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Abstract

Purpose: In this study, we aimed to evaluate the prognostic value of fluorodeoxyglucose uptake in the lung parenchyma and the
presence of subclinical interstitial lung disease on computed tomography as predictive factors for survival following stereotactic
body radiation therapy in patients with stage | non-small cell lung cancer. Methods: We retrospectively evaluated 125 patients
with stage | non-small cell lung cancer who underwent stereotactic body radiation therapy at our institute between December
2005 and March 2013 for various demographic and clinical parameters. The fluorodeoxyglucose uptake in the lung parenchyma
corrected with computed tomography value (tissue fraction-corrected standardized uptake value) was quantified using
fluorodeoxyglucose-positron emission tomography/computed tomography before the therapy. Additionally, the radiological
findings of interstitial lung disease on computed tomography were evaluated. The prognostic analyses were performed using the
Kaplan-Meier analysis and Cox proportional hazards regression model for univariate and multivariate analyses. Results: The
median follow-up period was 39 months. The 3-year overall survival rate was 67.9%, and the 3-year progression-free survival rate
was 52.0%. The multivariate analysis indicated that the tissue fraction-corrected standardized uptake value was correlated with
the patients’ overall survival (P = .027, hazard ratio: 2.694, 95% confidence interval: 1.109-8.057). The presence of subclinical
interstitial lung disease showed no correlation with the overall survival (P = .535, hazard ratio: 1.256, 95% confidence interval:
0.592-2.473). Conclusion: The results indicated that fluorodeoxyglucose uptake in the lung parenchyma, expressed as the tissue
fraction-corrected standardized uptake value, was an independent prognostic factor in patients with stage | non-small cell lung
cancer who have received stereotactic body radiation therapy.
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progression-free survival; PVE, partial volume effect; SBRT, stereotactic body radiation therapy; SUV, .y, maximum of standar-
dized uptake value; SUV,can, mean of standardized uptake value of lung parenchyma without tissue fraction correction; SUV+g,
standardized uptake value of lung parenchyma with tissue fraction correction; TF, tissue fraction; VOls, volumes of interest.
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Introduction

Stereotactic body radiation therapy (SBRT) is widely accepted
as a standard treatment for patients with stage I non-small cell
lung cancer (NSCLC) who are not eligible for surgery. Stereo-
tactic body radiation therapy is minimally invasive; however, it
has several contraindications, for example, since interstitial
lung disease (ILD) is sometimes exacerbated by radiotherapy,'
the Japan Clinical Oncology Group 0403 study indicates that
severe interstitial pneumonitis or pulmonary fibrosis is one of
the relative contraindications for SBRT in the treatment of
patients with lung cancer. At our institution, we typically con-
sider patients with subclinical ILD, that is, for whom oxygen
therapy is not required, as eligible for SBRT after obtaining
informed consent concerning the risk(s) of exacerbation/radia-
tion pneumonitis. Severe radiation pneumonitis is reported in
patients with subclinical ILD prior to SBRT for lung cancer,**
and subclinical ILD is considered a significant risk factor for
severe radiation pneumonitis.*> Nevertheless, the impact of
subclinical ILD on the prognoses of patients with NSCLC who
have received SBRT has not been previously reported. More-
over, while subclinical lung disease can be detected with high-
resolution computed tomography (HRCT),*’ a method to
quantify the severity of subclinical ILD is yet to be established.
Morphological assessment with HRCT is inadequate due to
minimal abnormal computed tomography (CT) findings in
patients with subclinical ILD.

Several recent studies have suggested that the regional
accumulation of fluorodeoxyglucose (FDG) in the lung par-
enchyma is associated with inflammatory activity in the lung
parenchyma®; hence, the severity of subclinical ILD cases that
show no detectable morphological features on CT images
could be quantitatively assessed by the FDG uptake in the
lung parenchyma.’"!

We hypothesize that the uptake of FDG in the lung parench-
yma is a prognostic factor in patients who have received SBRT
for lung cancer. In this study, we aimed to evaluate the FDG
uptake in the lung parenchyma, and the presence of subclinical
ILD on HRCT as predictive factors for the patient outcome
after SBRT for stage | NSCLC.

Materials and Methods

This was a single-institutional retrospective study. The study
was conducted in accordance with the World Medical Associ-
ation Declaration of Helsinki. The Institutional Review Board,
Kofu Neurosurgical Hospital approved the study (on March 29,

2015) and waived the requirement for written informed consent
from the patients.

Between December 2005 and March 2013, a total of 230
patients with primary NSCLC at clinical stage I (T1-
T2aNOMO) underwent SBRT at our institution. Patients were
excluded from the study if they did not undergo FDG-positron
emission tomography (PET) prior to treatment (n = 58), did not
undergo HRCT (n = 27), and were difficult to diagnose for
recurrence due to development of another primary lung cancer
after SBRT (n = 1). Patients were also excluded if they were
not followed up after SBRT at our institution (n = 19). In total,
125 patients with stage I NSCLC who underwent SBRT were
included (Table 1). The histological diagnosis of lung cancer
was obtained in 107 tumors via transbronchial or CT-guided
biopsies. The remaining 18 tumors were diagnosed as NSCLC
by consensus among the 2 chest radiologists with 24 and 20
years of experience, respectively, based on the findings of
HRCT, the clinical course of the disease over several follow-
up CT examinations, and/or increased tracer radioactivity asso-
ciated with enhanced FDG uptake on PET/CT scans.

The rationale for choosing SBRT as a treatment for stage I
NSCLC in patients with comorbidities were contraindications
for surgery or patients’ preference for SBRT over surgery. The
other eligibility criteria for SBRT included the performance
status of <2 according to the World Health Organization guide-
lines.'? The clinical stage was determined at our institutions’
lung cancer board meeting by consensus among the chest radi-
ologists, radiation oncologists, pulmonologists, and thoracic
surgeons based on the findings of contrast-enhanced thoracic/
abdominal CT scans, FDG-PET/CT scans, and brain magnetic
resonance imaging (MRI).

The follow-up period was defined as the number of months
from SBRT to death or censoring. The mean and median
follow-up periods were 41 and 39 months (range, 8-103
months), respectively.

FDG-PET/CT was performed within 8 weeks (median 4,
range 1-8) prior to the SBRT (Biograph Duo LSO; Siemens
Medical Solutions, Erlangen, Germany). All patients were
fasted for 6 hours. At 1 hour postinjection with '*F-FDG (3
MBg/kg), they underwent a CT scan for attenuation correction
(110 kV; 40-50 mA; tube rotation time, 0.8 second per rotation;
pitch, 2; transverse field of view, 50 cm; and section thickness,
2.5 mm) followed by a PET scan from the neck to the thigh.
The patients were instructed to maintain shallow breathing in a
supine position during the scan. The visualization of the radio-
active tracer was carried out in 3D mode (2 minutes per bed
position). Transaxial emission images were reconstructed using
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Table 1. Distribution of the Patients’ Characteristics.

Characteristic All patients (N = 125)

Age, years, mean (range) 78.52 (58-89)

Sex
Male 67 (53.6%)
Female 58 (46.4%)

Brinkman index, mean (range)
BED) o, median (range)

687 (0-3360)
105.6 (75-150)

Histology
Adenocarcinoma 63 (59.4%)
Squamous cell carcinoma 37 (29.6%)
NSCLC
Nonspecified 7 (5.6%)
Unknown 18 (14.4%)
Tumor location
Central 45 (36%)
Peripheral 77 (61.6%)
Tumor size, mm, median (range) 25 (11-50)
ILD +/— 26 (20.8%)/99 (79.2%)

Tumor SUV ,,x, median (range)

SUV ean, median (range)

SUVtg, median (range)

Pretreatment WBC count, /pL,
<8000/>8000

5.47 (0.48-27.47)
0.6 (0.25-0.8)
2.45 (1.53-3.55)
8 (6.4%)/109 (87.2%)

Not evaluated 8 (6.4%)
Pretreatment CRP, mg/dL, <0.3/>0.3 29 (23.2%)/85 (68%)
Not evaluated 11 (8.8%)
Pretreatment LDH, U/L, <240/>240 21 (16.8%)/95 (76%)
Not evaluated 9 (7.2%)
Pretreatment KL-6, U/mL, <500/>500 80 (64%)/15 (12%)
Not evaluated 30 (24%)
Pretreatment FEV1 (%) <70%/>70% 32 (25.6%)/58 (46.4%)
Not evaluated 35 (28%)

Abbreviations: BED, biologically effective dose (10 Gy); CRP, C-reactive
protein; FEV1, forced expiratory volume (1.0 second); ILD, interstitial lung
disease; KL-6, sialylated carbohydrate antigen 6; LDH, lactate dehydrogenase;
NSCLC, non-small cell lung cancer; SUV ,.x, maximum of standardized
uptake value; SUV ean, mean of standardized uptake value of lung parenchyma
without tissue fraction correction; SUVrr, standardized uptake value of lung
parenchyma with tissue fraction correction; WBC, white blood cell count.

the ordered subset expectation maximization method with 4
iterations and 28 subsets. The CT data were resized, from a
512 x 512 to a 128 x 128 matrix, to match the PET data to
construct CT-based transmission maps for an attenuation cor-
rection of the PET data. The CT images were displayed on the
monitor without changing the matrix size for reference and
Hounsfield unit (HU) measurements.

Chest CT scans were performed using the following multi-
detector CT scanners: Aquilion 16 or Aquilion CX (Toshiba
Medical Systems, Tokyo, Japan) or Light Speed or HiSpeed
DXi (GE Healthcare, Milwaukee, Wisconsin). The detailed
scanning parameters were detector collimation, 0.5 to 1.25
mm; beam pitch, 0.516 to 1.2; reconstruction increment, 1.0
mm; rotation time, 0.5 seconds; tube voltage, 120 kVp; and
matrix, 512 x 512. The tube currents were determined by
the machine’s automatic exposure control (actual range,
110-400 mA). CT scans were obtained in the supine
position at full inspiration. The HRCT images were

reconstructed with slice thickness of 1.0 to 1.25 mm and
field of view of 14.5 to 25.0 cm.

The PET/CT images were reviewed by a nuclear medicine
physician with 12 years of experience, who was blinded to the
patient outcome, using a dedicated image workstation (e-soft-
PET; Siemens Medical Solutions, Erlangen, Germany). Ellip-
tical volumes of interest (VOIs) with sizes of around 20 cm®
(12.1-21.4 cm®) were semiautomatically placed on the apex of
bilateral upper lobes, right middle lobe, lingular segment of the
left upper lobe, and the dorsal lower regions of bilateral lower
lobes with reference to the 3 imaging planes (axial, sagittal, and
coronal PET/CT images) to avoid the region affected by the
primary lung cancer and the artifacts related to diaphragm
motion. These VOIs were used to measure the mean HU values
(HU jean) on low-dose CT acquired with the PET and the mean
standardized uptake values (SUV can) on PET.

Variation in the tissue HU can affect the acquisition of the
tracer uptake in lung PET."® To compensate for this effect, the
tissue fraction (TF) correction method was applied.'* The stan-
dardized uptake value of lung parenchyma with TF correction
(SUVtr) measurement represents the underlying metabolic
characteristics of the tissue regardless of the variations in the
background air of the target region. The TF factor (x) and
SUV+r were defined by the following formulae:'>

K= (HUlung - HUair)/(HUtissue - HUair)

SUV = SUVmean/K7

where HUjjgq,. and HU,;, are the CT values of the pectoralis
major muscle with the largest spherical VOI not exceeding the
muscle and air, respectively. The SUVr measurements were
averaged with the 6 VOIs to represent the mean of corrected
FDG uptake in the whole lung parenchyma. In other words,
SUVtr represented the true FDG uptake in the whole lung
except for the primary tumor. The maximum of standardized
uptake value (SUV ,,.x) of the primary tumor was also obtained.
We used data from a nuclear medicine physician with 12 years
of experience who was a main observer to calculate SUVr. In
addition, SUV,,,, of the primary tumor was also evaluated.

For assessment of the interobserver agreement in SUVrg
measurements, another radiologist with 5 years of experience
in PET imaging also placed the VOIs.

For lung CT analysis, the patients were classified into 2
groups, that is, with or without subclinical ILD, by a chest
radiologist with 20 years of experience using HRCT. During
the evaluation, any of the following CT criteria'® were required
for the diagnosis of subclinical ILD: (1) presence of indepen-
dent ground-glass abnormalities, (2) reticular abnormalities,
(3) traction bronchiectasis, (4) nonemphysematous cyst, (5)
honeycombing, and no treatment required for the lung disease,
that is, typically asymptomatic patients.

The SBRT eligibility criteria are described above. There
were no restrictions based on the location of eligible tumors,
irrespective of whether located adjacent to a major bronchus,
blood vessel, the chest wall, or the esophagus. Stereotactic
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body radiation therapy was performed with noncoplanar
dynamic arcs or multiple static ports using a unit that included
a linear accelerator (EXL-15DP; Mitsubishi Electric, Tokyo,
Japan) coupled to and sharing a common couch with a CT
scanner (HiSpeed DX/I; GE Yokogawa Medical Systems,
Tokyo, Japan). The isocenter was adjusted using image gui-
dance with a CT-on-rail system in all fractions.'® A total dose
of 48 to 70 Gy (median 48), calculated using Clarkson’s algo-
rithm, was administered in 4 to 10 fractions at the isocenter.

The patients were followed up every 3 months after SBRT at
the outpatient clinic. At each follow-up visit, the tumor markers
and non-contrast-enhanced CT measurements were obtained.
Posttreatment PET was performed in cases with abnormal find-
ings on CT or tumor markers. Levels of tumor markers such as
carcinoembryonic antigen, squamous cell carcinoma, and
cytokeratin-19 fragment were used as a reference for recur-
rence but not to confirm a diagnosis.

The diagnosis of recurrence was based on the histopathol-
ogy findings or findings on serial imaging including CT
images, MRI, or PET/CT images that suggested the progres-
sion of lesions over the 6-month follow-up period. Cancer
development in other organs during the follow-up was also
recorded. According to the findings, until the last follow-up,
all patients were categorized into the following groups: dead,
alive with recurrence, and alive without recurrence. Overall
survival (OS) and progression-free survival were defined as the
number of months from SBRT to dead and recurrence, respec-
tively. The number of months from SBRT to the last follow-up
was used for censored cases. In addition, radiation-induced
pneumonitis was evaluated using the Common Terminology
Criteria for Adverse Events ver. 4.0.

Besides subclinical ILD and PET/CT parameters, the fol-
lowing clinical variables were evaluated: age; sex; Brinkman
index (the number of cigarettes smoked per day multiplied by
the number of years of smoking); T stage; histopathology (ade-
nocarcinoma or other); tumor location (central or peripheral);
the biologically effective dose of 10 Gy; SUV .« of the pri-
mary tumor; blood work and physiological data, including
white blood cell count; C-reactive protein (CRP) concentra-
tions; lactate dehydrogenase concentrations; concentration of
sialylated carbohydrate antigen 6; and the percentage of forced
expiratory volume in 1 second. Central tumor location was
defined as within 2 cm of the proximal bronchial tree, heart,
great vessels, trachea, or other mediastinal structures”; all
other tumors were categorized as peripheral. The OS and PFS
rates were evaluated using the Kaplan-Meier method using a
log rank test. The Youden index in the receiver—operating char-
acteristic curve analysis was used to identify optimal cutoff
values for binarization of tumor SUV,,,,«, SUV 1can, and SUV g
as continuous variables. The prognostic values of the variables
were assessed using a Cox proportional hazards regression
model in both univariate and multivariate analyses. Based on
the univariate analysis, only variables with a P value of <.10
were included in the multivariate analysis.

The degree of interobserver agreement was assessed by
interclass correlation coefficient (ICC).

Results

Table 1 shows the patient characteristics. All patients under-
went SBRT without complications or interruptions. The OS
and PFS rates at 3 years were 67.9% and 52.0%, respectively.
During the follow-up period, recurrence was observed in 53
patients; the total numbers of local/regional lymph node recur-
rences and distant metastases were 29, 23, and 36, respectively.
The median SUV oy, and SUVg were 0.6 (range, 0.25-0.8)
and 2.45 (range, 1.53-3.55), respectively. The morphological
assessment of the HRCT showed that 26 cases had interstitial
abnormalities in the lung parenchyma, of which 13 had inde-
pendent ground-glass abnormalities, 10 had reticular abnorm-
alities, 3 had traction bronchiectasis, and 99 had no interstitial
abnormalities.

Radiation-induced pneumonitis was observed in 4 patients
with grade 3 and 1 patient with grade 2. Corticosteroid therapy
was required in 3 patients. Of the 5 patients with radiation-
induced pneumonitis, 2 had subclinical ILD and 3 had lung
SUV g of >2.28. We could not find any relationship between
radiation-induced pneumonitis and the presence of subclinical
ILD or SUVyg. There were also no correlations between
SUVrr and the subclinical ILD, or SUVrr and mean HUjypg
(correlation coefficient = 0.014, 0.289) or mean HU ;.

Kaplan-Meier analysis indicated that the OS of patients with
subclinical ILD (median OS [95% confidence interval (CI)] of
31 [26-41] months) was significantly lower than of those with-
out subclinical ILD (56 [43-73] months) (P = .0108, Figure
1A). The OS curves were also well stratified with SUVrf using
a cutoff value of 2.28, and the OS of patients with high SUV g
(38 [22-43] months) was also significantly lower than those
with low (65 [21-103] months) SUVtg (P = .0177, Figure
1B). For PFS, no significant difference was observed between
patients with (22 [14-65] months) and without (42 [28-48]
months) subclinical ILD (P = .1261) or with high (38 [22-
43] months) and low (65 [21-103] months) SUVtg (P =
.0678) (Figure 2A and B).

Based on univariate analyses, the factors affecting OS
included male sex (hazard ratio [HR] [95% CI] of 2.362
[1.357-4.371]; P = .002), presence of subclinical ILD (HR,
2.001 [1.128-3.397]; P = .019), tumor SUV,,, of > 3.99
(HR, 2.002 [1.230-3.34]; P = .005), lung SUVg of > 2.28
(HR, 2.005 [1.152-3.960]; P = .014), and a CRP concentration
of > 0.3 mg/dL (HR, 1.793 [1.031-3.031]; P = .039). Factors
affecting the PFS included T stage (HR, 1.789 [1.117-2.802]; P
= .016), central tumor location (HR, 1.71 [1.101-2.643]; P =
.017), and tumor SUV ,,, of > 3.99 (HR, 1.828 [1.179-2.871];
P = .007) (Table 2).

The multivariate analyses revealed that the following factors
were correlated with OS: lung SUV1g of >2.28 (HR, 2.694
[1.109-8.057]; P = .027) and T stage (HR, 2.421 [1.2-4.704];
P = .015). The tumor SUV ., of >3.99 (HR, 1.704 [1.09-2.7];
P =.019) and central tumor location (HR, 1.592 [1.016-2.483];
P = .042) were correlated with PES (Table 3).

The interobserver agreement in SUVtr measurements was
excellent (ICC, 0.955). ICC for the SUV,,,, of the primary
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Figure 1. Kaplan-Meier survival curves for overall survival of patients with stage [ non-small cell lung cancer. A, stratified by subclinical ILD
(+) (in red) versus (—) (in blue). B, Stratified by high SUVg (>2.28) (in red) versus low SUVtg (<2.28) (in blue). ILD, interstitial lung disease;

SUVrr, tissue fraction-corrected standardized uptake value.

A

1.0 p=0.1261
S
s 0.8
2
v 0.6
g
e .
004 subclinical
o | ILD(-)
202 subclinical
[=9

ILD(+)

0
0 12 24 36 48 60 72 84 96
Number at risk
Subclinical ILD
()99 84 63 49 28 15

(4)26 21 12 8 6 3 2

SUV,,
7 5 2 <22837 32 20 17 12 8 6 5 2
2228 88 72 53 40 22 10 3

p=0.0678

SUV,22.28
0 12 24 36 48 60 72 84 96 Mo

Figure 2. Kaplan-Meier survival curves for progression-free survival of patients with stage I non-small cell lung cancer. A, Stratified by
subclinical ILD (+) (in red) versus (—) (in blue). B, Stratified by high SUVtg (>2.28) (in red) versus low SUV g (<2.28) (in blue). ILD,
interstitial lung disease; SUVp, tissue fraction-corrected standardized uptake value.

tumor was not assessed because it was a reproducible value for
solitary pulmonary nodules. In Figure 3, 4 representative cases
are shown.

Discussion

Our results suggested that SUVtg, which represents the pre-
treatment FDG uptake in the lung parenchyma, was correlated
with OS in patients who underwent SBRT for stage I lung
cancer. Conversely, the presence of subclinical ILD based on
morphological changes detected on HRCT of the lungs was
unrelated to the prognosis after SBRT.

Previous reports indicated that subclinical ILD or interstitial
lung abnormalities were significant risk factors for the devel-
opment of radiation pneumonitis in patients with lung cancer
who were to undergo SBRT.*> In our series, 5 patients expe-
rienced radiation pneumonitis with grade 3 (4 patients) or 2 (1
patient); among these, 3 patients were without subclinical ILD.
However, the occurrence of radiation pneumonitis showed no
statistical relationship with the OS.

The FDG uptake and SUV are overestimated in the posterior
lung parenchyma due to the gravity-dependent congestion,
which leads to an unexpected number of erythrocytes (more
actual FDG uptake) and increased parenchymal attenuation on
CT (overestimates of the FDG uptake value on PET/CT).'® As
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Table 2. Univariate Analysis of Predictors of OS and PFS in Patients Treated With SBRT for Stage I Non-Small Cell Lung Cancer.

(6N PFS

Characteristics HR (95% CI) P value HR (95% CI) P value
Age (continuous) 1.204 (0.909-1.067) 214 1.027 (0.992-1.067) A3
Gender (male vs female) 2.362 (1.357-4.371) .002% 1.249 (0.784-2.053) 356
T stage (T2a vs T1) 1.578 (1.357-4.371) .08 1.789 (1.117-2.802) .016*
Histology (adeno vs other) 0.86 (0.533-1.381) 532 0.999 (0.646-1.544) .997
Location (central vs peripheral) 1.487 (0.915-2.401) .108 1.71 (1.101-2.643) .017%
BED (continuous) 0.993 (0.972-1.013) A87 0.9996 (0.98-1.018) .969
Brinkman index™ (continuous) 1.232 (0.930-1.570) 139 1.011 (0.756-1.303) .937
Subclinical ILD (4 vs —) 2.001 (1.128-3.397) .019% 1.487 (0.864-2.443) .146
Tumor SUV,,,,x (continuous) 1.039 (0.993-1.081) .096 1.041 (0.988-1.079) .06
Tumor SUV . (>3.99 vs <3.99) 2.002 (1.230-3.34) .005% 1.828 (1.179-2.871) .007%
SUV mean (continuous) 1.673 (0.231-11.811) .608 1.635 (0.277-9.447) .585
SUV hean (>0.375 vs <0.375) 0.612 (0.345-1.172) 132 0.661 (0.383-1.226) 179
SUV1g (continuous) 1.996 (0.98-4.082) .057 1.2 (0.643-2.238) 567
SUVrr (>2.28 vs <2.28) 2.005 (1.152-3.960) .014% 1.617 (0.977-2.816) .062
WBC > 8000 (>8000 vs <8000) 1.011 (0.352-2.295) 981 0.824 (0.289-1.848) .668
CRP > 0.3 (>0.3 vs <0.3) 1.793 (1.031-3.031) .039° 1.37 (0.807-2.245) 236
LDH > 240 (>240 vs <240) 1.023 (0.489-1.931) .948 1.138 (0.598-2.006) 677
KL-6 > 500 (>500 vs <500) 1.302 (0.588-2.573) 491 1.368 (0.653-2.585) 384
FEV1 <70% (<70% vs >70%) 1.747 (0.963-3.147) .066 1.31 (0.751-2.245) 336

Abbreviations: adeno, adenocarcinoma; BED, biologically effective dose (10 Gy); CRP, C-reactive protein; FEV1, forced expiratory volume (1.0 second); HR,
hazard ratio; ILD, interstitial lung disease; KL-6, sialylated carbohydrate antigen 6; LDH, lactate dehydrogenase; OS, overall survival; PFS, progression-free survival;
SBRT, stereotactic body radiation therapy; SUV ,.x, maximum of standardized uptake value; SUV ., mean of standardized uptake value of lung parenchyma
without tissue fraction correction; SUVy, standardized uptake value of lung parenchyma with tissue fraction correction; WBC, white blood cell count.
“Statistically significant.

Table 3. Multivariate Analysis of Predictors of OS and PFS in Patients Treated With SBRT for Stage I Non-Small Cell Lung Cancer.

(0N PFS
Characteristics HR (95% CI) P value HR (95% CI) P value
Gender (male vs female) 1.594 (0.721-3.784) 255
T stage (T2a vs T1) 2421 (1.2-4.704) .015* 1.528 (0.945-2.42) .083
Location (central vs peripheral) 1.592 (1.016-2.483) .042%
Subclinical ILD (4 vs —) 1.256 (0.592-2.473) .535
Tumor SUV .« (>3.99 vs <3.99) 1.56 (0.801-3.088) 191 1.704 (1.09-2.7) .019*
SUVtE (>2.28 vs <2.28) 2.694 (1.109-8.057) .027¢ 1.4 (0.836-2.463) .206
CRP (>0.3 vs <0.3) 1.029 (0.489-2.095) 938
FEV1 (<70% vs >70%) 1.239 (0.607-2.529) .554

Abbreviations: CRP, C-reactive protein; FEV1, forced expiratory volume (1.0 second); HR, hazard ratio; ILD, interstitial lung disease; OS, overall survival; PFS,
progression-free survival; SBRT, stereotactic body radiation therapy; SUV ., maximum of standardized uptake value; SUV g, standardized uptake value of lung

parenchyma with tissue fraction correction; SBRT, stereotactic body radiation therapy.

“Statistically significant.

patients are examined in a supine position, the measurement of
FDG uptake cannot represent the active inflammation alone.
To deal with this problem, we applied TF-based correction,'*'*
which is known to correct the apparent SUV in the area
showing higher attenuation in the lungs (Figure 3C).

Then, in our study, some cases, which seemed to have
uptakes in the posterior lung parenchyma, were revealed not
to have accumulation by the TF correction.

Our results have some implications for patient care. As ILD
is a risk factor for radiation pneumonitis, the prognosis of
patients with subclinical ILD would be poorer than those

without subclinical ILD assessed by HRCT. Based on our
results, the prognosis after SBRT is more precisely indicated
by the FDG-PET parameter (SUVrg) than by the HRCT find-
ings (subclinical ILD). Combined with the previous
reports,'>*® FDG-PET could facilitate the evaluation of the
vulnerability of the lung parenchyma to irradiation. Although
we cannot explain the exact cause of the low OS in patients
with high lung SUV g, FDG-PET is more useful than HRCT to
identify patients with underlying lung disease.

In addition, high SUV ,,, of the primary tumor was
correlated with PFS but not with OS in the current study. In
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Figure 3. Positron emission tomography/computed tomography (CT) and CT images from patients with stage I non-small cell lung cancer
before stereotactic body radiation therapy. A, A 79-year-old man with interstitial lung disease (ILD) on CT with focal fluorodeoxyglucose
(FDG) uptake; the standardized uptake value of lung parenchyma with tissue fraction correction (SUVrr) of the lung parenchyma was high
(SUV1g = 2.78). The presence of active inflammation of the lung parenchyma was suspected. B, An 80-year-old man with ILD without apparent
increase in FDG uptake. The SUV g of the lung parenchyma was low (SUV g = 2.15). The presence of active inflammation was not suspected.
C, A 76-year-old man with the presence of increased density on CT with slightly elevated FDG uptake in the lower dorsal lung parenchyma. The
SUVr value was low (SUVg = 2.12). Gravity-related, density-dependent changes were suspected.

agreement with our result, a recent meta-analysis indicated the
prognostic significance of pretreatment SUV ., of the pri-
mary tumor in patients with early-stage NSCLC treated with
SBRT.?! Further prospective studies are needed to clarify this
issue. Another study has reported SUV ,,, of the primary
tumor in locally advanced patients with NSCLC who under-
went curative conventional radiotherapy predicted the prog-
nosis.?* This difference between these reports might be
caused by the partial volume effect (PVE) due to the limited
special resolution of PET/CT. Partial volume effect can lead
to quantitative underestimation of FDG uptake, especially in
small tumors.*?

Our study had several limitations. The primary limitations
included the retrospective study design and small cohort. Sec-
ond, the PET/CT scans were performed during breathing with-
out a respiratory-gating system, which could have resulted in
the inaccurate analysis of FDG uptake. Third, our study sample
had a high local recurrence rate. Since we did not perform PET
in patients who were unlikely to have metastatic disease (eg,
patients with tumors in which ground-grass opacities predomi-
nated) at the beginning of the study, our study sample was
biased. Fourth, the pulmonary inflammatory status itself could
be related to the prognosis; a further trial with a control group is
required to confirm whether the pulmonary inflammation itself
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is related to a poor prognosis. Fifth, the dichotomized version
of the variables for the multivariate analysis could have led to
biased results; the use of the original continuous variable is
preferable. Sixth, the PET/CT was acquired within 8 weeks
before SBRT. Some findings of the lesions that had high poten-
tial for tumor growth might have been different at the time of
the PET/CT and SBRT. Therefore, it might have affected the
results. Seventh, it has been reported that the parameters of
primary lesions considering tumor volume, such as total lesion
glycolysis and metabolic tumor volume, were useful for pre-
dicting the prognosis.”> However, we evaluated the tumor size
by the T stage. It may also have some effects on the results.

Conclusion

The uptake of FDG in the lung parenchyma was correlated with
OS in patients with stage I NSCLC who were treated with
SBRT, that is, high SUVtg during the pretreatment staging of
FDG-PET predicted poor survival.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Yoko Satoh, MD, PhD
Hiroshi Onishi, MD, PhD

http://orcid.org/0000-0002-0188-0906
http://orcid.org/0000-0002-3512-1166

References

1. Hanibuchi M, Yamaguchi T, Okada T, et al. Clinical examination
of acute exacerbation of idiopathic interstitial pneumonia (IIP)
combined with lung cancer after anti-cancer treatment. Jpn J
Lung Cancer. 2001;41(4):281-286. doi:10.2482/haigan.41.281

2. Yamaguchi S, Ohguri T, Ide S, et al. Stereotactic body radio-
therapy for lung tumors in patients with subclinical interstitial
lung disease: the potential risk of extensive radiation pneumonitis.
Lung Cancer. 2013;82(2):260-265. doi:10.1016/j.lungcan.2013.
08.024

3. Onishi H, Marino K, Terahara A, et al. Case series study of 26
patients who developed fatal radiation pneumonitis (RP) after
stereotactic body radiotherapy for lung cancer. /nt J Radiat Oncol
Biol Phys. 2009;75(3):562. doi:10.1016/j.ijrobp.2009.07.161

4. Ueki N, Matsuo Y, Togashi Y, et al. Impact of pretreatment
interstitial lung disease on radiation pneumonitis and survival
after stereotactic body radiation therapy for lung cancer.
J Thorac Oncol. 2015;10(1):116-125. doi:10.1097/JTO.
0000000000000359

5. Tsujino K, Hashimoto T, Shimada T, et al. Combined analysis of
V20, VS5, pulmonary fibrosis score on baseline computed tomo-
graphy, and patient age improves prediction of severe radiation
pneumonitis after concurrent chemoradiotherapy for locally

10.

11.

12.

13.

14.

15.

16.

17.

18.

advanced non-small-cell lung cancer. J Thorac Oncol. 2014;
9(7):983-990. doi:10.1097/JT0.0000000000000187

. Dawson J, Fewins H, Desmond J, Lynch M, Graham D. Predic-

tors of progression of HRCT diagnosed fibrosing alveolitis in
patients with rheumatoid arthritis. Ann Rheum Dis. 2002;61(6):
517-521.

. Gochuico BR, Avila NA, Chow CK, et al. Progressive precli-

nical interstitial lung disease in rheumatoid arthritis. Arch
Intern Med. 2008;168(2):159-166. doi:10.1001/archinternmed.
2007.59

. Tateishi U, Hasegawa T, Seki K, Terauchi T, Moriyama N, Arai

Y. Disease activity and 18F-FDG uptake in organizing pneumo-
nia: semi-quantitative evaluation using computed tomography
and positron emission tomography. Eur J Nucl Med Mol Imaging.
2006;33(8):906-912.

. Jones HA, Clark RJ, Rhodes CG, Schofield JB, Krausz T, Haslett

C. In vivo measurement of neutrophil activity in experimental
lung inflammation. Am J Respir Crit Care Med. 1994;149(6):
1635-1639.

Chen DL, Rosenbluth DB, Mintun MA, Schuster DP. FDG-PET
imaging of pulmonary inflammation in healthy volunteers after
airway instillation of endotoxin. J Appl Physiol. 2006;100(5):
1602-1609.

Chen DL, Ferkol TW, Mintun MA, Pittman JE, Rosenbluth DB,
Schuster DO. Quantifying pulmonary inflammation in cystic
fibrosis with positron emission tomography. Am J Respir Crit
Care Med. 2006;173(12):1363-1369.

Onishi H, Shirato H, Nagata Y, et al. Hypofractionated stereo-
tactic radiotherapy (HypoFXSRT) for stage I non-small cell
lung cancer: updated results of 257 patients in a Japanese
multi-institutional study. J Thorac Oncol. 2007;2(7 suppl 3):
S94-S100.

Lambrou T, Groves AM, Arlandsson K, et al. The importance of
correction for tissue fraction effects in lung PET: preliminary
investigation. Eur J Nucl Med Mol Imaging. 2011;38(12):
2238-2246. doi:10.1007/s00259-011-1906-x

Win T, Lambrou T, Hutton BF, et al. 18F-fluorodeoxyglucose
positron emission tomography pulmonary imaging in idio-
pathic pulmonary fibrosis is reproducible: implications for
future clinical trials. Eur J Med Mol Imaging. 2012;39(3):
521-528.

Washko GR, Lynch DA, Matsuoka S, et al. Identification of early
interstitial lung disease in smokers from the COPD gene study.
Acad Radiol. 2010;17(1):48-53. do0i:10.1016/j.acra.2009.07.016
Onishi H, Kuriyama K, Komiyama T, et al. A new irradiation
system for lung cancer combining linear accelerator, computed
tomography, patient self-breath-holding, and patient-directed
beam-control without respiratory monitoring devices. Int J Radiat
Oncol Biol Phys. 2003;56(1):14-20.

Timmerman R, Paulus R, Galvin J, et al. Stereotactic body radia-
tion therapy for inoperable early stage lung cancer. JAMA. 2010;
303(11):1070-1076. doi:10.1001/jama.2010.261

Inoue K, Okada K, Taki Y, Goto R, Kinomura S, Fukuda H.
(18)FDG uptake associated with CT density on PET/CT in lungs
with and without chronic interstitial lung diseases. Ann Nucl Med.
2009;23(3):277-281. doi:10.1007/s12149-009-0234-8


http://orcid.org/0000-0002-0188-0906
http://orcid.org/0000-0002-0188-0906
http://orcid.org/0000-0002-0188-0906
http://orcid.org/0000-0002-3512-1166
http://orcid.org/0000-0002-3512-1166
http://orcid.org/0000-0002-3512-1166

Satoh et al

19.

20.

21.

Castillo R, Pham N, Ansari S, et al. Pre-radiotherapy FDG PET
predicts radiation pneumonitis in lung cancer. Radiat Oncol.
2014;9:74. doi:10.1186/1748-717X-9-74

Dong M, Liu J, Sun X, et al. Prognostic significance of SUV .«
on pretreatment 18F-FDG PET/CT in early-stage non-small cell
lung cancer treated with stereotactic body radiotherapy: a meta-
analysis. J Med Imaging Radiat Oncol. 2017; 61: 652-659. doi:10.
1111/1754-9485.12599

Ulger S, Demirci NY, Eroglu FN, et al. High FDG uptake predicts
poorer survival in locally advanced nonsmall cell lung cancer

22.

23.

patients undergoing curative radiotherapy, independently of
tumor size. J Cancer Res Clin Oncol. 2014;140(3):495-502.
doi:10.1007/s00432-014-1591-9.

Cysouw MCF, Kramer GM, Hoekstra OS, et al. Accuracy and
precision of partial-volume correction in oncological PET/CT
studies. J Nucl Med. 2016;57(10):1642-1649.

Takahashi N, Yamamoto T, Matsushita H, et al. Metabolic tumor
volume on FDG-PET/CT is a possible prognostic factor for Stage I
lung cancer patients treated with stereotactic body radiation therapy:
a retrospective clinical study. J Radiat Res. 2016;57(10):655-661.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


