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Abstract

Objectives To evaluate the diagnostic value of whole-body low-dose computed tomography (CT) to detect bone
metastasis in prostate cancer (PCa) patients and its possible utility in therapeutic decision-making. Also, to determine
the valuable CT features for lesion characterisation.

Methods This IRB-approved retrospective study reviewed PCa patients who underwent ®®Ga-PSMA PET/CT in our
centre from March 2017 to August 2022. Two board-certified radiologists and one nuclear medicine specialist
reported all whole-body low-dose CT scans separately, unaware of the %8Ga-PSMA-PET results. The per-lesion and per-
patient diagnostic performances were calculated. Also, the significance of CT features was evaluated. Moreover,

the inter-observer agreement was analysed. A two-tailed p value < 0.05 was considered significant.

Results From 727 reviewed PCa patients, 601 (mean age=68.7 £8.1) were found to be eligible, including 211 (35.1%)
referrals for initial staging and 390 (64.9%) for evaluating the extent of the disease after biochemical recurrence.
Per-patient diagnostic analysis for three reviewers showed 81.0-89.4% sensitivity and 96.6-98.5% specificity in detect-
ing osteo-metastasis. It was able to correctly detect high-burden disease based on both CHAARTED and LATITUDE
criteria. Regarding the value of underlying CT features, size > 1 cm, ill-defined borders, presence of soft-tissue compo-
nent, and cortical destruction were statistically in favour of metastasis. Also, Hu > 900 was in favour of benign entities
with 93% specificity.

Conclusions Although not as accurate as %Ga-PSMA PET/CT, whole-body low-dose CT might precisely classify PCa
patients considering therapeutic decision-making. Additionally, we proposed diagnostic CT features that could help
radiologists with better characterisation of the detected lesions.

Critical relevance statement The whole-body low-dose CT can be considered valuable in the clinical decision-mak-
ing of prostate cancer patients. This modality may obviate performing multiple imaging sessions and high-cost scans
in patients diagnosed with the high-burden disease.

Key points

1. The whole-body CT showed 81.0%-89.4% sensitivity and 96.6-98.5% specificity in detecting osteo-metastases.
2. The whole-body CT could detect high-burden disease considering CHAARTED and LATITUDE criteria.
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3. Regarding CT features, lesions with Hu>900 were found benign with 93% specificity.
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Graphical abstract

Whole-Body Low-Dose CT Can Be Of Value In Prostate Cancer Decision-Making

A Retrospective Study On 601 Patients

Although not as accurate as PSMA PET/CT (left figure), whole-body low-dose CT showed patient-level sensitivities and
specificities of 81%-89% and 97%-99%, respectively, in detecting bone metastases and could discriminate high-burden
disease considering CHAARTED and LATITUDE criteria. Among evaluated features, ill-defined borders, soft tissue

component, size >1cm and cortical destruction were in favour of metastasis (right figure).

Insights into Imaging

Introduction
Bone is the second most common site of metastasis in
prostate cancer (PCa) [1]. Identifying osteo-metastasis
is highly crucial from both prognostic and therapeu-
tic standpoints. Thus, it is included in different deci-
sion-making criteria in this field. The latest guidelines
recommend evaluating bone metastasis in intermedi-
ate- and high-risk patients in the initial staging [2—4].
The CHAARTED trial defined the high-volume disease
in initial staging as >4 osteo-metastases (>1 beyond ver-
tebrae and pelvis) or the presence of visceral metastases
[3]. The LATITUDE trial defined high-risk patients as
meeting > 2 of three criteria: (1) Gleasonscore >8, (2) >3
osteo-metastases, and (3) measurable visceral metastasis
[4]. Additionally, detecting osteo-metastasis leads to add-
ing bone-modifying drugs to patient treatment [5].
Traditionally, bone radiography and bone scintigraphy
(BS) were used for skeletal assessment. Although BS still
is recommended in guidelines, more accurate modalities,

such as ®*Ga-PSMA positron emission tomography/com-
puted tomography (PET/CT), have been developed [6,
7). Particularly, in osteo-metastasis, **Ga-PSMA PET/
CT was highly accurate, showing 96—-97% sensitivity and
99-100% specificity [8, 9]. Beyond its high accuracy, the
interobserver agreement for this modality is also sub-
stantial, leading to a confident patient diagnosis [10].
However, the test is expensive and is not widely available
in all medical centres, especially in developing countries.

CT is among the most well-known, available, and
affordable imaging modalities worldwide. Due to the
accessibility, this cross-sectional imaging modality is
recommended for evaluating PCa metastasis [2, 11].
Clinicians mostly use this modality for evaluating chest
or abdominopelvic lymph-node metastasis [12]. Previ-
ous studies have evaluated its accuracy in osteo-metas-
tasis and have proposed limited diagnostic accuracy [8,
13]. Therefore, it is recommended that CT is accompa-
nied by BS [2]. Given these concerns that limit reading
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confidence, radiologists are frequently reluctant to devote
special attention to suspicious lesions on CT, unless con-
firmatory modalities corroborate the diagnosis.

Although osteo-metastasis detection is critical, deter-
mining the exact number/location of lesions is not of
much importance. Thus, CT might be undervalued in
bone assessment. Based on CHAARTED and LATITUDE
criteria, all patients with high-volume/risk status receive
the same treatment. Additionally, osteo-metastasis local
therapy is only considered when clinical symptoms (e.g.
pain) or a high risk of fracture exists [2, 14]. Therefore,
practically, correct categorisation is the key to adopting
the proper treatment in PCa patients.

Thus, we hypothesised that performing whole-body
low-dose CT for staging or evaluation of biochemical
recurrence (BCR) in PCa patients may be of value, clas-
sifying them with a less-expensive modality. The pri-
mary goal of this study was to determine the full scope
of the whole-body low-dose CT diagnostic performance
in detecting osteo-metastases and its utility in the deci-
sion-making for PCa patients. The secondary goal was to
determine the CT features that could be used to differen-
tiate benign and metastatic lesions.

Materials and methods

This is a cross-sectional retrospective study conducted
according to the guidelines of the Declaration of Hel-
sinki and approved by the institutional review board and
ethics committee of the university (IR:”TUMS.HORC-
SCT.REC.1400.027). From March 2017 to August 2022,
all PCa patients referred for ®Ga-PSMA PET/CT were
included (Fig. 1). Patients with the following criteria were
excluded from the study: (1) evaluation of response to
treatment, (2) patients with second primary malignancy
and (3) patients referred for the evaluation of radioli-
gand targeting therapy. Due to the high sensitivity and
specificity of the ®®Ga-PSMA PET/CT scan for detecting
PCa bone metastasis, we considered it as the reference
standard.

58Ga-PSMA PET/CT acquisition

The **Ga-PSMA was produced according to the standard
protocols provided by the manufacturer. Patients were
not subjected to any special preparation before imaging.
Approximately 60 min after the injection of a weight-
adjusted dose of 2-4 MBq/kg (170+22 MBq), whole-
body PET/CT (Biograph 6 True Point HD, Siemens
Medical Solutions, Erlangen, Germany) was performed.
Image acquisition was made from vertex to mid-thigh.
The CT component features were 80 mAs, 120-130 keV,
a pitch of 1.3, and a slice thickness of 5 mm. Immediately
after, maintaining the patient’s position, PET acquisi-
tion (4 min/bed position) was performed. PET images
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Total patients of prostate cancer
(n=727)

Excluded patients:
- Evaluation of treatment response (n=56)

- Referred for evaluation of radio-ligand
targeting therapy (n=46)

- Equivocal finding in PSMA scan (n=13)
- Patients with second primary malignancy (n=8)

- Unsatisfactory image quality (n=3)

Included patients: N=601
- Staging (n=211)
- Restaging (n=390)

Fig. 1 Flowchart of patients’selection

were reconstructed after CT-based attenuation correc-
tion using the ordered subset expectation maximisation
(OSEM) algorithm (2 iterations, 21 subsets) and post-
reconstruction smoothing with a Gaussian filter.

Image interpretation

Two board-certified radiologists (one junior with 4 years
and one senior with more than 10 years of experience in
reading CT) and one senior nuclear medicine specialist
reported all whole-body CT scans separately, unaware
of the ®Ga-PSMA PET results. The three readers were
blinded to each other’s reported findings. Also, all read-
ers were blinded to patients’ demographics, clinical data,
underlying conditions and referral indications. Review-
ers were asked to report all suspicious lesions for each
patient and decide whether the lesion was benign or met-
astatic. The image review began with a default bone win-
dow (centre 450/ width 1500 Hounsfield unit [Hu]) that
could be adjusted at the reader’s discretion. To prevent
a biased increase in true-negative results, degenerative
changes, geode lesions, Schmorl’s nodes, simple fractures
and typical hemangiomas were not reported. Addition-
ally, to prevent a biased increase in true positive find-
ings, patients with >10 metastatic lesions were reported
as extensive. To reach a consensus on the reporting tem-
plate and terminology, reviewers reported 20 patients
unblinded to each other, who were excluded from the
final analysis. The reported features were: location, lytic/
sclerotic nature, presence of a fracture or soft tissue
component, having an ill-defined border, causing corti-
cal destruction, presence of asymmetric growth plane
(0: lesion with similar diameters in all axes, 1: lesion
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with one dominant axis), its maximum transverse diam-
eter (reported>1 c¢cm or not) and mean Hu. The bone
evaluation with hybrid ®Ga-PSMA PET/CT was done
separately by the before-mentioned nuclear medicine
specialist after finishing all CT-only reports (with a three-
month interval to limit recall bias) along with another
expert nuclear medicine specialist in consensus. The
interpretation of the reference standard was made based
on the ®*Ga-PSMA avidity of the lesions, considering the
known pitfalls of ®*Ga-PSMA imaging (e.g. hemangioma,
fracture, Paget’s disease). In case of high suspicion for
false %8Ga-PSMA PET/CT results, if available, patients’
clinical records were considered for precise assessment.
Uncertain or equivocal findings on ®*Ga-PSMA PET/CT
images (due to imaging artefacts, i.e. halo, motion, and
equivocal PET/CT findings that could not be precisely
interpreted after also reviewing patients’ history, addi-
tional imaging or follow-up scans) were excluded from
the analyses.

Statistical analysis

The per-lesion and per-patient diagnostic performances
were calculated for each reviewer, including sensitivity,
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV) and accuracy. Patients with extensive
(>10) metastases or without any suspicious lesion were
only included for per-patient analysis. Also, the diagnos-
tic performance of each reviewer in the initial staging
of the patients was evaluated based on the cut-off val-
ues provided in CHAARTED and LATITUDE criteria
to determine how much the reports could potentially
affect the patient’s management. Based on CHAARTED
criteria, any patient who had >4 osteo-metastases with
at least one extra-axial lesion was considered “high vol-
ume” [3]. In LATITUDE criteria, patients with>3 bone
metastases were assigned as “high risk” [4]. To deter-
mine the diagnostic performance in BCR, we categorised
the patients into non-metastatic, oligometastatic (1-3
lesions) and poly-metastatic (>4 lesions) groups based
on the therapeutic approach [15].

To assess the relation of each feature in the CT scan
with the probability of malignancy, the Mann—Whitney
U and Chi-square tests were conducted for continuous
and categorical data, respectively. Also, the odds ratio of
the significant features was calculated. To determine the
proper cut-off for Hu, we used receiver operating charac-
teristic (ROC) curve analysis and prioritised the specific-
ity in case of equal summation (Youden index). For this
issue, the average of Hu values measured by all reviewers
was used. The benign lesions were entered in analyses if
reported by at least two reviewers.

To find out the inter-observer variability among the
three reviewers, Krippendorff’s alpha coefficient was
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calculated. Also, a one-by-one agreement among every
two reviewers was calculated by Cohen’s kappa in a list-
wise deletion manner. The results were interpreted as:
0.01-0.20 indicated none to a mild agreement, 0.21-0.40
indicated fair agreement, 0.41-0.60 indicated moder-
ate agreement, 0.61-0.80 indicated good agreement and
0.81-1.00 indicated nearly perfect agreement.

All analyses were done by IBM SPSS Statistics
(ver.25, IBM Corp., Armonk, N.Y., USA). A two-tailed p
value <0.05 was considered significant.

Results

A total of 727 PCa patients were referred to our tertiary
centre for ®Ga-PSMA PET/CT from March 2017 to
August 2022. After applying the exclusion criteria, 601
patients (mean age=68.7 +8.1) were found to be eligible
to enter the study. Figure 1 shows the flowchart of the
patient selection process. Regarding indication, 211/601
(35.1%) patients were referred for initial staging, and
390/601 (64.9%) patients were referred for the evaluation
of the extent of the disease after being diagnosed with
BCR.

Based on the reference standard modality, bone metas-
tasis was present in 189/601 (31.4%) patients, of which
87 (46%) were extensive. In the extensive group, only one
patient was falsely diagnosed as non-metastatic on CT
images by all readers (Fig. 2). In this group, the lesions
were found throughout the axial and appendicular skel-
eton, except in one patient that was confined to vertebrae
and pelvic bones.

In the non-extensive group (n=102), 10 (10%) patients
had only lytic lesions, 16 (16%) had both lytic and scle-
rotic lesions, and 76 (75%) had only sclerotic lesions. The
most common location of metastasis in this group was
pelvic bones, seen in 81/102 (79.4%) patients, followed
by vertebrae (55/102, 53.9%) and ribs (36/102, 35.3%).
Regarding the missed lesions via CT images, the most
common location was the pelvic bones (ranging from
25.2 to 31.1% among reviewers), followed by ribs (18.4—
21.4%) and vertebrae (16.5-20.4%). Table 1 demonstrates
characteristics of included patients.

Per-patient analysis

Per-patient diagnostic analysis for three reviewers
showed 81.0-89.4% sensitivity and 96.6—98.5% specific-
ity for CT in detecting osteo-metastasis (Table 2a). In
the staging group, 76.8—88.4% sensitivity and 98.6—99.3%
specificity were calculated. The BCR group showed sen-
sitivity and specificity of 83.3-90.0% and 95.6—98.6%,
respectively. The senior radiologists had the highest sen-
sitivity and specificity among the reviewers. Detailed
calculated diagnostic performances are provided in the
supplementary file.
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Fig. 2 In this interesting case, a 66-year-old man referred for initial staging, there was extensive involvement of both axial and appendicular
skeleton. However, none of the lesions had significant characteristics on the low-dose CT images, resulting in calling this patient free of skeletal
involvement in CT evaluation by all readers. As you can see in the hybrid %Ga-PSMA PET/CT images, there were innumerable bone metastases
which all were invisible on CT alone (a-c). d The maximum intensity projection (MIP) clearly visualises the extent of the disease

Table 1 Characteristics of the included patients

Initial Biochemical
staging recurrence
(n=211) (n=390)
Age (years) 69.1+8.7 68.5+7.7
Bone metastasis 69 (32.7%) 120 (30.8%)
Extensive metastasis 31 (14.7%) 56 (14.6%)
Site of metastasis
Pelvis 51 30
Spine 25 30
Rib 17 19
Humerus 2 6
Femur 9 10
Scapula 9 8
Skull 2 6
Sternum 2 4
Clavicle 0 2
Nature of metastasis
Purely lytic metastasis 4 6
Mixed lytic-sclerotic metastasis 6 10
Purely sclerotic metastasis 28 48
Metastasis with fracture 2 9
Metastasis with soft-tissue component 3

Per-lesion analysis

In non-extensive patients, 305 metastatic lesions were
found. The most common site was pelvic bones (127,
41.6%), followed by vertebrae (70, 23.0%) and ribs
(42, 13.8%). Among all lesions, 94 (30.8%) metasta-
ses were not visible on CT images. Additionally, 204
benign lesions (based on the reference standard) were
selected for comparative analyses. The detailed data of
the selected lesions are provided in Table 2b. Per-lesion
analysis showed sensitivity and specificity of 48.5-63.3%
and 82.1-92.1% among reviewers, respectively. Figures 3
and 4 show representative lesions with false-negative and
false-positive findings, respectively. Figure 5 depicts disa-
greements between readers.

We also analysed all metastatic lesions with underlying
CT findings to determine the features that could be use-
ful in differentiating the benign and metastatic lesions
(Table 3). Among the evaluated features, the analysis
showed that size>1 cm, ill-defined borders, presence of
soft tissue component, and cortical destruction were sta-
tistically in favour of metastasis (Fig. 6). Also, Hu was sig-
nificantly different among the two groups (p value <0.001).
The ROC curve analysis showed that lesions with more
than 900 Hu were benign with 93% specificity.
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Fig. 3 False-negative low-dose CT findings (red arrows). In each section (a-e), the CT-alone images, along with the hybrid Ga-PSMA PET/
CTimages, can be found. Regarding section a), it should be noted that he was one of our interesting cases, as he showed only a single bone
metastasis in the skull base. Thus, although the sclerotic lesion can be easily seen in this single slice, it was not prominent enough while scrolling,
since the remainder of the skeleton was free of metastases. Furthermore, in section c), subtle sclerosis could be found retrospectively; however, it
was not considered a significant lesion by all readers when reviewing CT images. Notably, this false finding did not misclassify the patient’s disease
burden eventually

Fig. 4 False-positive low-dose CT findings (red arrows). The majority of the false-positive findings were located in the pelvic region, most likely due
to the readers’knowledge about the high pretest probability in this region. So, as can be seen (a—c), there were various lesions called metastatic

on CT images but were found benign considering the reference standard. Noteworthy, although b and ¢ might seem not that much challenging
and in favour of bone islands while looking at only one slice, in patients with multiple metastases, they were falsely interpreted as malignant

since there were also other lesions with more or less similar Hounsfield unit in the same patient
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Fig. 5 Lesions that were wrongly classified (a—c false negatives; d—f false positives) by one of the readers while correctly diagnosed by others.
Thus, attention to these locations/kinds of lesions should be paid since they may also be missed on CT readings. Red arrows show the location
of the metastases on the hybrid %Ga-PSMA PET/CT images

Clinical practice-based per-patient analysis

To evaluate the diagnostic performance of CT in determin-
ing the treatment approach of the patients, separate analy-
ses on both staging and BCR groups were performed. The
detailed data are provided in Table 4. The results showed
that CT had 88.6-92.4% accuracy among three review-
ers when the CHAARTED criteria cut-off value was used.
This meant that 7.6—-11.4% of patients would not receive the
appropriate treatment. Considering the LATITUDE crite-
ria, the accuracy of the test was 88.2-93.4% among the three
reviewers, showing that 6.6—11.8% of patients would receive
inappropriate treatment. Table 4a demonstrates detailed
information on this issue. The CT diagnostic performance
in evaluating the osteo-metastasis in BCR patients (catego-
rising them into non-metastatic, oligometastatic, and poly-
metastatic groups) showed 90.3-94.4% accuracy.

Interobserver agreement
The per-lesion interobserver agreement among the
three reviewers was almost perfect (91%). The highest

inter-observer agreement was between the junior and
senior radiologists (93.0%, 95% CI 90.1-95.9%), while the
lowest agreement was between the junior radiologist and
nuclear medicine specialist (88.3%, 95% CI 84.7-91.9%).
Also, the agreement between the senior radiologist and
nuclear medicine specialist was almost perfect (90.1%,
95% CI 86.6—93.5%).

Discussion

In this study, we showed that despite the low diagnostic
performance of CT in detecting all PCa bone metastatic
lesions, the test provided accurate results in the clini-
cal decision-making of the patients. The high accuracy
at the per-patient level indicated that CT could correctly
diagnose the presence or absence of metastasis in most
patients. However, in clinical management, both in staging
and BCR conditions, it is important to know the burden
of disease. In this issue, CT still had reliable performance,
meaning most patients would receive the proper therapy.
Although the results of the three reviewers indicated the
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Table 3 Characteristics of the included bone lesions
Characteristic of bone lesions Metastatic (n=305) Benign (n=204) number Odds ratio (95% Cl) p value
number (%) (%)

Site of detected lesion

Pelvis 127 (41.6) 91 (44.6) NA NA

Vertebrae 70(23.0) 57 (27.9)

Rib 42 (13.8) 32(15.6)

Humerus 11 (3.6) 4(2.0)

Femur 20 (6.5) 12 (5.9)

Scapula 19(6.2) 4(2.0)

Skull 7(23) 0(0)

Sternum 7(23) 2(1.0)

Clavicle 2(0.7) 2(1.0)
Nature

Purely lytic 21 (6.9 16 (7.8) NA 0.696*

Purely sclerotic 174 (57.1) 175 (85.8)

Mixed 16 (5.2) 13 (6.4)

No underlying CT finding 94 (30.8) -
Soft tissue component 17 (5.6) 4(2.0) 3.0(1.0-8.9) 0.044
lll-defined lesion 99 (32.5) 30(14.7) 2.8(1.8-4.4) <0.001
Size>1cm 161 (85.6) 68 (33.3) 2.2(1.5-3.2) <0.001
Cortical destruction 24(79) 7(34) 2.4 (1.0-5.7) 0.040
Asymmetric growth 132(433) 74 (36.3) NA 0.114
Mean Hounsfield unit 53742443 809.4+376.5 NA <0.001

Bolded p-values are < 0.05
*p value was calculated among the lesions that had underlying CT finding
*NA not applicable

level of expertise importance in the diagnostic perfor-
mance, the inter-observer analysis stated that the test
could be confidently interpreted in decision-making.

Based on the latest guideline of PCa management,
determining the burden of bone metastasis in initial
staging is one of the factors that could separate low
and high-risk patients, which have different manage-
ment approaches [2]. This risk assessment, mainly done
by CHAARTED or LATITUDE criteria, is not strictly
influenced by the exact number/location of metastasis.
Therefore, correct categorisation of the patients is the
fundamental challenge. Moreover, a similar concept is
applicable in patients with BCR. Furthermore, the pre-
sent guidelines recommend the addition of bone health
agents in patients with the presence of metastasis [2, 5].
Also, in patients with local symptoms or high pathologic
fracture risk, local therapies like radiotherapy or surgery
are recommended [16].

Considering all these issues, instead of focusing on the
per-lesion performance of CT, which is undoubtedly low,
we aimed to find the clinical impact. In the initial staging
of PCa patients based on the above-mentioned criteria,
whole-body low-dose CT showed promising results in

terms of specificity and PPV, regardless of readers’ exper-
tise. This means that the treatment approach would have
been confidently adopted in the patients diagnosed with
the high-burden disease. Having said that, the cost-effec-
tiveness should be assessed to justify the NPV values.
Although using ®*Ga-PSMA PET/CT is growing, BS is
still widely used and recommended due to its accessibil-
ity and low price. In a recently published meta-analysis,
the per-patient sensitivity and specificity of this modality
were 86% (95% CI 76-92%) and 95% (95% CI 87-98%),
respectively, which is similar to the performance of CT
in our study [17]. In an older meta-analysis by Shen et al.,
they found a per-lesion sensitivity and specificity of 79%
(95% CI73-83%) and 82% (95% CI 78—-85%), respectively,
showing higher sensitivity compared to our results [18].
However, as mentioned earlier, finding all lesions may
be not crucial in PCa management. Also, comparing CT
and BS, CT is superior in providing anatomical details of
the involved bones [19]. Thus, as osteo-metastasis local
therapy is recommended in symptomatic patients or at
high risk of pathologic fracture, CT could provide the
essential information [20]. Besides, concurrent evalu-
ation of the chest is also possible with the performed
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Fig. 6 Examples of the typical bone metastases (a-d) with the detected prominent features, including soft tissue component, ill-defined border,
cortical destruction, and maximal transverse diameter of more than one centimetre. Locations of the metastases are shown with red arrows

on the hybrid ®Ga-PSMA PET/CT images

Table 4 Diagnostic performance of CT based on the clinical significance (per-patient analysis)

Expertise

Sensitivity% (95% Cl)  Specificity% (95% Cl)

NPV% (95% Cl)

PPV% (95% Cl)

Accuracy% (95% Cl) TP

(a) Evaluation based on CHAARTED (Initial staging)

Junior radiologist  63.6 (49.6-76.2) 98.1 (94.5-99.6)
Nuclear medicine  60.3 (46.6-73.0) 98.7 (95.3-99.7)
Senior radiologist  71.2 (56.9-82.9) 994 (96.6-100)
(b) Evaluation based on LATITUDE (Initial staging)

Junior radiologist  67.2 (53.7-79.0) 98.7 (95.4-99.8)
Nuclear medicine  62.3 (49.0-74.4) 98.7 (95.3-99.8)
76.4 (63.0-86.8) 99.4 (96.5-100)
(c) Osteo-metastasis evaluation in biochemical recurrent patients
Junior radiologist  72.9 (62.9-81.5) 95.9 (93.0-97.9)
Nuclear medicine 704 (60.3-79.2) 98.6 (96.5-99.6)
81.3(71.8-88.7) 98.3 (96.1-99.5)

Senior radiologist

Senior radiologist

884 (84.4-91.6)
86.8 (82.7-90.0)
91.3(87.3-94.2)

88.8 (85.0-92.0)
86.6 (82.3-89.9)
92.3 (88.1-95.0)

91.6 (88.6-93.8)
90.9 (88.0-93.1)
94.4(91.8-96.4)

92.1 (78.9-97.3)
94.6 (81.3-98.6)
974 (83.9-99.6)

95.1(83.0-98.7)
95 (82.6-98.7)
97.7 (85.6-99.7)

854 (78.8-91.1)
94.5 (86.6-97.9)
93.7 (86.1-97.3)

88.6 (83.6-92.6)
87.7 (82.5-91.8)
92.4(88.0-95.6)

90.1(85.2-93.7)
88.2(82.3-89.9)
934 (89.1-96.3)

90.3 (86.9-93.0)
91.5(88.3-94.1)
94.4 (91.6-96.4)

35
35
37

39
38
42

70
69
74

TN FP FN
153 3 20
151 2 23
158 1 15
151 2 19
148 2 23
155 1 13
282 12 26
288 4 29
24 5 17

Cl confidence interval, TP true positive, TN true negative, FP, false positive, FN false negative
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low-dose CT, showing a similar detection rate in the pul-
monary nodules to the standard chest-CT [21, 22]. Also,
the time spent for CT is much less than BS which could
be important in patients’ compliance [19]. Noteworthy,
although irradiation of CT could be high, the reported
values for whole-body low-dose CT are comparable with
BS [23-25].

Evaluation of metastatic lesions showed that the most
common sites of metastasis were pelvic bones and ver-
tebrae, which was concordant with previous studies [26].
Regarding the morphological texture, the evaluation of
Hu revealed that lesions with>900 Hu could be inter-
preted as benign with high specificity. Also, similar to
previous studies, we found that the presence of soft-tis-
sue component, ill-defined borders, cortical destruction,
and>1 cm lesions could be more in favour of metastasis
[27]. Although most of these findings are not so common
to see, it has been reported that adding morphologic CT
features could even increase the diagnostic performance
of ®*Ga-PSMA PET [8].

There are some limitations in this study. First, we
did not provide readers with clinical and lab data of
the patients, particularly the serum PSA level, while
reading scans. This could be a double-edged sword,
since although we might not assess the readers’ perfor-
mance in the real clinical routine, we solely relied on
the knowledge of readers in terms of imaging to pur-
posefully take CT-alone potential into account. Second,
since histopathology exam was not widely available
in bone lesions, we used ®*Ga-PSMA PET/CT, which,
albeit not perfect, has been shown to be highly accurate
in bone assessment. Thus, although rare false-positive
lesions (e.g. hemangioma, Paget’s disease) and equivo-
cal cases were excluded by nuclear medicine special-
ists (additional imaging results or patient follow-up in
challenging cases were sought) or eventually from the
analyses when remained equivocal, a few false-nega-
tive findings (e.g. purely sclerotic lesions) could still
be misdiagnosed by our reference standard [28]. Third,
we were faced with referral bias. Since our centre was
the centre of excellence for ®*Ga-PSMA PET/CT in the
country, it was possible that many complicated or mis-
diagnosed patients would be referred to us. This could
potentially lead to the underestimation of NPV results
in a population with a high pretest probability. Lastly,
the retrospective nature of the study had its own limi-
tations, and the real impact of the findings on patient
management could not be truly analysed.

In conclusion, we found that whole-body low-dose
CT could provide reliable data in the skeletal assess-
ment needed for PCa patient management. Of course,
®8Ga-PSMA PET/CT has much better performance
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in evaluating locoregional and distant metastasis and
could not be replaced by CT; however, the performance
of CT in the skeleton could be comparable with BS.
Additionally, we proposed some diagnostic CT features
that could help radiologists with better characterisa-
tion of the lesions. Thus, simple and available imag-
ing like CT with the reported high specificity and PPV
may significantly help decision-making in PCa patients,
reserving the high-cost modalities in cases with nega-
tive results on the CT images.
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