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Abstract The objective of the study was to system-

atically review published data and perform a meta-analysis

about the discordance rate between radiolabelled choline

PET/CT and bone scintigraphy (BS) in detecting bone

metastases in patients with prostate cancer (PCa). A com-

prehensive literature search of studies or subsets of studies

published through November 2014 including information

on the comparison among radiolabelled choline PET/CT

and bone scintigraphy in PCa patients was carried out. A

meta-analysis was performed in order to calculate the

pooled discordance rate among these methods in detecting

bone metastases on a per patient-based analysis. Twelve

articles were selected. The pooled discordance rate among

radiolabelled choline PET/CT and BS in detecting bone

metastases was 10.9 % (95 % confidence interval

6.3–16.7 %). Discordant findings were due to radiolabelled

choline positive and BS negative or inconclusive findings,

but BS positive and radiolabelled choline-negative findings

also occurred. We discuss the possible causes of discordant

findings. Discordance rate between radiolabelled choline

PET/CT and BS in detecting bone metastases in PCa pa-

tients is not negligible and both methods are useful in this

setting.
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Introduction

Prostate cancer (PCa) is the most frequently diagnosed

malignancy in men and its incidence has been increasing in

the last decades [1]. The clinical outcome of PCa is highly

variable. In some patients the tumor can grow so slowly

that it may never be life-threatening, while in other patients

it can exhibit an aggressive pattern implying early spread to

the skeleton and death [2, 3].

The detection of bone metastases is of paramount im-

portance in the management of patients with PCa, in par-

ticular for selecting an appropriate therapy, determining

tumor staging, assessing prognosis, and evaluating the ef-

ficacy of treatments. Patients with bone metastases may not

need local treatment such as surgery or local radiotherapy,

but may be eligible for hormone therapy or chemotherapy

[2–4]. Furthermore, the extent of bone metastatic disease is

an independent prognostic factor in patients with PCa [5].

Bone scintigraphy (BS) using technetium-99m-diphos-

phonates (99mTc-DPs) and radiolabelled choline positron

emission tomography/computed tomography (PET/CT) are

both useful to detect bone metastases in PCa patients [6, 7].

BS is used as a standard technique for the assessment of

bone metastases of PCa because of its entire skeleton

screening at once and widespread availability. 99mTc-DPs

accumulate in bone structures depending on local blood
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flow and osteoblastic activity. Planar scintigraphic images

are obtained with a gamma-camera; tomographic images

may be obtained by single photon emission computed to-

mography (SPECT) or SPECT/CT. Sites of increased
99mTc-DPs uptake imply accelerated bone turnover and

may indicate metastatic disease. Osseous metastatic disease

may be diagnosed based on the overall pattern of activity,

or in conjunction with anatomic imaging [4, 6, 8].

In recent years, PET/CT using choline radiolabelled

with carbon-11 (11C) or fluorine-18 (18F) has been shown

to be useful for staging or restaging PCa patients with

biochemical failure after radical prostatectomy or radiation

therapy [9–12]. Radiolabelled choline is biochemically

indistinguishable from natural choline (an essential com-

ponent of the phospholipids in the cell membrane), thus it

can be considered as a true tracer of cancer cell metabo-

lism. As tumor cells present a high metabolic rate, choline

uptake increases in tumor tissue to keep up with the de-

mands of the synthesis of phospholipids in cellular mem-

branes [13–15]. The greatest advantage of radiolabelled

choline PET/CT lies in its ability to assess disease at

multiple anatomical sites at a single time while preserving

an accuracy similar to or greater than that of other con-

ventional imaging techniques [7]. The most remarkable

difference between 11C-choline and 18F-choline is the half-

life of the isotopes (20 min for 11C vs. 110 min for 18F). In

addition, urinary excretion of 18F-choline is comparatively

higher than that of 11C-choline, but the overall imaging

findings are similar between the different radiolabelled

choline agents [8, 9, 13].

The aim of this article is to systematically review the

literature and perform a meta-analysis about the discor-

dance rate among BS and radiolabelled choline PET/CT in

detecting bone metastases in PCa patients and to discuss

the causes of the discordant findings.

Methods

Search strategy

A comprehensive computer literature search of the

PubMed/MEDLINE database was conducted to find rele-

vant published articles on the comparison between ra-

diolabelled choline PET/CT and BS in detecting bone

metastases in PCa patients. We used a search algorithm

that was based on a combination of the terms: (a) ‘‘PET’’ or

‘‘positron emission tomography’’ and (b) ‘‘choline’’ and

(c) ‘‘scan’’ or ‘‘scintigraphy’’ and (d) ‘‘bone’’ or ‘‘osseous’’

or ‘‘skeleton’’ or ‘‘skeletal’’ and (e) ‘‘prostate’’. No begin-

ning date limit and language restriction were used; the

search was updated until November 30th, 2014. To expand

our search, references of the retrieved articles were also

screened for additional studies.

Study selection

Studies or subsets in studies comparing radiolabelled

choline PET/CT and BS findings in PCa patients were

eligible for inclusion. The exclusion criteria were: (a) arti-

cles not within the field of interest of this review; (b) re-

view articles, editorials or letters, comments, conference

proceedings; (c) case reports or small case series;

(d) studies performing PET only (to reduce the hetero-

geneity of the results derived by pooled analysis of PET and

PET/CT findings together); (e) studies performing radiola-

belled choline PET/CT only in PCa patients with negative or

inconclusive BS (possible selection bias for the calculation

of the discordance rate among these methods); (f) articles

from the same group (possible data overlap; in such cases the

most complete article was selected); (g) absence of data for

assessing the discordance rate on a per patient-based ana-

lysis (i.e., only per lesion-based analysis available).

Two researchers (GT and CV) independently reviewed

the titles and abstracts of the retrieved articles, applying the

inclusion and exclusion criteria mentioned above. Articles

were rejected if they were clearly ineligible. The same

researchers then independently reviewed the full-text ver-

sion of the remaining articles to determine their eligibility

for inclusion.

Data extraction

For each included study, information was collected con-

cerning basic study (authors, journal and year of publica-

tion, country of origin, study design), number of patients

performing both methods, PET radiopharmaceutical used,

number of patients with discordant findings (radiolabelled

choline PET/CT positive and BS negative or vice versa).

Statistical analysis

A pooled analysis of the discordance rate between ra-

diolabelled choline PET/CT and BS in PCa patients was

performed using data retrieved by the selected studies. A

random-effects model was used for statistical pooling of

the data taking into account the heterogeneity between

studies. The different weight of each study in the pooled

analysis was related to the different sample size. Pooled

data were presented with their respective 95 % confidence

interval (95 % CI) and data were displayed using a forest

plot. A I2 index was used to test for heterogeneity between

studies. Publication bias was evaluated by using Egger’s

test [16].
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Statistical analyses were performed using StatsDirect

statistical software version 3.0 (StatsDirect Ltd; Altrin-

cham, UK).

Results

The comprehensive computer literature search from

PubMed/MEDLINE database revealed 111 articles. Re-

viewing titles and abstracts 102 articles were excluded:

(a) 87 because not within the field of interest or as review

articles, editorials or letters; (b) 7 as case reports or small

case series (\10 patients performing both methods); (c) 2

studies performing PET only (no PET/CT) [17, 18]; (d) 3

studies performing radiolabelled choline PET/CT only in

PCa patients with negative or inconclusive BS [19–21];

(e) one for possible partial data overlap with other articles of

the same group [22]; (f) 2 for absence of data for assessing

the discordance rate on a per patient-based analysis (only

per lesion-based analysis available) [23, 24]. Nine articles

were selected and the full-text was retrieved [25–33]. Other

three articles were included screening the references of the

selected studies [34–36]. Two articles of the same group

were included because no data overlap was evident [31, 36].

Finally, 12 articles including 740 PCa patients were

selected and were included in the meta-analysis [25–36]

(Fig. 1). The characteristics of the included studies are

shown in Table 1.

Most of the selected studies were performed at European

centers and half of them were prospective. Heterogeneity

about characteristics of the patients included (i.e., eval-

uation of PCa patients in staging or restaging, evaluation of

hormone refractory PCa patients) and type of PET radio-

pharmaceutical used (18F-choline in 8 studies and 11C-

choline in 4 articles) was evident.

Discordant findings between radiolabelled choline PET/

CT and BS were reported by most of the studies included in

the meta-analysis.

Cimitan et al. [33] reported 8/68 discrepant results be-

tween 18F-choline PET/CT and BS, including 2 cases of BS

positive and 18F-choline PET/CT negative and 6 cases of
18F-choline PET/CT positive and BS negative or

inconclusive.

In the retrospective study of Castellucci et al. [35] 11C-

choline PET/CT findings were positive for bone lesions in

31 of 130 patients who had a BS performed before PET/

CT: 22 were negative at BS, and 9 patients had shown a

single lesion at BS but multiple bone lesions at PET/CT.

Fig. 1 Flowchart of the literature search and article selection
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Picchio et al. in their retrospective study reported con-

cordant findings between 11C-choline PET/CT and BS in

55 of 78 (71 %) cases. In particular, 18 of 55 (33 %) pa-

tients concordantly had true-positive results and 37 of 55

(67 %) had true-negative findings with both methods. In

the remaining 23 cases, 11C-choline PET/CT and BS

findings were discordant. In particular, of the 21 BS

equivocal findings, the results of 11C-choline PET/CT were

true-negative in 13 of 21 (62 %), false-negative in 2 of 21

(9 %) and true-positive in 6 of 21 (29 %) patients. In one of

three 11C-choline PET/CT false-negative patients the BS

result was true-positive. The single 11C-choline PET/CT

equivocal finding was true-negative at BS [26].

In a recent article by Garcia et al. on 169 patients with

biochemical recurrence of PCa, on a per patient-based

analysis, 11C-choline PET/CT and BS were both negative

for bone metastases in 118 patients (69.8 %). 11C-choline

PET/CT and/or BS were positive for bone lesions in 51

patients (30.2 %), being concordant in 30 patients and

discordant in 21 cases. On a per lesion-based analysis, BS

detected 38 blastic, 2 lytic and 10 non-CT-evident lesions,

whereas 11C-choline PET/CT detected 41 blastic, 4 lytic

and 29 non-CT-evident lesions [25].

Overall, the discordance rate among radiolabelled cho-

line PET/CT and BS in detecting bone metastases in PCa

patients ranged from 0 to 29.5 % in the articles included in

this meta-analysis, with a pooled estimate of 10.9 % (95 %

CI 6.3–16.7 %) (Fig. 2). The heterogeneity between the

included studies was significant (I2 = 75 %) but the pres-

ence of significant publication bias was not demonstrated

by the Egger’s test (Egger’s bias = 2; 95 % CI -0.2 to 4;

p = 0.07).

Discussion

Functional imaging techniques such as BS and radiola-

belled choline PET/CT are both useful in the evaluation of

PCa patients.

National Comprehensive Cancer Network (NCCN)

guidelines suggest the use of BS in the initial evaluation of

patients at high risk for skeletal metastases (T1 disease and

PSA C 20 ng/ml, T2 disease and PSA C10 ng/ml, Glea-

son score C8, T3/T4 disease, any stage disease with

symptoms suggestive of osseous metastatic disease) [4].

BS can be considered for the evaluation of the post-

prostatectomy patient when there is failure of PSA to fall to

undetectable levels, or when there is undetectable PSA

after radical prostatectomy with a subsequent detectable

PSA that increases on two or more consecutive determi-

nations. BS can be considered for the evaluation of patients

with an increasing PSA or positive digital rectal exam after

radiation therapy if the patient is a candidate for additional

local therapy or systemic therapy. Low- and intermediate-

risk patients with low serum PSA levels postoperatively

have a very low risk of positive BS [4].

Radiolabelled choline PET/CT has been used to stag-

ing and restaging PCa patients [9–12]. In particular, ra-

diolabelled choline PET/CT may be useful to detect

metastases or relapse of PCa as stated in the last NCCN

guidelines [4]. Several studies have shown that the posi-

tive detection rate (DR) of the technique increases with

increasing PSA levels. Furthermore, due to the strong

relationship between PSA kinetics and DR of radiola-

belled choline PET/CT, PSA doubling time and PSA

velocity should be taken into account in the selection of

Table 1 Summary of studies included for the meta-analysis (patient-based analysis) about the comparison of choline PET and bone scintigraphy

References Country Type of

study

Indication No. of pts who underwent

both choline PET and

bone scintigraphy

PET tracer Patients with discordant

choline PET/CT and

bone scan (%)

Cimitan et al. [33] Italy P Restaging 68 F-18-choline 8 (11.8 %)

Rinnab et al. [34] Germany R Restaging 17 C-11-choline 2 (11.8 %)

Husarik et al. [32] Switzerland NR Staging and restaging 15 F-18-choline 0 (0 %)

Castellucci et al. [35] Italy R Restaging 130 C-11-choline 22 (16.9 %)

Kwee et al. [31] USA P Evaluation of hormone-

refractory PCa

24 F-18-choline 1 (4.2 %)

Beheshti et al. [30] Austria P Staging 130 F-18-choline 2 (1.5 %)

Beauregard et al. [29] Australia P Staging and restaging 16 F-18-choline 1 (6.2 %)

McCarthy et al. [28] Australia P Evaluation of hormone-

refractory PCa

26 F-18-choline 5 (19.2 %)

Schillaci et al. [27] Italy R Restaging 27 F-18-choline 1 (3.7 %)

Kwee et al. [36] USA P Restaging 40 F-18-choline 4 (10 %)

Picchio et al. [26] Italy R Restaging 78 C-11-choline 23 (29.5 %)

Garcia et al. [25] Spain NR Restaging 169 C-11-choline 21 (12.4 %)

P prospective, R retrospective, NR not reported, PCa prostate cancer
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PCa patients who should undergo radiolabelled choline

PET/CT for restaging [37].

To the best of our knowledge, this meta-analysis is the

first to evaluate the discordance rate between BS and ra-

diolabelled choline PET/CT in detecting bone metastases

in patients with PCa. Several studies have reported data

about the discordance rate of these methods (Table 1). In

order to derive more robust estimates in this regard, we

have pooled published studies. A systematic review pro-

cess was adopted in ascertaining studies, thereby avoiding

selection bias [38].

We found a relevant pooled discordance rate among

these imaging methods on a per patient-based analysis.

Discordant findings were due to radiolabelled choline

positive and BS negative or inconclusive results but BS

positive and radiolabelled choline-negative findings also

occurred.

Beyond the different diagnostic performance of BS and

PET/CT (a higher sensitivity is usually expected by using

PET/CT compared to planar scintigraphy or SPECT [8]),

discordant findings are likely related to the different

mechanism of uptake of 99mTc-DPs and radiolabelled

choline, respectively. In fact the uptake of 99mTc-DPs is

based on the osteoblastic response to metastatic lesions,

whereas radiolabelled choline aims to detect malignant

cells directly [39, 40].

Bone metastases from PCa are mainly osteoblastic le-

sions and these lesions are usually well detected by BS,

because most of them are accompanied by an osteoblastic

reaction. False-negative BS findings can result from the

absence of reactive bone changes or rapid growing such as

in pure osteolytic metastases [8, 39, 40].

On the other hand, radiolabelled choline PET/CT may

detect bone metastatic lesions without abnormalities at the

co-registered CT which could be bone marrow lesions

sometimes negative at BS [19, 25, 39]. The early detection

of these bone marrow lesions may have therapeutical and

clinical implications in PCa patients.

As previously demonstrated, densely sclerotic bone

metastases may show reduced radiolabelled choline uptake

and increased uptake at BS [39, 41]. In fact osteoblastic

proliferation results in a bone matrix increase with a rela-

tive decrease in cell density, thus determining the decrease

of tumor activity and radiolabelled choline uptake [40].

However, it is not clear if the decrease in radiolabelled

choline uptake in the sclerotic lesions is due to therapy

response (with prognostic implications) or lower sensitivity

of radiolabelled choline PET [41]. More studies with

histopathological verification of bone metastases could be

needed to clarify this issue. Serial BS or radiolabelled

choline PET/CT in patients undergoing therapy would also

help answer this question without necessarily requiring

biopsy proof of viability.

It is also important to mention that degenerative changes

in the skeleton usually show no increased tracer uptake on

radiolabelled choline PET, whereas they are usually cause

of equivocal findings at BS. This point emphasizes the

higher specificity of radiolabelled choline PET/CT com-

pared to BS [25, 41]. In fact, the main deficiency of BS is

its relative low specificity, because the tracer uptake is not

Fig. 2 Plot of the pooled

discordant rate among

radiolabelled choline PET/CT

and BS (including 95 %

confidence intervals)
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tumor-specific [8]. On the other hand, possible radiola-

belled choline PET/CT false-positive findings for bone

metastases could not be excluded when there is no con-

firmatory biopsy or follow-up data.

However, it should be underlined that radiolabelled

choline PET/CT is not only able to detect ‘‘early marrow-

based’’ metastases, but it may also provide relevant infor-

mation in staging and restaging of PCa (such as the de-

tection of local recurrence or lymph nodal metastases)

compared to BS. Radiolabelled choline PET/CT has thus

the potential to be a ‘‘one-stop diagnostic procedure’’ in the

assessment of PCa patients [41]. However, its cost-effec-

tiveness in detecting bone metastases in PCa patients

compared to BS is unclear warranting further evaluation in

future studies. In fact BS is more accessible and less ex-

pensive, but with a higher number of equivocal findings

compared to radiolabelled choline PET/CT [25, 26] de-

termining a significant number of additional diagnostic

tests for confirmation, with cost- and time-consuming

consequences.

To date, there are not sufficient data to recommend re-

placement of BS by radiolabelled choline PET/CT for de-

tecting bone metastases in all those cases when BS is

conventionally indicated according to international guide-

lines [4, 26]. However, when PSA serum measurements

is \20 ng/ml, radiolabelled choline PET/CT could detect a

higher number of bone metastases in PCa patients than BS,

thus providing the possibility to identify bone metastatic

involvement earlier than BS [25, 26].

Possible limitations of our analysis should be under-

lined. We have focused our analysis on the prevalence of

discordant findings among BS and radiolabelled choline

PET/CT in detecting bone metastases in PCa. The aim of

our article was not to define the most sensitive method in

this setting. A recent meta-analysis on this topic found that

on a per-patient basis the pooled sensitivities for detection

of bone metastases of PCa by using choline PET/CT,

magnetic resonance imaging (MRI), and BS were 91 %

(95 % CI 83–96 %), 97 % (95 % CI 91–99 %), and 79 %

(95 % CI 73–83 %), respectively, and the pooled speci-

ficities were 99 % (95 % CI 93–100 %), 95 % (95 % CI

90–97 %), and 82 % (95 % CI 78–85 %), respectively [8].

On a per-lesion basis, the pooled sensitivities of choline

PET/CT, bone SPECT, and BS were 84 % (95 % CI

81–87 %), 90 % (95 % CI 86–93 %), 59 % (95 % CI

55–63 %), respectively, and the pooled specificities were

93 % (95 % CI 89–96 %), 85 % (95 % CI 80–90 %) and

75 % (95 % CI 71–79 %), respectively [8].

Most studies included in our analysis compared a to-

mographic modality such as PET/CT, which combines

functional and morphological data, with planar BS only.

In our opinion, more studies comparing radiolabelled

choline PET/CT and BS with tomographic and hybrid

modality (SPECT/CT) are needed for a better comparison

of these techniques. In fact, it is expected that SPECT/CT

may reduce the number of equivocal lesion at planar BS

improving the specificity of this method. On the other

hand, whole-body BS should be compared to a whole-

body radiolabelled choline PET/CT including the skull

[41].

We chose to perform a meta-analysis on a per patient-

based analysis only, because this analysis was adopted by

most of the studies. We could not retrieve sufficient data

from the included articles to perform a pooled per lesion-

based analysis. Moreover, in the included studies there was

not histological validation of all bone findings, because of

its ethical infeasibility. A major limitation in determining

the diagnostic accuracy of imaging methods for assessing

bone spread is the gold standard. There are very few

histopathological confirmations, therapeutic interventions

reduce the validity of clinical and imaging follow-up, and

all in all, MRI is sometimes considered as the gold stan-

dard, in spite of its own limitations.

Heterogeneity among the included studies could be an-

other limitation. This heterogeneity likely derives from the

baseline differences among the included patients, such as

previous treatment and different PSA values, and technical

aspects (Table 1). However, the heterogeneity between

studies was accounted for using a random-effects model in

our pooled analysis.

Conclusions

The discordance rate among BS and radiolabelled choline

PET/CT in detecting bone metastases in PCa patients is not

negligible and both methods are useful in this setting. Cost-

effectiveness analyses and more studies comparing BS with

SPECT/CT acquisition to radiolabelled choline PET/CT

are warranted.
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