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ABSTRACT

Introduction: Given the concern for cardiopulmonary
toxicity in patients with NSCLC undergoing postoperative
radiation therapy (PORT), the purpose of this study was to
evaluate the association between heart dose and overall
survival (0S) in patients undergoing PORT with modern
techniques.

Methods: This is a retrospective study of consecutive pa-
tients with NSCLC treated with PORT between May 2004
and January 2017. Clinical records were reviewed and ra-
diation dose distributions were analyzed for association
with OS.

Results: A total of 284 patients were analyzed. At the time
of surgery, most patients had pathologic American Joint
Committee on Cancer seventh edition stage III disease
(91.2 %) and received either preoperative or adjuvant
chemotherapy (92.3 %). Most patients underwent a lobec-
tomy (81.3 %) and had RO (80.6 %) or R1 (19.4 %)
resection. PORT was delivered with a median radiation dose
of 54 Gy, and 70.4 % of patients were treated with
intensity-modulated radiation therapy. Dosimetric variables
across a large range of doses to the heart were highly sig-
nificant (p < 0.05) for OS. The volume of the heart receiving
8 Gy (HV8) was the most significant dosimetric variable
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(p < 0.001), and the median HV8 was 35.5 %. The median
0S was 33.2 versus 53.6 months (p < 0.005) for patients
with HV8 above or below 35.5 %, respectively. On multi-
variable analysis accounting for other potential prognostic
confounders, HV8 remained highly significant (p < 0.001).

Conclusions: The data reveal a strong correlation between
increasing heart dose and OS in patients with NSCLC un-
dergoing PORT. Taken together with the recently presented
LungART trial, lowering heart dose in PORT patients may
help to decrease the risk of morbidity and mortality and
improve the therapeutic ratio of PORT.

© 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

For patients who undergo surgical resection for
locally advanced NSCLC, the role of postoperative radi-
ation therapy (PORT) is controversial. The PORT meta-
analysis, which used antiquated radiation techniques,
indicated that PORT was associated with significant
toxicity resulting in poorer overall survival (0OS) in pa-
tients with NO-N1 disease and lack of significant benefit
for N2 disease.! PORT using more modern, linear
accelerator-based radiation techniques have been found
to lower recurrence rates, and some studies have indi-
cated an improvement in 0S.””

Most recently, the LungART trial (Phase III study
comparing post-operative conformal radiotherapy to no
post-operative radiotherapy in patients with completely
resected non-small cell lung cancer and mediastinal N2
involvement, NCT00410683), which randomized 501
patients with completely resected NSCLC with pathologic
N2 nodal involvement to PORT versus no PORT, was
presented at the 2020 European Society for Medical
Oncology Annual Meeting.® Whereas we are still await-
ing the trial publication, the presented outcomes failed
to exhibit a statistically significant improvement in the
primary end point, 3-year disease-free survival, with
PORT. Although PORT lowered the mediastinal relapse
rate from 46.1 % to 25 %, this benefit was offset by an
increase in cardiopulmonary toxicity and cardiopulmo-
nary deaths.

Heart dose and cardiac toxicity have been of greater
concern recently with the publication of RTOG 0617
(Standard-dose versus high-dose conformal radio-
therapy with concurrent and consolidation carboplatin
plus paclitaxel with or without cetuximab for patients
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with stage IIIA or IIIB non-small-cell lung cancer (RTOG
0617): a randomised, two-by-two factorial phase 3
study), which revealed that high dose definitive radiation
(74 Gy versus 60 Gy) concurrent with chemotherapy in
locally advanced NSCLC results in poorer OS, potentially
owing to higher heart doses.7 Multiple additional studies
have revealed that higher heart dose worsens OS in pa-
tients with NSCLC treated with definitive radiation.””

The impact of heart dose on OS has not been exten-
sively studied in patients undergoing PORT. The PORT
patient population differs from the definitive radiation
patient population as these patients must all be medi-
cally fit enough to undergo a thoracic operation. A pre-
vious study of 43 patients reported that heart dose did
not correlate with OS, although these findings are limited
owing to the small sample size."’ The purpose of this
analysis was to study a large patient population under-
going PORT using modern techniques to evaluate the
association between heart dose and OS.

Materials and Methods

We reviewed the clinical records and dosimetry of
consecutively treated patients with NSCLC at a single
academic institution receiving PORT with computed
tomography-based treatment plans, image-guided radi-
ation therapy, and detailed dose distributions between
May 2004 and January 2017 to allow adequate time for
follow-up. This study was completed under an institu-
tional review board-approved protocol and as a retro-
spective review, no consent is required.

Our methods for radiation therapy planning, target
definition, and anatomical volumes for this specific pa-
tient population were previously published.'" Of note, as
compared with the LungART study (which included
more elective nodal coverage), for the patients in this
study, the target volume included the involved nodal
stations, bronchial stump, and ipsilateral hilum extend-
ing into the ipsilateral lower paratracheal and subcarinal
spaces at the treating physician’s discretion, as per our
current institutional standard. In addition, heart volumes
were retrospectively recontoured according to the RTOG
1106 (Randomized Phase II Trial of Individualized
Adaptive Radiotherapy Using During-Treatment FDG-
PET/CT and Modern Technology in Locally Advanced
Non-Small Cell Lung Cancer [NSCLC]) Atlas for Organs at
Risk.

Statistical Analysis

Dosimetric and clinical variables were correlated
with OS using univariate and multivariate Cox pro-
portional hazards models with significance defined as
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Table 1. Patient and Treatment Characteristics and Their Univariate Correlations (HR [95 % CI] and p Value) With Overall

Survival

Univariate Analysis

Variables n (%) HR [95 % Cl] p Value
Age, median (range), y 67 (28-87) 1.025 [1.008-1.043] 0.004°
Sex

Female 170 (59.6)

Male 115 (40.4) 1.49 [1.08-2.06] 0.016°
KPS, median (range) 90 (70-100) 1.010 [0.992-1.030] 0.230
Pathologic stage

11l 25 (9) 1

I} 259 (91) 1.21 [0.71-2.06] 0.490
Clinical stage (before surgery)

I-11 106 (37.3)

[} 179 (62.7) 1.36 [0.97-1.92] 0.075
Smoking status

Never (a) 50 (17.6) 1

Former (b) 212 (74.3) 1.337 [0.860-2.080] 0.200

Current (c) 23 (8.1) 0.943 [0.436-2.040] 0.880
Smokers (b and c), pack years, median (range) 30 (0-165) 1.000 [0.993-1.001] 0.910
Smokers (b), y since quitting, median (range) 11 (0-55) 1.010 [0.995-1.020] 0.260
Chemotherapy use 263 (92.3)

Preoperative 150 (57.0) 1

Postoperative 113 (43.0) 0.609 [0.430-0.862] 0.005%
Increasing extent of surgery by ordinal categorical variables 1.44 [1.06-1.95] 0.019%

1 = Wedge resection 29 (10.2)

2 = Segmentectomy 5(1.8)

3 = Lobectomy 232 (81.3)

4 = Pneumectomy 19 (6.7)

Surgical resection margin status

RO 230 (80.6)

R1 55 (19.4) 1 0.890

R2 0 (0) 0.986 [0.811-1.2]

Primary tumor size, median (range), cm 3.2 (0.8-15) 1.15 [1.08-1.23] <0.001°
No. positive lymph nodes 1.069 [1.034-1.105] <0.001°

0 23 (8)

1 58 (20)

2 44 (15)

3 46 (16)

4 26 (9)

>5 87 (31)

Positive subcarinal node (pathologic) 104 (36) 1.69 [1.22-2.36] 0.002°
RT start date

before 2010 61 (21) 1

after 2010 223 (79) 1.42 [0.96-2.09] 0.080
Radiation technique

IMRT 201 (70.4) 0.912 [0.643-1.290] 0.610

3DCRT 84 (29.6) 1
Radiation prescription dose, median (range), Gy 54 (45-70) 1.021 [0.979-1.064] 0.320

45-50 40 (14)

50-54 202 (71)

56-66 42 (15)

70 1(0)

Heart volume, median (range), cm? 570 (242-1406) 1.001 [1.000-1.001] 0.001*
HV8 Median = 35.5 % 1.015 [1.008-1.021] <0.001*

9Statistical significance (p < 0.05).

3DCRT, three-dimensional conformal radiation therapy; Cl, confidence interval; HR, hazard ratio; HV8, volume of the heart receiving 8 Gy; IMRT, intensity-
modulated radiation therapy; KPS, Karnofsky Performance Score; RT, radiation therapy.
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Figure 1. The significance of heart dosimetric variables (Vx,
on the x axis) on OS with p-values on the y axis, illustrating
that all heart dosimetric variables are statistically significant
with HV8 exhibiting the greatest significance. HV8, volume of
the heart receiving 8 Gy; OS, overall survival; Vx, percentage
volume that received at least dose x with doses ranging from
2 to 60 Gy in increments of 2 Gy.

a p value less than 0.05. OS was assessed using the
Kaplan-Meier method and was calculated from
the start of radiation therapy. For lungs and heart, the
dosimetric variables tested were the following: (1) the
minimum dose to the hottest x% volume with volumes
ranging from 0 % to 100 % in increments of 5 %; (2)
the percentage volume that received at least dose x
with doses ranging from 2 to 60 Gy in increments of 2
Gy (Vy); (3) the maximum, minimum and mean dose;
and (4) the total volume. Clinical variables listed in
Table 1 were tested. Clinical variables found to be
significant (p < 0.05) on univariate analysis were used
in a multivariate analysis (MVA) along with the most
significant (lowest p value) dosimetric variable.

Results

Patient, Treatment, and Dosimetric
Characteristics

A total of 284 consecutive patients were reviewed.
The patient demographics and treatment factors are
listed in Table 1. At diagnosis, most patients had clinical
stage Il disease (62.7 %). At the time of surgery, most
patients had pathologic American Joint Committee on
Cancer seventh edition stage III disease (91.2 %). Most
patients received either preoperative or adjuvant
chemotherapy (92.3 %). A wide variety of platinum-
based chemotherapy regimens were used. Cisplatin-
based chemotherapy was administered most often
(63.1 %). The most often used carboplatin-based regi-
mens included carboplatin and pemetrexed (59.8 %) and
carboplatin and taxane (paclitaxel or docetaxel, 18.6 %).

JTO Clinical and Research Reports Vol. No. 8

No patients received concurrent chemotherapy. Most
patients underwent a lobectomy (81.3 %), and all pa-
tients had either an RO (80.6 %) or R1 (19.4 %)
resection.

With a median follow-up time of 64.4 (range: 0.7-
115.9) months, the median, 3-year, and 5-year OS were
41.5 months, 53 %, and 37 %, respectively. Lung dosi-
metric variables were not predictive of 0S. Dosimetric
variables across a large range of doses to the heart were
highly significant (p < 0.05) for OS (Fig. 1). The volume
of the heart receiving 8 Gy (HV8) was the most signifi-
cant dosimetric variable (p < 0.0001), and the median
HV8 was 35.5 %. The median OS was 33.2 versus 53.6
months (p < 0.005), for patients with HV8 above or
below 35.5 % (Fig. 24). The median mean heart dose
(MHD) for the population was 11.2 Gy. The median OS
for patients with MHD above versus below 11.2 Gy was
31.7 versus 57.5 months (p < 0.001), respectively
(Fig. 2B).

The clinical variables prognostic for OS were
increasing age, male sex, preoperative (versus post-
operative) chemotherapy, increasing extent of surgery,
tumor size, number of positive lymph nodes, involve-
ment of the subcarinal lymph node station at the time
of surgery, and heart volume (Table 1). For MVA,
because all heart dosimetric variables were strongly
correlated with each other, HV8 was chosen. On MVA
(HR [95 % confidence interval], p value), age (1.035
[1.016-1.054], p < 0.001), postoperative chemo-
therapy (0.66 [0.00-0.95], p = 0.023), extent of sur-
gery (1.59 [1.10-2.28], p = 0.013), heart volume
(1.0013 [1.0001-1.0024], p = 0.029), number of posi-
tive lymph nodes (1.038 [1.001-1.077], p = 0.041), and
HV8 (1.013 [1.007-1.020], p < 0.001) remained sig-
nificant for OS.

Discussion

Our data reveal that there is a very strong correlation
between increasing heart dose and OS in patients with
NSCLC undergoing PORT with modern radiation tech-
niques. To our knowledge, this is the first study illus-
trating the association between heart dose and OS in the
PORT setting. On MVA accounting for other prognostic
factors, heart dose remained strongly predictive of OS.

Our patient population has some notable differences
in baseline patient and treatment characteristics
compared with the LungART trial patient population. For
example, 70.4 % of our patients were treated with
intensity-modulated radiation therapy (versus 11 % in
LungART), our MHD was lower (11.2 Gy versus 13.4 Gy
in LungART), and we treated patients with more
advanced disease as 57 % of our patients received pre-
operative chemotherapy (versus 18 % in LungART).
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Figure 2. Overall survival by (A) HV8 and (B) MHD split at their median values. HV8, volume of the heart receiving 8 Gy; MHD,

mean heart dose.

Despite these differences, increasing heart dose corre-
lated with worse OS in our patient population as well. Of
note, the most significant heart dose parameter was the
heart volume receiving over 8 Gy, which is significantly
lower than often used dosimetric guidelines to constrain
radiation dose to the heart. Taken together, we can
conclude that lowering heart dose in PORT patients has
the potential to significantly decrease the risk of
morbidity and mortality and improve the therapeutic
ratio of PORT.

Progression of the disease continues to be the pre-
dominant cause of death in patients with NSCLC. Incor-
porating immunotherapy and targeted therapy into the
treatment regimen of NSCLC patients who undergo
resection may lower distant recurrence rates.'”® As
distant recurrence rates improve, reducing local-regional
recurrence rates will become even more important.
Therefore, delivering PORT to patients at the highest risk
for mediastinal recurrence—provided it can be delivered
safely—may be warranted. With improving radiation
therapy treatment techniques, including proton therapy,
it is becoming more feasible to lower heart dose, and
early proton PORT data are encouraging.'”'® As treat-
ment techniques improve and the thoracic radiation
oncology field shifts to emphasizing lower heart doses, it
may be possible to take advantage of the improvement in
mediastinal recurrence rates with PORT while limiting
toxicity.

Although the association between heart dose and 0S
is clear, the mechanisms driving this association are
unclear. Because heart dose remained significant on
MVA after accounting for other prognostic features, such
as the number of positive lymph nodes and subcarinal
nodal involvement, heart dose cannot simply be a
reflection of more aggressive disease. Future directions
of this study include correlating heart dose and dose to

cardiac substructures with cardiac events. Limitations of
this analysis include its retrospective nature and the
possibility of unaccounted confounding variables.
Despite these limitations, the strong correlation between
heart dose and OS in the PORT patient population is
clear. Lowering the heart dose, particularly the HVS,
should be considered when planning for PORT to
decrease the risk of morbidity and mortality of PORT.
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