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Characterization of exclusive rib lesions detected by [68Ga] 
Ga-PSMA-11 PET/CT
Marine Stoffelsa, François Cousina, Maréva Lamandeb, Chloé Denisc, 
David Waltregnyd, Roland Hustinxa,e, Brieuc Sautoisc,* and Nadia Withofsa,e,*

Objective The objective of this study was to 
characterize exclusive costal lesions detected by 
68Gallium-labelled prostate-specific membrane antigen 
([68Ga]Ga-PSMA-11) PET/computed tomography (CT) at 
initial staging or biochemical recurrence (BCR) in prostate 
cancer (PCa) patients, and to identify clinical and/or PET/
CT criteria associated with benign and malignant lesions.

Methods We retrospectively identified 54 patients 
with PCa who underwent [68Ga]Ga-PSMA-11 PET/CT 
for initial staging (N = 39) or BCR (N = 15) and whose 
reports described rib lesions, at the exclusion of any other 
lesions, whether doubtful, suspicious, or established. 
Posttherapy prostate-specific antigen (PSA) levels were 
used to determine whether those lesions were benign 
or malignant. Each patient’s prostate-specific membrane 
antigen PET/CT report was classified as true positive, true 
negative, false positive, or false negative based on the 
posttherapy PSA level. We then assessed whether any 
clinical and/or PET/CT criteria could help differentiate 
benign from malignant lesions, and if any criteria were 
misleading.

Results Among the 54 patients, 46 (85.2%) had 64 
benign costal lesions, and eight (14.8%) had 10 malignant 
lesions. PET/CT reports indicated rib lesions as benign/
equivocal in 38/54 (55.6%) patients and malignant in 

16/54 (29.6%). Benign features on CT were the only 
parameter significantly associated with the final diagnosis. 
Factors such as patient age, maximum standardized 
uptake value of lesions, lesion dispersion, and malignant 
features described on CT were found to be misleading 
when deciding the malignant or benign status.

Conclusion Most exclusive costal lesions detected by 
[68Ga]Ga-PSMA-11 PET/CT are benign. Apart from specific 
benign CT features, no clinical or PET/CT criteria reliably 
differentiate benign from malignant costal lesions. Nucl 
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Introduction
Prostate cancer (PCa) is the most common and frequently 
diagnosed cancer in men in Europe, after skin cancers [1]. 
In 2022, an estimated 1.5 million cases were diagnosed, 
with 397 000 deaths globally [2]. It is the fifth leading 
cause of cancer mortality worldwide and the third in 
Europe [3]. Prostate-specific membrane antigen (PSMA) 
PET combined with computed tomography (CT) has 
significantly advanced the field of PCa imaging, offering 
higher sensitivity and specificity than conventional imag-
ing, bone scintigraphy, and CT, in staging high-risk PCa 

patients and for earlier detection of the site of recurrence 
at lower prostate-specific antigen (PSA) levels [4–11].

Bones are the most common metastatic site of PCa, espe-
cially the ribs, pelvis, and spine, where hematopoietic 
bone marrow is abundant. Bone metastases can present 
as osteolytic, osteosclerotic, or mixed lesions, depend-
ing on the interplay between tumor cells and the bone 
microenvironment. Osteosclerotic lesions are the most 
common in PCa [12]. PSMA-targeted radioligands may 
also lead to false positives (FPs) due to PSMA overex-
pression in angiogenesis and/or by cancer cells of other 
cancer types [13–17]. Benign bone conditions such as 
Paget’s disease, fibrous dysplasia, vertebral hemangi-
omas, degenerative changes, and fractures can exhibit 
significant PSMA uptake on PET/CT scans, potentially 
leading to FP results that could prompt inappropriate 
patient management. Unspecific bone uptakes (UBUs) 
of PSMA-targeted radioligands have been reported in 
PCa patients with varying frequencies: from 0 to 23.9% 
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for 68Gallium-labelled prostate-specific membrane anti-
gen ([68Ga]Ga-PSMA-11), from 11.6 to 71.7% for [18F] 
PSMA-1007, and in 19.8% for [18F]DCFPyl and 24% 
for [18F]rhPSMA-7 in single studies [15,18–28]. These 
UBUs are predominantly observed in the ribs, spine, 
and pelvis [18,19,28,29]. Interpreting bone lesions may 
be particularly challenging with [18F]PSMA-1007 com-
pared with [68Ga]Ga-PSMA-11 due to higher incidence 
of UBUs, potentially leading to over-staging and inap-
propriate treatment decisions if misinterpreted [18,29]. 
Incorporating CT images with PET and reviewing previ-
ous scans, or employing additional MRI, facilitates accu-
rate diagnosis [13,14].

As highlighted in the recent systematic review by Rizzo 
et al. [28], the ribs are identified as the primary site of 
UBUs across all PSMA-targeted radiopharmaceuticals. 
Furthermore, unspecific rib uptakes are frequently a 
topic of discussion during multidisciplinary oncology 
consultations. The characterization of these uptakes 
(benign versus malignant) is particularly challeng-
ing when considering curative treatment, as rib lesion 
biopsy is invasive and not always feasible. Their inter-
pretation can significantly impact patient management, 
potentially shifting the approach from curative to palli-
ative treatment. Additionally, in clinical practice, [68Ga] 
Ga-PSMA-11 uptake in the ribs is commonly observed 
and often associated with benign lesions. In 2020, Chen 
et al. [30] showed that an isolated rib lesion detected by 
[68Ga]Ga-PSMA-11 PET/CT at the initial staging of PCa 
was benign in the majority of cases. The primary aim of 
this study was to assess whether exclusive rib lesions 
(single or multiple) detected by [68Ga]Ga-PSMA-11 
PET/CT are most often benign. The secondary objec-
tive was to investigate whether any clinical parameters 
and/or PET/CT imaging characteristics could predict the 
benign or malignant status of these lesions.

Methods
Patient population
This retrospective study was approved by the institu-
tional ethics committee (Comité d’Éthique Hospitalo-
Facultaire Universitaire de Liège; reference number 
2024/154). We retrospectively included patients with 
PCa of any tumor stage who had undergone [68Ga] 
Ga-PSMA-11 PET/CT for either biochemical recurrence 
(BCR) or staging and were eligible for treatment with 
curative intent, that is, radical prostatectomy or external 
beam radiation therapy (EBRT) to PCa and to pelvic 
lymph nodes when indicated or stereotactic body radia-
tion therapy (SBRT) to rib lesion(s) after prior treatment 
to primary PCa (radiotherapy or surgery). Patients who 
benefited from additional stereotaxic radiation therapy 
to exclusive rib lesions in case of oligometastatic dis-
ease were also included. Patients were selected from the 
[68Ga]Ga-PSMA-11 PET/CT database of the Nuclear 
Medicine Department at CHU of Liege from October 

2014 to January 2024 using the following keywords: 
rib(s), costal(s), recurrence, or initial staging. Patients 
with one or more exclusive rib lesions showing [68Ga] 
Ga-PSMA-11 uptake described in the pre-therapeutic 
[68Ga]Ga-PSMA-11 PET/CT report, with or without 
pelvic lymph node, were included. Patients with meta-
static disease of other locations than ribs were excluded. 
To be able to determine the final diagnosis of exclusive 
rib lesions, benign or malignant, based on the postther-
apeutic PSA level, patients with the following manage-
ment after PSMA PET/CT were excluded: patients who 
received systemic treatment (hormone therapy or chemo-
therapy), patients who had a concomitant cancer, patients 
who received simultaneous therapy to the primary PCa 
and SBRT directed to exclusive rib lesion(s) at diagnosis, 
and patients who underwent active surveillance with-
out any treatment. Collected data included clinical and 
[68Ga]Ga-PSMA-11 PET/CT characteristics: age, PSA 
level at imaging, clinical stage, the International Society 
of Urological Pathology (ISUP) grade group, miT and 
miN stages (PROMISE V2), the number, location, and 
CT appearance of rib lesions, and the maximum stand-
ardized uptake value of each rib lesion (SUV

max
) [31].

[68Ga]Ga-PSMA-11 PET/CT acquisition
Before February 2022, the [68Ga]Ga-PSMA-11 PET/
CT scans were acquired using GEMINI TF Big Bore 
or GEMINI TF 16 (Philips, Philips Medical Systems, 
Cleveland, Ohio, USA) PET/CT systems. After February 
2022, PET/CT scans were acquired using a Biograph 
Vision 600 (Siemens Healthineers, Siemens Healthineers, 
Knoxville, Tennessee, USA) PET/CT system. Before 
February 2022, an average activity of 142 MBq (range: 
90–166 MBq) of [68Ga]Ga-PSMA-11 was injected intra-
venously into the patient. PET images were acquired 
from the vertex to the inguinal fossae, with the arms 
placed above the head when possible, on a GEMINI TF 
Big Bore or a GEMINI TF 16 after a median uptake time 
of 74 min (range: 47–107 min), with an acquisition time 
of 60–120 s per bed position, depending on the patient’s 
BMI (50% step overlap). A low-dose CT (3 mm slice 
thickness, 120 kV tube voltage, and 25 mAs current) was 
performed for attenuation correction, as well as a thin-
slice thoraco-abdomino-pelvic CT [with intravenous (IV) 
contrast injection if prescribed by the referring physician; 
1 mm slice thickness, 120 kV tube voltage, and current 
ranging from 150 to 250 mAs depending on the patient’s 
BMI]. The thin-slice CT was acquired during breath-
hold inspiration. PET images were reconstructed using 
an iterative method incorporating time-of-flight infor-
mation and including corrections for attenuation, dead 
time, and scattered and random events; voxel size was 
4 × 4 × 4 mm3.

Starting in February 2022, PET images were acquired in 
a Biograph Vision 600 PET/CT system, after a median 
uptake time of 66 min (range: 55–95 min) and with an 
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acquisition speed depending on the anatomical area 
imaged and the patient’s BMI. A total of 1 MBq/kg of 
[68Ga]Ga-PSMA-11 was injected intravenously, with an 
average injected activity of 92 MBq (range: 71–109 MBq). 
Patients were positioned as described above. A low-dose 
CT (2 mm slice thickness, 100 kV tube voltage, and 
25 mAs current) was performed for attenuation correc-
tion, as well as a thin-slice thoraco-abdomino-pelvic CT 
(with IV contrast injection if prescribed by the referring 
physician; 1.5 mm slice thickness, 120 kV tube voltage, 
and 66 mAs current). The thin-slice CT was acquired 
during breath-hold inspiration. PET images were 
reconstructed using an iterative method incorporating 
time-of-flight information and including corrections for 
attenuation, dead time, and scattered and random events; 
voxel size was 1.65 × 1.65 × 1.65 mm3. This concerns 26 
of our 54 patients (48.1%).

[68Ga]Ga-PSMA-11 PET/CT scan analysis
Based on the description and conclusion of [68Ga] 
Ga-PSMA-11 PET/CT reports, rib lesions were catego-
rized as benign, malignant, or equivocal. The diagnosis 
was made at the nuclear medicine physician’s discretion 
as part of routine clinical practice, and the SUV

max
 or a 

cutoff value of SUV
max

 is not used routinely to distin-
guish between malignant and benign lesions. All foci of 
increased activity reported on the rib cage were included. 
The presence or absence of a CT lesion as reported by 
a certified radiologist was recorded. Images were retro-
spectively reviewed by a fifth-year resident, supervised 
by an experienced nuclear medicine physician. The 
SUV

max
 was retrospectively extracted from a volume of 

interest (VOI) delineated on the single costal lesion or on 
the most intense costal lesion in cases of multiple lesions. 
Following a change of PET/CT system in February 2022 
and a decrease in the injected activity into patients, a 
ratio of the SUV

max
 of the most intense costal lesion to 

the SUV
max

 obtained in a 1 cm3 VOI delineated in the 
right inferior liver parenchyma was calculated.

Subsequently, the miTN (M0) classification was also per-
formed retrospectively.

Final classification of rib lesions
All patients were treated with curative intent. The final 
classification of rib lesions as malignant or benign was 
based solely on the PSA level measured after the treat-
ment, and the PSA level interpretation depended on the 
type of treatment. After radical prostatectomy, the rib 
lesions were classified benign if the PSA was undetect-
able within 2 months after surgery [4]. If the PSA was 
detectable after radical prostatectomy, the rib lesions 
were classified malignant. After EBRT to prostate (with 
or without pelvic lymph nodes), the rib lesions were 
defined benign if the PSA nadir was less than 0.5 ng/ml; 
this level might be reached more slowly, potentially tak-
ing up to 3 years or more [4]. Rib lesions were classified 

malignant if PSA was detectable after radiation therapy. 
The PSA nadir after SBRT has not been established. In 
this study, in cases of rib lesions treated with SBRT, they 
were considered malignant if PSA was undetectable or 
reduced after SBRT. Conversely, a rib lesion was consid-
ered benign if PSA was stable or progressed after SBRT.

According to the final classification based on the post-
therapeutic PSA measurement, benign or malignant rib 
lesions, the rib lesions described in the report of the 
PSMA PET/CT were categorized as true positive (TP), 
true negative (TN), FP, or false negative (FN).

Statistical analysis
In order to identify whether there were any clinical or 
PET/CT variables that could have impacted the PET/
CT report (benign/equivocal or malignant) on one hand, 
and on the other hand, to evaluate if any of these var-
iables could be associated with the final benign versus 
malignant diagnosis, we conducted Student’s t-test, 
Mann–Whitney test, and Fisher’s exact test.

Quantitative variables were summarized using means 
and SD, whereas categorical variables were summarized 
using percentages. Normal distribution of continuous 
variables was assessed through comparison of means and 
medians, examination of histograms, quantile–quantile 
plots, and the Shapiro–Wilk test (normality rejected if P 
<0.05). Subsequently, paired samples were analyzed using 
Student’s t-test. Differences in scores were evaluated 
with the nonparametric Mann–Whitney test. Categorical 
data were assessed using Fisher’s exact test, as the con-
ditions for applying the chi-square test were not met 
due to the small sample size. Statistical significance was 
defined as a P-value <0.05. All statistical analyses were 
conducted using R Commander software (version 4.3.1; 
GNU General Public License, Boston, Massachusetts, 
USA).

Results
Patient population
A total of 54 patients were included in the study at initial 
staging (N = 39/54; 72.2%) or at BCR (N = 15/54; 27.8%). 
Patient characteristics are detailed in the supplemen-
tal data (Supplementary Table 1, Supplemental digi-
tal content 1, http://links.lww.com/NMC/A309). PET/CT 
scans were acquired in a GEMINI TF for 28/54 (51.9%) 
patients with the Biograph Vision 600 PET/CT system 
for 26/54 (48.1%). The study flow diagram is presented 
in Fig. 1.

Final classification of the rib lesions
In the entire population, rib lesions were benign in 46/54 
(85.2%) patients and malignant in 8/54 (14.8%) patients. 
In the population who benefited from radical prostatec-
tomy (N = 37/54; 68.5%), rib lesions were benign (unde-
tectable postoperative PSA) in 34/37 (91.9%) patients and 
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malignant (detectable postoperative PSA) in 3/37 (8.1%) 
patients. In the population who benefited from radiation 
therapy (N = 12/54; 22.2%), rib lesions were benign (PSA 
nadir < 0.5 ng/ml) in 9/12 (75%) patients and malignant 
(PSA nadir ≥ 0.5 ng/ml) in 3/12 (25%) patients. In the 
population who benefited from stereotactic body radia-
tion therapy (N = 5/54; 9.3%), rib lesions were classified 
benign in 3/5 (60%) patients and malignant in 2/5 (40%) 
patients.

PET/CT [68Ga]Ga-PSMA-11 scan analysis
Among the 54 patients included in the study, a total num-
ber of 74 costal foci with [68Ga]Ga-PSMA-11 uptake were 
described. The median (range) number of exclusive costal 
lesions per patient was 1.4 (1–8); a single rib lesion was 

described in 44 (81.5%) patients, and multiple rib lesions 
were visualized in 10 (18.5%) patients. PET/CT characteris-
tics are presented in Supplementary Table 2, Supplemental 
digital content 1, http://links.lww.com/NMC/A309.  
No patient presenting with exclusive costal foci had other 
suspicious sites of recurrence, whether local or distant.

The comparison between the PSMA PET/CT report and 
the final diagnosis after curative treatment is presented 
in the contingency Table 1, in which benign and equiv-
ocal reports were combined. Of 54 patients, 30 (55.6%) 
were reported to have benign rib lesions (N = 34 rib 
foci), with a single rib lesion in 28/30 (93.3%) and multi-
ple rib lesions in 2/30 (6.7%). Among these, 27/30 (90%) 
were confirmed as nonmetastatic (TN), whereas 3/30 
(10%) were metastatic (FN). Eight patients (14.8%) had 

Pa�ents who underwent [68Ga]Ga-PSMA-11 
PET/CT containing the keywords*, between 

2014 - 2024 (N = 398)
Pa�ents excluded (N = 303)

Metasta�c visceral and bone lesions 
other than costal (N = 215)
Bone scan lesions +/PSMA – (N = 41)

No follow up (N = 7)
Concomitant neoplasia (N = 15)

No rib lesion (N = 25)

Pa�ents with one or more
exclusive rib lesions (N = 95)

Pa�ents excluded (N = 41)
Ac�ve surveillance (N = 12)
Simultaneous prostate and 
rib therapy (N = 1)
Ini�a�on of hormone 
therapy (N = 28)

Pa�ents included in the 
analysis (N = 54)

Eligibility

Malignant
(N = 16)

Equivocal
(N = 8)

Benign
(N = 30)

Follow-up a�er cura�ve treatment

TN (N = 0)
TP (N = 4)

FP (N = 12)
FN (N = 0)

TN (N = 7)
TP (N = 0)
FP (N = 0)
FN (N = 1)

TN (N = 27)
TP (N = 0)
FP (N = 0)
FN (N = 3)

Interpreta�on of costal lesions on PET/CT [68Ga]Ga-PSMA-11

Fig. 1

Diagram of the selection and classification of the 54 patients included in this work. *Keywords used in the search: rib(s), costal(s), recurrence, and 
initial staging. CT, computed tomography; FN, false negative; FP, false positive; [68Ga]Ga-PSMA-11, 68Gallium-labelled prostate-specific membrane 
antigen; PSMA, prostate-specific membrane antigen; TN, true negative; TP, true positive.
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equivocal costal lesions [N = 9 rib foci; single rib lesion 
in 7/8 (87.5%) patients and multiple rib lesions in 1/8 
(12.5%) patients], of which only one was confirmed to 
be malignant. Among the 16 patients (29.6%) reported to 
have malignant costal lesions [N = 31 rib foci; single rib 
lesion in 9/16 (56.25%) patients and multiple rib lesions 
in 7/16 (43.75%) patients], four patients were confirmed 
to be metastatic (TP).

Association of clinical and imaging variables with the 
final diagnosis
The clinical and PET/CT variables tested in patients 
with a final diagnosis of benign or malignant rib lesions 
are provided in Table 2. The only variable statistically sig-
nificantly associated with the final classification of benign 
or malignant costal lesions was the radiological CT scan 
report made by the radiologist, categorizing lesions as no 
visible lesion, benign, or malignant (P = 0.0143). When 
the radiologist reported benign rib lesion(s) in the CT 
images and the PET/CT scan was reported benign, the 
final diagnosis was benign in 100% of cases (TN). By 
contrast, when the radiologist reported the presence of 
malignant rib lesion(s) in CT images and the PET/CT 
scan was consequently reported malignant, the final diag-
nosis was benign in 5/8 (62.5%) of cases (FP).

Association of clinical and imaging variables with the 
conclusion of the PET/CT report
The clinical and PET/CT variables tested among the 
patients with a PET/CT report of benign (N = 30/54; 
55.6%) and equivocal (N = 8/54; 14.8%) or malignant 
(N = 16/54; 29.6%) rib lesions are presented in Table 3. 
Statistically significant differences were found for patient 
age (P = 0.0078), rib lesion dispersion (P = 0.0044), pres-
ence or absence of lesion on CT images (P = 0.0001), 
and SUV

max
 of the digital PET/CT system (P = 0.0369) 

across the three types of conclusions in the PSMA PET/
CT report (benign, equivocal, malignant).

A subanalysis showed that none of the clinical or imag-
ing parameters were significantly associated with TN, 
FN, or FP results while patient age was significantly 
higher in the TP fraction (P = 0.0309). Additionally, the 
study explored whether the nuclear medicine physician 
who performed the PET/CT protocol had an impact. 
Supplementary Tables 3 and 4, Supplemental digital 

content 1, http://links.lww.com/NMC/A309, show the pro-
portions of patients categorized with benign, equivocal, 
or malignant rib lesions by each physician and the pro-
portions of TN, FN, TP, and FP results for each physi-
cian, respectively. Due to the small sample size and the 
high number of physicians, statistical analyses could not 
be carried out.

Discussion
This study aimed to better characterize exclusive 
unspecific rib uptake on [68Ga]Ga-PSMA-11 PET/CT, 
a frequent clinical challenge, and to identify criteria to 
differentiate between benign and malignant cases. Our 
findings align with Chen and colleague, and a recent sys-
tematic review on UBUs of PSMA-targeted radioligands, 
showing that rib lesions on PSMA PET/CT are often 
benign [28,30]. This observation can enhance diagnos-
tic confidence, potentially reducing unnecessary biop-
sies and improving patient management. Specifically, 
we found that exclusive rib lesions detected by [68Ga] 
Ga-PSMA-11 PET/CT at initial PCa staging or in cases 
of recurrence were predominantly benign (N = 46/54; 
85.2%; 95% confidence interval (CI): 75.5–94.5%). 
This finding supports the observations by Chen et al. 
[30], who reported that a solitary costal lesion on [68Ga] 
Ga-PSMA-11 PET/CT performed at initial staging of PCa 
patients was benign in the majority of cases (N = 61/62; 
98.4%; 95% CI: 94.7–100%). The lower proportion of 
nonmetastatic cases in our study could be attributed to 
differences in patient inclusion criteria. Our cohort com-
prised patients with BCR or persistent PSA after curative 
treatment (N = 15/54; 27.8%). In our population, a signif-
icant number of patients (N = 16/54; 29.6%) were clas-
sified as high risk. In contrast, details on the European 
Association of Urology (EAU) risk categories were not 
specified in Chen et al., and their patient characteristics 
differed in terms of PSA levels and Gleason scores. This 
could explain the distinct prevalence of metastases in the 
two series. Interestingly, Zacho et al. [32] reported that 
[68Ga]Ga-PSMA-11 PET/CT was FP in the skeleton 
in only 4/112 patients newly diagnosed intermediate-  
to high-risk PCa, and all four cases were solitary rib 
lesions. They caution that PSMA-positive solitary costal 
lesions, with no other positive lesions besides those in 
the prostate, should be interpreted carefully [32]. Like 

Table 1 Proportion of rib lesions reported as benign/equivocal or malignant versus proportion of costal lesions considered benign or 
malignant based on posttreatment PSA level

Final diagnosis

TotalBenign Malignant

PSMA PET/CT report
  Described benign/equivocal 34 (63% TN) 4 (7.4% FN) 38 (70.4%)
  Described malignant 12 (22.2% FP) 4 (7.4% TP) 16 (29.6%)
Total 46 (85.2%) 8 (14.8%) 54 (100%)

FN, false negative; FP, false positive; PSA, prostate-specific antigen; PSMA PET/CT, prostate-specific membrane antigen PET combined with computed tomography; 
TN, true negative; TP, true positive.
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Chen et al. [30], our study included cases where benign 
costal lesions were associated with fractures in the CT 
images (N = 3/54; 5.6%). In our population, 2 of 39 (5.1%) 
patients for whom the PSMA PET/CT was performed 
for staging had low-risk localized disease. The EAU rec-
ommendation is to not use additional imaging for staging 
purposes in patients with low-risk localized disease [4]. 
However, in these two patients, conventional imaging 
was performed and resulted in equivocal results, trigger-
ing the performance of PSMA PET/CT, which showed 

the absence of metastatic disease. This emphasizes the 
misuse of imaging and potential FP resulting in unnec-
essary or expensive additional tests. Of note, a bone scan 
was conducted in eight patients before PSMA PET/CT. 
It also revealed suspicious rib foci, which led to the deci-
sion to proceed with PSMA PET/CT.

This study highlights the pitfalls associated with [68Ga] 
Ga-PSMA-11 PET/CT. While known, these pitfalls have 
not been extensively documented in publications that 
demonstrate the predominantly benign nature of exclu-
sive rib lesions [13,32]. In contrast, other tracers such as 
[18F]PSMA-1007 and [18F]rhPSMA-7 have shown high 
rates of UBUs [15,18–28]. These tracers often show focal 
uptake without an apparent underlying lesion on CT 
images, and the reasons for this costal fixation remain 
unclear. One theory suggests that the lower positron 
energy of [18F] compared with [68Ga] provides better 
spatial resolution, whereas the longer half-life of [18F] 
enhances the signal-to-noise ratio, potentially explain-
ing the higher incidence of ribs UBUs [18,19,28]. PSMA 
expression in inflammatory tissues and neovessels of 
angiogenesis may also contribute to these observations, 
particularly in regions rich in bone marrow like the ribs 
and pelvis [18,19]. The exact reason why ribs are a com-
mon site for radiotracer uptake remains uncertain [18,19]. 
These findings are crucial for managing patients with 
exclusive costal lesions, as many of these lesions are non-
metastatic and should not preclude potential curative 
treatment. Figures 2–4 illustrate representative cases.

In our study, we investigated whether clinical factors 
(PSA level, patient age, ISUP grade group, cT stage) 
and/or PSMA PET/CT characteristics (SUV

max
, SUV

max
 

ratio, presence of lesion on CT images, scatter of cos-
tal lesions, number of costal lesions, and miT and miN 
stages) could help avoid FP or FN diagnoses (Table 2). 
When comparing patients with benign versus malig-
nant costal lesions, only the appearance on CT scans 
showed a significant difference between the two groups 
(P = 0.0143). Specifically, when CT scans indicated a 
benign lesion associated with the costal PSMA-positive 
focus in the PET images, the diagnosis was correct in all 
cases (N = 14/14; 100%; no false negative case). In con-
trast, among patients with radiologically suspicious costal 
lesions, only 44.4% (N = 4/9) were confirmed to be malig-
nant, while the remaining 5/9 patients had benign cos-
tal lesions (55.6% FP cases). These findings underscore 
the importance of careful interpretation of radiological 
appearances associated with costal PSMA-positive foci, 
as they can sometimes be misleading.

Following this, we investigated whether the same clin-
ical and [68Ga]Ga-PSMA-11 PET/CT image charac-
teristics influenced the PET/CT reports (Table 3). 
Patient age was significantly higher among patients 
classified as metastatic (P = 0.078). We hypothesize that 
advanced age may contribute to costal uptake related to 

Table 2 Variables of patients with one or more rib lesions with the 
final diagnosis of benign rib lesions (N = 46) and malignant rib 
lesions (N = 8)

Benign 
rib lesions 
(N = 46)

Malignant 
rib lesions 

(N = 8)

Clinical features
  Age (mean ± SD) (years) 70 ± 7 73 ± 10
  PSA level on imaging (mean ± SD) (ng/ml)
  Initial workup (N = 39)
  Biochemical recurrence (N = 15)

13.10 ± 8.20
0.41 ± 0.50

13.80 ± 8.20
2.29 ± 3.47

  Clinical stage
  T1–T2a
  T2b
  T2c
  Missing data

26 (56.6%)
7 (15.2%)
3 (6.5%)

10 (21.7%)

3 (37.5%)
2 (25%)

1 (12.5%)
2 (25%)

  ISUP grade group at the time of diagnosis
  1
  2
  3
  4
  5
  Missing data

7 (15.2%)
19 (41.3%)
10 (21.7%)

4 (8.7%)
5 (10.9%)
1 (2.2%)

2 (25%)
1 (12.5%)
2 (25%)

1 (12.5%)
1 (12.5%)
1 (12.5%)

  EAU risk groups
  Low-risk localized disease
  Intermediate-risk disease
  High-risk diseasea

4 (8.7%)
29 (63%)

13 (28.3%)

2 (25%)
3 (37.5%)
3 (37.5%)

[68Ga]Ga-PSMA-11 PET/CT parameters
  Number of rib lesions (mean ± SD) 1.40 ± 1.20 1.25 ± 1.00
  Lesion dispersion
  Unique (N = 44)
  Scattered (N = 8)
  Aligned (N = 2)

38 (82.6%)
6 (13%)
2 (4.4%)

6 (75%)
2 (25%)
0 (0%)

  Appearance of underlying CT images*
  No lesion (N = 31)
  Benign lesion (N = 14)
  Malignant lesion (N = 9)

27 (58.7%)
14 (30.4%)
5 (10.9%)

4 (50%)
0 (0%)

4 (50%)
  SUV

max
 (mean ± SD)

  Analog PET/CT
  Digital PET/CT

2.90 ± 0.90
2.90 ± 1.00

7.80 ± 9.00
2.70 ± 0.70

  Ratio SUV
max

 (mean ± SD) 0.45 ± 0.23 0.78 ± 0.90
  miT (initial workup; N = 39)
  miT2u
  miT2m
  miT3

8/35 (22.9%)
26/35 (74.3%)

1/35 (2.8%)

1/4 (25%)
3/4 (75%)
0/4 (0%)

  miN (initial workup ; N = 39)b

  miN0
  miN1a
  miN1b

33/35 (94.3%)
1/35 (2.85%)
1/35 (2.85%)

4/4 (100%)
0/4 (0%)
0/4 (0%)

CT, computed tomography; EAU, European Association of Urology; [68Ga] 
Ga-PSMA-11, 68Gallium-labelled prostate-specific membrane antigen; ISUP, 
International Society of Urological Pathology; PET/CT, PET combined with com-
puted tomography; PSA, prostate-specific antigen; SUV

max
, maximum standard-

ized uptake value.
aHigh-risk localized disease/locally advanced disease.
bThe statistical test was not performed for the miN due to the low number of 
miN1a/b.
*Statistically significant results (P < 0.05).
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microfractures associated with osteopenia/osteoporosis, 
which increases with age. The SUV

max
 of the hottest cos-

tal focus measured on digital PET/CT was significantly 
higher in patients with rib lesions classified as malignant 
(P = 0.0369), whereas the SUV

max
 extracted from PET 

images acquired on the analog PET/CT system showed 
wide variation (mean ± SD SUV

max
 4.8 ± 5.6) and no sig-

nificant association with the PET/CT report.

Radiological appearance (presence or not of a lesion on 
CT images) and lesion dispersion (single versus scat-
tered) differed significantly among the three types of 
PET/CT reports (P = 0.0044). The influence of the CT 

appearance of rib lesion on the final diagnosis of PET/
CT has been discussed earlier.

Additionally, single costal lesions were more likely to be 
classified as benign, whereas multiple scattered lesions 
were often classified as malignant. This study also indi-
cates variability depending on the nuclear medicine 
physician. Notably, half of the false-positive results 
were attributed to the same nuclear medicine physician 
(Supplementary Table 4, Supplemental digital content 
1, http://links.lww.com/NMC/A309). Due to limited varia-
bles that reliably distinguish between benign and malig-
nant lesions, when there is uncertainty about whether 

Table 3 Variables of patients with rib lesions reported benign (N = 30), malignant (N = 16), or equivocal (N = 8) in the [68Ga]Ga-PSMA-11 
reports

Rib lesions reported benign (N = 30) Rib lesions reported equivocal (N = 8) Rib lesions reported malignant (N = 16)

Clinical features
  Age* (mean ± SD) (years) 68 ± 6 71 ± 9 74 ± 7
  PSA level at imaging
(mean ± SD) (ng/ml)
  Initial work up
  Biochemical recurrence

12.39 ± 7.20
0.35 ± 0.34

14.16 ± 7.03
2.63 ± 4.19

14.65 ± 11.20
0.56 ± 0.60

  Clinical stage
  T1–T2a
  T2b
  T2c
  Missing data

14 (46.7%)
7 (23.3%)
3 (10%)
6 (20%)

4 (50%)
1 (12.5%)
1 (12.5%)
2 (25%)

11 (68.8%)
1 (6.2%)
0 (0%)

4 (25%)
  ISUP grade group at the time of 

diagnosis
  1
  2
  3
  4
  5
  Missing data

5 (16.7%)
10 (33.3%)
8 (26.7%)
1 (3.3%)

5 (16.7%)
1 (3.3%)

0 (0%)
4 (50%)

1 (12.5%)
1 (12.5%)
1 (12.5%)
1 (12.5%)

4 (25%)
6 (37.5%)

3 (18.75%)
3 (18.75%)

0 (0%)
0 (0%)

  EAU risk groups
  Low-risk localized disease
  Intermediate-risk disease
  High-risk diseasea

3 (10%)
19 (63.3%)
8 (26.7%)

0 (0%)
5 (62.5%)
3 (37.5%)

3 (18.7%)
8 (50%)

5 (31.3%)
[68Ga]Ga-PSMA-11 PET/CT parameters
  Number of rib lesions (mean ± SD) 1.13 ± 0.57 1.13 ± 0.35 1.94 ± 1.81
  Lesion dispersion*
  Unique (N = 44)
  Scattered (N = 8)
  Aligned (N = 2)

28 (93.3%)
2 (6.7%)
0 (0%)

7 (87.5%)
1 (12.5%)

0 (0%)

9 (56.3%)
5 (31.2%)
2 (12.5%)

  Appearance of underlying CT 
images*

  No lesion (N = 31)
  Benign lesion (N = 14)
  Malignant lesion (N = 9)

16 (53.3%)
14 (46.7%)

0 (0%)

7 (87.5%)
0 (0%)

1 (12.5%)

8 (50%)
0 (0%)

8 (50%)
  SUV

max
 (mean ± SD)

  Analog PET/CT
  Digital PET/CT*

2.8 ± 0.9
2.6 ± 0.6

2.8 ± 0.7
3.1 ± 1.1

4.8 ± 5.6
3.9 ± 0.6

  Ratio SUV
max

 (mean ± SD) 0.41 ± 0.10 0.45 ± 0.26 0.69 ± 0.69
  miT (initial workup) (N = 39)
  miT2u
  miT2m
  miT3

7/25 (28%)
17/25 (68%)

1/25 (4%)

1/5 (20%)
4/5 (80%)
0/5 (0%)

1/9 (11.1%)
8/9 (88.9%)

0/9 (0%)
  miN (initial workup) (N = 39)b

  miN0
  miN1a
  miN1b

14/25 (56%)
1/25 (4%)
1/25 (4%)

5/5 (100%)
0 (0%)
0 (0%)

9/9 (100%)
0 (0%)
0 (0%)

CT, computed tomography; EAU, European Association of Urology; [68Ga]Ga-PSMA-11, 68Gallium-labelled prostate-specific membrane antigen; ISUP, International 
Society of Urological Pathology; PET/CT, PET combined with computed tomography; PSA, prostate-specific antigen; SUV

max
, maximum standardized uptake value.

aHigh-risk localized disease/locally advanced disease.
bThe statistical test was not performed for the miN due to the low number of miN1a/b.
*Statistically significant results (P < 0.05).
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a lesion is malignant, a CT-guided rib biopsy should 
be considered whenever feasible. In this study, two of 
the 54 included patients underwent rib biopsy, which 
resulted in negative pathological findings. Despite its 
invasiveness and associated risks such as pneumothorax, 
rib biopsy has shown high effectiveness, providing an 
accurate diagnosis in a significant majority of cases (88%) 
[33]. Indeed, a reliable diagnosis and accurate interpre-
tation of PSMA PET/CT scans, avoiding the descrip-
tion of falsely malignant lesions, are crucial for patients, 
especially when curative treatment is an option.
One major limitation of our study is the exclusion of 
patients with one or more exclusive costal lesions who 

undergone hormone therapy (N = 28/95; 29.5%). Due 
to our stringent inclusion criteria required to be able to 
determine the final diagnosis of rib lesions as benign 
or malignant based on the posttherapeutic PSA level, 
we could not include these patients in the study. This 
may have introduced a bias, as it is possible that addi-
tional metastatic rib lesions could be found in this group. 
Similar to the group with a strong gold standard, radio-
logical features might be helpful, though, as 6/28 (21.4%) 
had definitive benign lesions on the low-dose CT, and 
11/28 (39.3%) had CT features which, combined with the 
clinical data, decided the clinicians to treat the patients 
with stereotactic costal radiotherapy (combined with 

Fig. 2

[68Ga]Ga-PSMA-11 PET/CT images [PET maximum intensity projection and transverse slice showing rib foci indicated by arrows (a) and (b); fused 
PET/low dose CT (c); and diagnostic contrast-enhanced CT (d); PET SUV scale 0–5; date: May 2022] of a 70-year-old patient who undergone 
initial staging for PCa (PSA level 9.06 ng/ml at the time of imaging; clinical stage cT1a; ISUP grade group 4). The PET/CT scan revealed multiple 
costal lesions (arrows) interpreted as malignant based on CT appearance (sclerotic bone lesions), with stage miT2mN0M1b and SUV

max
 of the 

most intense costal lesion of 5.9. Based upon the decision of the multidisciplinary oncology consultation, a bone biopsy was performed on the 
most intense costal lesion, yielding a negative result. This led to the conclusion that the PSMA PET/CT results were false positive. Subsequently, a 
radical prostatectomy with pelvic lymph node dissection was performed. The pathological stage was pT2N0 and the postoperative PSA was unde-
tectable, confirming false positive rib lesions described by the PSMA PET/CT. CT, computed tomography; [68Ga]Ga-PSMA-11, 68Gallium-labelled 
prostate-specific membrane antigen; ISUP, International Society of Urological Pathology; PSA, prostate-specific antigen; PSMA, prostate-specific 
membrane antigen; SUV

max
, maximum standardized uptake value.
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hormonal therapy). That leaves 11 patients with unde-
termined lesions and who received hormone therapy. 
All were intermediate or high-risk PCa, and caution 
should be exercised in these patients, before neglecting 
undetermined multiple rib lesions. Currently, there are 
no definitive recommendations for managing oligomet-
astatic patients, but targeted treatment of metastases 
without immediate hormone therapy appears to offer 
promising outcomes in terms of progression-free survival, 
while potentially reducing toxicity. Phase III studies are 
ongoing to assess the impact on overall survival in these 
patients [34].

Our study also has other limitations, as it is retrospec-
tive in nature. We elected not to review the PET and 

CT images, as to evaluate the “real-world” clinical per-
formances of the technique. The first PET/CT scans 
were reported in 2014, predating the awareness of 
PSMA PET/CT pitfalls described later in the literature 
[13–17,35]. Also, the sample size of included patients 
remains small, but that probably reflects the reduced 
proportion of PCa patients with bone lesions limited to 
the ribs.

Conclusion
This study confirms that when one or more exclusive 
costal lesions are identified using [68Ga]Ga-PSMA-11 
PET/CT during initial staging or in cases of BCR 
after curative treatment for PCa, these lesions are 

Fig. 3

[68Ga]Ga-PSMA-11 PET/CT images [PET maximum intensity projection and transverse slice showing rib focus indicated by arrows (a) and (b); fused 
PET/low dose CT (c); and diagnostic noncontrast-enhanced CT (d); PET SUV scale 0–5; date: March 2022] of a 69-year-old patient who under-
gone initial staging for PCa (PSA level 15.48 ng/ml at the time of imaging; clinical stage cT1a; ISUP grade group 1). The PET/CT scan revealed a 
solitary costal lesion (arrows) interpreted as benign based on CT appearance (fibrous dysplasia), with stage miT2mN0M0 and SUV

max
 of the costal 

lesion of 2.5. Subsequently, a radical prostatectomy with pelvic lymph node dissection was performed. The pathological stage was pT3aN0 and 
the postoperative PSA was undetectable, confirming true negative rib lesion described by the PSMA PET/CT. CT, computed tomography; [68Ga] 
Ga-PSMA-11, 68Gallium-labelled prostate-specific membrane antigen; PCa, prostate cancer; PSA, prostate-specific antigen; PSMA, prostate- 
specific membrane antigen; SUV

max
, maximum standardized uptake value.
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predominantly benign. Furthermore, the study high-
lights that no clinical or PET/CT feature reliably 
distinguishes between benign and metastatic costal 
lesions, except for specific benign CT features that 
reliably differentiate benign from metastatic costal 
lesions.
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