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A B S T R A C T   

Purpose: This study aims to establish whether metabolic parameters obtainable from FCH PET/CT can predict 
long-term response to radical radiotherapy (rRT) in patients with localized prostate cancer (PCa). 
Methods: Drawing on a single-center database, we retrospectively reviewed the pre-treatment FCH PET/CT scans 
of 50 patients who underwent rRT between 2012 and 2017. Patients were enrolled if they had a follow-up of at 
least 3 years after rRT. Various metabolic parameters were considered for each PET/CT, including FCH multi-
focality. rRT was administered to all patients for a total equivalent dose of 76–80 Gy, using a standard or 
hypofractionated schedule. Patients were classified as disease-free (DF) if their PSA levels after rRT rose by <2 
ng/mL vis-à-vis their PSA nadir, or as not disease free (NDF) if their PSA levels rose by more than 2 ng/ml. 
Results: A multifocal FCH uptake in the prostate gland was identified in 27 patients (54%). At 3-year follow-up, 
37 patients (74%) were judged DF, and 13 (26%) were NDF. The SUVmax and SUVmean, and the sum of the two 
values in all FCH foci in the prostate gland were significantly higher for NDF patients than for DF patients (all p 
< 0.005). The sum of the TLCKA levels in all FCH foci was likewise significantly higher in patients who were NDF 
than in those found DF (median 54.5 vs. 29.4; p < 0.05). At univariate analysis, the most of PET-metrics and 
Gleason Score were predictors of biochemical relapse after 3-year follow-up (all p < 0.05). 
Conclusion: Higher SUVs seems predict a worse outcome for patients with multifocal intraprostatic lesions who 
are candidates for rRT.   

Introduction 

Prostate cancer (PCa) is the most prevalent malignancy among men 
in Europe. Primary treatments involve surgery or radiation therapy 
(RT) to the prostate gland. RT can be delivered with or without 
androgen deprivation therapy (ADT), depending on a patient’s risk 
class [1]. For now, PSA is the only biochemical marker capable of 
indicating the presence of recurrent disease during a patient’s follow- 
up. After RT, an increase in PSA levels two points above the nadir is 
used as a cutoff for identifying biochemical disease recurrences. Unlike 
the surgical approach, RT does not allow for a definitive histological 
assessment, so a tumor’s aggressiveness is judged on imaging findings 
alone, which may be misinterpreted. Methods such as magnetic reso-
nance imaging (MRI) and positron emission tomography-computed 

tomography (PET/CT) with 18F-choline (FCH) play an important 
part in the assessment of widespread disease inside and outside the 
prostate gland [2]. Some studies on the accuracy of FCH PET/CT in 
revealing intraprostatic uptakes showed that choline can identify 
tumor foci inside the prostate gland [3] with a pooled sensitivity and 
specificity of 62.6% and 76.3%, respectively [4]. FCH PET/CT also has 
a prognostic role in patients with recurrent PCa, when combined with 
certain metabolic variables, such as the mean standardized uptake 
value (SUVmean), and other surrogate data [5]. 

A meta-analysis on the outcome of RT for PCa demonstrated that dose 
escalation (up to 78 Gy) improves biochemical response and progression- 
free survival in patients with intermediate- and high-risk PCa [6]. With 
this in mind, there is an increasing role for molecular imaging in the 
planning of RT for PCa. Pinkawa et al. demonstrated that a boost volume 
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decided on the strength of specific metabolic variables obtainable from 
FCH PET/CT can be used for RT without adding to its toxicity [7]. 

The endpoint of the present study was to assess the prognostic value 
of metabolic parameters obtainable from FCH PET/CT in patients with 
localized PCa treated with radical-intent RT (rRT), with a view to 
establishing whether a potential boost (based on tumor volume ascer-
tained from the pathological choline uptake) could improve the 
prognosis. 

Material and methods 

Patient population 

Fifty patients collected in a single-center database from 2012 to 2017 
were considered, identifying those meeting the following inclusion 
criteria: 1) biopsy-proven PCa (any D’Amico risk class); 2) FCH PET/CT 
prior to treatment; 2) rRT according to international guidelines; 4) a 
follow-up of at least 3 years after completing rRT; and 5) testosterone 
levels within normal range after stopping ADT (in the case of high-risk 
patients who were given 2-year ADT in association with rRT [8]). 

Patients meeting the following criteria were excluded: 1) surgery as 
primary treatment; 2) metastatic disease detected on FCH PET/CT; 3) a 
total equivalent dose of rRT to the prostatic lesions of <76 Gy; 4) the 
presence or coexistence of other primary tumors; and 5) a follow-up of 
<2 years, or persistently suppressed testosterone levels after 2-year 
adjuvant ADT. 

Age, Gleason score, and PSA levels at diagnosis (PSA preRT) were 
obtained for all patients, and follow-up data were retrieved on a medical 
chart by a radiation oncologist (M.S.). All patients gave their consent to 
the use of their PET/CT scans for research purposes in accordance with 
local ethical committee recommendations. 

PET/CT acquisition and interpretation 

Before patients underwent PET/CT examination with FCH, they 
fasted for at least 6 h with no restrictions on water intake. FCH (18F- 
fluoromethylcholine; IASON, Graz, Austria) with a scheduled activity of 
3 MBq/kg body mass was administered intravenously. To prevent 
incomplete administration or subcutaneous accumulation, and to ensure 
good hydration, the radiopharmaceutical was injected through an 
infusion line connected to saline solution. Images were acquired with 
the Biograph 16 (Siemens Healthcare, Erlangen, Germany) PET/CT 
scanner, with low-dose CT acquired first. PET/CT whole-body acquisi-
tion (3 min/bed) was started 60 min after tracer injection, covering a 
skull-to-knees field of view. No dynamic PET was used. The PET data 
were reconstructed over a 128 × 128 matrix with a pixel size of 4.75 mm 
and a slice thickness of 2 mm. The processed images were displayed in 
coronal, transverse and sagittal planes. 

From the whole-body PET/CT scans, choline uptake by the tumor 
was measured using the following five parameters:  

1. SUVmax, obtained by drawing a boundary around the whole lesion.  
2. SUVmean and metabolic tumor volume (MTV) were obtained by 

segmenting the tumor, adopting a threshold of 50%.  
3. total lesion choline kinase activity (TLCKA): a parameter equivalent 

to total lesion glycolysis (TLG) for Fluorodeoxyglucose (FDG), and 
calculated with the equation: TLCKA = SUVmean50% × MTV50%;  

4. tissue-to-background (T/B) ratio: T was calculated as the SUVmean 
in the isovolumetric volume of interest (VOI), and B was obtained 
from the SUVmean in 2 cm3 of the VOI. In cases of multiple FCH 
uptake foci, the VOI was positioned in the contralateral healthy 
prostate lobe or in the same lobe, on the basis of the uptake in the 
entire prostate gland.  

5. multifocality: the number of foci of FCH PET/CT uptake in the 
prostate gland. 

6. the sums of the SUVmax, SUVmean, MTV and TLCKA (called: SUM_-
SUVmax, SUM_SUVmean, SUM_MTV, and SUM_TLCKA, respectively) 
were calculated from the values for each metabolic parameter in all 
foci of FCH uptake inside the prostate gland. 

Radiation therapy planning and delivery 

All patients underwent simulation CT with the GE Optima CT580 RT. 
During the simulation, the isocenter was located in the middle of the 
prostate gland. The target volume and organ at risk were delineated on 
the CT scan. External beam radiation therapy (EBRT) with the conven-
tional (3D-CRT) or modulated techniques [Intensity-modulated radio-
therapy (IMRT) or Volumetric Modulated Arc Therapy (VMAT)] was 
planned with the Eclipse v11 (Varian Medical System, USA) and 
Oncentra v 4.2 (Elekta, UK). RapidArc VMAT plans were delivered with 
a Unique or TrueBeam Stx linear accelerator (Varian Medical System, 
USA), equipped with Millennium MLC, while 3D-CRT and Static IMRT 
plans were delivered with an Oncor (Siemens Healthcare, DE) equipped 
with 160 MLC. All patients were instructed to follow a bowel and 
bladder preparation protocol before each session of radiotherapy. 
Different fractionation schedules were used (2, 2.5 or 3 Gy per fraction) 
for a total equivalent dose (EQD2) of 76–80 Gy, considering an alpha/ 
beta ratio of 1.5 [9]. 

Statistical analysis 

A Shapiro-Wilk test was used to test the normal distribution of SUV 
max, SUVmean, MTV, TLCKA, T/B, Gleason score, PSA preRT, SUM_-
SUVmax, SUM_SUVmean, SUM_MTV, SUM_TLCKA. 

Non-parametric data were analyzed using the Mann Whitney test, 
comparing patients with and without recurrent disease. How multi-
focality correlated with outcome was tested using Fisher’s exact test. 
The specificity and sensitivity of the parameters considered were ob-
tained using receiver operating curve (ROC) analysis. A Spearman’s 
rank correlation test was used for testing the relationships among clin-
ical data, PET metrics and outcome. A univariate analysis was per-
formed. All tests were performed with R, version 4.0.3 (2010–10-10) 
(The R Foundation for Statistical Computing) [10]. All p-values reported 
are two-sided, and a p < 0.05 was considered significant. 

Results 

Table 1 shows the characteristics of the 50 patients enrolled in the 
study. All patients were at intermediate to high risk of recurrence based 
on the D’Amico classification. Thirteen patients (26%) were on ADT at 
the time of their FCH PET/CT. 

All patients only showed a significant FCH uptake in the prostate 
gland, with no evidence of disease outside the prostate. There were 2 foci 
of uptake in 10 patients (20%), 3 in 10 (20%), 4 in 4 (8%), 5 in 2 (4%), 
and 7 in 1 (2%), for a total of 27 patients (54%) with multifocal PCa. 

A Spearman’s rank correlation test showed that SUVmax, SUVmean, 
SUM_SUVmax, SUM_SUVmean were significantly correlated with Glea-
son Score (all p < 0.05), while only SUVmean and SUM_TLCKA were 
associated with the PSA level (both p < 0.05). However, we found also 
that each PET-metrics was strongly correlated with the others. 

After a median follow-up of 47 months (range: 36–104 months), 13 
patients (26%) had a biochemical disease recurrence while 37 (74%) 
were disease-free. Seven of the 13 patients (26%) whose PCa recurred 
subsequently died of their disease. Eleven of the 13 patients with 
recurrent disease had a high-risk PCa with a Gleason Score of 8 or more. 
Indeed, Gleason Score and Risk group based on D’Amico classification 
were correlated with outcome (p = 0.013 and p = 0.022, respectively). 

Table 2 shows the semiquantitative data obtained from the FCH PET/ 
CT in all patients, with and without recurrent disease. Only the SUVs 
differed significantly between patients with and without biochemical 
evidence of recurrent PCa after rRT. The highest statistical significance 
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was found for the SUVmax and SUVmean of the index lesion, and for the 
SUM_SUVmax in cases with multifocal disease. One in three patients with 
multifocal disease on FCH PET/CT had a recurrence (9 out of 27; 33%), 
although the difference with patients affected by non-multifocal disease 
was not statistically significant (p = 0.332). Similarly, patients with a 
single focus of FCH uptake who experienced a biochemical recurrence 
during the 3-year follow-up had high SUVs. The SUM_TLCKA was also 
significantly higher in patients with biochemical recurrences than in 
those remaining disease-free: this underscores the potential role of an 
increased choline kinase activity as a prognostic indicator of recurrent 
disease. Fig. 1 shows the box plots for all the metabolic variables. 

MTV, TLCKA, T/B, PSA preRT and SUM_MTV did not differ signifi-
cantly between patients with and without a biochemical recurrence. T/B 
was significantly higher in patients who were on ADT at the time of their 
PET/CT than in those who were not (median value: 2.54 vs 1.94; p-value 
< 0.05 for the Mann Whitney test). In particular, background levels of 
healthy prostate gland were lower for patients on ADT (median value: 
1.83 vs 2.14; p-value < 0.05). ROC curves plotted to identify patients who 
would develop a biochemical recurrence of PCa showed cutoffs of 8.74 for 
SUVmax (sensitivity 83%, specificity 77%); 4.14 for SUVmean (sensitivity 
83%, specificity 77%); 11.94 for MTV (sensitivity 83%, specificity 60%); 
and 49.95 for TLCKA (sensitivity 83%, specificity 67%) (Fig. 2). 

At univariate analysis, SUVmax, SUVmean, SUM_SUVmax, SUM_-
SUVmean, SUM_TLCKA and Gleason Score were predictors of biochem-
ical relapse after 3-year follow-up (all p < 0.05) (Table 3). 

Discussion 

No data are currently available on the utility of radiolabeled choline 
PET in predicting the outcome of patients treated with rRT. Most studies 
have focused on the prognostic value of PET/CT with radiolabeled 
choline in patients with recurrent PCa [11–13], demonstrating that a 
positive choline PET/CT result can predict PCa-specific survival if per-
formed during a biochemical recurrence in either hormone-naïve pa-
tients or those treated with ADT. To our knowledge, ours is the first study 
to correlate the use of rRT with semiquantitative variables obtainable 
from FCH PET/CT, after a follow-up of at least 3 years after completing 
rRT. Our data suggest that SUVmax, SUVmean, SUM_SUVmax, and 
SUM_SUVmean are correlated with the recurrence of disease. In partic-
ular, SUVmax and SUVmean are surrogates of a cancer’s aggressiveness, 
such as the Gleason score. In short, high SUVs correlate with a poor 
prognosis. SUM_TLCKA (the sum of the total lesion of choline kinase 
activity for all lesions) is significantly associated with biochemical PCa 
recurrence, underscoring the importance of a tumor’s invasiveness 
(MTV) and aggressiveness (SUVs). SUVmax, SUVmean and SUM_TLCKA 
represents PET-metrics that are correlated with the differentiation of the 
prostate lesions: a tumor able to produce PSA has a high activation of the 
choline metabolism (it means of Choline kinase activity). 

As already stated in literature, radiolabeled choline PET/CT has 
some limitations for the purposes of identifying primary tumor, 
reportedly achieving a pooled sensitivity and specificity of 62.6% and 
76.3%, respectively [4]. The amount of radiotracer uptake by malignant 
tissue overlaps significantly with that of high-grade prostatic intra-
epithelial neoplasia, prostatitis, benign prostatic hypertrophy, and 
normal tissue [14]. Focal uptake should nonetheless be viewed with a 
strong degree of suspicion [2]. Monofocal uptake is commonly reported 
in PCa patients undergoing FCH PET/CT before receiving any treatment 
[15]. One study reported that multifocal uptake was often associated 
with chronic prostatitis (in 5 of 20 patients) [16]. That said, it is 
impossible to rule out malignancy in patients with an inhomogeneous or 
multifocal pattern of choline uptake because PCa is often multifocal and 
the average patient has at least two distinct prostatic foci, which may 
have different Gleason scores [17]. In the present study, 27 out of 50 
patients had a multifocal choline uptake on FCH PET/CT, and all of them 
had biopsy-proven multifocal lesions. We also found multifocal uptake 
of FCH in the prostate gland (in terms of multifocality per se and 

Table 1 
Characteristics of patients.  

Variables  

N of patients 50 
Median age (range), years 78 (68–89) 
Median PSA at diagnosis (range), ng/mL 14 (2.2–88.7) 
Gleason score, n (%) 

• ≤ 6 3 (6%) 
• =7 22 (44%) 
• ≥ 8 25 (50%) 

Grade Group, n (%) 
• 1 (GS 6) = 3 (1%) 
• 2 (GS 7: 3 + 4) = 6 (12%) 
• 3 (GS 7: 4 + 3) = 6 (12%) 
• 4 (GS 8) = 19 (38%) 
• 5 (GS 9–10) = 6 (12%) 
• GS 7 unspecified = 10 (20%) 

D’Amico risk classification, n (%) 
• Low 0 
• Intermediate 18 (36%) 
• High 32 (64%) 

Multifocality at biopsy, n (%) 
• No 23 (46%) 
• Yes 27 (54%) 

ADT before FCH PET/CT, n (%) 
• No 37 (74%) 
• Yes 13 (26%) 

RT technique, n (%) 
• 3D-CRT 22 (44%) 
• IMRT/VMAT 28 (56%) 

RT dose (EQD2), n (%) 
• =76 Gy 5 (10%) 
• =77 Gy 1 (2%) 
• =78 Gy 25 (50%) 
• =80 Gy 19 (38%) 

PSA: prostate specific antigen; ADT: androgen deprivation therapy; RT: radia-
tion therapy; CRT: conformational RT; IMRT: intensity modulated RT; VMAT: 
volumetric modulated arc therapy; EQD2: equivalent dose 

Table 2 
Distribution of metabolic data based on the recurrence of disease in all 50 
patients.  

Variables All patients 
(n ¼ 50 
patients) 

Relapse 
(n ¼ 13 
patients) 

Not relapse 
(n ¼ 27 
patients) 

p-value 

SUVmax 7.5 
(3.1–22.7) 

9.8 
(4.2–22.7) 

6.7 
(3.1–20.0)  

0.00054* 

SUVmean 4.0 
(3.0–9.4) 

4.6 
(3.6–9.4) 

3.7 
(3.0–6.9)  

0.00069* 

MTV 4.0 
(0.1–26.6) 

4.1 
(0.9–26.6) 

4.0 
(0.1–22.5)  

0.5430 

TLCKA 16.5 
(0.2–137.6) 

22.7 
(3.4–137.6) 

15.7 
(0.2–90.9)  

0.1840 

T/B 1.9 
(1.2–4.3) 

2.1 
(1.2–4.3) 

1.9 
(1.4–3.0)  

0.3200 

SUM_SUVmax 12.7 
(3.1–65.7) 

16.3 
(8.2–65.7) 

9.3 
(3.1–42.9)  

0.0063* 

SUM_SUVmean 7.2 
(3.0–34.5) 

8.1 
(4.1–34.5) 

6.8 
(3.0–20.2)  

0.0208* 

SUM_MTV 6.7 
(0.1–29.7) 

8.6 
(1.9–29.7) 

5.9 
(0.1–28.4)  

0.1630 

SUM_TLCKA 39.7 
(0.2–322.2) 

54.5 
(6.8–322.2) 

29.4 
(0.2–111.1)  

0.0255* 

Shown here are medians (range) of each considered parameter; the reported p- 
values are obtained with Mann-Whitney test between patients who did and did 
not relapse. All marked values are statistically significant. MTV: metabolic 
tumor volume; TLCKA: total lesion choline kinase activity; T/B: tumor/ 
background; 

* significant value. 
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Fig. 1. Blox plots for all available parameters.  
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SUM_SUVmax) associated with a worse prognosis, and evidence of a 
significant correlation between more than one choline uptake site and 
the risk of recurrence after rRT. 

Different semiquantitative variables were used in our study, such as 
SUVmax, SUVmean, T/B, MTV and TLCKA. SUVmax and SUVmean were 
significantly higher in patients with a poor outcome as compared to the 
counterpart, while MTV, TLCKA of the index lesion and T/B did not. We 
considered T/B as a continuous variable but as shown in Table 2, the ratio 
was similar for patients with and without biochemical evidence of 
recurrent disease (only slightly higher in the former). Neoadjuvant hor-
mone treatment prior to any RT can reduce choline uptake in PCa [18], 
reducing PCa metabolism and the absolute SUVs in both primary tumor 
and benign prostate tissue as a result [19,20]. In our series, 13 of the 50 
patients were on ADT at the time of their PET/CT time, before under-
going rRT. In our opinion, T/B is not the best choline-PET parameter for 
the purposes of RT planning, particularly in the case of concurrent ADT. 
Other studies have tried to examine the effect of ADT on choline tracer 
uptake. Comparing PET/CT scans of patients with and without ADT, 
Chan et al. [21] found that ADT was associated with a significantly (17%) 

smaller overall prostate volume. Prostate SUVmax was also lower in 
patients on ADT than in those taking no hormone therapy, although the 
difference did not reach statistical significance. Similarly, visually 
defined isodose lines (IDLs) were significantly smaller than the corre-
sponding 60% maximum uptake volume in patients on ADT, meaning 
that the treatment reduces choline tracer uptake by malignant lesions on 
PET imaging. These data suggest that, as PET would provide the values 
for IDL segmentation, it would be done before starting ADT. In a recent 
study, 10 patients with histologically confirmed PCa underwent three 
sequential choline-PET/CT scans. The first was performed at the baseline, 
the second after neoadjuvant ADT, and the third 4 months after RT and 
concomitant ADT. The combined effect of the ADT and RT-ADT was to 
significantly reduce tumor choline uptake, and the extent of this effect 
could predict long-term biochemical control or relapse. Choline PET/CT 
can therefore be useful for assessing rates of response to RT dose esca-
lation and new hormone therapies for PCa [22]. 

In patients who underwent salvage prostatectomy and had a 
biochemical recurrence after RT, clinically significant recurrences al-
ways occurred at the site of primary tumor [23]. Cellini et al. [24] also 
found a 100% rate of local control outside the primary tumor in patients 
with biochemical recurrences. Many trials have shown that a dose 
escalation approach improves biochemical recurrence-free survival 
[25,26], but the question of how to define the IDL remains to be 
answered. Recent studies have attempted to correlate different seg-
mentation methods with pathology. Park et al. [27] tried to validate 
various segmentation methods by accurately recording tumor volume in 
vivo, as outlined on the image of choline uptake, with the true histo-
logical extent of the tumor. A segmentation threshold of 60% of SUVmax 
emerged as the best parameter in correlation with pathology. In their 
interesting paper, Chang et al. [3] compared several IDL contouring 
methods. The one that showed the strongest correlation between PET 
and pathology was SUV60%, although this correlation was not statisti-
cally more significant than the other options tested. Dose escalation to 
facilitate cell death in neoplastic clones resistant to lower doses is the 
most rational radiobiological principle for combating PCa cell growth, 
but the total dose that can be delivered to the tumor is limited by the 

Fig. 2. ROC curves for the identification of cut-off values.  

Table 3 
Univariate analysis.   

Univariate  
p-value 

SUVmax 0.011 
SUVmean 0.018 
MTV NS 
TLCKA NS 
SUM_SUVmax 0.016 
SUM_SUVmean 0.020 
SUM_MTV NS 
SUM_TLCKA 0.026 
Gleason Score 0.004 
PSA NS 
Multifocality NS 
N◦ of focalities NS 

NS = non-significant. 
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tolerance of organs at risk (OAR). The goal of dose escalation can 
therefore only be achieved by reducing the exposure of OAR in order to 
minimize treatment-related toxicity. The best way to achieve a dose 
escalation is to use conformational delivery techniques such as 3D-CRT, 
and particularly IMRT and VMAT, combined with image-guided radio-
therapy (IGRT) techniques [8]. Many retrospective series have explored 
the feasibility of boosting the primary tumor with a lower RT dose, 
reporting no differences in acute toxicities [28,29]. A recent prospective 
randomized controlled trial, the FLAME study, explored the value of 
adding a boost dose based on MRI findings to whole prostate irradiation. 
Without exacerbating acute and late toxicities [30], the boost doses had 
a beneficial effect on biochemical disease-free survival, reducing the risk 
of biochemically-evidence treatment failure from 15% to 8% at 5 years 
[31]. Many ongoing trials are also assessing the benefit of a boost dose to 
the tumor during prostate gland RT, using either a moderately hypo-
fractionated regimen or ultra-hypofractionated RT. 

The feasibility of identifying patients at high risk of local recurrence, 
and consequently higher risk of disease progression, is crucial to the 
selection of those who could benefit from a boost dose to the primary 
tumor. Our results did not indicate any significant correlation between 
MTV (defined using a 50% threshold of the maximum uptake) and 
outcome, a finding in disagreement with other reports [3,32,33]. The 
novelty of our study is that our results allow us to be more confident in 
using information obtained from radiolabeled choline PET/CT for the 
purposes of IDL segmentation with a view to boosting the radiation dose 
to the primary tumor. However, these are only exploratory results, 
without a clear evidence that FCH PET/CT can be used as a biomarker 
for predict or overcome the negative prognostic features. 

Various other radiopharmaceutical agents have been used in patients 
with PCa, as well as choline-based PET tracers [34]. Prostate-specific 
antigen membrane (PSMA) has recently been adopted in clinical prac-
tice, both to study recurrent PCa and in the detection of primary disease 
[35,36]. Some papers are now available on the role of radiolabeled 
PSMA PET/CT in guiding the planning of RT for patients with primary 
PCa. Thomas et al. [36] studied 21 patients who underwent 68 Ga-PSMA 
PET/CT for the purpose of defining prostate target volumes. They found 
that the mean dose to the tumor tissue – defined as the pathological 
volume established from the 68 Ga-PSMA positive volumes – can be 
increased significantly without any significant increase in the mean dose 
to rectum and bladder. In 6 patients who underwent 18F-DCFPyL PET/ 
CT, Goodman et al. [37] likewise found that PSMA PET can be used as a 
novel approach to defining the gross tumor volumes for the purposes of 
dominant intraprostatic lesion simultaneous in-field boost (DIL-SIB) 
dose escalation. No data on the effect of PSMA PET on patient prognosis 
in this setting have become available as yet, however. 

The present paper has some limitations. The small sample size limits 
significantly the translation of our results in clinical practice and thus 
limiting the power of statistical analysis. Here in, it was assumed that a 
boosting dose in the primary tumor, guided by 18F-Choline PET/CT 
before rRT would be useful for reducing the rate of biochemical recur-
rence in 3-year follow-up. Moreover, due to a limited number of events, 
the multivariate analysis was not performed, thus further limiting the 
final conclusions. Therefore, the findings of the present manuscript 
would be considered as preliminary results that required a confirmation 
by a large prospective and well-designed trial. 

Conclusions 

A high choline uptake on PET/CT is predictive of a poor outcome at 
3-year follow-up for patients with multifocal intraprostatic lesions who 
undergo rRT. The present study findings seem to suggest that the dose to 
the primary tumor would be boosted in patients with intraprostatic high 
SUVs, bearing in mind the radiobiology of PCa (which benefits from 
hypofractionation and higher doses). Further work needs to be done to 
assess a risk-adapted prescription protocol for patients with multifocal 
lesions and high SUVs, who could benefit from an increased dose to the 

dominant intraprostatic lesion, preferably using the latest radiophar-
maceutical agents, such as radiolabeled PSMA. 
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