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Abstract

Our aim was to quantify the degree of pulmonary inflammation associated with centrilobular em-
physema using fluoro-18-2-fluoro-2-deoxy-D-glucose positron emission tomography ('®F-FDG-PET)
and diagnostic unenhanced computed tomography (CT) based image segmentation and partial
volume correction. Forty-nine subjects, with variable amounts of centrilobular emphysema, who
had prior diagnostic unenhanced chest CT and either "¥F-FDG-PET or "®F-FDG-PET/CT were selected.
Lung parenchymal volume (L) (in cm®) excluding large and small pulmonary vessels, emphysema
volume (E) (in cm?) based on a -910HU threshold, fraction of lung emphysema (F=E/L), and mean
attenuation (HU) of non-emphysematous lung parenchyma (A) were calculated from CT images
using the image analysis software 3DVIEWNIX. Lung uncorrected maximum SUV (USUVmax) was
measured manually from PET images on a dedicated workstation. A first level of partial volume cor-
rection (PVC) of lung SUVmanx to account for presence and degree of macroscopic emphysematous
air space was calculated as CSUVmax=USUVmax/(1-F). A second level of PVC of non-emphysema-
tous lung SUVmax to account for the mixture of air and lung parenchyma at the microscopic level
was then estimated as CCSUVmax=CSUVmax/(A+1000/1040), assuming that air is -1000HU in at-
tenuation and gasless lung parenchyma is 40HU in attenuation. The correlation of F with USUVmax,
CSUVmax, CCSUVmax, % change between CSUVmax and USUVmax (%UC), and % change between
CCSUVmax and USUVmax (%UCC) were then tested. The results showed that USUVmax was not sig-
nificantly correlated with F (r=-.0973, P=0.34). CSUVmax (r=0.4660, P<0.0001) and CCSUVmax were
significantly positively correlated with F (r=0.5479, P<0.0001), as were %UC (r=0.9383, P<0.0001) and
%UCC (r=0.9369, P<0.0001). In conclusion, the degree of pulmonary inflammation increases with em-
physema severity based on "®F-FDG-PET or '®F-FDG-PET/CT assessment, but is only detectable when
8F-FDG uptake is corrected for the partial volume effect based on data provided from diagnostic
chest CTimages. These results support the notion that pulmonary inflammation plays an important
role in the pathophysiology of emphysema. This novel image analysis approach has great potential
for practical, accurate, and precise combined structural-functional PET quantification of pulmonary
inflammation in patients with emphysema or other pulmonary conditions, although further valida-
tion and refinement will be required.
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Introduction

phenotypic disease condition characterized by chronic airflow obstruction (due

to emphysema and/or small airways disease), is a major cause of morbidity and
mortality worldwide. It is the 3rd leading cause of death in the United States, and is the
only leading cause that is increasing in prevalence. By 2030, it is estimated that nearly 9
million people will die each year from COPD. Furthermore, the associated health care costs
are enormous [1-3]. A large number of potential biomarkers for purposes of COPD risk as-
sessment, phenotype identification, and diagnosis of exacerbation have already been as-
sessed, including imaging-based biomarkers obtained from computed tomography (CT)
and hyperpolarized gas magnetic resonance imaging (MRI), although their performance
is quite variable such that no single biomarker in COPD warrants wide acceptance [4] at
present. As such, there is still a need for molecular, physiological, and imaging-based bi-
omarkers in COPD that can be used both in identifying specific COPD phenotypes and as
surrogate endpoints in clinical trials [5-7].

Fluoro-18-2-fluoro-2-deoxy-D-glucose positron emission tomography ("®F-FDG-PET) is a
non-invasive quantitative molecularimaging technique that has increasingly been utilized
to quantify pulmonary and airways inflammation in both animal studies and human stud-
ies. As such, it has the potential to play an important role in the quantitative assessment

C hronic obstructive pulmonary disease (COPD), a complex multifactorial multi-
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of patients with COPD for purposes of individualized disease
phenotyping, pretreatment planning, disease course predic-
tion, outcome prognostication, and response assessment, as
inflammation is a key contributor to the development and
progression of COPD. However, ®F-FDG-PET has been un-
derutilized for the assessment of patients with COPD.

Therefore, the aim of this preliminary study was to quanti-
fy the relationship of the degree of pulmonary parenchymal
inflammation with the degree of centrilobular emphysema
using '8F-FDG-PET or ®F-FDG-PET/CT in conjunction with di-
agnostic CT based image segmentation and partial volume
correction.

Materials and methods

Study sample

Following IRB approval for retrospective data collection
and image analysis along with HIPAA waiver prior to study
initiation, we conducted a retrospective search for subjects
with variable amounts of centrilobular emphysema who had
prior diagnostic unenhanced chest CT and either "®F-FDG-
PET or '8F-FDG-PET/CT imaging without intervening therapy.
Forty nine subjects total (35 men and 14 women, age range
41-79 years) with variable amounts of centrilobular emphy-
sema (12 none, 13 mild, 13 moderate, and 11 severe based on
qualitative visual assessment) and either ®F-FDG-PET (12 to-
tal) or "®F-FDG-PET/CT (37 total) were included in this study.
Twenty two had a history of prior malignancy whereas the
remaining 27 did not. The average interval time between di-
agnostic CT and '®F-FDG-PET or '8F-FDG-PET/CT scan acqui-
sition was 39 days (range 0-139 days). A total of 98 individual
lungs (2 from each subject) were thus evaluated overall for
the purposes of this study.

Chest CT image acquisition
Routine diagnostic quality unenhanced chest CT exami-
nations were acquired on 16 or 64 multidetector row CT

scanners (Siemens Medical Solutions, Malvern, PA) dur-
ing a full inspiratory breathold using a slice collimation of
16x0.75mm or 64x0.6mm, respectively, a kVp of 120, an ave-
rage effective tube current-time product of 200mAs, with
tube current modulation on, and a gantry rotation time of
0.5sec. Images were typically reconstructed at a nominal
slice thickness of 5mm with an interval of 5mm, a 512x512
matrix, and a B50f reconstruction kernel. Computed tom-
ography images were viewed using dedicated image visu-
alization and analysis software (Terarecon Inc., San Mateo,
CA, USA).

PET and PET/CT image acquisition

All subjects fasted for at least 4h prior to PET or PET/CT
scanning and, shortly before the injection of the "®F-FDG
radiotracer, received fingerstick blood glucose measure-
ments to ensure that serum glucose levels were <150mg/
dL at the time of radiotracer injection. Routine "*F-FDG-PET
examinations were performed using a dedicated whole-
body scanner (Allegro, Philips Medical Systems, Bothell,
WA), and routine "®F-FDG-PET/CT scans were acquired us-
ing a 16 detector-row LYSO whole-body PET/CT scanner
with time-of-flight capabilities (Gemini TF, Philips Medical
Systems, Bothell, WA). 3D PET data were acquired from the
skull base to mid thighs 60min after intravenous adminis-
tration of ~555MBq of '8F-FDG for 3min per bed position.
For PET only scans, images were reconstructed at 5mm
nominal slice thickness using an iterative ordered-subset
expectation maximization algorithm with 4 iterations and
8 subsets, and transmission scans using a cesium-137 ("*’Cs)
point source were interleaved between emission scans to
correct for non-uniform attenuation. For PET/CT scans, im-
age reconstruction was performed at 5mm nominal slice
thickness using a list-mode maximum-likelihood expec-
tation-maximization (ML-EM) algorithm with 33 ordered
subsets and 3 iterations, and the system model included
time-of-flight as well as normalization, attenuation, ran-
doms, and scatter corrections, where rescaled low-dose
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Figure 1. A 66 years old man with centrilobular emphysema. A. Axial chest CT image reveals mild centrilobular emphysema in upper lung zones. B. Same axial chest
(T image with color overlay demonstrates bilateral lung segmentation with exclusion of pulmonary vessels. C. Same axial chest CT image with new color overlay high-
lights voxels with attenuation < -910HU in lungs considered as emphysematous. D. Same axial chest CT image with new color overlay shows remaining voxels in lungs
considered as non-emphysematous. E. Corresponding axial *F-FDG-PET image through upper lung zones shows similar degree of ®F-FDG uptake in right and left lungs
at this level.
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CT images were utilized for attenuation correction of PET
images. Attenuation-corrected images from PET and PET/
CT only were utilized for purposes of SUV measurement in
this study.

Chest CT image analysis

Lung parenchymal volume (L) (in cm?) excluding large and
small pulmonary vessels, macroscopic emphysematous air-
space volume (E) (in cm?) based on a -910HU threshold mask,
fraction of lung emphysema (F=E/L), and mean attenuation
of non-emphysematous lung parenchyma (A) (in HU) were
calculated from CT images using the image analysis soft-
ware system 3DVIEWNIX. The following three steps were im-
plemented during the segmentation process.

First, each lung was segmented via a fuzzy connected-
ness (FC) algorithm [8, 9]. This algorithm is a measure of
the strength of connection between voxels in a given im-
age, where the strength between any two voxels ¢ and d
in the image is determined by considering all connecting
paths (where each path is a sequence of adjacent voxels)
between ¢ and d, by assigning a strength of connection to
each such path, and by taking the maximum of all strengths.
The strength assigned to a path is the smallest “affinity” be-
tween each pair of voxels along the path, where the affinity
between two adjacent voxels u and v along a path is deter-
mined based on the image intensity difference between u
and v and the actual image intensities at u and v. The para-
meters of the affinity function were estimated from the im-
age intensities within a few sample lung regions that were
painted interactively on a few image slices by the operator.
Once estimated, the parameters were fixed for all datasets
analyzed in this study. The only other input required for the
FC algorithm were the initial seed voxels in the left and right
lungs with locations close to the points (X/4, Y/2, Z/2) and
(3X/4,Y/2, 2/2), where X, Y, Z are the width, depth, and the
height of the imaged body region (all in mm). Second, within
the segmented lungs, all voxels with attenuation of >-600HU
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were considered to constitute pulmonary vessels and were
removed from the lung masks. Third, within each remaining
lung mask region, all voxels with attenuation <-910HU were
considered to constitute emphysematous lung. Once deline-
ated, the volumetric and attenuation parameters specified
above were computed (Fig. 1 and 2).

PET image analysis

Lung uncorrected maximum SUV (USUVmax) was measured
manually from PET images on two dedicated workstations
(PETView, Philips Healthcare, Best, The Netherlands for the
analysis of PET datasets from '8F-FDG-PET scans, and Ex-
tended Brilliance Workstation, Philips Healthcare, Best, The
Netherlands for the analysis of PET datasets from ®F-FDG-
PET/CT scans). Two circular regions of interest (ROI) ~2cm in
diameter were manually placed in the periphery of each lung
in locations where no pulmonary abnormality other than
emphysema (when present) was seen on corresponding CT
images, while simultaneously avoiding overlap with visible
locations of large pulmonary vessels and bronchi. One ROI
was placed at the craniocaudal midlevel of the upper half of
the lung and the other at the craniocaudal midlevel of the
lower half of the lung, such that the average of the two USU-
Vmax measurements was taken as the overall USUVmax of
the lung.

A first level of partial volume correction (PVC) of lung
USUVmax to account for the presence and degree of mac-
roscopic emphysematous air space was calculated as
CSUVmax=USUVmax/(1-F), since 1-F represents the fraction
of non-emphysematous lung within the entire lung. A sec-
ond level of PVC of non-emphysematous lung CSUVmax to
account for the mixture of airand lung parenchyma at the mi-
croscopiclevelwasthen calculated as CCSUVmax=CSUVmax/
k where k=(A+1000/1040). Please note that k, the fraction of
lung parenchymal tissue within the non-emphysematous
lung, was derived from the following equation: non-emphy-
sematous lung parenchyma attenuation (A)=k*(gasless lung
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Figure 2. A 60 years old man with centrilobular emphysema. A. Axial chest (T image reveals moderate centrilobular emphysema in left upper lung zone and severe
centrilobular emphysema in right upper lung zone. B. Same axial chest CT image with color overlay demonstrates bilateral lung segmentation with exclusion of pulmo-
nary vessels. C. Same axial chest T image with new color overlay highlights voxels with attenuation < -910HU in lungs considered as emphysematous. D. Same axial
chest (T image with new color overlay shows remaining voxels in lungs considered as non-emphysematous. E. Corresponding axial "8F-FDG-PET image through upper
lung zones. Note apparently decreased "F-FDG uptake in right lung compared to that of left lung due to dilutional effect of more severe emphysema on right, which
emphasizes the necessity for partial volume correction to accurately quantify lung inflammation.
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parenchyma attenuation)+(1 - k)*(air attenuation), where we
assumed that air attenuation =-1000HU and gasless lung pa-
renchyma attenuation is 40HU.

The effect of PVC upon SUV measurements was assessed
via calculation of percent change between CSUVmax and
USUVmax (%UC), and of percent change between CCSUV-
max and USUVmax (%UCC).

Statistical analysis

Tabulations of means, standard deviations, and ranges of
variables were performed, where each lung per subject was
treated as contributing its own set of data points. Linear
regression analyses between USUVmax, CSUVmax, CCSUV-
max, %UC, and %UCC as dependent variables and F as the
independent variable were subsequently performed.

All data acquired from quantitative analysis were recorded
in a computerized spreadsheet (Microsoft Excel 2007; Micro-
soft, Redmond, WA). All statistical analyses were performed
using Stata software (Stata/IC Version 10.1, StataCorp, Col-
lege Station, TX). P values <0.05 were considered as indicat-
ing statistical significance.

Results

Mean lung parenchymal volume (L) was 2225.89+729.04cm?
(range 24.02-3716.86cm?), mean emphysema volume (E) was
289.75+379.26cm?* (range 0.00-1727.12cm?®), and mean frac-
tion of lung emphysema (F) was 0.12+0.15 (range: 0.00-0.70).

(1]

The average mean attenuation of non-emphysematous
lung parenchyma (A) was -829.49+27.14HU (range -752-
-868HU). Mean USUVmax was 0.57+0.23 (range 0.15-1.50),
mean CSUVmax was 0.68+0.41 (range 0.18-3.64), and mean
CCSUVmax was 4.29+43.16 (range 1.14-28.71). Mean %UC was
19.04+33.99% (range 0.00-228.48%) and mean %UCC was
648.43+292.79% (range 320.13-2221.59%)).

USUVmax was not significantly correlated with F (r=-.0973,
P=0.34), whereas CSUVmax (r=0.4660, P<0.0001) and CCSU-
Vmax (r=0.5479, P<0.0001) were significantly positively cor-
related with F (Fig. 3). As per the relationship between the
random variables F and CSUVmax and CCSUVmax, positi-
vity of the correlation is to be expected. Linear regression
equations between these variables were as follows: USUV-
max=-0.147*F+0.589, CSUVmax=1.274*F+0.529, and CCSUV
max=11.606*F+2.891. %UC (r=0.9383, P<0.0001) and %UCC
(r=0.9369, P<0.0001) were significantly positively correlated
with F (Fig. 4). Associated linear regression equations were
as follows: %UC=213.45%*F-6.65% and %UCC=1835.82%"*F +
427.48%.

Discussion

Although inhalation of toxic gases and particles, such as
from tobacco use, are major risk factors for COPD, induced
inflammation plays a key role in its pathogenesis [10, 11]. This
inflammatory process involves a complex interplay between
lung epithelial cells, endothelial cells, and fibroblasts with
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Figure 3. Scatterplots and linear regression demonstrating relationship of pulmonary metabolism measured from "F-FDG-PET to severity of lung emphysema measu-
red from diagnostic CT. A. Average lung uncorrected maximum SUV (USUVmax) vs. mean fraction of lung emphysema (F). USUVmax is not significantly correlated with F
(r=-.0973, P=0.34, linear regression equation USUVmax=-0.147*F+0.589). B. Average lung USUVmax partial volume corrected to account for presence of macroscopic
emphysema (CSUVmax) vs. mean fraction of lung emphysema (F). CSUVmax s significantly positively correlated with F (r=0.4660, P<0.0001, linear regression equation
(SUVmax=1.274*F+0.529). C. Average lung CSUVmax partial volume corrected to account for mixture of air and lung parenchyma at microscopic level (CCSUVmax) vs.
mean fraction of lung emphysema (F). CCSUVmax s significantly positively correlated with F (r=0.5479, P<0.0001, linear regression equation CCSUVmax=11.606*F-+2.
891). Note variability of lung metabolism amongst subjects with similar amounts of emphysema.
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Figure 4. Quantitative effects of partial volume correction upon average lung SUV measurements to account for presence and degree of macroscopic emphysema

as well as mixture of air and lung parenchyma at microscopic level. A. Percent change from USUVmax to CSUVmax (%UC) vs. mean fraction of lung emphysema

(F). %UCis significantly positively correlated with F (r=0.9383, P<0.0001, linear regression equation %U(=213.45%"F - 6.65%). B. Percent change from USUVmax

to CCSUVmax (%UCC) vs. mean fraction of lung emphysema (F). %UCCis significantly positively correlated with F (r=0.9369, P<0.0001, linear regression equation

%UC(=1835.82%*F+427.48%).
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infiltrating neutrophils, macrophages, eosinophils, and sub-
populations of both CD4+ and CD8+T cells, and is associated
with induced chronic oxidative stress and protease-anti-pro-
tease imbalance, which are also involved in COPD pathogen-
esis [12-14]. Patients with greater degrees of emphysema on
CT have been reported to have more continuous inflamma-
tion based on elevated sputum neutrophil count, elevated
lung neutrophils, and the relationship of tissue neutrophil
elastase distribution with emphysema [15, 16]. These find-
ings support the hypothesis that immune responses con-
tribute to the pathology of COPD, where exacerbations and
progression of COPD may be a manifestation of the vicious
cycle of infection and inflammation with associated tissue
destruction, although the etiological factors involved are
not fully understood [10, 17, 18].

Current approaches beyond clinical assessment used
to assess patients with COPD include pulmonary function
testing (PFT), laboratory testing, as well as structural imag-
ing and gross functional imaging techniques such as com-
puted tomography (CT) and hyperpolarized gas magnetic
resonance imaging (MRI), although they all have limitations.
For example, PFT is easy to perform and is reproducible, but
only provides indirect global functional measures of the sta-
tus of the lungs and airways, is insensitive for early subclini-
cal disease, and is limited for purposes of prognosticating
outcome, guiding therapy, or monitoring disease activity
given the heterogeneity of COPD [4, 5]. Similarly, laboratory
testing for markers of inflammation such as plasma fibrino-
gen and C-reactive protein is easy to perform and may be
useful to identify presence of COPD and to improve patient
outcome prediction, but provides only indirect global meas-
ures of inflammatory disease that are not specific for COPD
and may not predict lung function decline [19].

Computed tomography provides detailed structural in-
formation and limited functional information about the
amount and distribution of airspace and airways disease,
and is therefore useful for phenotyping COPD as emphy-
sema predominant, airways predominant, or mixed. How-
ever, it provides no information about the underlying mo-
lecular pathophysiological processes that are present, and
may be prone to variability due to differences in imaging
technique [20-22]. Hyperpolarized gas MRI also provides
structural and functional information about the lungs and
airways and does not involve the use of ionizing radiation,
but similarly does not provide molecular information which
may be relevant for purposes of phenotyping, pretreatment
planning, and prediction of outcome. Furthermore, it is not
widely available in community centers, is technically chal-
lenging to implement, and is also prone to variability due to
differences in imaging technique [23, 24]. As such, there is
still a need for non-invasive techniques to provide molecu-
lar information about the status of the lungs and airways in
patients with COPD.

Fluorine-18-FDG-PET has increasingly been utilized to
quantify pulmonary and airways inflammation in both ani-
mal studies and human studies. Activated inflammatory
cells, particularly neutrophils, increase glucose metabolism
to much greater levels than non-neoplastic lung tissue, and
therefore are detectable and quantifiable on "®F-FDG-PET im-
ages [25-28]. In particular, the significant increase in pulmo-
nary '®F-FDG uptake observed in the setting of acute lung in-
jury is reported to be mainly due to neutrophil sequestration
and activation in the lungs rather than due to accumulation

of ®F-FDG in edema fluid secondary to increased pulmonary
vascular permeability [25].

Only a few studies in the literature have reported the ap-
plication of ®F-FDG-PET in the setting of COPD. Jones et al
(2003) reported that the mean ®F-FDG uptake in the lungs
measured through PET imaging was significantly higher in
6 patients with COPD compared to that of 6 patients with
asthma (a 235% increase) and 6 normal controls (a 266% in-
crease), although sputum neutrophils and eosinophils were
increased in both COPD and asthma patient groups [29].
They attributed these observations to a marked difference in
the nature of the inflammatory response between patients
with COPD and asthma, most likely due to increased pulmo-
nary localization and metabolic activation of neutrophils in
COPD patients [12, 26-29]. In this study, lung glucose met-
abolic activity was calculated as the slope of a Patlak plot
constructed from tissue:plasma radioactivity measurements
from lung regions of interest and venous blood radioactivity
measurements, and then corrected for the initial tissue dis-
tribution volume of 8F-FDG obtained from the plot intercept
[29]. Several other investigators have reported increased '8F-
FDG uptake in thoracic and abdominal muscles as well as in
the right heart in patients with COPD [30-33]. Coulson et al
(2010) recently reported that COPD patients exhibit aortic
inflammation that is detectable as increased aortic '8F-FDG
uptake on "®F-FDG-PET/CT imaging [34].

To our knowledge, our study is the first in the literature
to assess the effects of partial volume correction upon SUV
measurements of pulmonary parenchymal inflammation ob-
tained from "®F-FDG-PET/CT in relation to varying amounts
of emphysema, although we had previously reported the
methodology and preliminary results of this approach in
2009 [35]. The only other study in the literature using this ap-
proach was conducted by Lambrou et al (2011), where they
similarly applied the second level of partial volume correc-
tion at the voxel level based on the low dose attenuation CT
images acquired during "8F-FDG-PET/CT in 5 patients with
diffuse parenchymal lung disease and 12 patients with nor-
mal lungs [36].

Partial volume correction is important since measure-
ment of lesion SUV is susceptible to the partial volume ef-
fect due to image blurring and image sampling. As such,
this effect generally leads to underestimation of metabolic
activity of focal lesions with size <2-3 times full-width-at-
half-maximum (FWHM) of the reconstructed image reso-
lution [37-40]. Similarly, for purposes of lung parenchymal
assessment, the partial volume effect leads to underestima-
tion of lung parenchymal SUV due to the mixture of meta-
bolically active lung parenchymal tissue and non-metaboli-
cally active air space components (whether from presence
of macroscopic emphysema or from presence of air within
the alveolar air spaces and distal airways at the microscopic
level within aerated lung), and is accentuated with increas-
ing amounts of emphysema. Unfortunately, partial volume
correction of SUV measurements is currently not performed
in routine clinical practice, leading to significant errors in
disease quantification.

Lambrou et al (2011) reported that on average, partial
volume corrected SUV of lung was increased by 281% com-
pared to the uncorrected SUV (P<0.001) [36]. In our study,
we demonstrated that a first level of partial volume correc-
tion of SUVmax to account for the presence of macroscopic
emphysematous air space led to an average increase of 19%
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in lung SUVmax, and that a second level of partial volume
correction of SUVmax to account for the mixture of air and
lung parenchyma at the microscopic level led to an average
increase of 648% in lung SUVmax. Importantly, we observed
a significant correlation between lung metabolism and the
degree of emphysema only when partial volume correc-
tion was implemented. Interestingly, it is apparent from the
graphs of lung SUV versus fraction of emphysema that there
is variability of lung SUV amongst subjects who have simi-
lar amounts of emphysema. This suggests that '®F-FDG-PET
may provide unique molecular information that is synergis-
tic with other non-molecular imaging modalities to predict
outcome and delineate phenotype in patients with COPD,
although further research will be required to validate this
hypothesis.

This study has several limitations. First, it was performed
retrospectively utilizing a relatively small cross-sectional
sample of subjects, potentially leading to selection and oth-
er unknown biases. In particular, we did not account for po-
tentially confounding variables related to current or former
smoker status, amount of tobacco use, gender, body mass
index, or presence of other comorbidities. Second, no refer-
ence standards for assessment of pulmonary inflammation
using non-imaging based methodologies were available for
validation purposes. Moreover, it is likely that some of the
measured signal from 8F-FDG in the lung on PET images was
contributed by 8F-FDG within the pulmonary vasculature
rather than due to cellular uptake of ®F-FDG in the lung pa-
renchyma. Third, PET image acquisition was performed on
different PET only or PET/CT instruments during quiet respi-
ration, and diagnostic CT image acquisition was performed
on several different CT scanners during full inspiration,
potentially leading to data variability as well as systematic
overestimation of second level partial volume correction of
lung SUV measurements due to differences in inspiration. In
addition, the time interval between ®F-FDG-PET and diag-
nostic CT acquisitions was on average 39 days long, which
is suboptimal. Fourth, PET image analysis was performed on
a region of interest basis to obtain average global lung SUV
measurements, and diagnostic CT image analysis parame-
ters were used to apply partial volume correction uniformly
to global lung SUV measurements rather than on a voxel by
voxel basis. As such, details regarding the spatial variability
of voxel level pulmonary parenchymal metabolism in rela-
tion to the amount and spatial distribution of emphysema
within the lung were not obtained. Fifth, it was not possible
to separate very small pulmonary vessels from non-vascular
pulmonary parenchyma during pulmonary segmentation on
diagnostic CT, and simple assumptions were made regard-
ing the attenuation properties of gasless lung parenchyma
and pure air, potentially leading to errors in partial volume
correction. Despite these limitations, we observed statisti-
cally significant results through use of an easy to implement
quantitative approach that are concordant with reports in
the non-imaging literature regarding the key role of inflam-
mation in the pathogenesis of emphysema.

Future studies will need to be performed to further ex-
amine the observations made in this preliminary study on
a larger scale in a prospective manner to address some of
these limitations. We note that, from the knowledge of the
boundaries of the emphysematous region and the pattern
of voxels around each voxel in these boundaries, it may be
possible to estimate the partial volume effect and perform

partial volume correction more accurately than with the
more global method we have presented in this manuscript.
This direction will be considered in future studies.

In conclusion, "®F-FDG-PET is useful to non-invasively de-
tect and quantify pulmonary inflammation in patients with
COPD. In particular, we have shown that pulmonary inflam-
mation measured on "®F-FDG-PET is significantly positively
correlated with emphysema severity in vivo, and that this
correlation is observed only when partial volume correc-
tion is implemented to account for the dilutional effects of
pulmonary air upon lung parenchymal SUV measurements.
These findings support the notion that pulmonary inflam-
mation is a key contributor to the development and progres-
sion of emphysema. Future larger scale prospective studies
will need to be performed to assess the potential utility of
this approach to individually phenotype disease, plan treat-
ment, predict disease progression, prognosticate patient
outcome, and quantify response assessment in the setting
of COPD.
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