore, we hypothesized that the
lung dose affects early survival, whereas the heart dose
affects long-term survival. We investigated the effect of
the heart and lung doses on OS and whether they had dif-
ferent effects on early and late survival.
Methods and Materials
Patients

This was a post hoc analysis of our recently published
phase deanonymize randomized controlled trial4 and a
retrospective review of the deanonymize database in our
institution. Patients diagnosed with pN2 NSCLC between
January 2006 and June 2019 were analyzed. The eligibility
criteria were as follows: age 18 to 70 years, Eastern Coop-
erative Oncology Group performance status (ECOG PS)
of 0 to 1, complete resection (R0) and systemic lymph
node dissection, and 4 cycles of adjuvant chemotherapy
followed by PORT. The exclusion criteria included a his-
tory of other cancers and receipt of neoadjuvant chemo-
therapy. The study was conducted according to the
guidelines of the Declaration of Helsinki and approved by
the ethics committee of the institutional review board of
deanonymize. The requirement for informed consent was
waived owing to the retrospective nature of the research.
Treatments

Surgery consisted of lobectomy, bilobectomy, or pneu-
monectomy with thorough dissection of the mediastinal
lymph nodes. All patients received 4 cycles of platinum-
based doublet adjuvant chemotherapy and PORT.

Experienced radiation therapists delineated the target
volume and organs at risk. The clinical target volume
included the ipsilateral hilum, subcarinal region, ipsilat-
eral mediastinum, and stump of the central lesions. The
lungs were delineated using automatic thresholding,
excluding gross tumors. The heart was delineated as pre-
viously defined.16 A total dose of 50 Gy was delivered in
25 fractions at 2 Gy per fraction, 5 days per week. The
dose constraints for the heart were V30 < 40% and V40 <
30%, and the dose constraint for the lung was V20 < 30%
(where Vx equals the volume percentage of the organ
receiving more than a specific dose in gray).

All patients received intensity modulated radiation ther-
apy or 3-dimensional conformal radiation therapy using lin-
ear accelerators with a 6-MV beam. Simulation computed
tomography (CT) images with a 5-mm slice thickness were
obtained with the patient in the supine position using the
Brilliance Big Bore scanner (Philips Healthcare, Andover,
MA) with iodine-based intravenous contrast. Treatment
plans were designed using the Pinnacle treatment planning
system, version 9.0 (Philips, Fitchburg, WI). Individual radi-
ation therapy dose distributions were manually reviewed.
Follow-up

Patients were followed up every 3 months for the first
2 years, every 6 months for 2 to 5 years, and annually
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thereafter. During follow-up, all patients were evaluated
by blood and imaging examinations (chest CT, abdominal
CT, or B-ultrasonography) and any other necessary tests
based on their symptoms. Disease progression was con-
firmed by clinical assessment, radiologic examination,
and pathology reports.
Statistics

Continuous variables are presented as mean § standard
deviation for normally distributed data and median and
interquartile range (IQR) for nonnormally distributed data.
Categorical variables are presented as count and percentage.
Continuous variables were compared using t tests or Wil-
coxon rank sum tests; categorical variables were compared
using x2 tests or Fisher exact tests as appropriate. The pri-
mary endpoint was OS, calculated from the date of diagno-
sis to the date of all-cause death or last day of follow-up.
The median follow-up time was calculated using the reverse
Kaplan-Meier method. OS was calculated using the Kaplan-
Meier method and compared using the log-rank test. Uni-
variate and multivariate Cox proportional hazards models
were used to analyze the unadjusted and adjusted influences
of the heart and lung doses on OS. Prognostic factors with a
P value <.1 in the univariate analysis or of clinical impor-
tance were included in the multivariate analysis. Landmark
analyses were performed at the landmark point of 36
months, with hazard ratios (HRs) calculated separately for
events up to 36 months and after 36 months. For early sur-
vival (≤36 months), patients who survived more than 36
months were censored at 36 months; for long-term survival
(>36 months), only patients who survived more than 36
months were included in the analysis. The mean dose was
chosen as the cutoff value. We also categorized patients into
low- and high-dose groups using an optimal cutoff thresh-
old determined by maximizing the log-rank statistic
between the 2 groups. Stabilized inverse probability of treat-
ment weighting (sIPTW) was performed to balance the
characteristics of the high- and low-dose groups. In addi-
tion, we performed sensitivity analyses of the landmark
points at 24 and 48 months. A statistically significant differ-
ence was set at P < .05. All analyses were performed using
R, version 4.2.0 (R Foundation, Vienna, Austria).
Results
Patient characteristics and survival

A total of 307 patients were eligible: 127 from the pro-
spective database and 180 from the retrospective database.
A total of 211 patients survived for >36 months. The
median follow-up time was 67.42 months. The median
age was 56 years (IQR, 49-62 years); 40.39% of patients
were women, and 32.9% were current smokers. The
median mean heart dose (MHD) was 8.98 Gy, and the
heart V50 was 1.96%. The median mean lung dose was
9.82 Gy, and the lung V8 was 32.57% (Table 1). The
median OS was not reached, and the median PFS was
25.76 months (95% confidence interval [CI], 12.68
months to not reached). The 3-year OS was 81.6%, and
the 3-year PFS was 42.4%. Because PFS decreased dramat-
ically within the first 36 months and tended to flatten after
36 months (Fig. 1), we chose 36 months as the landmark
point of early and long-term survival. Sex, ECOG PS,
smoking status, histology, tumor size, and positive lymph
node ratio had P values <.1 in the univariate analysis or
were clinically important and were included in the multi-
variate analysis (Table E1). We performed univariate Cox
analysis for associations of the planning target volume
(PTV) with overall survival (HR, 1.01; 95% CI, 1.00-1.01),
early survival (HR, 1.01; 95% CI, 1.00-1.01), and long-
term survival (HR, 1.01; 95% CI, 1.00-1.01). The PTV size
was weakly associated with heart V50 (correlation coeffi-
cient = 0.20) or lung V8 (correlation coefficient = 0.34),
whereas it was more associated with sex (correlation coef-
ficient = 0.47) because men usually have bigger bodies
than women. Because treatment target volume was delin-
eated uniformly as described in the methods, the analysis
did not include the PTV size.
Heart dose and survival

In the univariate analysis, most heart dose parameters
were related to long-term survival, whereas no parameters
were related to early survival (Table 2, Fig. 2A). The heart
V50 was significantly correlated with whole and long-
term survival but not early survival. Since the heart dose
parameters were highly correlated, they could not all be
included in the multivariate analysis. Because the heart
V50 was significantly correlated with whole and long-
term survival, it was included in the multivariate analysis,
and it remained significant for long-term survival (HR,
1.14; P = .015) but not whole survival (HR, 1.02; P = .58)
(Table 3). The heart V50 and lung V8 were not highly
correlated (Pearson correlation coefficient = 0.23); there-
fore, they were both included in the multivariate analysis.
In the multivariate analysis, the heart V50 and positive
lymph node ratio were the only prognostic factors for
long-term survival; sex, ECOG PS, smoking status, and
tumor size were not correlated with long-term survival.
Multivariate analysis showed consistent results for other
heart dose parameters. Using the mean heart V50 as the
cutoff, landmark analysis revealed that long-term survival,
but not early survival, was significantly different between
the low- and high-dose groups (Fig. 3A).

As for cardiac events, among the 127 patients in the pro-
spective cohort, 1 patient (0.8%) developed a cardiac event
(coronary heart disease) and 109 (85.8%) did not develop



Table 1 Patient characteristics (N = 307)

Characteristic Patients*

Sex

Male 183 (59.6)

Female 124 (40.4)

Age (y), median (IQR) 56.00 (49.00-62.00)

Smoking status

Former or nevery 206 (67.1)

Current 101 (32.9)

ECOG PS

0 23 (7.5)

1 284 (92.5)

Tumor location

Left lung 116 (37.8)

Right lung 191 (62.2)

Histology

Non-SCC 244 (79.5)

SCC 63 (20.5)

pT

1 66 (21.5)

2 194 (63.2)

3 40 (13.0)

4 7 (2.3)

Tumor size (cm), median (IQR)z 3.20 (2.30-4.10)

Detected lymph nodes, median (IQR) 22.00 (16.00-28.00)

Positive lymph nodes, median (IQR) 5.00 (3.00-9.00)

MHD (Gy), median (IQR) 8.98 (5.01-13.96)

MLD (Gy), median (IQR) 9.82 (8.57-11.30)

Heart volume (cm3), median (IQR) 619.33 (529.63-725.98)

Lung volume (cm3), median (IQR) 2496.38 (2074.24-3079.10)

PTV volume (cm3), median (IQR) 234.7 (197.1-287.4)

Abbreviations: ECOG PS = Eastern Cooperative Oncology Group
performance status; IQR = interquartile range; MHD = mean heart
dose; MLD = mean lung dose; PTV = planning target volume;
SCC = squamous cell carcinoma.
* Data are presented as the number and percentage of patients
unless otherwise indicated.
y Former smokers are those who had a smoking history and quit
smoking before diagnosis.
z Tumor size refers to the maximum diameter of the tumor in the
pathologic specimen.
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cardiac events during follow-up; development of cardiac
events was unknown for 17 patients (13.4%). The associa-
tion between heart V50 and cardiac events could not be
evaluated owing to the low incidence of cardiac events.
Lung dose and survival

In the univariate analysis, the lung V8 and V50 were
significantly correlated with whole and early survival but
not with long-term survival (Table 2, Fig. 2B). The lung
V8 had the lowest P value in the univariate analysis; there-
fore, it was included in the multivariate analysis and
remained marginally insignificant for early survival (HR,
1.03; P = .07) but was not correlated with long-term sur-
vival (HR, 1.00; P = .85) or whole survival (HR, 1.02;
P = .12) (Table 3). Landmark analysis revealed that lung
V8 was significantly correlated with early survival but not
long-term survival (Fig. 3B). The incidence of radiation
pneumonitis was 13.7%. We performed univariate logistic
regression between lung dose and any grade of radiation
pneumonitis (Common Terminology Criteria for Adverse
Events, version 4.0). We found that a lung dose around
V30 was associated with radiation pneumonitis (OR, 1.12;
95% CI, 1.01-1.24; P = .04); however, lung V8 was not
associated with radiation pneumonitis (OR, 1.00; 95% CI,
0.97-1.04; P = .81).
sIPTW analysis

The optimal cutoff points for the heart V50 and lung
V8 were 3.49% and 42.06%, respectively. A lower heart
V50 was associated with better long-term survival (P <
.01) (Fig. E1A), and a lower lung V8 was associated with
better early survival (P = .016) (Fig. E2A). However,
patient characteristics were not balanced between the
high and low heart V50 groups in the long-term survival
cohort. Therefore, we performed sIPTW to balance the
characteristics between the 2 groups (Table E2). After
sIPTW, the low-dose group had better long-term survival
(P < .01) (Fig. E1B), which was consistent with the results
of the multivariate analysis. Patient characteristics were
balanced between the high and low lung V8 groups for
early survival after sIPTW (Table 3). A low lung V8 was
associated with better early survival (P = .004) (Fig. E2B),
consistent with the results of the multivariate analysis.
Sensitivity analysis

When using a landmark time of 24 months, the results
were consistent with those using a landmark time of 36
months. The heart V50 was significantly correlated with
long-term survival but not with early survival, and the
lung V8 was significantly correlated with early survival but
not with long-term survival (Fig. E3). Similar results were
observed using a landmark time of 48 months (Fig. E4).
Discussion
For patients with NSCLC undergoing PORT, a higher
heart dose decreased long-term OS, whereas a higher lung
dose decreased early OS. This partially explains the lack
of efficacy of PORT in prolonging OS; therefore, the



Figure 1 Kaplan-Meier curves of overall survival and progression-free survival.
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cardiopulmonary toxic effects of PORT should not be
neglected.
Heart dose and survival

We found that the heart dose was related to long-term
survival but not OS or early survival. The heart dose has
been confirmed to increase the risk of coronary heart dis-
ease (CHD) in patients undergoing radiation therapy for
lymphoma17 and breast cancer.18 The increase in risk is
proportional to the MHD, begins several years after radia-
tion therapy, and continues for more than 20 years. In
addition, subclinical heart radiation injury may worsen
over time and diminish long-term survival. Because the
secondary analysis of RTOG 0617 revealed that the heart
V5 and V30 were associated with OS in patients with
locally advanced NSCLC undergoing definitive chemora-
diation therapy,6 studies have investigated this issue and
have drawn opposing conclusions. A systemic review
including 22 studies found that for OS, associations with
the heart V5 were significant in multivariate analysis in
only 1 of 11 studies and the heart V30 in only 2 of 12
studies. The MHD was not significant in any of the 8
studies.19 The reasons for these inconsistent results
included varying heart contours, inconsistencies in the
cardiac dosimetric parameters reported in different stud-
ies, and heterogeneous treatments. In addition, the latent
period of radiation heart injury could have contributed to
the mixed results of previous studies.

We found that the heart dose was related to long-term
survival in patients with lung cancer undergoing PORT,
whereas previous studies on definitive radiation therapy
showed mixed results. Patients undergoing PORT had a
relatively stable target volume, mainly containing the supe-
rior mediastinum, and fewer comorbidities (such as CHD)
than did those undergoing definitive radiation therapy,
which may explain the mixed results. In patients with
breast cancer18 or Hodgkin lymphoma17 receiving radia-
tion therapy, a linear relationship between MHD and car-
diac events has been identified. However, there is no
agreement on the relation between MHD and cardiac
events in patients with lung cancer.7 This may result from
the dose distribution variability of the heart for patients
with lung cancer, which contrasts with the uniform radia-
tion volume of the heart in tangential radiation for breast
cancer or mediastinal nodal radiation for lymphoma.20

The target volume of PORT is relatively universal in the
superior mediastinum, and the dose distribution in the
heart is relatively stable compared with that in definitive
radiation therapy. A higher radiation dose to the heart
base was associated with poorer survival in patients with



Table 2 Univariate analysis of heart and lung dose parameters

Whole survival Long-term survival Early survival

Characteristic HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

MHD 1.03 (1-1.06) .093 1.07 (1.01-1.13) .017 1.01 (0.97-1.05) .657

Heart Dmax 1.02 (1-1.04) .093 1.07 (1.01-1.12) .016 1 (0.98-1.02) .781

Heart EUD 1.02 (1-1.05) .081 1.08 (1.01-1.15) .015 1 (0.98-1.03) .751

Heart V5 1 (1-1.01) .327 1.01 (1-1.03) .107 1 (0.99-1.01) .945

Heart V10 1.01 (1-1.02) .142 1.02 (1-1.04) .045 1 (0.99-1.02) .676

Heart V20 1.01 (1-1.03) .103 1.03 (1.01-1.06) .017 1 (0.99-1.02) .687

Heart V30 1.01 (1-1.03) .134 1.05 (1.01-1.08) .005 1 (0.98-1.02) .998

Heart V40 1.03 (1-1.06) .048 1.08 (1.03-1.13) .001 1.01 (0.97-1.04) .763

Heart V50 1.07 (1.02-1.12) .008 1.13 (1.04-1.23) .003 1.04 (0.98-1.11) .198

Heart V60 1.17 (1.07-1.27) .001 1.13 (0.92-1.39) .259 1.18 (1.07-1.3) .001

MLD 1.1 (1-1.21) .056 1.08 (0.93-1.25) .336 1.11 (0.98-1.25) .094

Lung Dmax 1.06 (1.02-1.1) .002 1.05 (1-1.12) .067 1.06 (1.01-1.11) .009

Lung EUD 1.06 (1.01-1.11) .025 1.06 (0.98-1.15) .119 1.05 (0.99-1.12) .107

Lung V5 1.02 (1-1.03) .086 1.01 (0.98-1.04) .713 1.02 (1-1.04) .06

Lung V8 1.03 (1.01-1.06) .005 1.02 (0.98-1.06) .261 1.04 (1.01-1.07) .007

Lung V10 1.04 (1.01-1.07) .008 1.03 (0.98-1.08) .232 1.04 (1.01-1.08) .016

Lung V20 1.05 (0.99-1.11) .085 1.06 (0.97-1.16) .213 1.04 (0.97-1.12) .226

Lung V30 1.05 (0.98-1.12) .159 1.05 (0.95-1.17) .349 1.05 (0.96-1.13) .291

Lung V40 1.02 (0.95-1.1) .562 1.03 (0.92-1.16) .606 1.02 (0.92-1.12) .742

Lung V50 1.05 (0.95-1.16) .354 1.04 (0.89-1.21) .653 1.06 (0.93-1.2) .403

Lung V60 1.14 (0.99-1.31) .062 1.03 (0.8-1.34) .805 1.21 (1.03-1.42) .023

Abbreviations: Dmax = maximum dose; EUD = equivalent uniform dose; MHD = mean heart dose; MLD = mean lung dose; Vx = volume percentage
of the organ receiving more than a specific dose in gray.
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lung cancer undergoing definitive radiation therapy.21,22

The target volume of PORT mainly contains the superior
mediastinum, which is near the heart base; therefore, heart
V50 is mainly located at the heart base (Fig. E5). We
found that heart V50 was associated with OS in patients
undergoing PORT, consistent with previous studies.8,15

Previous studies have shown that the effect of radiation
therapy on the heart is more prominent in patients with-
out CHD. One study of 748 patients with locally advanced
NSCLC undergoing definitive radiation therapy or PORT
found that a higher MHD was associated with a signifi-
cantly increased risk of all-cause mortality in patients with-
out CHD but not in patients with CHD.9 Another study of
701 patients found that the left anterior descending coro-
nary artery dose was an independent estimator of the
probability of all-cause mortality in patients without CHD
but not in patients with CHD.23 Patients undergoing
PORT had fewer cardiac comorbidities to tolerate surgery
than did those undergoing definitive radiation therapy;
therefore, it would be easier to observe the increased car-
diac risk without preexisting CHD.
Two studies have investigated the relationship
between the heart dose and OS in patients with pN2
NSCLC undergoing PORT. One study concluded that
heart doses were not associated with OS (heart V50:
HR, 1.01; P = .868); however, the small sample size (43
cases) limited the statistical power.14 The other study
included 284 cases and found a strong correlation
between increasing heart dose and OS; however, this
study included 55 patients (19.4%) with R1 resection,
nonuniform stages (I-III), and a heterogeneous radia-
tion dose (45-70 Gy).15 Patients who underwent R1
resection had poor survival and tended to receive a
high administrative dose, suggesting R1 resection may
confound the relationship between the heart dose and
OS. We included a homogeneous cohort with pN2 dis-
ease, R0 resection, and a PORT dose of 50 Gy, con-
toured the heart according to a published atlas, and
reported detailed dose parameters to minimize these
confounding factors. Our results showed that the heart
dose was not related to whole or early survival but was
related to long-term survival.



Figure 2 P-value distribution of (A) heart Vx and (B) lung Vx in the univariate analysis. The red dashed line indicates a P
value of .05. Abbreviation: Vx = volume percentage of the organ receiving more than a specific dose in gray.
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Lung dose and survival

We found that a higher lung dose diminished early
survival but was unrelated to long-term survival. Radia-
tion pneumonia peaks 1 to 3 months after thoracic radia-
tion therapy, whereas radiation lung fibrosis develops 4 to
12 months after radiation therapy and continues for
Table 3 Multivariate Cox regression analysis

Whole survival

HR P value HR

Heart V50 1.02 (0.96-1.08) .557 1.1

Lung V8 1.02 (1.00-1.05) .115 1.0

Sex

Male 1.00 (Reference) - 1.0

Female 0.48 (0.26-0.88) .017 0.5

Smoking status

Former or never 1.00 (Reference) - 1.0

Current 1.06 (0.61-1.84) .832 0.7

ECOG PS

0 1.00 (Reference) - 1.0

1 1.87 (0.58-6.01) .293 0.9

Histology

Non-SCC 1.00 (Reference) - 1.0

SCC 0.77 (0.42-1.41) .392 0.7

Tumor size 1.17 (1.06-1.30) .003 0.9

Positive lymph node ratio 3.04 (1.11-8.34) .031 7.4

Abbreviations: ECOG PS = Eastern Cooperative Oncology Group perform
Vx = volume percentage of the organ receiving more than a specific dose in gr
several years. Subclinical lung injury mainly accumulates
during the early term after radiation therapy. A correla-
tion between pneumonitis and the lung volume exposed
to low doses of radiation has been confirmed in previous
studies,24,25 and the most significant correlations were for
lung V5 to V13.26 The lung volume exposed to low doses
(V5-V13) was associated with early survival in our study.
Long-term survival Early survival

P value HR P value

4 (1.03-1.27) .015 0.97 (0.90-1.05) .411

0 (0.96-1.05) .851 1.03 (1.00-1.06) .069

0 (Reference) - 1.00 (Reference) -

7 (0.23-1.45) .239 0.47 (0.21-1.01) .054

0 (Reference) - 1.00 (Reference) -

8 (0.29-2.11) .626 1.23 (0.62-2.43) .553

0 (Reference) - 1.00 (Reference) -

2 (0.21-4.02) .912 3.47 (0.47-25.48) .221

0 (Reference) - 1.00 (Reference) -

2 (0.23-2.25) .567 0.81 (0.39-1.66) .562

9 (0.80-1.24) .951 1.25 (1.11-1.41) <.001

7 (1.53-36.42) .013 1.64 (0.44-6.17) .461

ance status; HR = hazard ratio; SCC = squamous cell carcinoma;
ay.



Figure 3 Landmark analysis of (A) heart V50 and (B) lung V8 at 36 months. Abbreviation: Vx = volume percentage of
the organ receiving more than a specific dose in gray.
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Few studies have investigated the relationship between
lung dose and OS, and RTOG 0617 did not find that the
lung V5 was related to OS in definitive thoracic radiation
therapy.6 One study investigated the association between
heart and lung doses and early survival up to 24 months in
patients with locally advanced NSCLC undergoing chemo-
radiation therapy and found that the heart dose was not
associated with early survival outcomes when the lung dose
was taken into account, whereas the mean lung dose was
associated with early survival.12 In addition, one study of
216 patients with esophageal cancer undergoing curative
radiation therapy found that lung dosimetric factors (lung
V45) were more critical for OS than were heart dosimetric
factors. One study analyzed 178 patients with NSCLC
undergoing PORT and found that the lung dose signifi-
cantly affected OS.27 Our results showed that lung dose was
associated with early survival but not long-term survival.

Our study has some limitations. First, our study did not
include heart and lung events owing to their low incidence
and the follow-up strategy. Subclinical heart and lung radia-
tion injuries could affect survival but could not be recorded
in the follow-up strategy in this study. Second, bias could
not be avoided because this was a retrospective study. We
performed multivariate analysis and sIPTW to minimize
known bias and a sensitivity analysis to decrease biases.
Finally, although we found that the heart dose was associ-
ated with long-term survival, we did not investigate the asso-
ciation between the heart substructure dose and survival.
Whether the heart substructure dose is more associated with
survival is still debated.18,28 We aim to delineate the heart
substructures in the future to better resolve this question.
Conclusion
For patients with pN2 NSCLC undergoing PORT, a
higher heart dose decreased long-term OS, whereas a higher
lung dose decreased early OS. Individualized PORT strate-
gies should be further investigated to balance locoregional
tumor control and cardiopulmonary toxic effects.
Supplementary materials
Supplementary material associated with this article can
be found in the online version at doi:10.1016/j.adro.2023.
101213.
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