
University of Groningen

Exploring new molecular imaging concepts of prostate cancer
Wondergem, Maurits

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Wondergem, M. (2017). Exploring new molecular imaging concepts of prostate cancer. [Thesis fully internal
(DIV), University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 05-08-2025

https://research.rug.nl/en/publications/9f963f59-b549-4b78-87ec-47fc28158fa9


514137-L-bw-Wondergem514137-L-bw-Wondergem514137-L-bw-Wondergem514137-L-bw-Wondergem
Processed on: 27-9-2017Processed on: 27-9-2017Processed on: 27-9-2017Processed on: 27-9-2017 PDF page: 175PDF page: 175PDF page: 175PDF page: 175

9



514137-L-bw-Wondergem514137-L-bw-Wondergem514137-L-bw-Wondergem514137-L-bw-Wondergem
Processed on: 27-9-2017Processed on: 27-9-2017Processed on: 27-9-2017Processed on: 27-9-2017 PDF page: 176PDF page: 176PDF page: 176PDF page: 176



514137-L-bw-Wondergem514137-L-bw-Wondergem514137-L-bw-Wondergem514137-L-bw-Wondergem
Processed on: 27-9-2017Processed on: 27-9-2017Processed on: 27-9-2017Processed on: 27-9-2017 PDF page: 177PDF page: 177PDF page: 177PDF page: 177

Summary



514137-L-bw-Wondergem514137-L-bw-Wondergem514137-L-bw-Wondergem514137-L-bw-Wondergem
Processed on: 27-9-2017Processed on: 27-9-2017Processed on: 27-9-2017Processed on: 27-9-2017 PDF page: 178PDF page: 178PDF page: 178PDF page: 178

178

Chapter 1 comprises a general introduction of the topic of this thesis as well as its aim 
and outline. In the general introduction the extent of prostate cancer as a health care 
problem is pictured by epidemiological aspects and by discussion of the heterogeneous 
character of the disease, which makes it challenging to apply the optimal treatment 
to the right patient at the right moment. The TNM- staging system is introduced and 
tools available for clinicians to stage the disease and choose the optimal treatment are 
discussed (1). Amongst other tools, imaging techniques play a pivotal role at different 
stages of the disease. Nuclear Imaging techniques are used particularly for detection 
of metastases of which lymph node and bone metastases are most frequent. Those 
techniques include planar scintigraphy, Single Photon Emission Computed Tomography 
(SPECT), Positron Emission Tomography (PET) and hybrid techniques, which synergise 
the information of biological activity from SPECT or PET with anatomical information 
from commonly Computed Tomography (CT) (2-7). 

Depending on the course of the disease and the estimated risk on lymph node or bone 
metastases, different tracers and techniques are used in Nuclear Medicine. Some of 
them only show the secondary process of bone remodelling due to metastatic infiltration 
in the bone matrix, while others show the localisation of tumour cells themselves and 
could therefore also be used to image the primary tumour and soft tissue metastases. 
Tracers that image bone remodelling include 99mTc-MDP and 99mTc-HDP, and have been 
used for decades (8). However, there is renewed interest in 18F-sodiumfluoride (NaF), 
which was already used as a bone tracer before 99mTc-diphosphonates became available 
(9). The last decades a diversity of molecules have been synthesised that may serve as 
tracers of tumour cells. Some of them showed potential for imaging of prostate cancer 
cells and a selection of these potential tracers together with the pathways they visualise 
are shortly discussed. Choline based tracers and tracers that target Prostate Specific 
Membrane Antigen (PSMA) are becoming integrated in standard clinical practice and 
are discussed in more depth (10-12). Aspects including history and pre-clinical research, 
pharmacokinetics, cellular uptake, and biodistribution including physiological and 
pathological uptake, are discussed for the tracers studied in this thesis: 99mTc-MDP, 99mTc-
HDP, NaF, 11C-choline, 18F-fluorocholine and 18F-DCFPyL. Once available for use in patients, 
insights in clinical aspects including diagnostic accuracy, optimal patient preparation 
and optimal acquisition parameters are needed before tracers can be incorporated in 
standard clinical care.

For BS wide ranges in sensitivity and specificity, from less than 50% up to 100%, are 
reported in literature. In general it is stated that BS has a reasonable sensitivity with a 
low specificity (6, 13). In chapter 2 the diagnostic accuracy of NaF PET(/CT), 11C-choline 
PET(/CT) and 18F-fluorochline PET/(CT) is studied by means of a systematic literature 
review. The rationale for superior diagnostic performance of those techniques may 
be found in the use of PET instead of planar scintigraphy or SPECT, which results in 
enhanced image quality, and also in the favourable biological kinetics of especially 
NaF over 99mTc-HDP. NaF has a three times better target-to-background ratio than 99mTc-
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diphosphonates (14). Choline-based tracers directly target tumour cells and may detect 
bone metastases that have not yet affected the surrounding bone tissue. 

A comprehensive literature search was performed using the Medline database. Thirteen 
studies were eligible for inclusion in the review. All studies are summarised in the 
review. Data from the included studies was pooled. On a lesion basis a pooled-weighted 
sensitivity and specificity of respectively 84 and 98% was found for PET/CT with choline-
based tracers and 89 and 91% for NaF PET/CT. On a patient basis performances of 85 
and 97% for choline-based tracers and 87 and 80% for NaF were found. In conclusion the 
literature provided evidence for better detection of bone metastases of both NaF and 
choline-based tracers compared to conventional BS. 

Included studies in the review were heterogeneous in many aspects and included 
relatively small cohorts and therefore in chapter 3 the diagnostic performance of BS and 
NaF PET/CT is studied in two large retrospective cohorts of patients that were initially 
staged for high-risk prostate cancer. A composite reference standard (RS) was used, 
which comprised a follow-up of at least 18 months for the BS cohort and at least 6 
months for the NaF PET/CT cohort, and included staging imaging, follow-up imaging (BS, 
Magnetic Resonance Imaging (MRI), CT, X-ray, 18F-fluorocholine PET/CT, and/or 18F-FDG 
PET/CT), biochemical follow-up and clinical follow-up. The diagnostic performances 
of each modality were calculated by comparison of the BS and NaF PET/CT results  
with the RS.

The BS cohort and NaF PET/CT cohort included 122 and 104 analysed patients, 
respectively. With BS and NaF-PET/CT respectively, lesions characteristic for bone 
metastases were found in 27 and 59%, no signs of metastases in 50 and 39% and 
equivocal results in 23 and 3%. In order to account for equivocal findings, the diagnostic 
characteristics were calculated under the assumption that equivocal BSs and NaF PET/
CTs were positive and calculated again assuming that the equivocal scans were negative. 
Calculated sensitivities ranged from 84 to 95% and from 97 to 100% for BS and NaF 
PET/CT, respectively, and specificities ranged from 72 to 100% and 98 to 100%.  Overall 
accuracy of BS ranged from 79 to 95% and for NaF PET/CT from 98 to 99%. The observed 
favourable diagnostic characteristics of NaF PET/CT compared to BS are in line with 
currently available literature, which is also reviewed in chapter 2. 

Equivocal findings resulted in additional imaging procedures in 16% of all patients in 
the BS cohort and 2% in the NaF PET/CT cohort. In addition to bone metastases NaF PET/
CT may diagnose lymph node metastases and these were found on low-dose CT in 50% 
of the patients in the NaF cohort, of which 13 patients had no signs of bone metastases.

Due to the nature of the study, differences between both cohorts in terms of patient 
characteristics were observed. To overcome this problem the cohorts were subcategorised 
by PSA value and Gleason-score. In most PSA categories and all Gleason-score categories 
NaF PET/CT detected bone metastases in a higher percentage of patients. 
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In chapter 4 the scope is focused at 18F-fluorocholine PET/CT. Variability is found in 
reported sensitivity and specificity for detection of prostate cancer metastases with 
18F-fluorocholine PET/CT, which may be due to lack of standardisation of imaging 
protocols (15). Studies with relatively small patient populations showed different 
18F-fluorocholine activity patterns over time for both non-malignant and malignant 
tissues and lesions. Based on this variety of patterns different recommendations are 
given regarding the time point of image acquisition, including single, dual and triple 
time point protocols (16-18). Therefore kinetics of 18F-fluorocholine were studied in 
malignant lesions (lymph node metastases and bone metastases) and non-malignant 
tissues that might interfere with detection of those metastases. 

One hundred subsequent patients that received 18F-fluorocholine PET/CT for detection of 
prostate cancer lesions were prospectively included in the study. A dynamic acquisition 
of the pelvis was started immediately after administration of the tracer, which lasted 
for 10 minutes. Late static total body images were acquired 45 to 60 minutes after 
administration. Time activity curves (TAC) were constructed for lymph node metastases, 
bone metastases, non-malignant lymph nodes, non-malignant bone, adipose tissue, 
muscle, intestine and blood pool. 18F-fluorocholine uptake by means of the maximal 
Standardised Uptake Value (SUVmax) between early and late acquisition time points was 
analysed and compared. 

The TACs showed rapid 18F-fluorocholine uptake in both malignant lesions and non-
malignant tissues resulting in nearly constant concentrations 2 minutes after injection. 
However, for non-malignant lymph nodes a statistically significant decreasing SUVmax 
over time was found while muscle, malignant bone lesions and non-malignant bone 
showed increasing SUVmax over time. As expected blood pool activity decreased  
over time. 

Two bone lesions (9%) were seen on early images only. This may be explained by more 
progressive 18F-fluorocholine uptake in muscle tissue than in malignant lesions over 
time. Another explanation of this phenomenon could be imaging of blood flow in the 
tumour at early time point without tracer deposition resulting in absent activity at the 
late time point.

A RS consisting of a follow-up period of at least 9 months was used to determine 
whether target lesions were malignant or benign. ROC analysis was performed in order 
to find best predictors for malignancy in lymph node and bone lesions. The true nature 
of 6 malignant lymph nodes and 2 malignant bone lesions could not be established by 
the RS, while all non-malignant lymph nodes and bone lesions proved to be benign. As 
a result ROC analyses were performed with the assumption that all suspected lesions 
were malignant and with the assumption that all unconfirmed lesions were benign. For 
lymph nodes SUVmax,late was found to be the best predictor of malignancy with a cut-off 
value between 1.9 and 2.0. For bone lesions SUVmax,early and SUVmax,late were both found 
to be best predictors of malignancy with a cut-off value of 2.5 and 2.9 respectively, 
irrespective of the chosen assumption.
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The uptake pattern of 18F-fluorocholine may also help to discriminate malignant from 
benign lymph nodes. Increasing 18F-fluorocholine over time is highly specific (100%) for 
malignancy, with a modest sensitivity of 62%. 

It was concluded that combined image acquisition at both an early and late time point 
has advantages over a single late time point acquisition. Given the better ability to 
discriminate malignant and non-malignant lymph nodes at late images, while addition 
of early images helped to further discriminate lymph nodes and improved detection of 
bone lesions.

Detection of lymph node metastases may be hampered by high physiological choline 
uptake in the gastrointestinal tract commonly seen on 11C-choline or 18F-fluorocholine 
PET/CT. In literature, fasting is frequently advised before 18F-fluorocholine PET/
CT and four hours of fasting before administration of 11C-choline is suggested in a 
document of the Society of Nuclear Medicine and Molecular Imaging (19, 20). There is 
no evidence that supports fasting prior to choline 11C-choline or 18F-flurocholine PET/
CT. In chapter 5 the impact of fasting for at least 6 hours, on the 18F-fluorocholine 
uptake in the gastrointestinal tract is studied. Two cohorts of 40 patients scanned with 
18F-fluorocholine PET/CT were studied. The first cohort consisted of patients that did 
not fast before 18F-flurocholine PET/CT, while patients in the second cohort fasted for at 
least 6 hours prior to PET/CT. 

Dynamic data showed a similar uptake pattern for both cohorts in the intestines in the 
first 10 minutes after administration and no statistical differences were found at any 
time point. Late data acquired approximately 45 minutes after tracer injection were 
used to determine the 18F-fluorocholine uptake in liver, spleen, stomach, pancreas and 
intestine. Intestinal uptake was measured in five different regions: 1 cm or less in the 
proximity of the aorta, both left and right common iliac arteries and both left and right 
external iliac arteries. In all studied regions, no differences were found in 18F-fluorcholine 
uptake (SUVmax and SUVpeak) between both cohorts. In all patients high 18F-fluorocholine 
activity, which might interfere with detection of lymph node metastases, was found near 
the aorta. In both cohorts, over half of the patients showed activity near the left and 
right external iliac artery and right common artery, while in almost half of the patients 
activity was found near the left common iliac artery.

Intensity of intestinal activity was found to be comparable with activity in malignant 
lymph nodes, with a SUVmax of approximately 4 for both groups. Therefore, interference 
of physiological activity in the intestine with detection of lymph node metastases 
was shown to be realistic. However it was concluded that fasting had no impact 
on uptake in the gastrointestinal tract and should not be recommended before  
18F-fluorocholine PET/CT.

11C-choline and 18F-fluorocholine are typically used for detection of metastases. However, 
there is literature showing that those tracers are able to diagnose local relapse after 
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radical prostatectomy. Timing of image acquisition may significantly influence the 
detection rate and significantly increased detection of local prostate cancer recurrence 
is seen with an acquisition protocol including an early dynamic study of the pelvis 
starting immediately after intravenous injection of 18F-fluorocholine. In patients with 
PSA ≤1.0 ng/ml a detection rate of 76% was found (111/146 patients). Of those 111 scans 
99 showed 18F-fluorocholine uptake in the surgical bed only, which was interpreted as 
local recurrence. In 80/99 patients (84%), 18F-fluorocholine uptake was seen on early 
dynamic images only. 

In our daily clinical practice we did not notice such high detection rates of local 
recurrence with 18F-fluorocholine PET/CT in patients with biochemical recurrence after 
radical prostatectomy, despite standard image acquisition of the pelvis immediately 
after injection of 18F-fluorocholine. Incorrect interpretation of focal 18F-fluorocholine 
uptake in the prostate bed, seen on early images only, may have major consequences 
for clinical management. Especially in patients that already received salvage radiation 
therapy after radical prostatectomy, renewed signs of local recurrence will prohibit any 
treatment with curative intent. 

Therefore, in chapter 6 the occurrence rate of focally increased 18F-fluorocholine uptake 
in and near the prostatic fossa on both early and late images was evaluated in a 
cohort of patients scanned with 18F-fluorocholine PET/CT with a biochemical relapse 
after radical prostatectomy. Additionally a second cohort, which included patients 
that received 18F-fluorocholine PET/CT for primary staging, was studied to determine 
whether increased tracer uptake on early images is also present in a totally different 
patient population and to determine whether this represents prostate cancer lesions. 

Forty patients with a biochemical relapse and 25 patients with primary prostate cancer 
were analysed. On early images only, focally increased 18F-fluorocholine uptake in the 
prostatic bed region was seen in 28/40 patients (70%) and in 11/25 patients (44%) 
after prostatectomy and at initial staging, respectively. Fusion of PET and CT images 
revealed that all those lesions were located in the penile bulb. For patients after radical 
prostatectomy it could be postulated that these focal activities are a sign of local 
recurrence at the vesicoureteral anastomosis. However, for patients at initial staging it 
is highly unlikely that those findings represent prostate cancer depositions located in 
the penile bulb. 

Furthermore, the time-activity patterns of those lesions in the penile bulb showed a 
similar course in both cohorts suggesting that those observations represent the same 
substrate. Blood pool activity showed a similar pattern as compared to the pattern 
found for the focal activities in the penile bulb. Since the penile bulb is a highly perfused 
structure, physiological 18F-fluorocholine uptake in this structure is expected to follow 
the uptake pattern of the blood pool. 
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Furthermore, in patients scanned at initial staging, the time activity patterns of the 
biopsy confirmed primary prostate tumour, of lymph nodes suspicious of metastases, 
and of malignant bone lesions all showed the same pattern, which was clearly different 
from the pattern observed in the penile bulb. This is another indication that focal 
activity in the penile bulb after radical prostatectomy does not represent local relapse 
of prostate cancer.

It was concluded that focally increased 18F-fluorocholine activity in the prostatic region 
seen on early images only is found in a high number of patients referred for evaluation 
after biochemical relapse and those referred for primary staging and, according to our 
data, represents physiological uptake in the penile bulb. Accurate discrimination of this 
phenomenon is important since incorrect interpretation may have major consequences 
for clinical management.

In comparison with Choline PET/CT, PSMA-tracers have shown to detect more lesions at 
lower PSA levels, which increases the sensitivity for prostate cancer and increases the 
clinical impact of PET/CT in prostate cancer (12, 21). Furthermore, the specific binding to 
PSMA increases specificity for prostate cancer and positive predicting values. Literature 
on PSMA-tracer kinetics show that the tracer accumulates in prostate cancer cells over 
time while background activity decreases (22-26). For 68Ga-PSMA tracers it has been 
reported that late imaging at 180 min post injection (p.i.) instead of imaging at 45-60 min 
p.i improves detection of prostate cancer lesions (27). In a recent pilot study 18F-DCFPyL 
demonstrated higher tumour radiotracer uptake and higher tumour-to-background 
ratios in 9 patients on images acquired 120 min p.i. as compared to images obtained 
at 60 min p.i. (28). In order to build upon these findings of improved lesion detection 
at later time-points, the effects of PET/CT imaging at 120 minutes p.i. of 18F-DCFPyL 
in comparison to images acquired 60 minutes p.i. in a clinical cohort of patients with 
histopathologically proven prostate cancer is studied in chapter 7. 

By visual analysis, in 25/65 patients (38,5%) images at 120 min p.i. showed more lesions 
with enhanced 18F-DCFPyL uptake as compared to the images acquired at 60 min p.i. and 
all lesions visible on 60 min p.i. images were also visible at 120 min p.i.. According to 
the presently used TNM classification (seventh edition) 6 patients (9.2%) had a higher 
disease stage on 120 min p.i images compared to images acquired at 60 min p.i.. One 
patient was up-staged from N0M0 to N1M1a, 2 patients from N0M0 to N1M0, 2 patients 
from N1M0 to N1M1a and 1 patient from N0M0 to N0M1b.

Thirty prostate lesions, 6 seminal vesicle lesions, 125 lymph nodes (81 local and 44 
distant lymph nodes) and 42 skeletal lesions were included in a quantitative analysis. 
Overall a statistically significant increase in 18F-DCFPyL uptake over time was seen in the 
203 lesions characteristic for prostate cancer. Median SUVmax increased from 10.8 to 12.9 
(p<0.001, Wilcoxon singed rank test). Also for all individual anatomical regions, including 
prostate, seminal vesicles, local lymph nodes, distant lymph nodes and skeletal lesions 
an overall significant increase in 18F-DCFPyl uptake over time was found.
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According to image quality as measured by the SNR in the liver in all 65 included 
patients, a variable course over time on a per patient basis was found. However by 
statistical analysis a significant better mean SNR120 min p.i. of 11.93 was found (p<0.001, 
paired T-test, SNR60 min p.i. 11.15).

It was concluded that imaging 120 min p.i. is superior to imaging 60 min p.i. with respect 
to lesion detection without deterioration of image quality. Further studies are needed 
to elucidate the best imaging time point for 18F-DCFPyL.
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