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Abstract

Purpose To compare the diagnostic performance of DWI
and 11C-choline PET/CT in the assessment of preoper-
ative lymph node status in patients with primary prostate
cancer.

Material and methods Thirty-three patients underwent DWI
and 11C-choline PET/CT prior to prostatectomy and extended
pelvic lymph node dissection. Mean standardised uptake val-
ue (SUV hean) and mean apparent diffusion coefficient (ADC)
of 76 identified lymph nodes (LN) were measured and corre-
lated with histopathology. ADC values and SUVs were com-
pared using linear regression analysis.

Results A significant difference between benign and malignant
LN was observed for ADC values (1.17 vs. 0.96x 10~ mm?/s;
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P<0.001) and SUV ean (1.61 vs. 3.20; P<0.001). ROC anal-
ysis revealed an optimal ADC threshold of 1.01x 10~ mm?s
for differentiating benign from malignant LN with correspond-
ing sensitivity/specificity of 69.70 %/78.57 % and an area under
the curve (AUC) of 0.785. The optimal threshold for SUV ,can
was 2.5 with corresponding sensitivity/specificity of 69.72 %/
90.48 % and with an AUC of 0.832. ADC values and SUV ,can
showed a moderate significant inverse correlation (r=-0.63).
Conclusion Both modalities reveal similar moderate diagnos-
tic performance for preoperative lymph node staging of pros-
tate cancer, not justifying their application in routine clinical
practice at this time. The only moderate inverse correlation
between ADC values and SUV, ., suggests that both
imaging parameters might provide complementary informa-
tion on tumour biology.
Key Points
» Conventional imaging shows low performance for lymph
node staging in prostate cancer.
 DWI and 11C-choline PET/CT both provide additional
functional information
* Both functional modalities reveal only moderate diagnostic
performance.

Keywords Prostate carcinoma - Lymph node staging -
Choline PET/CT - DWI - Semiquantitative parameters
Introduction

The presence of lymphatic metastases is an important prog-

nostic factor for treatment planning in prostate cancer [1].
Different modalities are available for imaging of lymph nodes
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including computed tomography (CT) and magnetic reso-
nance imaging (MRI); however both techniques rely on mor-
phological features that are mainly based on lymph node size,
yielding low sensitivities for the detection of lymph node
metastases [2, 3]. Diffusion weighted imaging (DWI) as a
functional tool and choline PET/CT labelled with either
[18F] or [11C] have gained increasing attention in oncological
imaging over the last years, providing functional parameters
in addition to the morphological information. DWI is able to
assess water diffusion using the apparent diffusion coefficient
(ADC) as the measureable semiquantitative value. The
ADC value was shown to be significantly lower in a
variety of malignant entities, which is most likely related
to hypercellularity and an accumulation of macromolecular
proteins leaving a small extracellular space for water diffu-
sion [4-7]. Choline PET/CT is used for imaging turnover
and content of phosphatidylcholine [I, 8—11] with the
standardised uptake value (SUV) as the corresponding
semiquantitative parameter. Different groups have recently
evaluated the diagnostic performance of both modalities in
the detection of lymph node metastases in primary prostate
cancer with varying results [1, 5, 8, 10-12]. However, so
far no study has prospectively compared the semiquantita-
tive parameters ADC value and SUV in correlation with
histopathology. Thus, the aim of this study was to compare
the diagnostic performance of DWI and 11C-choline PET/
CT for lymph node staging in primary prostate carcinoma
by measuring the corresponding semiquantitative parame-
ters ADC value and SUV and correlating the results with
histopathologically proven lymph node dignity. In addition,
we directly correlated ADC values with SUVs to evaluate
the potential association between the water diffusibility and
choline metabolism for benign and malignant lymph nodes.

Material and methods
Patients

The study was approved by the local ethics committee and all
patients signed review board-approved consent before partic-
ipation. Between 2010 and 2012, 33 patients (mean age 68,
age range 54-77) with histologically proven primary prostate
cancer scheduled for open radical prostatectomy (RP) and
extended pelvic lymph node dissection (ePLND) were pro-
spectively enrolled. They subsequently underwent DWI and
11C-choline PET/CT within 8 weeks. Inclusion criteria were
intermediate (Gleason Score 7 or PSA 10-20 ng/ml or clinical
tumour extension cT2b-c) or high-risk prostate carcinoma
(Gleason Score 8-10 or PSA >20 ng/ml or clinical tumour
extension >cT3a). Patients with preoperative hormone or
neoadjuvant therapy were excluded. ePLND was performed
according to a predefined template including the obturator

fossa, common iliac, internal and external iliac vessels as
previously published [13]. Each anatomic field was consecu-
tively examined separately by a specialised uro-pathologist.
Histopathological outcomes of dissected lymph nodes were
compared with the mean ADC and mean SUV in a field-based
manner as described below.

11C-choline PET/CT imaging protocol

11C-Choline was produced as previously described in a
publication by Beer at al. [7]. Five minutes after injection
of 756+72 MBq 11C-choline, patients underwent 11C-
choline-PET CT on a Sensation 64 Biograph PET/CT
system (Siemens, Erlangen, Germany). The CT protocol
included a low-dose CT (26 mAS, 120 kV, 5 mm slice
thickness) from the base of the skull to the mid-thigh for
attenuation correction followed by the PET and a diagnostic
CT (240 mAS, 120 kV, 5 mm slice thickness) in the portal
venous phase (80 s after injection of the i.v. contrast agent).
All patients additionally received rectal filling with ultra-
sound gel. All PET images were acquired in 3D mode with
an acquisition time of 3 min per bed position. Images were
reconstructed by an attenuation-weighted ordered-subset ex-
pectation maximisation algorithm (four iterations, eight sub-
sets) followed by a post-reconstruction smoothing Gaussian
filter (5 mm full width at half maximum).

MR imaging protocol

MR imaging was performed on a 1.5-T MR unit (Magnetom
Avanto, Siemens, Erlangen) with a six-channel body phased
array coil in addition to the two spine clusters. Diffusion-
weighted imaging was performed in axial plane using three
b values (50, 300 and 600 s/mm?). The further technical
parameters were as follows: TE 69 ms, echo train length
154, receiver bandwidth 1,302 Hz/pixel, spectral fat satura-
tion, FoV 30 cm, matrix 154<192, slice thickness 5 mm and
intersection gap 1 mm. Corresponding ADC maps were auto-
matically calculated by the MR unit on a voxel-by-voxel
basis.

Data analysis

Joint reading was carried out by a board-certified radiologist
and nuclear medicine physician correlating the lymph nodes
in MR and PET/CT. Hereby, in consensus, the visually most
suspicious lymph node regarding size, PET uptake and possi-
ble diffusion restriction was chosen from each anatomical
region in imaging (left/right common iliac vessel, left/right
internal iliac vessel, left/right external iliac vessel, left/right
obturator fossa). Measurement of the ADC value in DWI and
SUV hean in PET was performed side by side to ensure that the
same lymph node was taken in both modalities. The mean



ADC value of every correlated lymph node was determined
by placing a circular region of interest in the lymph node,
covering both edges of the short diameter of the node. Mea-
surements were carried out three times with the lowest mean
ADC value being taken as the representative value. The
SUV jean Was measured by encompassing the whole lymph
node in the ROI with a 3D iso-contour at 50 % of the
maximum pixel value. Field-wise correlation with histopath-
ological results from ePLND was performed. A field-based
analysis instead of a lymph node-based analysis of resected
lymph nodes was chosen for the following reasons: An exact
lymph node matching between histopathology and imaging
may only be feasible by intraoperatively picking solitary
lymph nodes. This procedure seems impossible when an
ePLND with many dissected lymph nodes is performed,
i.e. the intraoperative location of several adjacent lymph
nodes within one anatomical field cannot be mapped in a
reliable way for correlation with imaging. Therefore, tissue
from each anatomic field was sent separately for histo-
pathological evaluation.

Statistical analysis

ROC curves and corresponding sensitivities and specificities
for each modality were calculated using MedCalc version
10.2 (Ostend, Belgium). For calculating the overall statistical
difference between mean values, Student’s #-test for matched
pairs was used. A p-value less than 0.05 was considered
statistically significant. Linear regression analysis was used
for correlation between the ADC value and SUV,can.

Results

Lymph nodes, which were visible in both modalities, were
identified in 76 of 264 fields. Thirty-three fields proved to
contain lymph node metastases after histopathological work-
up, whereas 43 fields were free of tumour invasion. Repre-
sentative examples are given in Figs. 1 and 2. The metastatic
lymph nodes were located in the following regions: right
common iliac vessel (3), left common iliac vessel (5), right
internal iliac vessel (1), left internal iliac vessel (2), right
external iliac vessel (4), left external iliac vessel (3), right
obturator fossa (8) and left obturator fossa (7). In one single
field (right external iliac vessel), no lymph node was visible,
even though histopathology confirmed one lymph node me-
tastasis. Mean size of lymph nodes was 9.8 mm, revealing
statistical difference (P<0.05) between malignant and benign
lymph nodes (10.3+£5 mm vs. 7.2 mm=+2.2 mm; mean + SD).

Mean ADC value was 1.08x10° mm?/s (range 0.7—
1.3 mm?*/s); mean SUV was 2.30 (range 0.90 to 4.72). Statis-
tical analysis revealed a highly significant difference (P<0.001)
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between benign and malignant lymph nodes regarding ADC
(1.17£0.22 vs. 0.96+0.17x 10~ mm?/s; mean + SD) and SUV
(1.61£0.69 vs. 3.13£1.6; mean + SD).

Based on these data, the optimal ADC cutoff value for
differentiating benign from malignant lymph nodes on ROC
curve analysis was 1.01x 10~ mm?/s with corresponding sen-
sitivity of 69.70 % and specificity of 78.57 % and an area
under the curve (AUC) of 0.785 (CI 0.67 to 0.87) (Fig. 3).
Concerning SUV ,can, the optimal cutoff was 2.50 with corre-
sponding sensitivity and specificity of 69.72 % and 90.48 %
with an AUC of 0.832 (CI1 0.73 to 0.91) (Fig. 3). A statistical
difference between the two ROC curves was not observed
(P=0.4). In comparison, ROC curve analysis for lymph
node size as a criterion to diagnose malignancy revealed a
significantly lower AUC of 0.706 with corresponding
sensitivity/specificity rates of 54.5 %/80.9 % respectively
(cutoff value 8§ mm).

The calculation of a parametric ratio between the SUV ,can
and ADC value (i.e. quotient of SUV j,can, over ADC) did not
enhance the sensitivity/specificity with obtained values of
71.43 % and 75.76 % respectively (AUC=0.832; CI 0.728
to 0.908). Even lower diagnostic performance was observed
when calculating ROC curves for ADC values with a corre-
sponding SUV ., lower than the optimal cutoff value of 2.5
(AUC=0.658; CI 0.507 to 0.789; sensitivity/specificity
75.68 %/54.55 % for ADC>1.05) or ROC curves for
SUV nean With corresponding ADC values greater than the
optimal cutoff value of 1.01x10~ mm*s (AUC=0.712; CI
0.553 to 0.839; sensitivity/specificity 87.5 %/54.55 % for
SUVmean=>2.12)

Using Spearman’s correlation test, we found a moderate
inverse correlation between ADC value and mean SUV
(r=-0.63; 95 % CI: -0.75 to -0.47; Fig. 4). A statistical difference
between the correlation coefficient of benign and malignant
lymph nodes was not observed (#=0.47 vs. r=0.44).

Discussion

The ability of conventional CT and MR imaging to detect
prostate cancer is rather limited because they rely on size
criteria to differentiate between benign and malignant nodes,
yet up to 80 % of metastases seem to be located in normal-
sized lymph nodes [14]. Not surprisingly, the diagnostic per-
formance of these modalities is limited with a pooled sensi-
tivity of 42 % and 39 % and a pooled specificity of 82 % and
82 % for CT and MRI reported in a meta-analysis of Hovels
et al. [15]. We obtained similar results in our patient cohort
with calculated sensitivity/specificity of 54.5 %/80.9 % re-
spectively for a cutoff value of 8 mm. Recent technical im-
provements such as isotropic voxel imaging with MPR recon-
structions, new MR protocols such as 3D imaging [16] or the
use of endorectal coils [17] could not alter sensitivity rates
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Fig.1 Example of a metastatic lymph node (arrows indicate a suspicious
lymph node in imaging) along the left common iliac vessel of a 70-
year-old patient. CT (a) demonstrates a round-shaped lymph node
with moderate high uptake on PET (b) and the fused data set (c).

sufficiently. Recently developed techniques including DWI
and 11C-choline PET/CT have the potential to enhance diag-
nostic efficiency through visualisation of molecular processes,
thus giving additional functional information [18, 19].

Previous studies recently evaluated the diagnostic perfor-
mance of both modalities in preoperative lymph node staging,
yielding varying results. For example, in a patient-based anal-
ysis of 130 patients Beheshti et al. obtained a sensitivity of
66 % and specificity of 96 % in lymph nodes larger than 5 mm
when using choline-PET/CT [12]. Poulsen et al. reached a
sensitivity and specificity of 73 % and 88 % respectively in a
cohort of 210 patients [10]. The highest diagnostic accuracy
was reported by De Jong et al. after examining 15 patients
with prostate cancer, reaching sensitivity and specificity rates
of 80 % and 96 % respectively [1]. For DWI of pelvic lymph
nodes in prostate cancer, Eiber et al. calculated a sensitivity of
86 % and specificity of 85.3 % in a cohort of 29 patients [5].
On the contrary, Budiharto et al. reported disappointing
results in a group of 36 high-risk prostate cancer patients
[8]. Sensitivity in a per patient analysis was only 43 %;
specificity was 98 %.

Fig.2 Example of a false-positive
node (arrows indicate a suspicious
lymph node in imaging) along the
left obturator fossa of a 62-year-old
patient. CT (a) demonstrates an
oval-shaped lymph node with
moderately high uptake on PET
(b) and the fused data set (c).
Corresponding lymph node on
T2-weighted imaging (d) with
hyperintense signal on DWI (e)
(=500 s/mm?) and corresponding
ADC map (f) with restricted
diffusion of the lymph node

Corresponding lymph node on T2-weighted imaging (d) with hyper-
intense signal on DWI (e) (=500 s/mm?®) and corresponding ADC
map (f) with restricted diffusion of the lymph node

In the present study, we provide a systematic compari-
son of both modalities by measuring the functional param-
eters ADC and SUV in lymph nodes for preoperative
staging of primary prostate cancer. To our knowledge, this
is the first study comparing both functional parameters with
histopathological outcome in a larger patient cohort. Our
data revealed a similar but rather low sensitivity for both
techniques with a high specificity in 11C-choline PET/CT
imaging (sensitivity/specificity DWI: 69.70 %/78.57 %;
11C-choline PET/CT: 69.72 %/90.48 %).

A recent study by Beer et al. [7] already compared SUV
with ADC in 14 patients and demonstrated a high diagnostic
performance for 11C-choline PET/CT (sensitivity/specificity
of 85.2 %/85.7 %) as well as DWI (sensitivity/specificity of
98.3 %/78.6 %). However, in 9 of 14 patients histopathology
was not available; therefore clinical follow-up was used as
the standard of reference in these cases. Consequently, the
authors could not exclude small lymph node metastases
with a low proliferation rate, which were not detectable in
subsequent examinations. Therefore, it is not surprising that
the diagnostic performance in our prospectively performed



Fig. 3 Receiver-operating characteristic curves for diffusion-weighted im-
aging (DWI, /eff) and 11C-choline positron emission tomography/computed
tomography (PET/CT, right). The optimal ADC threshold for differentiating
benign from malignant lymph nodes was 1.01 mm?%s with corresponding

study is considerably lower compared to these values.
Furthermore, various reasons may limit the diagnostic per-
formance of functional imaging. One main aspect is the
limited spatial resolution of both methods in the range of 4-
5 mm for PET/CT [11] and about 6 mm for reliable
judgement of ADC values in DWI [5], making measure-
ments below this threshold unreliable. Furthermore, 11C-
choline can accumulate in inflammatory tissue resulting in
a high SUV for the involved lymph node [20].

Of note, the cutoff for ADC value for differentiating be-
tween benign and malignant lymph nodes was significantly
higher in the study of Beer et al. than in our study (ADC of
1.43x107 mm?/s vs. 1.01x 10~ mm?/s). Probable reasons are
differences in the measurement techniques (multi-edge shaped
ROI vs. circular ROI) and a significant interobserver variabil-
ity reported to be present in ADC measurements [6, 21].
However, our threshold derived for SUV analysis corresponds
well with the results from the above-mentioned study [7] (2.08
vs. 2.5). This underlines the fact, that SUV quantification
using 3D isocontours with a specific threshold available for
PET is more robust than plain ROI drawings, which is the
standard method for DWI.

The combined use of DWI and 11C-choline PET/CT could
potentially further improve biological characterisation of
lymph nodes in primary prostate cancer (reduced water diffu-
sivity versus increased metabolic activity). This might facili-
tate the detection of lymph node metastases as well as poten-
tially give new opportunities for the assessment of treatment
response.

Thus, we directly correlated ADC values with SUVs and
obtained a moderate inverse correlation between two values
(r=0.63; Fig. 4). Similar correlative studies have been per-
formed previously [7]. Although DWI and PET/CT rely on
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sensitivity of 69.70 % and specificity of 78.57 % and an area under the
curve (AUC) 0f 0.785 (CI10.67 to 0.87). Concerning mean SUV, the optimal
threshold was 2.50 with corresponding sensitivity and specificity of
69.72 % and 90.48 % with an AUC of 0.832 (CI 0.73 to 0.91)

different phenomena, as stated above, it seems that both
molecular processes are associated with each other. However,
the less pronounced correlation between SUV and ADC value
when separately analysing malignant and benign lymph nodes
indicates that increased metabolic activity and restricted water
diffusion are not directly related to each other. Thus one could
expect that the two methods might complement one another
and perhaps might be able to differentiate different types of
response, for example to hormonal treatment (e.g. cell necro-
sis by DWI vs. decreased metabolic activity by 11C-choline
PET). However, this hypothesis has to be proven in future
studies. Finally, it has to be stated that the missing statistical
significance, when comparing correlation coefficients be-
tween benign and malignant lymph nodes, might also be
related to the small sample size when separately analysing
both groups.

The main limitation of our study lies in the fact that the
lymph nodes were correlated with histopathology field-wise,
i.e. only one representative lymph node from each field was
correlated with histopathology, even if one field revealed more

Fig. 4 Correlation of ADC value and SUV,,c., show moderate inverse
correlation (r=-0.63; P<0.001)
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than one metastasis. We chose this approach in consideration
of the fact that it is technically extremely challenging to
exactly map multiple lymph node specimens during histopath-
ological workup within one field and correlate each lymph
node with imaging. However, even the field-wise approach is
prone to errors when comparing results from imaging with
histopathology, for example when one field simultaneously
harbours lymph node metastases and inflammatory lymph
nodes. Nevertheless, the direct quantitative comparison between
the ADC value and SUV is not influenced by this approach as
one single lymph node is chosen and then measured in both
modalities. Finally, it has to be stated that determining a specific
cutoff by means of ROC analysis might potentially lead to an
overestimation of the diagnostic performance.

In conclusion, DWI and 11C-choline PET/CT exhibit a
similar moderate diagnostic performance for lymph node
staging in primary prostate cancer, not justifying their appli-
cation in clinical routine at this time. However, our results also
suggest that both quantitative imaging parameters provide
complementary information on tumour biology. The com-
bined analysis of ADC and SUV might be of interest espe-
cially for combined PET/MR systems to gain further insight
into tumour biology by multiparametric molecular imaging, in
both the primary diagnosis and potentially for evaluating
therapy response.
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