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Background: Controversial conclusions had been reported in studies trying to confirm the
impact of heart dose on overall survival (OS) reported in RTOG 0167 for non-small cell lung
cancer (NSCLC) patients who underwent radiotherapy (RT). The purpose of this study is to
investigate the association of lung and heart dosimetric parameters with OS in NSCLC
patients treated by volumetric modulated arc therapy (VMAT).

Methods: Inoperable NSCLC patients treated by VMAT from March 2012 to December
2015 were retrospectively reviewed. OS and progression-free survival (PFS) were estimated
with the Kaplan—-Meier method. Univariate and multivariate analyses were conducted with
Cox proportional hazards model. Multivariate model building was conducted using stepwise
regression for variables with p-value smaller than 0.2 in the univariate analysis.

Results: There were 130 NSCLC patients enrolled in this study with a median age of 63 years
(range from 34 to 82 y). The median prescription dose for these patients was 56 Gy (range 40—70
Gy) with a mean heart and lung dose of 14.8+8.5 Gy and 13.6+4.4 Gy, respectively. The rates of
patients with above grade III radiation pneumonitis (RP) and fibrosis were 8.5% and 8.5%,
respectively. The 2-year PFS and OS of these patients were 15.2% and 39.8%, with a median PFS
and OS of 7.2 and 18.8 months, respectively. RP was correlated with OS (p=0.048) and lung V20
was associated with PFS (»p=0.04) according to the univariate analysis. Multivariate analysis
demonstrated that RP (HR 1.39, 95%CI 1.010-1.909, p=0.043) and heart V15 (HR 1.02, 95%CI
1.006-1.025 p=0.002) were progression factors of OS, and no factor was associated with PFS.
Conclusions: RP and heart V15 were associated with OS for patients with stage III NSCLC
who underwent VMAT. Heart and lung dosimetric parameters were highly correlated with each
other, sparing of heart and lung should be considered equally during the treatment planning.
Keywords: non-small cell lung cancer, volumetric modulated arc therapy, heart dosimetry,

radiation pneumonitis, overall survival

Introduction

The fact that high radiation dose to thoracic cancer can lead to heart toxicity has
long been recognized with reported up to 20% of the patients with breast and
lymphoma cancer elevated rates of heart disease typically 1 or more years after
radiotherapy (RT).' Due to few long-term survivors of patients with advanced
non-small cell lung cancer (NSCLC), the clinical relevance of RT-associated heart
disease for these patients is unclear. Recently, the landmark trial (radiation therapy
oncology group (RTOG) 0617), which compared high-dose versus standard-dose
thoracic radiation for patients with stage IIIA-IIIB NSCLC and closed early due to
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futility boundaries were crossed, reported that heart
volume receiving 5 Gy (V5) or 30 Gy (V30) was a sig-
nificant negative effect on survival.® However, the heart
dose differences between two arms and specific cardiac
toxicities were not reported.

Lots of studies were conducted to investigate whether
the impact of heart dose on early overall survival (OS)
reported in RTOGO0617 could be confirmed in an indepen-
dent cohort.”® Tucker et al retrospectively reviewed 465
patients with stage IIIA—IIIB NSCLC received 3D confor-
mal radiotherapy (CRT), intensity-modulated radiotherapy
(IMRT), or proton therapy with concurrent chemotherapy
between 1999 and 2010 and reported that heart dose was
not associated with early survival outcomes, but he sug-
gested that dose to the heart should be minimized based on
the known adverse effects of RT on vasculature and cardiac
function.” On the other study, after reviewing and recon-
touring the normal tissues following RTOG 0617 guideline
for 333 patients with locally advanced (LA) NSCLC, Speirs
et al reported that heart V50 was associated with OS and
cardiac toxicity for locally advanced NSCLC treated with
chemoradiation.® Wang et al reviewed six trials including
127 patients with stage III NSCLC received 70-90 Gy
(median 74 Gy) RT and reported that heart doses were not
associated with OS, but he suggested that cardiac toxicity
after RT may occur earlier than historically understood, and
heart doses should be minimized.’

These controversial conclusions indicated that the role
of heart dose on the effect of OS was still unclear for
patients with NSCLC who underwent RT. Studies suggested
that although heart dose may be important, it may not be
cardiac toxicity that is driving survival, heart dose may be a
surrogate for other prognostic factors in stage III NSCLC
rather than an independent predictor of outcome.'® Oh et al
retrospectively reviewed 453 patients with stage I-III eso-
phageal cancer treated by definitive or preoperative chemor-
that
independently predictive after adjusting for lung dose and

adiation and reported cardiac dose was not
other clinical factors of survival, but lung dose was a sig-
nificant independent predictor of survival.''

Meanwhile, advanced RT modalities, such as IMRT
can lower heart doses and reduce their toxicities.'>!® As
an extended form of IMRT, volumetric modulated arc
therapy (VMAT) is able to achieve similar dosimetric
distribution while decreasing machine unit (MU) and treat-
ment delivery time compared with IMRT; however, the
clinical outcomes and related toxicities of VMAT were

rarely reported. The purpose of this study is to investigate

the efficacy and safety of VMAT, as well as the association
of lung and heart dosimetry with survival in patients with
NSCLC treated by VMAT.

Materials and methods

Patients and treatment

Patients who underwent definitive RT for stage IIIA/IIIB
NSCLC with or without concurrent chemotherapy from
March 2012 to November 2015 were retrospectively
reviewed in this study. Concurrent chemotherapy was
administered with a combination of cisplatin 50 mg/m?
on days 1, 8, 29, etoposide 50 mg/m2 on days 3, 30; or
carboplatin AUC 5 on day 1 and paclitaxel 500 mg/m? on
day 1, repeated every 21 days for 4 cycles. Gross tumor
volume (GTV) was delineated on contrast CT images
following the International Commission on Radiation
Units and Measurements (ICRU) report 62 criteria.'*
Planning target volume (PTV) was considered to include
the GTV plus a 10-15 mm margin. Normal lung volumes
were contoured by excluding the GTVs. Heart was deli-
neated according to the Atlas for organs at risk for thoracic
radiation therapy. RT was delivered with VMAT technique
for a prescription dose from 40 to 70 Gy at 2 Gy per
fraction. Detailed VMAT optimization was reported in a
previous paper.'®> This retrospective study was approved
by the Institutional Review Board (IRB) of the First
Affiliated Hospital of Wenzhou Medical University. The
patient data confidentiality was maintained in this study
and compliance with the Declaration of Helsinki. The need
for written informed consent was waived by the IRB due
to the retrospective nature of this study.

Dosimetric parameters

Dosimetric parameters of PTV and organs at risk (OARs)
from final treated VMAT plans were extracted from Pinnacle
(Phillips, version 9.8) treatment planning system (TPS) using
home built MATLAB codes. For PTV, the maximum
(Dmax), mean (Dmean) dose, and the volume covered by
the prescription dose (V95%, V93%) and homogeneity index
(HI) were extracted. The Dmax and D2% of the spinal cord,
the V5, V15, V25, V30, and V50 (percent volume irradiated
by X dose) of the heart, and the V5, V10, V13, V20, and V30
and Dmean of the lungs were also extracted.

Follow-up
Follow-up evaluation was conducted every 3 months for the
first 2 years, and every 6 months thereafter. Patients were
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required to have an immediate examination or intervention if
symptoms, such as fever, cough, or shortness of breath were
observed during follow-up. Acute radiation pneumonitis (RP)
and late fibrosis were diagnosed by at least two radiation
oncologists with consensus according to the Common
Terminology Criteria for Adverse Events (CTCAE) version
4.0.'° RP was scored as greater than or equal to grade III side
effects.

Statistical analysis

Progression-free survival (PFS) was calculated from the date of
RT to the time of first local or distant recurrence, or death from
any cause. OS was measured from the date of RT to death or the
last follow-up visit. Survival curves were estimated using
Kaplan—Meier method and comparisons were made using the
log-rank test. Univariate and multivariate analyses were con-
ducted with Cox proportional hazards model. Multivariate

Table | Characteristics of patients with lung cancer who under-
went YMAT treatment

Characteristics All patients (N=130)
Median age, y (range) 63 (34-82)
Sex

Male 100 (76.9%)

Female 30 (23.1%)
Pathology

Adenocarcinoma 48 (36.9%)

Squamous cell 64 (49.3%)

Mixed 16 (12.3%)

Others 2 (1.5%)
Stage

1A 58 (44.6%)

B 72 (55.4%)
Chemotherapy

With 87 (66.9%)

Without 43 (33.1%)
Radiation pnuemonitis

Grade 0 16 (12.3%)

Grade | 70 (53.8%)

Grade Il 33 (25.4%)

Grade llI 10 (7.7%)

Grade IV I (0.8%)
Fibrosis

Grade 0 6 (4.6%)

Grade | 69 (53.1%)

Grade 44 (33.8%)

Grade llI Il (8.5%)

Abbreviation: VMAT, volumetric modulated arc therapy.

model building was conducted using stepwise regression (mod-
ification of the forward selection method) for variables with
probability p-value smaller than 0.2 in the univariate analysis.
Correlation analysis was done with Pearson’s method. A p-value
of <0.05 was considered statistically significant. All statistical
analyses were performed using IBM SPSS version 22.0 (IBM,
Armonk, NY, USA).

Results

A total of 130 patients (Male 100, female 30) with stage III
NSCLC who underwent VMAT were enrolled in this study
with a median age of 63 years (range from 34 to 82 y).
Detailed characteristics of these patients are presented in
Table 1. The majority of patients had adenocarcinoma
(36.9%) and squamous cell carcinoma (49.3%) with 66.9%
patients had concurrent chemotherapy. The detailed dosimetric
parameters are presented in Table 2. The median prescription
dose for these patients was 56 Gy (range 40-70 Gy) with a
mean heart and lung dose of 14.8+£8.5 Gy and 13.6+4.4 Gy,
respectively. The rates of patients with above grade III RP and
fibrosis were 8.5% and 8.5%, respectively. Figure 1 presents

Table 2 Dosimetric parameters of patients with lung cancer who
underwent VMAT treatment

Median radiation dose, Gy (range) 56 (40-70)
PTV, meanSD
Dmax (Gy) 60.6+8.8
Dmean (Gy) 55.7+0.8
V93 (%) 90.7+12.2
V95 (%) 87.4+14.0
HI 0.02+0.01
Cord, meantSD
Dmax (Gy) 32.3x105
D2 (Gy) 31.6x10.7
Heart, mean+SD
Dmean (Gy) 14.8+8.5
V5 (%) 54.1+29.9
V15 (%) 37.4+24.7
V25 (%) 25.1%17.3
V30 (%) 20.1+14.0
V50 (%) 6.4+6.5
Lung, mean+SD
Dmean (Gy) 13.6x4.4
V5 (%) 59.1£19.2
V10 (%) 44.1x16.7
V13 (%) 36.413.7
V20 (%) 23.9+7.9
V30 (%) 15.245.1

Abbreviations: VMAT, volumetric modulated arc therapy; PTV, planning target
volume; HI, homogeneity index.

Cancer Management and Research 2019:11

submit your manuscript

6093

Dove


http://www.dovepress.com
http://www.dovepress.com

Shen et al

Dove

Pearson correlation of features

s HNENEEEEEEEEEEEEEEEEEEN

Age -

GTVvolume .

PTVDmax .
PTVDmean .

CordDmax .
CordD2 .
HeartDmean .

LungDmean -

Sex
Age -

srvwoure [ HHEHEEEEEEEEEEN
rrvoime - HEEEEEERERER
gt | | [ | [ [ [ [T

PTvomax -
PTvDmean -

- 1.00
N O
HEEE  BEEEEEEEENEEENEN 0.50
HE 0.25
HEEE 0.00
HEEEEEEN o
L L L
LW F X AN c LV Q9 9 v o ®m 9o 9 c
2] T A © N O O > - - N O ©
; ED Q=222 02>>>>0
a 5 £ T £t T € o o o o £
= 30 8§38 8§ 35 S S S a
o =S T 2 0o o 4 3 3 3 3 %G
o) 5 T T T 4 aJ g a g
O [0} =
T |

Figure | Heatmap of Pearson correlation between heart and lung dosimetric parameters.
Abbreviations: GTV, gross tumor volume; PTV, planning target volume; RP, radiation pneumonitis; HI, homogeneity index.

the Pearson correlation heatmap between all the relative para-
meters. Lung V5, V10, V13, and lung mean dose were corre-
lated with heart dosimetric parameters.

PFS and OS with 95% confidence interval (CI) of these
patients are shown in Figure 2 with a median follow-up of 14
months. The 2-year PFS and OS of these patients were 15.2%
and 39.8%, with a median PFS and OS of 7.2 and 18.8
months, respectively. Univariate and multivariate analysis
on the factors that associated with OS and PFS is presented
in Table 3. RP was correlated with OS (p=0.048) and lung
V20 was associated with PFS (p=0.04) according to the
univariate analysis. Multivariate analysis demonstrated that
RP (HR 1.39, 95%CI 1.010-1.909, p=0.043) and heart V15

(HR 1.02, 95%CI 1.006-1.025 p=0.002) were progression
factors of OS, and no factors were associated with PFS. The
Kaplan—Meier curve and p-value (0.001) from stratified Cox
proportional hazards model are presented in Figure 3.

Discussion

The clinical outcome, impacts of heart and lung dosimetric
parameters on the OS and PFS of patients with stage III
NSCLC who underwent VMAT were investigated in this
study. The RP and heart V15 were correlated with OS,
while there was no heart and lung dosimetry clearly cor-
related with PFS.
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Figure 2 Progression-free survival (PFS) and overall survival (OS) with 95% confidence interval of patients with non-small cell lung cancer who underwent volumetric modulated

arc therapy.

Dosimetric studies had reported that VMAT and IMRT
were able to achieve superior dose distributions compared
with conformal RT technique in the treatment of lung
cancer and resulted in better local control due to their
dose sculpting abilities.'”” However, few studies had
reported the clinical outcome of VMAT in the treatment
of lung cancer. A 2-year PFS and OS of 15.2% and 39.8%
were reported in this study for VMAT in the treatment of
stage III NSCLC. Similarly, a 2-year OS of 58% for
patients with stage Ib—IIIb (62% stage III) NSCLC and a
1-year OS of 57% for patients with NSCLC (85% stage
IIT) were reported by Sura et al and Yom et al, respec-
tively, for patients who underwent IMRT treatment.'®'”
Liao et al also reported a 2-year PFS and OS of 38% and
46%, respectively, for patients with locally advanced
NSCLC treated by IMRT.?

The variations in PFS and OS for different studies
mentioned earlier could be attributed to many factors,
such as differences in histological type, adjuvant che-
motherapy, comorbid conditions, RT techniques, etc.*'**
Treatment complications induced during RT also have a
role in OS. RP is a common and lethal lung injury caused
by the Iung exposure during RT for patients with
NSCLC.*? RP is strongly correlated with the dose irra-
diated to normal lung and could affect 13-37% of the
patients depending on the specific RT techniques.?**** In
this study, RP (HR 1.39, 95% CI 1.010-1.909, p=0.043)
was correlated to OS in both univariate and multivariate
analysis for NSCLC patients who underwent VMAT.

Consistently, Inoue et al reported that severe RP was the

only factor negatively associated with survival for patients
who underwent definitive radiotherapy for lung cancer.*’
In another study, Minami-Shimmyo et al stated that deaths
after concurrent chemoradiation therapy for patients with
lung cancer were associated with RP or pulmonary
fibrosis.?® Oh et al also reported that lung dose is a sig-
nificant independent predictor of survival for patients with
esophageal cancer who underwent radiotherapy.''

In this study, multivariate analysis indicated that heart
V15 (HR 1.02) was a weak progression factor of OS for
NSCLC patients who underwent VMAT. This weak correla-
tion could not further support the statements reported in the
previous studies that V5, V30, or V50 were associated with
with
radiotherapy.*® Concerns and reports regarding radiation-

OS of patients lung cancer who underwent
related cardiac and vascular toxicity were mainly raised in
the era when two-dimensional RT was applied to treat the
patients with breast cancer and Hodgkin’s lymphoma and
severe complications were observed.?’® Currently, with the
wide application of IMRT and VMAT, heart exposure andthe
risk of radiation-related events had been steadily declined.-
2939 On the other hand, heart and lung dosimetric parameters
tend to be highly correlated with each other, as demonstrated
by the Pearson correlation results in Figure 1 in this study.
Similarly, Tucker et al explained that the effect of heart dose
on OS might be due to a correlation between heart and lung
doses in their study and in the study of RTOG 0167.°
Although we found that heart dose was weakly correlated
with survival in this study, sparing of the heart should remain a
priority during clinical practice in the RT of lung cancer, as
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Table 3 Univariate and multivariate analysis of factors associated with overall survival and progression-free survival with Cox model

os PFS
Characteristics Univariate analysis Multivariate analysis Univariate analysis
HR 95% ClI p HR 95% CI P HR 95% ClI p

Age 1.02 0.987-1.043 0.29 0.99 0.966—1.013 0.36
Sex 1.53 0.780-2.991 0.22 1.25 0.688-2.253 0.47
Pathology 1.19 0.871-1.621 0.28 0.92 0.705-1.199 0.36
Chemotherapy 1.26 0.658-2.415 0.49 1.19 0.690-2.064 0.53
Radiation pnuemonitis 1.54 1.004-2.364 0.048 1.39 1.010-1.909 0.043 1.14 0.794-1.639 0.48
Fibrosis 1.12 0.728-1.734 0.60 1.25 0.840-1.857 0.27
Prescription dose 1.00 0.999-1.001 0.93 1.00 0.999-1.003 0.65
PTV

Dmax 1.00 0.998-1.003 0.99 1.00 0.999-1.003 0.25

Dmean 1.00 0.997-1.002 0.8l 0.99 0.997-1.001 0.19

V93 091 0.747-1.110 0.35 0.97 0.841-1.109 0.62

V95 1.12 0.952-1.308 0.18 1.06 0.948-1.191 0.30
Cord

Dmax 1.00 0.993-1.007 0.99 1.00 0.995-1.008 0.65

D2 1.00 0.993-1.007 0.95 1.00 0.992-1.005 0.60
Heart

Dmean 1.00 0.998-1.002 0.97 1.00 0.999-1.003 0.32

V5 0.99 0.959-1.022 0.52 0.98 0.956-1.013 0.28

VI5 1.04 0.985-1.093 0.17 1.02 1.006—1.025 0.002 1.03 0.980-1.082 0.25

V25 1.03 0.934-1.135 0.56 091 0.745-1.106 0.28

V30 0.93 0.845-1.012 0.089 1.07 0.907-1.262 0.42

V50 1.09 0.989-1.194 0.083 0.95 0.895-1.084 0.76
Lung

V5 1.03 0.960-1.094 0.47 0.99 0.923-1.054 0.68

Vvio 0.86 0.706—1.035 0.11 0.99 0.775-1.167 0.63

VI3 1.12 0.879-1.429 0.36 0.95 0.753-1.236 0.78

V20 1.04 0.845-1.288 0.69 1.22 1.013-1.470 0.04

V30 0.98 0.829-1.167 0.85 0.89 0.757-1.050 0.17

Dmean 1.00 0.999-1.003 0.23 1.00 0.998-1.004 0.41

Abbreviations: PTV, planning target volume; OS, overall survival; PFS, progressive-free survival.

many evidence indicated that cardiac exposure was associated
with long-term cardiac disease and contribute to morbidity and
even mortality.’! One limitation of this study is that this is a
retrospective study from one institution only; the impact of
different modern RT techniques other than VMAT and dosi-
metric constraints of other OARs on survival needs further
investigation.

Conclusions

In summary, RP and heart V15 were associated with OS
for patients with stage III NSCLC who underwent VMAT.
Heart and lung dosimetric parameters were highly corre-
lated with each other, sparing of heart and lung should be
considered equally during the treatment planning.

6096 submit your manuscript

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove

Shen et al

1.0 - Overall survival
Omnibus tests of model coeffcients®
-2 log Overall (score) Change from previous step
Step Likelihood Chi-square  df Sig. Chi-square  df Sig.
2 603.262  13.799 2 .001 13133 2 .001
0.8 - a. beginning block from number 1. method=step forward (LR)
©
2
2
=]
»
2 06-
=]
©
>
€
S
O
0.4
0.2

.00 10.00

20.00

T T T
30.00 40.00

Time (month)

Figure 3 The Kaplan—Meier curve and p-value (0.001) from stratified Cox proportional hazards model.
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