
European Journal of
Hybrid Imaging

Lazzeri et al. European Journal of Hybrid Imaging  (2017) 1:9 
DOI 10.1186/s41824-017-0011-1
ORIGINAL ARTICLE Open Access
Targeted 11C–choline PET-CT/TRUS
software fusion-guided prostate biopsy in
men with persistently elevated PSA and
negative mpMRI after previous negative
biopsy

Massimo Lazzeri2*†, Egesta Lopci1†, Giovanni Lughezzani2, Piergiuseppe Colombo3, Paolo Casale2, Rodolfo Hurle2,
Alberto Saita2, Lorenzo Leonardi1, Giuliana Lista2, Roberto Peschechera2, Luisa Pasini2, Marcello Rodari1,
Silvia Zandegiacomo2, Alessio Benetti2, Pasquale Cardone2, Federica Mrakic4, Luca Balzarini4, Arturo Chiti1,2,3,4,5,
Giorgio Guazzoni2,3,4,5 and Nicolò Maria Buffi2
* Correspondence:
massimo.lazzeri@humanitas.it
†Equal contributors
2Department of Urology, Humanitas
Clinical and Research Hospital, via
Manzoni 56, 20089 Milan, Rozzano,
Italy
Full list of author information is
available at the end of the article
©
L
p
i

Abstract

Background: We evaluated the feasibility and accuracy of 11C–choline PET-CT/TRUS
fusion-guided prostate biopsy in men with persistently elevated PSA and negative
mpMRI or contraindication to MRI, after previous negative biopsy. Clinical data were
part of a prospective on-going observational clinical study: “Diagnostic accuracy of
target mpMRI/US fusion biopsy in patients with suspected prostate cancer after initial
negative biopsy”. Patients with a negative biopsy and negative mpMRI (PI-RADS v.2 < 3) or
absolute contraindications to MRI and persistently elevated PSA, were included. All patients
underwent 11C–choline PET with dedicated acquisition of the pelvis and PET-CT/
TRUS-guided prostate biopsy by Bio-Jet™ fusion system (D&K Technologies, Germany).
The primary endpoint was to assess the accuracy of 11C–choline PET-CT to determine
the presence and the topographical distribution of PCa.

Results: Overall, 15 patients (median age 71 yrs. ± 8.89; tPSA 13.5 ng/ml ± 4.3) were
analysed. Fourteen had a positive PET scan, which revealed 30 lesions. PCa was detected
in 7/15 patients (46.7%) and four patients presented a clinically significant PCa: GS > 6.
Over 58 cores, 25 (43.1%) were positive. No statistically significant difference in terms of
mean and median values for SUVmax and SUVratio between benign and malignant
lesions was found. PCa lesions with GS 3 + 3 (n = 3) showed a median SUVmax
and SUVratio of 4.01 and 1.46, compared to 5.45 and 1.57, respectively for lesions
with GS >6 (n = 4).

Conclusion: Software PET-CT/TRUS fusion-guided target biopsy could be a diagnostic
alternative in patients with a suspected primary PCa and negative mpMRI, but its specificity
appeared low.
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Introduction
mpMRI has become the preferred method for detecting prostate cancer (PCa) foci after

initial negative random biopsy (Schoots et al., 2015). In order to improve the use of

mpMRI within urological and radiological community, the Prostate Imaging Reporting

and Data System (PI-RADS) v. 1 and, recently, v. 2 score were established (Hamoen

et al., 2015; Weinreb et al., 2016). Currently mpMRI is incorporated into national and

international guidelines (https://www.nice.org.uk/guidance; http://www.uroweb.org) for

PCa detection in men with prior negative biopsy findings.

Although the negative predictive value (NPV) of mpMRI is around 95%, some tumours

may not be detected. In a preliminary study, 122 men treated with radical prostatectomy,

preoperative mpMRI failed to detect GS ≥ 7 tumours and tumours >1 cm diameter in 28%

of cases (Le et al., 2015). Filson C. et al. confirmed such data. They found that systematic

biopsies revealed clinically significant PCa in 16% of men with no suspicion of prostate

cancer at mpMRI biopsy (Filson et al., 2016). If biopsy is indicated on clinical grounds, a

negative mpMRI, which could miss a third of significant prostate cancer (Futterer et al.,

2015), should not preclude it. Furthermore, MRI may have absolute or relative contraindica-

tions and therefore, there is an unmet need to find alternative imaging for target biopsy.

Molecular imaging with PET is one of the most promising tools for the investigation

of PCa (Scher et al., 2007; Hernández-Argüello et al., 2016). PET-guided prostate biopsy

implementation could be not only plausible, but also mandatory in some subjects with

contraindications to MRI or high clinical probability of prostate cancer, associated to

negative MRI. Although radio-labelled 11C–choline PET studies have provided equivocal

results, because of some overlap with benign prostate hyperplasia and prostatitis (Scher

et al., 2007), the sensitivity for tumour foci in prostate gland can be high enough to

complement MRI findings in the final diagnosis (Hernández-Argüello et al., 2016).

The aim of the current study was to assess the potential clinical impact of 11C–choline

PET-CT/TRUS software fusion-guided prostate biopsy in men with persistently elevated

PSA after negative biopsy and negative mpMRI.
Material & methods
Clinical data were part of a prospective on-going observational clinical study: “Diagnostic

accuracy of target mpMRI/US fusion biopsy in patients with suspected prostate cancer after

initial negative biopsy” approved by our Institutional Review Board (IRB) and Ethical

Committee. Written informed consent was obtained from all individual participants

included in the study. Patients with persistently elevated PSA, with or without ASAP

and/or HG-PIN and negative DRE, after at least one negative biopsy (at least 12 cores

for each biopsy course) and a negative mpMRI (PI-RADS v.2 < 3) or contraindications

to MRI were included.
11C–choline PET/CT imaging technique

The radiopharmaceutical 11C–choline was synthesized using a General Electric TracerLab

FXc module as previously described by (Pascali et al., 2000), and administered in a total

amount of 250–400 MBq. Ten minutes after tracer administration, body axial im-

ages from the mid-thigh to the skull base were obtained with an integrated PET/CT

Discovery 690, GE Healthcare. Low-dose CT images were acquired using an

https://www.nice.org.uk/guidance
http://www.uroweb.org
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automated dose modulation (maximal 140 mA, 140 kVp), 64 × 3,75 mm collimation,

3.75 mm slice thickness, 0.5 s rotation time, and pitch 0,984:1. Emission images

were obtained with a 3.0 min acquisition for bed position in the pelvis and 1.5 min

for the remaining total body acquisition (axial FOV 1150 mm, matrix size

256 × 256) and subsequently reconstructed using an iterative algorithm (VUE Point

FX, 3 iterations, 24 subsets). Reconstructed images of the pelvis were obtained separately

and displayed for reading as sagittal, axial and coronal views on OsiriX MD Imaging

workstation (Fig. 1). A correlation between PET/CT prostate volume and ultrasound

prostate volume using the BK Medical, Analogic Ultrasound Group, Pro Focus, Trans-

ducer 8818, 6/9 MHz, was also performed. The ellipsoid formula was used (PV = p/6 x

[length (cm)] x [width (cm)] x [high (cm)]). PET was considered positive when focal

uptake of 11C–choline was superior to the background activity.
Software PET/TRUS fusion-guided target biopsy technique

For PET/TRUS fusion-guided prostate biopsy, the Bio-Jet™ fusion system and software

(D&K Technologies, Barum, Germany) were used. Shoji et al. described the technical

data and usage of this system and Tewes et al. showed that Bio-Jet™ fusion system and

software facilitate diagnosis of PCa with high sensitivity and specificity (Shoji et al.,

2015; Tewes et al., 2015).

PET/CT DICOM images were uploaded and prostate profile and ROIs were manually

contoured. During the biopsy session the prostate and ROIs PET/CT derived image

contours were fused in real time with the TRUS image stack and ROIs were targeted

(Fig. 1). Biopsies, transrectal or transperineal according to the site of lesions, were performed

with patients in dorsal lithotomy position, under antibiotic prophylaxis and local anaesthesia,

using a 3D triplane transrectal ultrasound system (BK Medical, Analogic Ultrasound Group,

Pro Focus, Transducer 8818, 6/9 MHz). Biopsy cores were numbered according to ROI

number and topography. Specimens were processed and evaluated by a genitourinary path-

ologist. Foci of tumour were quantified (percentage and mean length in millimetres) and

graded according to the 2005 consensus conference on Gleason grading of prostatic carcin-

oma of the International Society of Urological Pathology (Epstein et al., 2005). A second, in-

dependent, pathologist (PC), expert in urological pathologies, reviewed all the samples.

The primary endpoint was to assess the accuracy of 11C–choline PET/CT to determine

the presence and the topographical distribution of the tumour foci.

Data were complemented by descriptive statistical analysis. For continuous data, differ-

ences between groups were compared by the T-test or the Wilcoxon-test, when appropri-

ate. Pearson’s correlation coefficient was used for compare US and CT generated prostate

volume. Statistical significance was set at p ≤ 0.05 for each evaluation. Study analyses

were performed on MedCalc statistical software (MedCalc Software bvba © 1993–

2014, http://medcalc.org/
Results
Of 298 consecutive patients enrolled from April 2015 to September 2016, 15 patients

(median age 71 yrs. ± 8.89; tPSA 13.5 ng/ml ± 4.3) fulfilled the inclusion criteria: nega-

tive mpMRI (PI-RADS v.2 < 3). Twelve mpMRI were performed by 3-Tesla device and

3 by 1.5 Tesla machine with endo-rectal coil.

http://medcalc.org/


Fig. 1 Focal uptake detected on the periphery of the left prostatic lobe. a CT scan; b 11C-choline PET scan;
c 11C–choline PET/CT fused scan
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11C–choline PET

PET scan documented the presence of 30 foci of increased radiopharmaceutical uptake,

analysed using regions of interest (ROIs) in 14 out of 15 patients; the patients with

negative PET/CT (# 5) did not receive any further imaging assessment or biopsy

procedure. The ROI median size was 12 mm (range 8–22). Seven ROIs were in the

peripheral zone, while 23 were located in the transition zone. The semi-quantitative
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uptake values of ROIs detected on 11C–choline PET were as follows: median SUVmax

5.17 (range 3.3–8.3), median background SUV 2.97 (range 2–5.54), and SUVratio to back-

ground 1.6 (range 1.21–2.51) (Table 1).
Biopsy

No significant complications due to biopsy were recorded. PCa was detected in

7/15 (46.7%). Over 58 cores, 25 (43.1%) were positive. In one patient PCa was

located in the peripheral zone (Figs. 1 and 2), while 6 patients had PCa in transi-

tion zones. Four patients harboured a significant PCa: Gleason score ≥ 7. Three
Table 1 PET-CT outcome and pathological characteristics of biopsies for all the patients
(TZ = transition zone; PZ = peripheral zone)

Case Site SUVmax SUVbackground Core(+)/Total core Diagnosis Gleason score Tumor volume
mm(+)/mm
tot (%)

1 Right lobe (TZ) 4,93 3 0/2 BPH – –

Left lobe (PZ) 7,18 2,86 0/2 Prostatitis – –

Left lobe (TZ) 6,4 2,9 0/1 BPH – –

2 Right lobe (TZ) 5,79 3,66 6/6 Ca 5 + 4 80/84 (95%)

3 Right lobe (PZ) 5,7 4,09 0/1 BPH – –

Left lobe (TZ) 5,7 2,94 0/1 BPH – –

Right lobe (TZ) 5,83 4,36 0/1 BPH – –

4 Right lobe (TZ) 4,6 3,48 0/2 BPH – –

Left lobe (TZ) 5,07 3,3 0/3 BPH – –

5 Left lobe (TZ) 1,9 1,63 – NO BX – –

6 Right lobe (TZ) 7,02 3,43 6/7 Ca 4 + 3 31/83 (37,3%)

7 Left lobe (TZ) 4,01 2,75 3/3 Ca 3 + 3 1,5/31 (4,3%)

Left lobe (TZ) 4,54 2,75 0/1 BPH – –

8 Right lobe (TZ) 3,71 2,61 2/3 Ca 3 + 3 9/24 (37%)

Left lobe (TZ) 3,38 2,61 0/4 BPH – –

9 Right lobe (PZ) 3.74 2.4 6/8 Ca 3 + 5 90,5/114 (79,4%)

10 Right lobe (TZ) 5,52 3,92 0/3 BPH – –

Left lobe (TZ) 6,31 2,97 0/3 BPH – –

11 Right lobe (TZ) 4.64 2.97 0/2 BPH – –

Left lobe (TZ) 4.81 2.97 0/2 BPH – –

Left lobe (TZ) 5.22 2.97 0/2 BPH – –

12 Left lobe (TZ) 5.11 3.35 1/2 Ca 3 + 4 4/24 (16,7%)

13 Right lobe (PZ) 6.17 2.92 0/2 BPH – –

Left lobe (TZ) 6.51 2.92 0/6 BPH – –

14 Left lobe (TZ) 6.68 5.54 0/1 BPH – –

Left lobe (PZ) 7.91 5.54 0/2 BPH – –

Right lobe (TZ) 8.33 5.54 0/5 BPH – –

15 Right lobe (TZ) 4 2 0/4 BPH – –

Right lobe (PZ) 4.18 2 0/4 BPH – –

Left lobe (TZ) 4.33 2 1/4 Ca 3 + 3 1,1/52 (2,1%)

Left lobe (PZ) 3.32 2 0/4 BPH – –



Fig. 2 Left: Whole gland pathological examination. Red dot line indicates the PCa index lesion. Centre: Axial
PET-CT/TRUS fusion imaging. Green line is the contour of whole gland and red line the ROI. Right: 3D imaging
with biopsy samples (red cylinder)

Lazzeri et al. European Journal of Hybrid Imaging  (2017) 1:9 Page 6 of 8
patients had a Gleason score 6. One patient showed a granulomatous prostatitis

and the others a benign prostatic hyperplasia. A spatial correlation between PET-

CT and topography of index lesions was found in a patient who underwent rad-

ical prostatectomy (Fig. 2).
Pathology

Mean involvement in the positive core patients was higher in GS= > 7 than GS = 6

patients (95%, 79,4%, 37,3%, and 16,7%, compared to 37%, 4,3%, and 2,1% respect-

ively). The mean extension (length in mm) of prostatic adeno-carcinoma was higher

in GS= > 7 patients than GS = 6 patients (mm13, 5, 15, and 4 versus mm6.5, 4.5, and

1.1 respectively) (Table 1). We found no statistically significant difference in terms of

mean and median values for SUVmax and SUVratio between benign and malignant

lesions (Table 2). Patients with BPH presented a median SUVmax and SUVratio of

4.93 and 1.65, respectively; inflamed prostatic gland (granulomatous prostatitis)

showed a median SUVmax and SUVratio of 5.7 and 1.47, respectively; PCa lesions

with GS 3 + 3 showed a median SUVmax and SUVratio of 4.01 and 1.46, compared

to 5.45 and 1.57, respectively for lesions with GS >6.
Discussion
MpMRI has become the preferred method for detecting cancer-suspicious regions in

the prostate, especially in men with a previous negative biopsy, and with a few caveats,

it showed to be capable of identifying many serious cancers (Cash et al. 2016).

Currently there is robust evidence that MRI is substantially more accurate than US

guidance, as the latter usually fails to reveal a valid target within the prostate. mpMRI

information was used according three different schemes: cognitive-, in bore- and
Table 2 Values of semi quantitative uptake according to biopsy findings

SUVmax BPH Prostatitis GS3 + 3 GS > 6 p value Ratio BPH Prostatitis GS3 + 3 GS > 6 p value

Mean 5.42 5.74 3.91 5.42 0.225 Mean 1.74 1.7 1.64 1.68 0.969

Median 4.93 5.7 4.01 5.45 0.162 Median 1.65 1.47 1.46 1.57 0.725
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software assisted TRUS fusion-biopsy; the latter is currently adopted in many urological

departments. However, the standardization and validation of mpMRI, including quality

assurance in acquisition, reading, and reporting, operator skill and experience in draw-

ing ROIs under a grey scale and performing the biopsy along with the non-negligible

rate of false negative, leave room to identify other imaging strategies.

PET imaging has been recently considered one of the most promising approaches for

PCa detection. The prerequisite for the diagnosis of primary PCa in PET is the pres-

ence of a high tumour-to-background ratio and the correlation of imaging findings with

whole gland pathological samples. Although controversies exist on the accuracy of 11-

Choline PET for primary detection of PCa (Souvatzoglou et al., 2011), 11C–choline

PET scanning could be considered an alternative in all those men with persistent risk

of harbouring PCa after a negative mpMRI. The idea of PET guidance for biopsies in

men with elevated PSA-levels and a negative mpMRI is not new. In 2008 a study was

published in which patients with persistent elevated PSA and previous negative prostate

biopsy, were investigated with 18F–choline PET/CT to delineate PCa and guide a repeat

biopsy (Igerc et al., 2008). However, they used a cognitive technique and not a software

fusion biopsy. In a recent randomized prospective trial, Taverna et al. confirmed the poor

accuracy of 3-T mpMRI associated with systematic cognitive biopsies (Taverna et al.,

2016). One of the strengths of our approach is that all the patients underwent software

assisted fusion biopsy.

Patients with an aggressive PCa (GS > 6) presented with a high tracer uptake, median

SUVmax 5.45 and SUVratio to background 1.57, although no statistically significant

difference was found. Piert et al. reported that uptake of 11C–choline was significantly

increased in high GS lesions (≥4 + 3), with a MIB-1/Ki-67 labeling index ≥5%
(p = 0.01) in comparison to lesions with GS 3 + 4 or lower (Piert et al., 2009). In this

context, we found a high sensitivity, but a low specificity of 11C–choline PET/TAC at

software assisted target biopsy.

We must acknowledge some limitations of our study. First of all, the sample size

remains small. We did not perform a consensus re-reading of the mpMRI by different

prostate imaging experts. The difference of SUVratio between positive and negative

patients was not significant and no speculation about a potential SUVratio cut-off

between clinically significant vs. indolent PCa can be done. The combination of mpMRI

and PET would be superior to both modalities alone, but although it could improve the

specificity, it would significantly increase costs.

In conclusion, notwithstanding we showed a “proof of concept” for software PET-

CT/TRUS fusion-guided target biopsy, we found a low specificity for 11C–choline

PET/CT although a good correlation with pathological outcome. Further studies with a

larger population or new tracers such as PSMA could be investigated in order to im-

prove the accuracy of the PET/CT fusion software assisted biopsy in a specific sub set

of patients with a suspected primary PCa.
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