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Abstract

Objectives To investigate the correlation between maximum
standardized uptake value (SUV ) of '*FDG PET-CT and
iodine-related attenuation (IRA) of dual energy CT (DECT)
of primary tumours and '*FDG PET-CT positive thoracic
lymph nodes (LN) in patients with lung cancer.

Methods 37 patients with lung cancer (27 NSCLC, 10
SCLC, 86 'FDG PET-CT positive thoracic LN) who
underwent both '®)FDG PET-CT and DECT were analyzed.
The mean study interval between '*FDG PET-CT and
DECT was <21 days in 17 patients. The mean and
maximum IRA of DECT as well as of virtual unenhanced
and virtual 120 kV images of DECT was analyzed and
correlated to the SUV .. of "*FDG PET-CT in all tumours
and ""FDG PET-CT positive thoracic lymph nodes. Further
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subgroup analysis was performed for histological subtypes
in all groups.

Results A moderate correlation was found between SUV, .,
and maximum IRA in all tumours (#=37;7=0.507;p=0.025)
whereas only weak or no correlation were found between
SUVax and all other DECT measurements. A strong
correlation was found in patients with study intervals <21 days
(n=17; r=0.768;p=0.017). Analysis of histological subtypes
of lung cancer showed a strong correlation between SUV .«
and maximum IRA in the analysis of all patients with
NSCLC (r=0.785;p=0.001) and in patients with NSCLC and
study intervals <21 days (#=0.876;p=0.024).

Thoracic LN showed moderate correlation between SUV .
and maximum IRA in patients with study intervals <21 days
(r=0.654; p=0.010) whereas a weak correlation was found
between SUV ,, and maximum IRA in patients with study
intervals >21 days (#=0.299; p=0.035).

Conclusions DECT could serve as a valuable functional
imaging test for patients with NSCLC as the IRA of DECT
correlates with SUV ., of FDG PET-CT.

Keywords Lung cancer- Dual energy computed
tomography - 18FDG PET-CT - Tumor vascularity -
Tumour staging

Introduction
"EDG PET and '"*FDG PET-CT are considered superior to
standard CT alone for the characterization of pulmonary

nodules, evaluation of thoracic lymph nodes, planning of
radiotherapy, and evaluation of therapeutic response in
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patients with lung cancer [1, 2]. Furthermore, several
studies have indicated that the maximum standardized
uptake value (SUVax) of "FDG-PET correlates with
tumour aggressiveness and therefore has predictive value
for patient outcome [3-10]. Miles et al. have already
demonstrated that, in patients with lung cancer, the
standardized perfusion value measured on dynamic
contrast-enhanced CT (DCE-CT) strongly correlates with
"EDG uptake on PET [11].

Dual Energy CT (DECT) enables a selective visualiza-
tion and quantification of the iodine-related attenuation
(IRA) of intravenously injected iodinated contrast material
and thus visualization and quantification of tumor blood
supply at the time point of the data acquisition without the
need of an additional unenhanced CT examination [12, 13].
In contrast to DCE-CT it can be performed routinely within
a single breathhold and with similar radiation exposure.
Assuming the distribution of iodine in tissue strongly
correlates with local blood volume and vascular density,
DECT may be used as a surrogate imaging test for the
assessment of angiogenesis of tumours. Indeed, in a pilot
study by Chae et al. pulmonary nodules could be
differentiated by DECT as benign or malignant with a
sensitivity of 92% [14].

The aim of this study was to evaluate the relationship
between the IRA of DECT and the SUV,. of BEDG
PET-CT in patients with histologically confirmed lung
cancer and PET-CT positive thoracic lymph nodes (LN).

Materials and methods

This study was approved by our institutional review board
that waived informed consent for the retrospective data
analysis of patients with histologically confirmed lung
cancer who underwent both '*FDG-PET CT and DECT
for a clinical indication at our institution.

Study population

Between July 2009 and July 2010, a total of 37 patients (29
men, 10 women; mean age 69 years (range 41-92 years)
were identified and enrolled for data analysis (non-small
cell lung cancer (NSCLC)=27; small-cell lung cancer
(SCLC)=10); 86 '"SFDG PET-CT positive thoracic LN.
The mean time interval between '*FDG PET-CT and DECT
was 27+31 days (range 0 — 164 days) (Table 1).

To account for possibly confounding tumour changes
between imaging exams, we divided our study population
into two groups for subanalysis: The first group included 17
patients (NSCLC=13; SCLC=4; 63 LN) with a time
interval of less then 21 days between '*FDG PET-CT and
DECT examinations (946 days; range 0—18 days) while the
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Table 1 Patient characteristics

Characteristic n (%)
Gender

Male 29 (73.4%)
Female 8 (21.6%)
Histology

NSCLC 27 (73%)
SCLC 10 (27%)
Stage NSCLC

1B 1 (2.7%)
1IA 3 (8.1%)
1B 4 (10.8%)
v 19 (51.4%)
Stage SCLC

Limited 5 (13.5%)
Extensive 5 (13.5%)

second group included 20 patients (NSCLC=14; SCLC=6;
23 LN) with an interstudy interval >21 days (59+31 days;
range 23 — 164 days). We chose this interval considering
treatment cycles are usually defined as 21 days; further-
more, recommendations for most clinical trials suggest
intervals up to 28 days between initiation of treatment and
the latest CT examination that will not be affected by
significant changes in tumour size [15]. In some cases PET-
CT and DECT were performed within an interval of less
than 21 days. Reasons for this were the performance of a
contrast-enhanced DECT in cases where the CT component
of "®FDG PET-CT only consisted of a low-dose unenhanced
CT performed for attenuation correction. Also in some
cases PET-CT was performed for whole-body staging after a
lung tumour was found on contrast-enhanced DECT.

CT imaging technique

All CT examinations were performed on a 64-channel dual
source CT (SOMATOM Definition, Siemens Healthcare,
Forchheim, Germany). Tube voltages were set to 140 kV
(tube A) and 80 kV (tube B). To compensate for the lower
photon output of tube B, the quality reference tube current
of tube B was set to 235mAs, while tube A was operated
with a quality reference tube current of 50mAs. The tube
rotation time was 0.33 s. Automatic tube current modula-
tion (CARE Dose 4D) was used in all patients. According
to the manufacturer’s recommendations, the detector colli-
mation was set to 14 x 1.2 mm in order to minimize beam-
hardening artifacts and improve the signal-to-noise ratio.
All studies were performed after injection of 105 mL of
iodinated contrast media (Iomeprol 400, Imeron 400,
Bracco Imaging S.p.A., Milan, Italy) using a fixed delay
before CT data acquisition of 35 seconds. The delay was
chosen based on previous studies of dynamic contrast
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enhanced MRI that have demonstrated that lung cancer
typically shows peak enhancement 20-40 seconds after the
start of the injection of contrast medium and a steady
decrease of enhancement (i.e. wash-out) thereafter [16, 17].
Moreover, this delay resulted in typical late arterial phase
images of the chest providing good visualization of the
tumour, mediastinal and hilar lymph nodes, and thoracic
vessels. A separate dataset for each tube kV as well as one
linearly weighted average dataset (“virtual 120 kV,” using
70% tube A and 30% tube B) was calculated with a slice
thickness of 2 mm and a reconstruction increment of
1.4 mm using a soft tissue kernel (D30f). Prior work has
shown that using a linear blending algorithm combining
70% of the 140 kV data and 30% of the 80 kV data yields
images with similar characteristics as a standard 120 kV
single energy CT examination [12]. All CT data acquis-
itions were performed in a caudocranial direction during a
mid-inspiratory breathhold.

"F_-FDG-PET-CT protocol

All patients were examined on a clinical PET-CT system
(Biograph mCT; Siemens Healthcare, Forchheim, Germany)
with a 40-slice CT system. CT data was acquired using the
following parameters: 12 x 1.2 mm detector collimation, pitch
of'1.2, 300 ms gantry rotation time, 120 kV tube potential, and
30 mAs per rotation tube current time product. Axial images
were reconstructed with a slice thickness of 3 mm and with an
increment of 1.5 mm. If iodinated contrast material was
indicated patients received 100 mL iomeprol 400 (Imeron
400, Bracco Imaging S.p.A., Milan, Italy) via an antecubital
vein using a power injector (Stellant® D CT Injection System
MEDRAD, INC, Warrendale, USA) at a flow rate of 2.5 mL/s.
A saline chaser of 40 mL using the same flow rate followed all

Fig. 1 Axial contrast-enhanced
DECT images of a 51 year-old
man with histologically con-
firmed small cell lung cancer. a
represents a 120 kV images,
calculated by linear blending of
data from the 140 kV dataset
80 kV dataset using a weighting
factor of 1:4; b shows a calcu-
lated virtual non contrast image
(VNCQ); ¢ and d are calculated
iodine related attenuation
images in which the iodine
distribution is color-coded

contrast injections. The delay before CT data acquisition was
determined by bolus tracking in the ascending aorta using a
dedicated software application (CARE dose, Siemens Health-
care, Forchheim, Germany).

PET data was acquired using the following parameters: in-
plane spatial resolution of 5 mm and an axial field of view of
40 cm for each bed position. PET images were corrected for
attenuation on the basis of the CT data and iterative
reconstruction algorithms with three iterations and 24 subsets
were performed (TrueX algorithm, Siemens Healthcare,
Forchheim, Germany). PET imaging was performed 60 min
after the administration of 5 MBq/kg of '®F-FDG. Patients
had been instructed to fast for a minimum of 6 h before
starting the examination. Blood samples collected before the
injection of the radioactive tracer ensured blood glucose
levels in the normal range (60—100 mg/dL).

Image analysis of DECT

DECT data analysis was performed in consensus by two
experienced radiologists (C.F,T.H) with 12 and 4 years
experience in chest CT. Datasets were transferred to a multi-
modality workstation equipped with special software for the
evaluation of DECT data (Dual Energy, VA21, Siemens
Healthcare, Forchheim, Germany). We used a dedicated
DECT algorithm (Liver VNC, Siemens Healthcare, For-
chheim, Germany) that has been recommended for the
evaluation of lung nodules in a previous study [14]. This
algorithm calculates virtual non-contrast (VNC) images,
images showing the IRA as well as virtual 120 kV images,
calculated by linear blending of data from the 140 kV
dataset 80 kV dataset using a weighting factor of 1:4
(Fig. 1). In each lesion the IRA, VNC and virtual 120 kV
mean and maximum attenuation was measured within 3
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different regions of interest (ROIs) on the different image
series. The mean value and standard deviation of the 3
different measurements was subsequently calculated and
recorded. The size and location of the ROIs was kept
constant between IRA, VNC, and virtual 120 kV series. To
ensure that the same lesions at the same levels were
measured on DECT and 'FDG PET-CT, the reports and the
images of the PET-CT studies were available during data
analysis on a separate workstation.

Image analysis of PET-CT

Image analysis was carried out by an attending radiologist
board-certified in radiology and nuclear medicine (D.D)
with more than 10 years experience in oncologic imaging.
The primary tumour as well as the lymph nodes were
evaluated by measuring the SUV ... As usual, SUV .«
was calculated as the ratio of the regional radioactivity
concentration divided by the injected amount of radioac-
tivity normalized to body weight using a ROI analysis. In
detail, lung tumours and lymph nodes were analyzed by
drawing an ellipsoid ROI including the entire tumour/
lymph node and additionally a rim of approximately 1 cm.
Lymph nodes were defined as malignant with an SUV ,, of
>2.5 according to Hellwig et al [18].

Statistical analysis

All statistical analyses were performed using SPSS 13.0
statistical package (SPSS Inc., Chicago, IL, USA).
Continuous variables are expressed as mean=standard
deviation, and categorical variables as the percentage
frequencies and percentages. Pearson correlation was
used to analyze the relationship between and SUV ., of
"EDG PET-CT and all measured CT values. A p value
of <0.05 was considered to be statistically significant.
Correlations were calculated for lung tumours and thoracic
lymph nodes separately for group 1 and group 2 as well as
for both groups together. Further subgroup analysis was
performed for histological subtypes in all groups. Inter-
pretation of correlation coefficient r was performed as
followed: 0-0.1 no correlation; 0.2-0.4 weak correlation;
0.5-0.6 moderate correlation; 0.7-0.9 strong correlation; 1
perfect correlation.

Results

All SUV,.x and DECT attenuation measurements are
summarized in Table 2 for lung tumours and Table 3 for
thoracic LN of all patients as well as for patients with an
interstudy interval <21 days and those with an interstudy
interval >21 days.
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Table 2 Overview of attenuation and SUV .., measurements in lung tumors

Patients with a interstudy interval >21 days (group 1)

Patients with a interstudy interval <21 days (group 1)

All patients

NSCLC SCLC All tumors NSCLC SCLC

NSCLC SCLC All tumors

All tumors

13.6+10.5

13.8+£6.5
30.0+28.8
71.4+33.9
41.1£21.3
64.7£23.4
75.5£39.3
140.6+54.0

13.7+7.6
31.3+24.8
70.6+31.2
45.8+19.3
68.3+£24.8
77.1£36.7
143.9+54.5

9.0+5.1
28.2+14.5
66.0+24.7
21.3+£30.7
61.9+31.6
58.7+£24.9
149.5+37.4

17.1+£7.8
20.0+16.0
81.9+35.5
41.5+11.6
77.7£16.3
61.1£29.1
163.3+45.7

16.5+7.8

20.6+15.5
80.7+34.3
37.1£10.5

13.0+9.7
33.2+13.3
68.4+24.7
38.9+14.6
73.1£17.2
65.2+£34.0
144.5+51.3

15.4+54
25.2+23.6
76.4+34.4
41.5+11.6
77.7£16.3
69.4+£31.0
153.0+£49.7

14.8+7.7
27.0+21.9
74.7+32.3
39.9+12.5
75.6£17.2
66.7£31.8
148.7+49.8

SU Vmax

34.0+14.4
68.8+27.1
50.2+19.2
71.2+£25.7

IRA mean

IRA max

VNC mean

79.9+£15.4
59.4+26.2
161.4+44.2

VNC max

80.1+31.7
149.9+54.5

120 kV mean
120 kV max
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Patients with a interstudy interval >21 days (group 2)

Patients with a interstudy interval <21 days (group 1)

All patients

Table 4 Summary of correlation coefficients between SUVmax and the different DECT attenuation measurements in lung tumors

@ Springer

NSCLC SCLC All tumors NSCLC SCLC All tumors NSCLC SCLC

All tumors

0.099 (p=0.042)
0.096 (p

0.198 (p=0.032)
0.607 (p

0.129 (p=0.039)
0.288 (p

0.127 (p=0.046)

0.365 (p
~0.103 (p=0.023) —0.087 (p=0.035) —0.021 (p=0.054) —0.114 (p=0.039)

0.409 (p=0.013)
0.876 (p

0.395 (p=0.018)
0.768 (p

0.222 (p=0.028) —0.021 (p=0.965)

0.785 (p

0.376 (p=0.0001)
0.507 (p

IRA mean

0.081)

0.032)

0.024)

0.044)

0.0001)

0.017)

=0.001) 0.0151 (p=0.026)

0.025)

IRA max

0.073 (p=0.044) —0.039 (p=0.022) —0.024 (p=0.04)

0.161 (p

—0.124 (p=0.042

0.001 (p

~0.119 (p=0.028)
0.122 (p

VNC mean

=0.701)

0.127 (p

=0.463)

0.209 (p

=0.489)

0.178 (p

=0.512)

0.199 (p

0.997)

0.692) 0.0011 (p=

0.111 (p=0.038)

0.389) 0.122 (p

0.997)

0.692)

VNC max
120 KV

0.078 (p=0.012)  0.173 (»p=0.029) 0.179 (»p=0.040) 0.112 (p=0.014)

0.156 (p=0.021)

0.085 (p=0.047)  0.142 (p=0.032)

0.145 (p=0.020)

mean
120 kV max

~0.123 (p=0.031)  0.147 (p=0.035)  0.109 (p=0.043)  0.123 (p=0.038)  0.154 (p=0.036)  0.003 (»=0.019)  0.035 (p=0.011)  0.174 (p=0.041)

0.043 (p=0.034)

SUVax and maximum IRA in NSCLCs (r=0.785; p=
0.001) whereas no correlation was found in SCLC (r=
0.0151; p=0.026). No correlation was found in the
subgroup analysis of NSCLC and SCLC between SUV .«
and all other DECT attenuation measurements (Table 4).

Lung tumours of patients with an interstudy interval
between 'SFDG PET-CT and DECT < 21 days

A strong correlation was found between SUV .. and
maximum IRA when all tumours in this group were
considered (r=0.768; p=0.017) (Fig. 2b and 3) whereas
there was only a weak correlation between SUV ., and
mean IRA (r=0.395; p=0.018). Again, no correlation
between SUV,,.« and all other DECT attenuation measure-
ments was found (Table 4). In the subgroup analysis for
histological subtypes the correlation between SUV ., and
maximum [RA was strong in patients with NSCLC (r=
0.876; p=0.024) whereas only a weak correlation was
observed in patients with SCLC (r=0.365; p=0.044).
Correlation between SUV,,,, and mean IRA was weak for
patients with NSCLC (r=0.409; p=0.013) while no
correlation was found for patients with SCLS (r=0.127,;
p=0.046). No correlation was found between SUV,,,, and
all other DECT attenuation measurements neither for
NSCLCs nor for SCLCs (Table 4).

Lung tumours of patients with an interstudy interval
between '"*FDG PET-CT and DECT >21 days

The correlation between SUV ., and maximum IRA was
weak in patients with an interstudy interval of >21 when all
tumours in this group were analyzed (r=0.388; p=0.024)
(Fig. 4). All patients in this group received at least one
treatment cycle between the two examinations. Correlation
analysis between SUV . and all other DECT attenuation
values showed no correlations at all (Table 4). Subgroup
analysis revealed a moderate correlation between SUV .
and maximum IRA for patients with NSCLC (r=0.607; p=
0.032) but no correlation for patients with SCLC (»=0.096;
p=0.081). Subgroup analysis between SUV,,,, and all
other DECT attenuation values revealed no correlations
(Table 4).

Thoracic lymph nodes of all patients

Considering all 86 PET-positive LN that have been included
in this study we observed a moderate correlation between
maximum IRA and SUV,,, (r=0.570; p=0.047) (Fig. 5)
whereas the correlation between SUV,,,,, and the mean IRA
was only weak (r=0.263; p=0.036). No correlation was
found between SUV,.. and all other DECT attenuation
measurements in thoracic LN (Table 5). Subgroup analysis
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Fig. 3 Axial "8fDG PET-CT (a, b) and DECT (c) of a 65 year-old
man with histologically confirmed non-small cell lung cancer who
underwent both studies for initial tumour staging within 3 days prior
to his first treatment. The dorsal portion of the tumour in the right

of LN showed a moderate correlation between SUV ., and
maximum IRA (»=0.694; p=0.038) in patients with
NSCLC whereas the correlation was weak in patients with
SCLC (r=0.341; p=0.031).

Thoracic lymph nodes of patients with an interstudy
interval between '*FDG PET-CT and DECT < 21 days

A moderate correlation was found between SUV,,,, and
maximum IRA when all LN in this group were considered
(r=0.654; p=0.010). No correlation between SUV,,,, and
all other DECT attenuation measurements was found in the
analysis that included all LN of patients with an interstudy
interval <21 days (Table 5).

upper lobe shows higher SUV ., and iodine related attenuation (IRA)
values when compared to the ventral portion of the tumour (arrows in
a, b, and ¢). All '"SFDG PET-CT positive thoracic lymph nodes
showed high IRA values in this patient (arrowheads in a, b, and ¢)

Histological subgroup analysis of LN in this group showed
a strong correlation between SUV,,,,, and maximum IRA in
patients with NSCLC (#=0.773; p=0.032) whereas the
correlation was still weak in patients with SCLC (r=0.346;
p=0.043) (Fig. 5). No correlation was found between
SUV,.x and all other DECT attenuation measurements
(Table 5).

Thoracic lymph nodes of patients with an interstudy
interval between '*FDG PET-CT and DECT >21 days

Correlation analysis revealed only a weak correlation
between SUV,,., and maximum IRA for all LN that have
been included in this group (r=0.299; p=0.035) as well as

Fig. 4 Initial '*FDG PET-CT staging study (a, b) of a 72 year-old
patient with histologically confirmed small cell lung cancer who
underwent contrast-enhanced DECT (c) 43 days after the "8EDG PET-
CT study and after 2 cycles of therapy. The upper portion of the
tumour, which is shown on the cranial '*fFDG PET-CT images, was

only residual at the date of the DECT study. The lower portion of the
tumour that is shown on the DECT image shows no iodine related
attenuation (IRA) in the center of the tumour due to central necrosis.
The peripheral zone of the tumour still shows high IRA as a sign of
tumour viability in this area (arrow in ¢)
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Fig. 5 Axial '®FDG PET-CT (a,
b) and contrast-enhanced DECT
(¢) of a 56 year-old women with
histological confirmed non-small
cell lung cancer who underwent
both studies for initial tumour
staging within 1 week. The
"FDG PET-CT positive lymph
node adjacent to the azygos vein
showed a high iodine related
attenuation (IRA) (arrow in a, b,
and ¢). The lymph node next to
the left pulmonary artery showed
high IRA but only a low SUV ;0
on "®FDG PET-CT (arrowheads
in a, b, and ¢)

B

for the subgroup analysis of patients with PET positive LN but
different histological subtypes (NSCLC=0.205; p=0.013;
SCLC: 0.209; p=0.037). Again, no correlation between
SUVhax and all other DECT attenuation measurements was
found in the analysis of this group (Table 5).

Discussion

This study suggests that the maximum IRA of DECT
correlates with the SUV,, of "*FDG PET-CT in histopath-
ologically confirmed lung tumours and PET positive
thoracic lymph nodes. The grade of correlation seems to
be influenced by therapy since a much lower correlation
was observed in patients with an interstudy interval of more
than 21 days between both CT examinations. Furthermore,
the correlation seems to be dependent on the histological
subtypes as we found a strong correlation in patients with
NSCLC but only a weak or no correlation in the various
analyses of patients with SCLC.

Our findings are consistent with those observed by Miles
et al., who investigated a potential correlation between the
standardized perfusion value measured by DCE-CT and
glucose metabolism measured by 'FDG-PET in patients
with NSCLC. In this study, there was a positive correlation
between SUV,.. and the standardized perfusion value
(SPV) [19], which is similar to our correlation between
SUVnax and maximum IRA measurements using DECT.
Although tumour perfusion and glucose metabolism are
different physiologic processes, recent advances in tumour
molecular genetics provide a biological rationale for an
association between these two parameters. The p53 onco-
gene, which is frequently expressed in lung cancer, is
known to promote both tumour angiogenesis [20] and
glucose metabolism [21]. The increased microvessel densi-
tiy (MVD) that results from angiogenesis leads to increased
tumour perfusion and thus iodine enhancement, whereas the
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increased glucose metabolism produces increased '*FDG
uptake in PET. These conceptual and biological relation-
ships between tumour perfusion and '*FDG uptake are
reflected in the correlation between maximum IRA and
SUVax in lung tumours and PET-positive thoracic lymph
nodes found in the present study. With respect to this
relationship, several studies have already correlated DCE-
CT measurements to histological parameters of tumour
angiogenesis, such as MVD or expression of VEGF [22].
Using DCE-CT, changes in perfusion and vascular perme-
ability can be assessed based on analysis of time-density
curves acquired with consecutive CT images obtained after
injection of a bolus of iodinated contrast material [14, 23—
28]. In patients with operable NSCLC, perfusion CT
measurements of peak enhancement, blood flow, and
relative blood volume have been shown to be significantly
higher in VEGF-positive compared with VEGF-negative
tumours [14, 29]. Peak enhancement, blood flow, and blood
volume were also shown to correlate significantly with
MVD [14, 29].

However, DCE-CT has several limitations that must be
considered. First, with standard CT equipment, which has
been used in the majority of studies, the sample volume of
DCE-CT is restricted to a single or very limited number of
transverse slices; this could be problematic for a quantita-
tive assessment of angiogenesis in patients with multiple
pulmonary nodules or large tumours. Although the capa-
bility to cover larger tissue volumes [12] and whole
tumours [14] became feasible with the most recent multi-
detector CT systems with broad detector arrays (up to
16 cm) or shuffle mode acquisitions, other limitations of
DCE-CT have become more relevant, such as the consid-
erable radiation dose to the patient. A typical effective dose
for a volumetric whole-tumour technique for blood flow
quantification in the lung with a temporal frequency of 1.5
seconds between helical acquisitions is 12mSV at 80 kV
[30]. Moreover, post-processing and evaluation of tumour
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- I gy 2 perfusion data is neither standardized nor generally
E TTTTEST available, which limits the integration of this technique
) o f ? f S :o: f into clinical routine. The main clinical benefit of a single
2l2|=8SS 8= acquisition DECT compared to a DCE-CT is that the
o 2] S S o oS o o . e .
= whole tumour is covered within a single CT data
A §Soaxz8g acquisition and that the method is much less susceptible
% =323 <SS to respiratory motion since the data is acquired within a
E| o \‘é \‘é é \lé \lé é single acquisition during a single breathhold. Moreover,
-§ g = § % § S § the patient’s radiation dose and total acquisition time will
g Z| S oS s S o be much lower than with DCE-CT. In a feasibility study,
= cf R e Chae et al. evaluated the IRA of DECT for the
< (S ST o\ S S I S . c . . . .
= 222222 differentiation of benign and malignant solitary pulmonary
= | g \‘é \‘é \Ié \Ié \Ié \lé nodules and found a sensitivity, specificity, and accuracy
E § QA Eg o of 92%, 70% and 82.2% when compared to histopathology
312|233 23z35 ¢3S [14]. However, until now no other studies have evaluated
g P DECT in patients with lung cancer, emphasizing the need for
é ~ § g g g § g larger studies to further evaluate the clinical usefulness of
= = TTTTSTS this technique.
Q .
5| 8 >33335 Compared to the strong correlation between SUV ..
Sl 2|8 [ggerarng . . . .
2| = gl=33Izz< and maximum IRA in patients with NSCLC, we only
s &2 <°<=° found a weak correlation in patients with SCLC. These
:‘2) § o a g cea differences could be explained by differences in tumour
£ TS 222222 biology such as different angiogenetic properties between
E SRR R 8.
2 LSJ Ol A858 582434 NSCLQ and SCLC. It has bef':n rep01"ted that .F F]?G
E|l 5| d|leeog ez uptake is related to tumour angiogenesis and proliferative
gl 2|2z 5zZz223 83 activity in NSCLC whereas this has not yet been reported
§ g —_ for SCLC [31]. Our findings also indicate that the
2|z a3 zgg @ maximum IRA of DECT might be a useful surrogate
< = oo S S o o . .
513 ¢ SeSSeSS parameter for the evaluation of therapy response, as it has
Alz| 255533 been shown to correlate with the SUV o of '*FDG PET-
g2 i 8282853 CT as well as with perfusion measurements on DCE-CT
g|lel<]|ssss<e< and DCE-MRI [32]. De Langen et al. demonstrated that
:“2 S - o259 patients with lung cancer showed lower SUV .. on
P 2 2 Ts . .
= 2SS S <SS FDG PET-CT aqd de.creaslmg tumour perfusion on
§ 588843 DCE—MRI afte.r anti-angiogenic the'rapy when'compared
g Q 2 g § 2 E § to their baseline imaging [32]; similarly, Lind et al.
S Q|3 investigated the feasibility of DCE-CT in patients with
- advanced NSCLC who received anti-angiogenic and anti-
§ Sxss5ag EGFR treatment and found a significant decrease in
3 ssSs 2SS tumour blood flow following targeted therapy. Moreover,
2 ol A8 4844 early changes in tumour blood flow correlated with
'3::, g z § z 5 > § objective response and showed a trend towards longer
“g Z | S S o3 o3 progression free survival [33]. In another study involving
ot S csa 26 patients with stage III NSCLC, a significant decrease in
8 s3I =z8¢g ¢ the SUV . of the primary tumour was found a few weeks
< | 2 ” [ S R . . .
El 5| & \‘é \u% = \g g \g after the completion of preoperative chemoradiotherapy
o = . .
% g § g e 5 oo when compared with the baseline study. Moreover, the
2 13222z zz2 sensitivity and. specificity for differentiating res1duf11 tmours
g - from pathologic complete responses by SUV ., criteria were
§ _ - g % both higher than those using a visual comparison (88% and
w 8 & g é > f 67% vs. 67% and 63%, respectively) [34].
= ; 5 CINO) i = Compared to the correlation values between '*FDG PET-
= 22 g€88 CT and maximum IRA in patients with NSCLC, we
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observed a lower correlation between SUV,,. and the
maximum IRA in thoracic lymph nodes. These findings can
be explained either by differences in neoangiogenesis
between intrapulmonary tumours and lymph node metasta-
ses or by the limited accuracy of both imaging tests to
differentiate metastatic from reactive inflammatory lymph
nodes. Furthermore, all lung tumours were confirmed to be
malignant by histology while the classification of lymph
nodes malignancy was based on 'FDG-uptake alone. It is
well known that PET has only a moderate specificity and
positive predictive value for determining the malignancy of
lymph nodes in lung cancer since '*FDG is also taken up
by inflammatory processes, and histological confirmation is
required in cases where a curative intention to treat is being
considered [35].

Our study has some potential limitations that must be
considered. First, as this was a retrospective feasibility
study, our patient population is relatively small, necessitat-
ing larger prospective studies for confirmation. Second, in
contrast to the primary pulmonary tumours that have been
included in this study, the malignancy of lymph nodes was
not generally confirmed by histopathology. Third, we
compared DECT attenuation measurements only to SUV .«
measurements and not to other '*FDG PET-CT measure-
ments like SUV ¢, or histological parameters of tumour
angiogenesis like MVD or VEGF. However, as this was a
retrospective study further advanced histological analysis
was not feasible. Moreover, it has recently been demonstrated
that SUV,,,,x measurements are more reliable and show less
interobserver variability than SUV ..., measurements for
staging as well as for the evaluation of therapeutic effects of
chemotherapy or radiation therapy in patients with lung
cancer [36]. Similarly to this, we believe that the correlations
found between SUV ., and maximum IRA measurements
but not between mean IRA and SUV,,,, could be based on
the fact that maximum IRA values within a ROI are less
affected by tumour heterogeneity than mean IRA values
within the same ROI. Maximum IRA measurements within a
ROI that includes necrotic hypoperfused areas adjacent to
vital hyperperfused tumour tissue are not influenced by the
proportion of different tissue viability within a ROI when
compared to mean IRA measurements.

In conclusion, SUV ., and maximum IRA correlate well
in patients with NSCLC and might be used as a supplement
to '"®FDG PET-CT for advanced tumour staging. Moreover,
maximum IRA measurements could serve as a valuable
functional imaging parameter for response evaluation.
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