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Abstract

Purpose: Studies have noted a link between radiation dose to the heart and overall survival (OS)
for patients with lung cancer treated with chemoradiation. The purpose of this study was to
characterize pre- to posttreatment cardiac metabolic changes using fluorodeoxyglucose/positron
emission tomography (FDG-PET) images and to evaluate whether changes in cardiac metabolism
predict for OS.

Methods and Materials: Thirty-nine patients enrolled in a functional avoidance prospective
study who had undergone pre- and postchemoradiation FDG-PET imaging were evaluated. For
each patient, the pretreatment and posttreatment PET/CTs were rigidly registered to the planning
CT, dose, and structure set. PET-based metabolic dose-response was assessed by comparing
pretreatment to posttreatment mean standardized uptake values (SUVmean) in the heart as a
function of dose-bin. OS analysis was performed by comparing SUVmean changes for patients
who were alive or had died at last follow-up and by using a multivariate model to assess whether
pre- to posttreatment SUVmean changes were a predictor of OS.

Results: The dose-response curve revealed increasing changes in SUV as a function of cardiac
dose with an average SUVmean increase of 1.7% per 10 Gy. Patients were followed for a median
of 437 days (range, 201-1131 days). SUVmean change was significantly predictive of OS on
multivariate analysis with a hazard ratio of 0.541 (95% confidence intervals, 0.312-0.937).
Patients alive at follow-up had an average increase of 17.2% in cardiac SUVmean while patients
that died had an average decrease in SUVmean decrease of 13.5% (£ =.048).
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Supplementary material for this article can be found at https://doi.org/10.1016/j.ijrobp.2019.12.013.
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Conclusions: Our data demonstrated that posttreatment SUV changes in the heart were
significant indicators of dose-response and predictors of OS. The present work is hypothesis
generating and must be validated in an independent cohort. If validated, our data show the
potential for cardiac metabolic changes to be an early predictor for clinical outcomes.

Summary

The importance of the heart has been highlighted for lung cancer patients receiving radiotherapy.
Our study characterized pretreatment to posttreatment positron emission tomography (PET)
changes in the heart. The data showed a dose-response curve and that PET changes in the heart
were predictive of overall survival. PET imaging is frequently obtained for lung cancer patients
and if validated by independent studies, our data show the potential for PET cardiac changes to be
an early predictor for clinical outcomes.

Introduction

Studies have highlighted the clinical impact of the radiation dose to the heart for patients
with lung cancer receiving radiation therapy.1:2 There has been a noted link between
radiation dose to the heart and 3 clinical outcomes: (1) overall survival (OS),23 (2)
cardiotoxicity,* and (3) lung toxicity.> Patients who receive higher radiation doses to the
heart are likely to (1) have decreased OS,2 (2) increased probability of cardiotoxicity,*® and
(3) a greater chance of developed pulmonary side effects, which can include radiation
pneumonitis.>’ Multivariate analysis from a Radiation Therapy Oncology Group dose
escalation study for patients with non-small cell lung cancer (NSCLC; study #0617) showed
that increased heart doses (volume of heart receiving 240 Gy [V40]) were significantly
associated with decreased 0S.2

Studies across multiple disease sites and clinical endpoints (OS and normal tissue toxicity)
have demonstrated that factors beyond dose-volume can improve prediction of clinical
outcomes. In particular, it has been shown that functional imaging can improve prediction of
both 0S8 and toxicity.910 In the domain of cardiac imaging, investigators have used
functional imaging to assess cardiac dose-response in patients with breast cancer!1-14 and
patients with esophageal cancer.1® The cardiac functional imaging assessment has been
accomplished using Doppler echocardiography, single-photon emission computed
tomography imaging, and 1°0-based positron emission tomography (PET) imaging.11-15

PET imaging using a fluorodeoxyglucose (FDG) radioactive tracer is a standard imaging
modality used in the management of lung cancer.16 PET imaging, and in particular the
measurement of FDG uptake with standardized uptake values (SUV), can be used for
detection of disease presence, disease staging, and assessment of disease response to
treatment. In the setting of radiation oncology, SUV can be used to help delineate gross
tumor volume. Although 18F-FDG-PET computed tomography (PET/CT) imaging has
primarily been used to evaluate tumors, studies have suggested that SUV measurements can
serve as an inflammatory marker, which can subsequently be used to evaluate the response
of normal tissues to treatment.19-17-19 FDG-PET imaging is noted as an accepted diagnostic
tool to evaluate active cardiac inflammation!8 and has been used to evaluate the response of
normal tissue to treatment in the parotid for head and neckl0 treatments, normal lungl7-19-22
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for lung cancer treatments, and metabolic changes in the heart for patients with esophageal
cancer.2318F-FDG PET/CT imaging is frequently acquired as standard of care for patients
with lung cancer but has yet to be evaluated as a means of characterizing and predicting the
cardiac metabolic response to thoracic radiation therapy for patients with advanced-stage
lung cancer. The purpose of this study was to characterize pre- to posttreatment cardiac
metabolic changes using FDG-PET scans and to evaluate whether PET-based cardiac
imaging changes predictions for OS.

Study population

Patients with lung cancer enrolled on a 2-institution, prospective clinical trial for functional
avoidance thoracic radiation therapy were analyzed. The study used 4-dimensional CT-based
ventilation imaging to reduce dose to functional portions of the lung. The trial hypothesis is
that reducing dose to functional portions of the lung will lead to reduced thoracic toxicity
rates after chemoradiation. The study was approved to enroll patients by the institutional
review boards at the University of Colorado (Aurora, CO) and Beaumont Health System
(Royal Oak, MI) (NCT02528942). Details for the inclusion and exclusion criteria for the
clinical trial are previously described.24 Briefly, inclusion criteria included a pathologically
confirmed lung cancer diagnosis, a planned concurrent chemotherapy regimen, and a
definitive course of photon radiation therapy, which was defined as prescription doses of 45
to 75 Gy. Both patients with NSCLC and patients with small cell lung cancer (SCLC) were
enrolled. Patients were excluded if they were treated with stereotactic body radiation therapy
(defined as <5 fractions) or if they received palliative treatment (defined as prescription
doses of <45 Gy). Of the patients enrolled on the functional avoidance clinical trial, eligible
patients for the present analysis included patients who had completed a pretreatment and a
posttreatment PET/CT scan. Thirty-nine patients met the pre- and posttreatment PET/CT
imaging criteria and were used for the present study.

Cardiac SUV response analysis

For each patient, the pretreatment PET/CT, posttreatment PET/CT, treatment planning CT,
structure set, and dose distribution were imported into MIM Software (MIM Software Inc,
Cleveland OH). Using the CT data-set of the PET/CTSs, the pre- and posttreatment PET/CTs
were rigidly aligned to the treatment planning CT (and were therefore also aligned with the
structure set and dose distribution). The registration was done using MIM Software’s box-
based assisted rigid alignment tool, which performs an automatic rigid fusion using a region
of interest selected by the user. The region of interest used for the PET/CT to treatment
planning CT registrations was centered on the heart and included the heart, lungs, and a
portion of the mediastinum. Each registration was visually reviewed (with particular
emphasis on the accuracy of the registration around the heart contour) and adjusted if
necessary. The heart contour approved by the clinician for radiation treatment planning was
used to evaluate cardiac FDG uptake changes from pre- to posttreatment. The clinically used
heart structure was contoured following the Radiation Therapy Oncology Group 1106
guidelines and included the entire heart with the cranial border at the ascending aorta and
caudal border at the heart apex. The SUV mean (referred to as SUVmean) and SUV
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maximum (referred to as SUVmax) were calculated for the heart contour in the pre- and
posttreatment PET scans. The SUVmean and SUVmax values are reported as mean +
standard deviation. FDG uptake changes in the heart were calculated as absolute SUV
changes and relative percentages (all values are calculated relative to the pretreatment data).
A ttest was used to assess whether the posttreatment cardiac SUV values were significantly
different from the pretreatment cardiac SUV. A heart dose-response analysis was performed
using previously described dose-response generation methods.2%26 The first step was to bin
each voxel in the heart contour in to 10 Gy dose bins (range, 0-60 Gy). The SUVmean and
SUVmax were calculated for voxels in each dose-bin for the pre- and posttreatment PET
scans. The pre- to posttreatment SUV differences were then calculated as a function of dose-
bin. The dose-response analysis is presented as pre- to posttreatment SUV changes plotted
as a function of dose-bin. Linear regression methods were used to determine whether the
SUV dose-response slopes were significantly different from zero. In addition to directly
comparing pre- to posttreatment SUV values, the cardiac SUV were normalized using liver
uptake SUV as previously described?’:28 to account for potential scanner and patient fasting
differences between the pre- and posttreatment PET-CT scans. A sphere of 3 cm in the right
lobe of the liver28 was contoured on both the pre- and posttreatment PET-CT scans, and the
average SUV were calculated for each sphere. The posttreatment PET scan cardiac values
were subsequently scaled by the ratio of the mean pre- to posttreatment liver SUV
measurements. The dose-response results using liver SUV normalization are presented in
detail in Appendix EA (available online at https://doi.org/10.1016/j.ijrobp.2019.12.013) and
summarized in the Results section. Studies have shown that in addition to dose to the heart,
dose to cardiac substructures (in particular the left ventricle) can be a significant predictor of
cardiac outcomes.2? A subanalysis of our data was performed for SUV changes in the left
ventricle (LV) and is presented in Appendix AB (available online at https://doi.org/10.1016/
j.ijrobp.2019.12.013).

Survival analysis

The study assessed whether SUV changes in the heart were predictive of OS. Survival was
taken as the time relative to disease diagnosis date. To perform a complete analysis,
covariates in addition to SUV changes were considered. Additional covariates available
included age, binary status of chronic obstructive pulmonary disease (COPD) presence or
absence, disease histology (SCLC vs NSCLC), the volume of the planning target volume,
heart dose metrics (mean heart dose, heart V5, V30, V40, V45, and VV60), performance
status, and disease stage. Univariate and multivariate Cox proportional hazards regression
analysis was used to evaluate the effect of SUV, patient, clinical, and treatment factors on
OS. Additional analysis was performed by comparing mean cardiac SUV changes and SUV
cardiac dose-response curves for patients who were alive or had died at last follow-up. The
mean cardiac SUV changes were compared among the surviving and nonsurviving groups
using ttests and the dose-response curves were compared for the 2 groups using linear
regression analysis.
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Patient, clinical, and radiation treatment factors for the 39-patient cohort are summarized in
Table 1. The median age was 64 (range, 44-84), 49% of patients had preexisting COPD,
92% of patients were current or former smokers, and the median Karnofsky Performance
Status was 90 (range, 60—-100). The majority (82%) of patients had a NSCLC diagnosis, and
72% of the cohort had stage 111 disease. Patients were treated with a median dose of 60 Gy
(range, 45 Gy to 60 Gy) in 30 fractions (range, 25-30 fractions) with doses per fraction
ranging from 1.5 to 2 Gy. The median mean heart dose for the cohort was 11.8 Gy (range,
0.7 Gy to 35.1 Gy). The median time between the last radiation fraction and the
posttreatment PET scan was 97 days (range, 11-477 days).

Average SUVmean cardiac values for the pretreatment and posttreatment PET scans were
1.79 £ 0.74 and 1.86 + 0.97, respectively (P=.59). Similar to the SUVmean results, the
SUVmax values were higher for the posttreatment scans (6.56 + 5.43) compared with the
pretreatment PET scans (6.32 + 4.61; P=.80). Representative patient examples of a patient
with a large decrease in SUV from pre- to posttreatment and a large increase in SUV from
pre- to posttreatment are shown in Fig. 1.

A dose-response curve showing the change in pre- to posttreatment SUVmean is presented
in Fig. 2. The number of patients contributing to the 0 to 10 Gy, 10 to 20 Gy, 20 to 30 Gy, 40
to 50 Gy, and 50 to 60 Gy dose-bins, were 39 (100%), 38 (97%), 38 (97%), 36 (92%), 36
(92%), and 30 (77%), respectively. The curve displays an overall trend of increasing
SUVmean as a function of dose-bin (linear regression 2= 0.055) with an average increase of
1.7% for every 10 Gy dose bin.

Patients were followed for a median of 437 days (range, 201-1131 days) with 30 of 39
patients alive at last follow-up. COPD status, volume of the planning target volume, mean
heart dose, heart V30, heart V40, heart V45, and cardiac SUVmean and SUVmax change
were significant (P < .05) predictors of OS on univariate analysis. In multivariate analysis,
COPD status, heart V40 (the heart V40 was the only heart dose metric chosen for
multivariate analysis to avoid collinearity), and the pre- to posttreatment cardiac SUVmean
and SUVmax change were predictive (P < .05) for OS (Table 2). The hazard ratio for the
pre- to posttreatment SUVmean change was 0.541 (95% confidence interval, 0.312-0.937;
Table 2).

Figure 3 shows a box-and-whisker plot comparing SUVmean and SUVmax changes for
patients who were alive or not-alive at last follow-up. Patients who were alive at follow-up
had an average increase of +17.2% in cardiac SUVmean (positive change indicating that
posttreatment cardiac SUV is greater than pretreatment cardiac SUV), and patients who had
died at last follow-up had an average decrease in SUVmean of —13.5% (P = .048). Similarly,
patients who were alive at last follow-up had an increase in SUVmax of +47.3%, and
patients who were not alive at last follow-up had a decrease in cardiac SUV of -16.2% (P
=.12). Figure 4 presents dose-response curves grouped according to whether patients were
alive or had died at last follow-up. Patients who were alive exhibited increasing change in
SUVmean as a function of dose bin (P=.023), and patients who were not alive showed
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decreasing SUVmean changes as a function of dose bin (P=.066). Appendix AC presents
Kaplan-Meier survival curves for patients grouped according to cardiac SUVmean changes.
The Kaplan-Meier curves show an overall trend of improved OS with increasing SUVmean
values. An optimally determined SUVmean threshold of —0.92 was able to significantly (P
=.03) predict for OS.

The results for cardiac SUV changes normalized to pre-and posttreatment liver SUV are
presented in detail in Appendix EA (available online at https://doi.org/10.1016/
J.ijrobp.2019.12.013). Overall, the results when the data are normalized according to liver
SUV are in line with the results using direct cardiac SUV comparisons: a dose-response
curve shows increasing SUV as a function of dose (with a slope of 1.4% SUV increase for
every 10 Gy dose bin) and SUVmean change was predictive for OS on multivariate analysis
(Appendix EA; available online at https://doi.org/10.1016/].ijrobp.2019.12.013).

The results for the LV analysis are presented in detail in Appendix EB (available online at
https://doi.org/10.1016/j.ijrobp.2019.12.013). The LV data demonstrated a trend of
increasing SUVmean as a function of dose- bin (linear regression 2= .028) with an average
increase of 7.0% for every 10 Gy dose-bin. Both the SUVmean and SUVmax changes in the
LV were significant (all £<.05) in predicting for overall survival on both univariate and
multivariate analysis.

Discussion

The overall dose response curve revealed increasing pre- to posttreatment SUVmean
changes as a function of dose with an average increase of 1.7% in SUVmean for every 10
Gy. The average SUVmean change in the heart was predictive of OS on both univariate and
multivariate analysis. The direction (positive or negative) of change in SUVmean between
pre- and posttreatment was significantly different depending on survival status. Patients who
were alive at last follow-up demonstrated an increase in pre- to posttreatment SUV (+17.2%)
and patients who had died showed a decrease in pre- to posttreatment SUV (-13.5%).
Survival status affected the slope and direction of the dose-response curve as patients who
were alive had increasing SUVmean cardiac changes as a function of dose, and patients who
were not alive had decreasing SUVmean cardiac changes as a function of dose (Fig. 4).
FDG-PET scans are most frequently acquired for oncologic staging or evaluation of
treatment response.16 There has been work demonstrating that FDG-PET imaging can also
be used to assess cardiac inflammation?8 (it should be noted that fasting and imaging
protocols can differ between 18F-FDG PET/CT oncologic applications and cardiac
inflammatory imaging applications) and metabolic viability of the myocardium.30 Studies
have demonstrated that cardiac irradiation produces microvascular damage leading to
reduced perfusion proportional to the received dosel2:23.31.32 and that reduced cardiac
perfusion corresponds to FDG uptake abnormalities.23 In this light, one possible mechanistic
explanation for the findings in this study is as follows: Radiation causes cardiac
microvascular injury32 in proportion to dose leading to local ischemia. The heart responds to
the irradiation with metabolic remodeling®3 or enhanced glucose uptake (increase in SUV)
within the irradiated myocardium as an adaptive response. Myocardium that is unable to
adapt owing to prior disease or to surpassing a critical threshold for damage is ultimately
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lost, resulting in a decrease in SUV. Future prospective work with a complete cardiac
information data-set is needed to elucidate a complete mechanistic explanation for the
presented results.

There has been precedent of using FDG-PET imaging to evaluate treatment response of
normal tissues.10:17:19-21.34 For head and neck treatments, Roach et al3* showed decreasing
FDG uptake in the parotid gland of 5.2% for every 10 Gy (for comparison, the presented
cardiac data demonstrated a 1.7% increase for every 10 Gy), and van Dijk et all0
demonstrated that pretreatment SUV features significantly improved prediction of
xerostomia. Guerrero et all” characterized the SUV dose-response in the normal lung, and
subsequent studies showed that the lung PET-based metabolic response20-2! and
pretreatment SUV lung features!® were predictive of symptomatic radiation pneumonitis.
Case reports presented3%:36 have showed increased myocardial FDG uptake after radiation
therapy. Using a cohort of patients with esophageal cancer, Jingu et al23 showed an SUV
cardiac response in the irradiated field and demonstrated that SUV increase can correlate
with subsequent cardiac magnetic resonance imaging and single-photon emission computed
tomography imaging. Similarly, Evans et al showed increased FDG uptake as a function of
cardiac dose in patients with early stage lung cancer treated with stereotactic body radiation
therapy.22 Our work is in line with previous PET-based, normal tissue studies demonstrating
a dose-response and providing evidence that the imaging signal can be predictive of clinical
outcomes.

There has been interest in evaluating the role of the heart in thoracic radiation therapy, and
our study provides one of the first studies quantitatively characterizing the cardiac PET-
based imaging changes in patients with advanced-stage lung cancer (72% of patients had
stage 11 disease). The present work, if validated, provides data suggesting 2 distinct
phenotypes with divergent outcomes can be identified with FDG PET imaging; specifically,
patients who are at increased risk of death can be identified.

The present study is hypothesis generating, and the results must be validated in an
independent, prospective patient cohort. Although the data for the present study was
collected on a prospective protocol, the primary aim of the prospective study was not to
analyze cardiac SUV changes; as a result, the PET scans were not ideally performed to
homogenize the data. The time between pre- and posttreatment PET scans varied, patient
diet and fasting conditions for each PET scan may have differed, which can affect cardiac
FDG uptake),3"38 and no effort was made to perform PET scans on the same scanner for
individual patients. Normalization of cardiac SUV to pre- and posttreatment liver SUV was
done to mitigate the PET scan variability, as previously described.2”28 The consistent results
between directly comparing cardiac SUV and data normalized to liver SUV (Appendix EA;
available online at https://doi.org/10.1016/j.ijrobp.2019.12.013) suggest that the presented
data may be durable to variability in PET scan conditions. Although we hypothesize that
18F_FDG PET/CT presents an inflammatory marker and 18F-FDG PET/CT has been
previously used to evaluate normal tissue inflammation in response to therapy,7 it should be
noted that 18F-FDG PET/CT scans measuring inflammation have different fasting and
imaging protocols!® than 18F-FDG PET/CT scans used for oncologic applications.
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The dose-response curve in Figure 2 demonstrates that the largest increase in SUVmean
occurred in the largest dose-bin (50-60 Gy). Thirty of 39 patients (77%) contributed to the
50 to 60 Gy dose bin. Patient and clinical characteristics were compared among the groups
that did and did not contribute to the 50 to 60 Gy dose bin, and only the type of lung cancer
(NSCLC vs SCLC) was significantly different (P < .01 using the Xz test) between the 2
groups. Fewer SCLCs contributed to the largest dose-bin because patients with SCLC were
typically prescribed 45 Gy in our study cohort and therefore had lower heart doses than
patients with NSCLC. These results suggest that the increase in SUVmean in the largest
dose-bin was influenced largely by NSCLC patients.

Our study rigidly registered the PET/CT to the treatment planning CT using methods
published in previous dose-response studies.1>17 Uncertainty in the registration can manifest
in the SUV dose-response curve and may have contributed to the shallow slope of the dose-
response (Fig.2). Given that the higher isodose lines were of a relatively low volume in our
cohort (Table 1), the registration uncertainty likely had the largest effect on the higher dose-
bins. Our data showed that pre- to posttreatment SUV changes were predictive of OS;
however, data were not available to analyze whether death was due to cardiac-related events
or to assess the effect of pre-existing cardiac comorbidities (heart disease, use of p-
blockers). Future studies will focus on an independent, larger cohort validation of the SUV
findings presented in the present work. If validated, a clinical trial will be designed to
prospectively collect serial PET imaging for patients with advanced-stage lung cancer where
PET acquisitions can be standardized and relevant clinical survival data can be collected.

Conclusions

FDG-PET imaging has been used for target delineation and disease response to treatment in
thoracic radiation therapy but has yet to be applied to assess cardiac response in patients
with advanced-stage lung cancer. The presented study evaluated pre- to posttreatment
cardiac SUV changes in patients with advanced stage lung cancer and found increasing SUV
as a function of cardiac dose. Pre- to posttreatment cardiac SUVmean change was a
significant predictor of OS on multivariate analysis, with patients who were alive at last
follow-up demonstrating a +17.2% increase in average cardiac SUV and patients who did
not survive showing a —13.5% decrease in average cardiac SUV. Pre- and posttreatment PET
imaging is frequently obtained for patients with lung cancer and, if validated by independent
studies, the present study’s hypothesis generating-data shows the potential for PET cardiac
changes to be an early predictor for clinical outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Pre-treatment

Post-treatment

Fig. 1.
Pretreatment and posttreatment positron emission tomography/computed tomography scans

are shown for 2 patients. (A) The patient presented displayed an increase in posttreatment
cardiac standardized uptake values (SUV) compared with pretreatment cardiac SUV. (B)
Demonstrated a decrease in posttreatment cardiac SUV compared with pretreatment cardiac
SUV.
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Change in pretreatment to posttreatment mean standardized uptake values (SUVmean) as a
function of dose bin. Both the relative SUVmean changes (scale shown on left) and the
absolute SUVmean changes (scale shown on right) are shown. Error bars are presented as
standard deviations. For clarity, only error bars for the relative SUVmean series are shown.
Abbreviation. Tx = treatment.
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Fig. 3.

ng-and-whisker plot comparing pretreatment to posttreatment mean standardized uptake
values (SUVmean) and SUVmax changes according to whether patients were alive or not
alive at last follow-up. The box-and-whisker plots show the range of values, median values,
and 25th and 75th percentiles. Abbreviation. Tx = treatment.
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Fig. 4.

Ct?ange in pretreatment to posttreatment mean standardized uptake values (SUVmean) as a
function of dose bin grouped according to whether patients were alive or not alive at last
follow-up. Linear regression fits are shown for both groups. Error bars are presented as
standard deviations. Abbreviation. Tx = treatment.
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Table 1

Patient, clinical, and radiation parameters of study cohort.
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Parameter Number (%) or median (range)
Number of patients 39
Gender
Female 26 (67)
Male 13 (33)
Age 64 (44-84)
COPD
Yes 19 (49)
No 20 (51)
Smoking status
Non-smoker 3(8)
Current smoker 11 (28)
Former smoker 25 (64)
KPS index 90 (60-100)
Type of lung cancer
NSCLC 32(82)
SCLC 7(18)
Stage
| 2(5)
I 5(13)
1 28 (72)
v 4 (10)
Fractionation
Total dose (Gy) 60 (45-60)
Number of fractions 30 (25-30)
PTV Volume (cc) 419 (65-1124)
Heart doses
Mean heart dose (Gy) 11.8(0.7-35.1)
V5 (%) 48.4 (0.0-100.0)
V30 (%) 9.5 (0.0-65.0)
V40 (%) 5.5 (0.0-39.6)
V45 (%) 4.1 (0.0-25.5)
V60 (%) 0.8 (0.0-8.4)
Time between last radiation treatment and post-treatment PET scan (days) 97 (11-477)
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Abbreviations: COPD=Chronic Obstructive Pulmonary Disease, KPS = Karnofsky Performance Status, NSCLC = Non-small cell lung cancer,
SCLC = Small cell lung cancer, PTV = Planning Target Volume, VV5=Percentage of heart receiving 25 Gy, PET=Positron Emission Tomography
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Parameters predictive of overall survival using the multivariate Cox model.

Table 2

Covariate HR (95% CI) P value
COPD status (binary: COPD not present vs COPD present) | 10.623 (2.516-44.855) 0.001
Heart V40 (continuous) 1.109 (1.006-1.223) 0.038
Change in SUV ean (continuous) 0.541 (0.312-0.937) 0.028
Change in SUV s (continuous) 0.918 (0.845-0.997) 0.042

Page 18

Abbreviations. Cl = confidence interval; COPD = chronic obstructive pulmonary disease; HR = hazard ratio; Heart V40 = percentage of heart

receiving 240 Gy; Change in SUVmean = pretreatment to posttreatment changes in the average cardiac standardized uptake values.
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