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Abstract

Background: [®3Ga]Ga-PSMA PET/CT is the gold-standard molecular imaging modality for prostate
cancer (PCa), yet much of the developing world has little or no access to PET/CT. [**™Tc]Tc-PSMA
scintigraphy (PS) is a cheaper and more accessible gamma camera-based alternative. However, many
resource-constrained departments have only a single camera without tomographic or hybrid imaging
functionality, and camera time is frequently in high demand. Simplifying imaging protocols by
limiting the field of view (FOV) and omitting SPECT/CT or even SPECT may provide a partial solution.
The aim was thus to determine the adequacy of PS planar-only and/or SPECT-only imaging protocols

with a limited FOV.

Methods: The scans of 95 patients with histologically proven PCa who underwent PS with full-body
planar and multi-FOV SPECT/CT were reviewed. The detection rates for uptake in the prostate
gland/bed and in metastases were compared on planar, SPECT, and SPECT/CT. The agreement
between modalities was calculated for the detection of metastases and for staging. The impact of

imaging a limited FOV was determined.

Results: Pathological prostatic uptake was seen in all cases on SPECT/CT (excluding two post-
prostatectomy patients), 90.3% of cases on SPECT, and 15.1% on planar images (p<0.001). Eleven
(11.7%) patients had seminal vesicle involvement on SPECT/CT, which was
undetectable/indistinguishable on planar images and SPECT. The agreement between modalities
was moderate to good (k = 0.41 to 0.61) for the detection of nodal metastases, with detection rates
that did not differ significantly (SPECT/CT=11.6%, SPECT=8.4%, planar=5.3%). Detection rates for

bone metastases were 14.7% (SPECT/CT) and 11.6% (SPECT and planar). Agreement between
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modalities for the detection of bone metastases was good (k=0.73 to 0.77). Three (3.1%) patients
had visceral metastases on SPECT/CT, two of which were detected on SPECT and planar. There was
good agreement between modalities for the TNM staging of patients (k=0.70 to 0.88). No metastatic

lesions were missed on the limited FOV images.

Conclusion: The lack of SPECT/CT capabilities should not preclude the use of PS, as both planar and
SPECT imaging are adequate and will correctly stage most PCa patients. Furthermore, time-based

optimisations are achievable by limiting the FOV to exclude the distal lower limbs.

Key words: *"Tc-PSMA Scintigraphy, Resource limitation, Prostate Cancer, Planar, SPECT, SPECT/CT,

Developing World.
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Background

Prostate cancer is the second most-frequently diagnosed male malignancy, and represents the fifth
foremost cause of cancer associated mortality in men, globally.[1, 2] Developing countries, despite
having three-fold-lower incidences compared to high-income countries, have a paradoxically
outsized Prostate cancer (PCa) mortality burden. Currently, the highest mortality rates of PCa
globally are in Sub-Saharan Africa, Micronesia and the Caribbean, all resource-constrained
settings.[2] The comparatively favourable PCa outcomes of high-income countries are linked to
improved diagnostics and therapeutics.[3] Solutions aimed at optimising diagnosis and treatment for
the less-resourced world will therefore have significant impact on bridging the disparity in PCa

outcomes.

Bone scintigraphy has been the mainstay nuclear medicine imaging modality to detect bone
metastases in PCa for several decades. [4-7] Bone Scintigraphy is sensitive, however has some

drawbacks including lower specificity and the inability to detect visceral and nodal metastases.[8]

In recent times, new molecular tracers have been developed that target the transmembrane
glycoprotein Prostate Specific Membrane Antigen (PSMA), which is over-expressed in PCa cells and
metastases.[9] This is typified by positron emission tomography/computed tomography (PET/CT)
imaging with [*®Ga]Ga-PSMA (PSMA PET). PSMA PET is well established as the gold-standard PCa
molecular imaging technique, outperforming other modalities for staging, recurrence detection,
patient-selection and planning for peptide receptor radioligand therapy (PRLT), and post-therapy
response assessment in PCa. [5, 10-15] PSMA PET is however out of reach for most of the developing

world, as 92-95% of low-to-lower-middle-income countries do not have a PET/CT unit. [16]
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Furthermore, where available, PSMA PET radiopharmaceutical doses currently cost approximately

United State Dollars (USD) 1,000 per patient. [17]

[**™Tc]Tc-PSMA scintigraphy (PS) utilises the same molecular target (PSMA), but with the more
affordable and widely available radioisotope *™Tc. In contrast to bone scintigraphy, PS can detect
extra-osseus metastases in addition to bone metastases.[18] [*°™Tc]Tc-PSMA is imaged with a
gamma camera, and planar as well as Single Photon Emission Computed Tomography (SPECT)
images may be recorded. Hybrid imaging with Single Photon Emission Computed Tomography with
Computed Tomography (SPECT/CT) is also possible with a SPECT/CT gamma camera. Gamma
cameras, most notably stand-alone SPECT cameras, are more readily available in low-to-medium
income countries (LMICs) compared to PET/CT. Although [*°™Tc]Tc-PSMA is also costly,
approximately USD 300 per patient dose locally, PS enables the clinical utilisation of PSMA-targeted
imaging without the enormous capital demands of PET/CT camera acquisition, installation, and
maintenance, as well as the high costs of PET radiopharmaceuticals. PS therefore represents a
potential alternative and possible solution for improving PCa imaging in resource limited

departments and centres with no access to PET/CT.

Studies directly comparing PS SPECT/CT to PSMA PET/CT found no significant difference in the
detection rates of skeletal metastases, thus concluding PS SPECT/CT to be sufficiently comparable to
PSMA PET/CT in this regard.[18, 19] The utility of PS has been evaluated almost exclusively using
multi field-of-view (FOV) SPECT/CT and there is a paucity of literature assessing the adequacy of
planar imaging or SPECT alone in PS.[18-26] One pilot study of 18 patients with PCa, which primarily
compared PS with PSMA PET, also analysed the comparative lesion detection rates of PS on planar

imaging versus SPECT and SPECT/CT. They found superior lesion detection with SPECT and SPECT/CT
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compared to planar imaging. They also reported poor planar-to-SPECT/CT agreement, fair planar-to-

SPECT agreement and good SPECT-to-SPECT/CT agreement. [27]

The practical reality, however, is that many nuclear medicine centres across the developing world do
not have access to hybrid imaging, with only planar gamma cameras or at best those with SPECT
capabilities. [28, 29] These resource limitations are compounded by a higher population per camera
compared to the developed world. As an example, Nigeria (Africa’s most populous nation of
approximately 200 million people, 50% of whom live on less than two dollars per day) has only three
fully functioning nuclear medicine centres with four gamma cameras between them, and a dearth of
specialised personnel. Most patients need to travel long distances to access pooled and infrequently
provided radionuclide studies, thus negatively impacting the delivery of nuclear medicine services.

[28-32]

Therefore, strategies for optimising camera utilization are essential. A potential partial solution is to
shorten imaging protocols, by objectively defining the acquisition steps that are essential and those
that may be done away with, without significantly impacting study interpretation and patient
management. Thus, the aim of this study was to determine the adequacy of simplified/truncated
imaging protocols for [*™Tc]Tc-PSMA scintigraphy, by comparing the detection rates for PCa on

planar imaging, multi-FOV SPECT and multi-FOV SPECT/CT.
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Methods and materials

Study Design & Setting:

A retrospective review of consecutive patients with histologically proven PCa who had [**™Tc]Tc-
PSMA scans performed at the Nuclear Medicine Division of Groote Schuur Hospital, University of

Cape Town, South Africa between January 2018 and December 2021.

The inclusion criteria were patients older than 18 years with histologically proven PCa who were
imaged with both whole-body PS planar and three-volume SPECT/CT (from vertex to mid-thighs).
The studies were requested either for staging of high-risk or high-tier intermediate risk disease
(according to the National Comprehensive Cancer Network (NCCN) risk stratification), as well as

evaluation prior to potential [Y’Lu]Lu-PSMA therapy.[33]

Patients with a history of a secondary malignancy at the time of PS, incomplete scanning protocols,
non-contiguous SPECT volumes, missing images, and studies identified with technical problems were
excluded. In cases where patients underwent PS on two or more occasions, only the first of the

scans was included.

Ethical considerations:

Ethical approval was obtained from the Human Research Ethics Committee of the University of Cape
Town (HREC REF: 724/2021) and hospital approval was obtained from the management of Groote

Schuur Hospital.
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Radiopharmaceutical:

The [*™Tc]Tc-PSMA was prepared and supplied as single patient doses by Africa X-ray Industrial &
Medical (AXIM) Ltd. The radiopharmaceutical was either [*™Tc]Tc-PSMA T4 or [*™Tc]Tc-PSMA I&S.
The activity ordered was 750 MBq per patient. Mean injected activity (mean + SD) was 750 + 50

MBq.

Image Acquisition Protocol:

Images were acquired four hours after radiotracer administration on a Siemens e.Cam Signature and

Siemens Symbia T6 SPECT-CT gamma cameras (Siemens Medical Solutions SW, Erlangen).

Planar images were acquired as whole-body sweep images at a speed of 14 cm per minute, on a

1024 x 256 matrix, with a zoom of 1.0 with auto-contouring, using anterior and posterior detectors.

Subsequently, SPECT/CT images were acquired on the dedicated Siemens Symbia T6 SPECT-CT
(Siemens Medical Solutions SW, Erlangen) in three volumes/bed-positions (multi FOV) covering
vertex to mid-thighs (380 mm per bed position) on a 128x128 matrix, at a zoom of 1.00, on a non-
circular orbit, in step-and-shoot mode (3° angles) for 20 seconds per view. A low-dose non-contrast
enhanced CT scan acquired for attenuation correction and anatomical localisation; CT parameters

utilised 30 mAs, 120 kV, at a pitch of 1.5 and a slice thickness of 3 mm.

Image processing Protocol:

Imaging studies were reconstructed and processed on dedicated Hermes physicians’ workstations
using Hermes Gold Lx Browser (version 2.15, 2022; Hermes Medical Systems, Sweden) to ensure

standardised reconstruction parameters for SPECT and SPECT/CT. SPECT images were reconstructed

Page 16 of 61



utilising ordered subset expectation maximisation (OSEM) with five iterations, 16 subsets, and a 0.9
cm Gaussian full width half maximum (FWHM) postfilter. Resolution recovery and scatter correction
were also applied. SPECT images for review under the SPECT-only protocol were processed without
attenuation correction. SPECT images for SPECT/CT review were reconstructed utilising CT-

attenuation correction, and images were viewed utilising the ‘B31s’ Siemens CT kernel.

Imaging analysis:

A visual analysis of the images was independently performed by two nuclear medicine physicians
(nine- and four-years’ experience respectively), and one nuclear medicine trainee (final year). They
were blinded to the patients’ clinical history, radiological and biochemistry results. Interpretation

data was entered into a standardised data-capture sheet at each point (Appendix 1).

Interpretation was approached in a three-stage, sequential manner: First, all whole-body planar
images were interpreted, followed by all multi-FOV SPECT-only images, and finally the multi-FOV
SPECT/CT-only images. There were at least two-week intervals between subsequent stages, and
images were reviewed in random order to eliminate recall bias. The observers specifically assessed
the prostate gland or bed, seminal vesicles, lymph nodes, bones, and viscera. Each site was assessed
as being positive, negative, or equivocal for [**™Tc]Tc-PSMA uptake. Lymph node uptake was further
identified as being present within the loco-regional drainage basin of the prostate (pelvic nodes- ‘N’
disease) or in distant sites (extra-pelvic nodes — ‘M1a’ disease); the number of positive lymph nodes
was not counted in each patient. Identified bone lesions were counted and designated
oligometastatic if five or fewer sites were involved, or designated multiple if more than five.[34, 35]
Visceral metastases were identified and localised. Whole body planar images were also viewed to

assess for pathological PSMA uptake situated outside the ‘vertex-to-mid-thigh’ field of view.
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Images were initially interpreted by each reviewer individually, and where incongruities existed, by
consensus across all three viewers for each imaging modality. Images on which no agreement was

reached were indicated as ‘equivocal’ in the data set.

Consensus reports of planar-only, SPECT-only, and SPECT/CT-only images were then compared for

each patient.

Data Analysis:

Using patient-based analyses, the detection rates of prostatic uptake, seminal vesicle involvement,
lymph node metastases, bone metastases and visceral metastases were calculated and compared
for SPECT/CT, SPECT and planar using a Chi-squared test. SPECT/CT served as the reference method
for distinguishing between true positive and false positive cases on SPECT and planar. The scan-
based American Joint Committee on Cancer (AJCC) / Union for International Cancer Control (UICC)
8th edition TNM stage of each patient was determined and compared for planar, SPECT and
SPECT/CT.[36, 37] The number of cases that were incorrectly upstaged or downstaged by planar and
SPECT were determined by comparison with SPECT/CT. The agreement (Cohen’s Kappa) between
planar, SPECT and SPECT/CT was determined for the detection of lymph node and bone metastases,
and for TNM staging.[38] The number of lesions missed by analysing a limited FOV (vertex-to-mid-
thigh) was determined. Statistical analysis was performed using MedCalc® Statistical Software
version 22.009 (MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2023).
Descriptive statistics were utilised to summarise the distribution of patient’s ages, study indications,

and administered radioactivity.
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Results

During the period under review, 306 [**™Tc]Tc-PSMA studies were performed in 303 patients.
Following the exclusion of scans without both planar and tomographic acquisitions (208), incomplete

data sets (1), and repeat studies (2), 95 patients were included.

The median age of the cohort was 66 years, with ages ranging from 47 to 80 years. Ninety-one
patients had PS for staging purposes, and the remaining four underwent PS as part of the workup for
[*7Lu]Lu-PSMA therapy. Of the 95 patients included, 76 had high risk prostate cancer (Gleason 8 to
10 or PSMA >20), 18 were intermediate risk and one was low risk (Gleason score of 6 and PSA less

than 10). Table 1 summarises demographics of patients Gleason scores and PSA levels.

The dose of [*™Tc]Tc-PSMA administered to the patients, measured shortly before administration,

ranged between 700 and 800 MBg (median administered activity was 760MBq).

Table 1: Demographics of patients Gleason scores and PSA levels

Gleason Score 6 7 8 9 10
Number of patients 14 37 16 25 3
Mean PSA (ng/mL) 38.9 34.79 37.37 | 160.46 | 18.78
Median PSA (ng/ml) 31.3 22 32.07 | 40.18 19.36

Number of patients with:

PSA <10 1 4 2 1 0
PSA 10 - 20 2 12 4 3 2
PSA > 20 11 21 10 21 1
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Prostate gland and seminal vesicle involvement:

Two patients had undergone prostatectomy prior to PS (one radical prostatectomy; one simple

prostatectomy). On SPECT/CT, there was abnormal uptake in the prostate of all other 93 patients.

On planar imaging, pathological prostatic uptake was detected in 14/93 cases (15.1%) (Fig. 1). The
observers were unable to assess for abnormal prostatic PSMA uptake in the remaining 79 (84.9%)

patients.

SPECT correctly detected 84/93 (90.3%) cases with abnormal prostatic uptake. There was one false
negative case on SPECT, and eight (8.6%) SPECT cases were equivocal for prostate involvement.
SPECT/CT detected significantly more cases of prostatic involvement than both SPECT (p=0.002) and

planar images (p<0.001). SPECT also detected significantly more cases than planar (p<0.001) .

On SPECT/CT, 11/94 cases (11.7%) were positive for seminal vesicle involvement and 83/94 cases
(88.3%) were negative. Seminal vesicle involvement was impossible to determine on planar imaging
in all patients. SPECT alone was unable to assess seminal vesicles in 93/94 (98.9%) of the patients.
Fig. 2 is an example of a case in which there was disagreement between observers on uptake being

in seminal vesicle or in an adjacent lymph node.

Nodal involvement:

The assessment of lymph node involvement was consistent on planar, SPECT, and SPECT/CT in 71/95
(74.7%) patients - 65 were negative, five positive, and one equivocal. Moderate agreement was
found between planar and SPECT (k = 0.41; 95% Cl 0.20-0.61), fair agreement between planar and

SPECT/CT (k = 0.40; 95% Cl 0.20-0.59) and good agreement between SPECT and SPECT/CT (k = 0.61;
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95% Cl 0.41-0.80). Fig. 3 is an example of a case in which assessment of lymph node metastases was

consistent across all three modalities.

On SPECT/CT PSMA-positive nodal disease was detected in 11/95 (11.6%) patients, 83 (87.4%) were
negative for nodal disease, and one case was classified as equivocal (Table 2, Fig. 1). The equivocal
case had abnormal uptake of moderate intensity in a distant node without loco-regional nodal
disease. The distribution was not typical for metastatic PCa, and it was agreed lymph node biopsy

would be needed to confirm/exclude metastatic disease.

Planar imaging detected nodal metastases in 5/95 (5.3%) patients and identified 71/95 (74.7%)
nodal negative cases. Fifteen (15.8%) cases were deemed equivocal for nodal involvement. There

was one false positive case (Table 2).

SPECT images detected 8/95 (8.4%) patients with nodal metastases, and 75/95 (78.9%) cases were
negative. Ten (10.5%) cases were equivocal. There was one false positive on SPECT (Table 2). The
false positive case on both planar and SPECT was confirmed on SPECT/CT to be focal skeletal uptake
in the ilium. Fig. 4 is an example of a patient with a metastatic para-aortic lymph node that was not

detected on planar or SPECT imaging,

SPECT/CT did not detect significantly more patients with nodal metastases than either planar
(p=0.12) or SPECT (p=0.46). Similarly, the detection rate for nodal metastases was not significantly
different on planar and SPECT (p=0.40). The proportion of equivocal cases on SPECT and planar did
not differ significantly (p=0.27) but there were significantly more equivocal cases on planar (p=

<0.001) than SPECT/CT, and SPECT than SPECT/CT (p=0.006).
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Of the 11 cases with positive nodal disease on SPECT/CT, seven had disease confined to loco-
regional nodes, and four had distant nodal metastases. In all 5 of the patients identified as having
nodal metastases on planar, and in all 8 on SPECT, the distinction of loco-regional involvement vs.

distant nodal metastases was correctly made.

Table 2: Lymph node metastases detection rates on planar, SPECT, and SPECT/CT (n=95)

SPECT/CTt Planar SPECT p-value

Positive cases* 11 (11.6%) 5(5.3%) 8 (8.4%) SPECT/CT vs planar—0.12
SPECT/CT vs SPECT — 0.46
SPECT vs Planar —0.40

Negative cases 83 (87.4%) 71 (74.7%) 75 (78.9%) | SPECT/CT vs planar —0.03
SPECT/CT vs SPECT - 0.12
SPECT vs Planar —0.49

False positive N/A 1(1.1%)" 1(1.1%)" N/A

Equivocal cases 1(1.1%): 15 (15.9%) 10 (10.5%) | SPECT/CT vs planar —<0.001
SPECT/CT vs SPECT — 0.006
SPECT vs Planar—0.27

* Positive cases = locoregional + distant nodal metastases
t+ SPECT/CT assessment used as reference method

t Abnormal uptake was present in a lymph node, but it was equivocal for metastatic disease

Skeletal involvement:

All patients were assessed for bone metastases. In most patients (86/95; 90.5%), skeletal findings on

planar, SPECT, and SPECT/CT were consistent. There was good agreement between planar and
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SPECT (k = 0.77; 95% Cl 0.62-0.92), between planar and SPECT/CT (k = 0.76; 95% Cl 0.59-0.94) and

between SPECT and SPECT/CT (k = 0.73; 95% Cl 0.54-0.91).

SPECT/CT detected 14/95 (14.7%) patients with PSMA-positive skeletal metastases (fig. 1), of whom
six had oligometastatic disease, and eight had uptake in more than five skeletal sites. The remaining

81 cases (85.3%) were negative for bone metastases. There were no equivocal cases on SPECT/CT.

On planar imaging, 11/95 cases (11.6%) with bone metastases were detected, and 78/95 (82.1%) of
cases were negative for bone metastases (Table 3). There was one false positive case and three that

were equivocal. The false positive case was confirmed on SPECT/CT to be Paget’s Disease in the ilium

(Fig. 5).

SPECT also detected 11/95 (11.6%) positive cases and identified 77/95 (81.1%) that were negative.
There were three false positive and two equivocal cases on SPECT (Table 3). The three false positive
cases were lesions related to Paget’s Disease (2), and oesophageal activity falsely designated as

vertebral uptake (1).

The detection rates for bone metastases on SPECT/CT, SPECT and planar were not significantly
different (p=0.53 to 1.0). The proportion of negative cases did not differ significantly between
planar, SPECT and SPECT/CT (p=0.44 to 0.86). There was also no significant difference in the

proportion of equivocal cases between SPECT/CT, SPECT and planar (p=0.08 to 0.64) (Table 3).

On planar imaging the distinction between oligometastatic disease and patients with >5 lesions was
correctly made in all 11 cases. On SPECT one case with oligometastatic disease was incorrectly

classified as having multiple metastases.
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Table 3: Bone metastases detection rates on planar, SPECT, and SPECT/CT (n=95)

SPECT/CT Planar SPECT p-value

Positive cases* 14 (14.7%) | 11 (11.6%) | 11(11.6%) | SPECT/CT vs planar—0.53
SPECT/CT vs SPECT — 0.53
SPECT vs Planar—-1.0

Negative cases 81(85.3%) | 78(82.1%) | 77 (81.1%) | SPECT/CT vs planar—0.55
SPECT/CT vs SPECT — 0.44
SPECT vs Planar —0.86

False positive N/A 1(1.1%)" 3 (3.2%)" SPECT vs Planar —0.32

Equivocal cases | O 3(3.2%) 2 (2.1%) SPECT/CT vs planar — 0.08
SPECT/CT vs SPECT - 0.16
SPECT vs Planar - 0.64

* True positive cases = oligometastatic cases + cases with > 5 skeletal lesions

+ SPECT/CT assessment used as reference method

Visceral Involvement:

On SPECT/CT three patients (3.2%) were identified with visceral (lung) metastases. Planar imaging
and SPECT both identified two of the three patients (Fig. 1). The third case was equivocal on planar

imaging but falsely negative on SPECT.

A lung lesion was seen on SPECT/CT in an additional patient. Corresponding CT findings in this case
raised suspicion for a second primary malignancy. Subsequent biopsy confirmed a primary lung
adenocarcinoma. This lesion was incorrectly reported as a rib metastasis on planar imaging and as a

lung metastasis on SPECT (Fig. 6).
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Staging:

SPECT/CT classified 16 (16.8%) patients as having stage IVB disease, 6 (6.3%) with stage IVA disease,
4 (4.2%) with stage 11IB/C disease, and 69 (72.6%) with < stage IlIA (i.e. (T1 or T2, NO, MO0) disease
(Table 4). The agreement between all modalities for staging of patients was good: k = 0.70 for planar
vs. SPECT/CT (95% Cl 0.54-0.86); 0.74 for SPECT vs. SPECT/CT (95% Cl 0.60-0.89); k = 0.88 for planar

vs. SPECT (95% Cl 0.76-1.00).

On planar imaging and SPECT, the staging was the same as on SPECT/CT in 84/95 (88.4%) and 85/95
(89.5%) of patients respectively. Using SPECT/CT as the reference method, planar incorrectly
downstaged 10 (10.5%) patients and upstaged 1 (1.1%). SPECT incorrectly downstaged 7 (7.4%) and

upstaged 3 (3.2%) (Table 4).
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Table 4: TNM Staging on planar, SPECT, and SPECT/CT

SPECT/CT Planar SPECT
Stage <IIIA* 69 (72.6%) 77 (81.1%) 73 (76.8%)
Stage IlIB/C 4(4.2%) 0 0
Stage IVA 6 (6.3%) 5(5.3%) 5(5.3%)
Stage IVB 16 (16.8%) 13 (13.7%) 17 (17.9%)
Incorrectly stagedt N/A+ 11 (11.6%) 10 (10.5%)
Downstaged: N/AT 10 (10.5%) 7 (7.4%)
B/C — <lIA 4 4
IVA — <IlIA 2 1
IVB — <IlIA 3 1
IVB — IVA 1 1
Upstaged: N/A 1(1.1%) 3(3.2%)
<IlIA — IVB 1 2
IVA — IVB 0 1

*Prostate scintigraphy cannot distinguish between stages IlIA and lower

T SPECT/CT assessment used as reference method to determine upstaged and downstaged cases on planar

and SPECT.
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Lesions outside ‘vertex-to-thigh’ field of view:

Based on assessment of the whole-body planar images, of the 95 patients, three had abnormal
[**™Tc]Tc-PSMA uptake outside a ‘vertex-to-upper-thigh’ field of view. None of these lesions were
metastatic. Two patients had degenerative changes in the knee joints, and one had lesions typical of

Paget’s disease.

Discussion

In this study the detection rates for the primary tumour, seminal vesicle involvement and metastatic
disease were compared on 3-volume SPECT/CT, 3-volume SPECT, and whole-body planar imaging in
95 patients. Pathological prostatic uptake was seen in all patients on SPECT/CT excluding two who
had undergone prostatectomy. On SPECT, abnormal prostatic uptake was detected in 90.3% of
cases, but in only 15.1% on planar images (p<0.001). Eleven (11.7%) patients had extension of
disease into the seminal vesicles on SPECT/CT, however this was not detectable on either planar
images or SPECT. SPECT/CT detected 11.7% cases with lymph node metastases, SPECT detected
8.4%, and planar imaging 5.3% (p=0.34 to 0.83). Fourteen (14.7%) patients had bone metastases on
SPECT/CT, which was not significantly higher than the percentage detected on both SPECT and
planar (11.6%; p=0.82). Three (3.1%) patients had visceral metastases on SPECT/CT, of which both
SPECT and planar imaging detected two cases. The agreement between the three imaging modalities
ranged from fair to good for the detection of nodal metastases. However, there was good
agreement between modalities for the detection of bone metastases and for the TNM staging of

patients.
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It is widely accepted that PSMA PET/CT is the gold standard nuclear medicine imaging modality for
PCa, however PS is arguably more optimally suited for imaging of PCa in the developing world. PS
has been found to have acceptable accuracy in comparison to PSMA PET/CT especially with regard to
detecting extra-prostatic lesions. [18, 19] Notably, [**™Tc]Tc-PSMA is a cheaper and more accessible
radiopharmaceutical than [8Ga]Ga-PSMA, and gamma cameras are more widely available than
PET/CT cameras in resource-limited countries. In both clinical and research settings, PS has been
used primarily within the context of hybrid imaging using multi field-of-view SPECT/CT imaging
protocols [18-26], yet many nuclear medicine centres across the developing world still do not have
access to hybrid imaging. Most of these centres have a single gamma camera with utility for only
planar imaging, or at best one with SPECT capabilities.[28, 29] Therefore, a comparative evaluation
of planar imaging and SPECT versus SPECT/CT in PS will help apply and optimise PSMA radioligand

imaging in the resource constrained world.

In a pilot study of 18 patients, Vangu et al. compared overall lesion-detection on planar, SPECT and
SPECT/CT PS (as a secondary aim within their comparative analysis of PS versus PSMA PET/CT). [27]
They found significantly higher lesion detection with SPECT and SPECT/CT, compared to planar PS;
however, they did not specify the nature/site of the lesion identified. They also found moderate
agreement between SPECT and SPECT/CT, but significant disagreement between planar and
SPECT/CT PS. These findings were comparable to ours for the assessment of prostatic PSMA uptake,
wherein we found an inadequacy of planar imaging to detect prostatic disease (15.1% detection
rate), but a significantly better detection rate on SPECT (90.3%, p<0.001). The inadequacy of planar
imaging to assess prostatic uptake is largely due to the inability to distinguish prostatic uptake from

urinary bladder activity superiorly, and bowel activity posteriorly.
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In the current study, seminal vesicle involvement was detected in 11.5% of cases on SPECT/CT. As
only five patients underwent subsequent radical prostatectomy, numbers were too small to
determine the diagnostic accuracy, and no similar published data could be found using PS. However,
two retrospective reviews, each of 21 patients who underwent ®8Ga-PSMA PET/CT with subsequent
histopathological correlation, found reasonable accuracy for detecting seminal vesicle involvement.
The sensitivities were 73% and 75% respectively, specificities and positive predictive values were
100% in both studies, and negative predictive values were 77% and 97% respectively.[39, 40] It is
expected that the sensitivity of PS SPECT/CT would be lower than that of PET/CT. Of note, in our
study, it was not possible to discern seminal vesicle involvement at all on planar imaging or SPECT

due to the lack of anatomical landmarks for localization.

The utility of PSMA-radioligand imaging for the T-staging of PCa has been studied almost exclusively
within the context of PSMA PET/CT, and available data demonstrates a limited role in this regard due
to the superior accuracy of multiparametric magnetic resonance imaging. [41, 42] Thus, considering
the lower accuracy of PS, it is unlikely that PS will ever play a significant role in the T-staging of PCa.
[18, 43] However, given the good detection rate for PSMA-positive prostatic disease on SPECT PS
(90.3%), it may have utility in identifying patients with PSMA-negative disease if no pathological
uptake is demonstrated.[44] This is especially applicable in patients with a high pre-test probability
of metastatic disease. Additionally, if seminal vesicle involvement is detected, management
decisions may be impacted as this indicates locally advanced (TNM stage IIIB) disease. Patients with
locally advanced disease have been found to have better outcomes with radical radiotherapy rather

than radical prostatectomy which is performed for organ-confined disease.[5, 45-47]
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In our patient cohort, 11/95 (11.6%) had nodal metastases that were detected on SPECT/CT. Seven
of these had disease confined to locoregional nodes and four had distant nodal metastases. The
number of nodal positive cases detected on SPECT (8) and planar (5) did not differ significantly
(p=0.34). Although only one case was equivocal on SPECT/CT, this was not significantly lower than
the proportion of equivocal cases on planar (15.9%) or SPECT (10.5%). A retrospective review by
Schmidkonz et al. of 93 scans using a different Tc-99m-based PSMA tracer (**"Tc-MIP-1404) found
only one case (with two nodes) with histologically confirmed PSMA avid nodal disease, in contrast to
ours with 11 cases. Additionally, of the 312 nodes that were histologically sampled in their study and
confirmed as negative, none demonstrated uptake on PS, hence were true negatives.[48] The
difference in detection rates between the two studies likely primarily reflects differences in the
patient populations. Comparability with our findings is further limited by the absence of histological

correlation in ours, as well as the absence of inter-modality comparison in their study.

We highlight that in 74.5% of cases the assessment of lymph node involvement was consistent on
planar, SPECT and SPECT/CT. While the agreement between planar and SPECT/CT was only fair (k =
0.40), the agreement between SPECT and SPECT/CT was good (k = 0.61). Furthermore, there was no
upstaging or downstaging from loco-regional to distant nodal disease (N1/N2 to M1 disease) on
planar and SPECT, when compared to SPECT/CT. This implies that in our patients with PSMA-positive

nodal uptake on planar PS, additional imaging would not have changed clinical management.

Planar, SPECT and SPECT/CT concurred in >90% of cases for the detection of PSMA-avid skeletal
metastases and the agreement between all modalities was good (k = 0.72 to 0.77). Fourteen (14.7%)
patients were found to have bone metastases on SPECT/CT. This was not significantly higher than

the detection rates on planar and SPECT that each detected 11/95 (78.6%). A study conducted by

Page 30 of 61



Schmidkonz et al. in 2020, primarily aimed to assess interobserver variability in PS, also compared
inter-modality agreement between planar and SPECT/CT.[49] They observed better agreement in
assessing skeletal lesions compared to the agreement for nodal findings, which is consistent with our

findings.

In our cohort, there were three patients (3.2%) with visceral metastases. Detection rates reported in
the literature vary. Li et al., in their cohort of 147 patients with PS studies, reported a detection rate
of 2% for visceral metastases (pulmonary and hepatic), whilst Sergieva et al. found three of 21
patients (14.3%) with pulmonary, hepatic and adrenal metastases on PS.[50, 51] These were
reported on SPECT/CT, however no mention was made on comparative assessments with planar or
SPECT studies. In our study, both planar imaging and SPECT correctly detected 2/3 of the cases with
visceral metastases. An additional patient had a lung nodule on SPECT/CT. Based on the intensity of
the PSMA uptake, it was indistinguishable from metastatic PCa, however radiological features raised
suspicion of a primary lung tumour. It was later confirmed histologically to be a primary lung
adenocarcinoma. This lesion was reported as a PCa lung metastasis on SPECT and as a bone

metastasis (in a rib) on planar imaging.

We did not detect any metastatic lesions outside the vertex-to-upper-thigh field of view on planar
imaging. Therefore, we postulate that imaging beyond the level of upper thighs is not essential,
especially in a resource limited setting where camera-time is a critical resource. This agrees with the
observations of a prospective multicenter study that assessed the clinical relevance of lesions missed
by a reduced field of view PET/CT, compared to true whole-body acquisition, and found few missed

lesions which had no impact of clinical management changes if captured.[52] This study was
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however conducted in paediatric lymphoma patients as opposed to our PCa patient population

hence direct comparability is limited, given the pathologic and demographic context of our work.

Treatment decisions are based largely on the TNM staging of the patient and therefore accurate
staging is of paramount importance. We found good agreement between modalities for the clinical
staging of patients (k = 0.74 to 0.88). Using the SPECT/CT TNM stage as reference, planar imaging

correctly staged 84/95 patients (88.4%), and SPECT correctly staged 85/95 (89.5%).

The superiority of SPECT/CT over SPECT and planar imaging is well established in the literature,
especially in the context of bone scintigraphy, where it has been extensively studied. [53-58]In the
current study SPECT/CT was clearly superior for the detection of prostatic uptake and seminal vesicle
involvement, however this is seldom the reason for referral for PS. In most patients PS is requested to
rule out metastatic disease to guide management decisions. While SPECT/CT did detect more patients
with metastatic disease in our study, it was not significant and the adequacy of SPECT alone and/or
planar imaging has been demonstrated for PS. In addition, the adequacy of a limited field-of-view has
been demonstrated. Consequently, there is potential to significantly reduce economic and material
barriers to accessing PSMA radioligand imaging, especially in resource limited settings such as sub-
Saharan Africa, where planar scintigraphy represents the majority of the diagnostic clinical nuclear
medicine work done.[16-18, 28, 29] This will hopefully improve outcomes for patients with PCa in sub-
Saharan Africa and other regions around the world that are equally impacted by resource limitation
and outsized PCa mortality. Utilizing this resource-limitation-adapted PS imaging protocols, centres,
across the developing world, may be able to leap-frog near the frontiers of modern PCa diagnostics
with PSMA radioligand imaging (and potentially PSMA therapy and dosimetry), by “starting where

they are, using what they have, and doing what they can”.[59]
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We acknowledge the limitations of our study. Foremost, the number of patients with metastatic
disease in the cohort were small. Had the cohort been larger, or if the proportion with metastatic
disease was higher, it is possible that clear superiority in the detection rates of SPECT/CT * SPECT
would have been demonstrated. Secondly, SPECT/CT was used as reference. Ideally, PS should be
compared to PSMA PET/CT, however PSMA PET/CT was not routinely available during the study
period. The absence of histological confirmation of imaging findings is highlighted. Only a minority of
the patients underwent radical prostatectomy after PS. This reflects clinical practice in our hospital,
which is in part due to resource constraints, but also largely due to the advanced stage of the
disease at presentation in many patients. Values for sensitivity and specificity of planar and SPECT
could not be calculated due to the number of cases reported as equivocal for planar and SPECT.
Ideally, the reviewers should have committed to reporting these cases as either positive or negative.
We also note that all the patients in our cohort had prostatic PSMA uptake. This is in contrast with
the existing literature where between 4.1-10% of patients do not have PSMA uptake.[60, 61] We did
not investigate the reason for this finding and postulate it may be due to the population
characteristics of our cohort or the advanced stage of disease. Substantiation of this postulation will
require investigation with a larger prospective study, and this may serve as an area of potential
future research. Finally, the cohort comprised patients for staging of PCa as well as those being

worked up for [*"7Lu]Lu-PSMA therapy, which ideally should be analyzed separately.

Conclusion

The findings of this study confirm the known superiority of SPECT/CT over planar and SPECT imaging
in PS. Hence, if a single PS protocol is to be recommended, it should be a multi-FOV SPECT/CT.

However, the lack of SPECT/CT capabilities should not preclude the use of PS. Planar and SPECT
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imaging are both adequate and will correctly stage the majority of patients. Furthermore, time-based
optimisations can be achieved by limiting the FOV to exclude the distal lower limbs. A salient future
study would be a comparison of planar/SPECT PS to conventional imaging (e.g. prostate MRI, bone

scan and CT scan) to see if PS without SPECT/CT confers significant benefit.

Abbreviations: PCa: Prostate Cancer; PSMA: Prostate Specific Membrane Antigen; PS: PSMA
scintigraphy; PET: Positron Emission Tomography; CT: Computerized tomography; PET/CT: Positron
Emission Tomography/Computed Tomography; USD: United States Dollars; SPECT: Single Photon
Emission Computed Tomography; SPECT/CT: Single Photon Emission Computed Tomography with

Computed Tomography; PRLT: Peptide Receptor Radioligand Therapy; FOV: Field of View.

Page 34 of 61



Figures

Fig. 1
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A comparison of the detection rates on SPECT/CT, SPECT, and planar imaging for (a) the primary tumour and (b) lymph

node metastases, bone metastases and visceral metastases.
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Fig. 2
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On planar images (A,B) it is difficult to distinguish activity in the pelvis as being prostatic uptake or urinary bladder
activity. On SPECT images (C - crosshairs on coronal, trans-axial, and sagittal views) uptake is confidently attributed to
the prostate, with an adjacent focus that observers queried as being in an adjacent lymph node or seminal vesicle. On

SPECT/CT (D) uptake is localized to the prostate gland and the left seminal vesicle.
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Fig. 3

An example of agreement on planar images (A&B- tip of arrows on anterior and posterior projections), SPECT (C;

crosshairs), and SPECT/CT (D; crosshairs) in detecting a loco-regional (right internal iliac) lymph node.
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Fig. 4

An example of uptake detected in a para-aortic lymph node on SPECT/CT (cross hairs on D) but missed on planar (A,B),
and SPECT images (C). Linear right rib uptake noted on the posterior planar projection (B) was also concordant on SPECT

and SPECT/CT (outside frame of zoomed image).
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False positive oligometastatic skeletal uptake in the right hemi-pelvis on planar images (A&B- tip of arrows on anterior
and posterior projections), and SPECT images (C - crosshairs on coronal and trans-axial views). Characterization of
uptake on SPECT/CT (D) and CT only views (E) - was typical of Paget’s disease with associated cortical thickening, bony

expansion, and coarsened trabeculae.
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Fig. 6

PSMA avid lesion was incorrectly reported as a rib metastasis on planar imaging (A&B- tip of arrows on anterior and

posterior projections) and as a lung metastasis on SPECT images (C - crosshairs on trans-axial and coronal views). Right
lung lesion on SPECT/CT (D) with corresponding CT findings (E) were suspicious for a second primary malignancy. Biopsy

confirmed a primary lung adenocarcinoma.
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Appendices

Appendix |: Data capture form

Participant number:

Date of scan:

Imaging modality: Whole body Planar / multi FOV SPECT / multi FOV SPECT/CT

SITE Abnormal [*™Tc]-TcPSMA uptake | Others
1 Prostate Positive / Negative / Equivocal Cannot assess
2 | Seminal Vesicles Positive / Negative / Equivocal Cannot assess
3 | Lymph nodes mets. Positive / Negative / Equivocal Cannot assess
(If positive, indicate if in loco- loco-regional/distant

regional/distant sites)

4 | Skeletal mets. Positive / Negative / Equivocal Cannot assess
(If positive, indicate if oligometastatic (</=5) oligometastatic/widespread
/ widespread)
5 | Visceral mets. Positive / Negative / Equivocal Cannot assess
6 | Lesions outside vertex-to-thighs FOV Positive / Negative / Equivocal Cannot assess
Additional
comments:
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Appendix II: HREC Ethical Approval

UNIVERSITY OF CAPE TOWN
g Faculty of Health Sclences i
Human Research Ethics Committee
Room 45, E-52- Old Main Bullding
Groote Schuur Hospital
Observatory 7925
Telephone [021] 406 6492

Emall: -
Website: ct.a ethl

18 November 2021
HREC REF: 724/2021

Dr J Holness
Divislon of Radiation Mediclne /Nuclear Medicine
Room A3.62, Red Cross War Memorial Children’s Hospltal

Emall: jen,hoiness@uct.ac.za

Student: mayvowa.kolade@uct.ac.za

Dear Dr Holness

PROJECT TITLE: OPTIMIZING BONE AND [99MTC]TC-PSMA SCINTIGRAPHY IMAGING
PROTOCOLS FOR PROSTATE CANCER IN RESOURCE LIMITED SETTING-MMED CANDIDATE-
DR OLUMAYOWA U. KOLADE

Thank you for submitting your study to the Faculty of Health Sclences Human Research Ethics
Committee (HREC) for review.

It Is a pleasure to Inform you that the HREC has formally approved the above-mentioned study.
This approval is subject to strict adherence to the HREC recommendations regarding
research involving human participants during COVID -19, dated 17 March 2020; 06 July 2020
& 01 July 2021.

Approval is granted for one year until the 30 November 2022.

Please submit a progress form, using the standardised Annual Report Form if the study continues

beyond the approval period. Please submit a Standard Closure form If the study Is completed within the
approval period.

(Forms can be found on our website: www.health.uct.ac.za/fhs/research/humanethics/forms)

The HREC acknowledge that the student: Dr Olumayowa Kolade will also be Involved in this
study.

Please quote the HREC REF 724/2021 in all your correspondence.

Please note that the ongoing ethical conduct of the study remalns the responsibllity of the principal
investigator.

Please note that for all studies approved by the HREC, the principal Investigator must obtain appropriate
Institutional approval, where necessary, before the research may occur.

HREC/REF 724/2021sa
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Yours sincerely

" AI Ry < o)\ - = . 3 A 2
Federal Wide Assurance Number: FWAO0001637.
Institutional Review Board (IRB) number: IRB00001938
NHREC-registration number: REC-210208-007
This serves to confirm that the University of Cape Town Human Research Ethics Committee complies
to the Ethics Standards for Clinical Research with a new drug In patients, based on the MedIcal
Research Councll (MRC-SA), Food and Drug Administration (FDA-USA), International Councli for
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use: Good Clinical Practice
(ICH GCP), South African Good Clinical Practice Guidelines (DoH 2020), based on the Associatlon of
the Britlsh Pharmaceutical Industry Guidelines (ABPI), and Declaration of HelsInk| (2013) guidelines.
The Human Research Ethics Committee granting this approval is In compllance with the ICH
Harmonlsed Tripartite Guidelines £6: Note for Guidance on Good Clinical Practice (CPMP/ICH/135/95)
and FDA Code Federal Reguiation Part 50, 56 and 312.

HREC/REF 724/2021sa
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Appendix Ill: Submission Guidelines for Authors

Explore journals Get published About BMC Login

v

search Q

Cancer Imaging

Home About Articles Submission Guidelines

Submission Guidelines ¥
Research article
Criteria

Cancer Imaging strongly encourages that all datasets on which the conclusions of the paper rely
should be available to readers. We encourage authors to ensure that their datasets are either
deposited in publicly available repositories (where available and appropriate) or presented in the
main manuscript or additional supporting files whenever possible. Please see Springer Nature’s
information on recommended repositories.

Reporting Standards

Cancer Imaging supports the complete and transparent reporting of research. The Editor requires
the submission of a populated checklist and figure from the relevant reporting guidelines, including
CONSORT for completed randomized controlled trials and PRISMA for systematic reviews. The
checklist should be provided as an additional file and if available, the flow diagram should be
included in the main body of the text, both the checklist and flow diagram should be referenced in
the text.

Submissions received without these elements will be requested by the Editor. A Word file of the
checklists (and flow diagrams) can be downloaded viathe EQUATOR Network.
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Itis understood that for some studies certain aspects of the report may not comply fully with the
pre-specified checklist. The checklist will not be used as a tool for judging the suitability of
manuscripts for publicationin Cancer Imaging, butis intended as an aid to authors to clearly,
completely, and transparently let reviewers and readers know what authors did and found. Using
these guidelines to write the report, completing the checklist, and constructing a flow diagram are
likely to optimize the quality of reporting and make the peer review process more efficient.

Preparing your manuscript

The information below details the section headings that you should include in your manuscript and
what information should be within each section.

Please note that your manuscript mustinclude a 'Declarations' section including all of the
subheadings (please see below for more information).

Title page

The title page should:

present a title that includes, if appropriate, the study design e.g.:

o "AversusBinthetreatmentof C:arandomized controlled trial", "Xis a risk factor for Y: a case

control study", "What is the impact of factor X on subject Y: A systematic review"

o or for non-clinical or non-research studies a description of what the article reports

e |ist the full names and institutional addresses for all authors

o ifacollaboration group should be listed as an author, please list the Group name asan author. If
you would like the names of the individual members of the Group to be searchable through their
individual PubMed records, please include this information in the “Acknowledgements” section in
accordance with theinstructions below

o Large Language Models (LLMs), such as ChatGPT, do not currently satisfy our authorship
criteria. Notably an attribution of authorship carries with it accountability for the work, which
cannot be effectively applied to LLMs. Use of an LLM should be properly documented in the
Methods section (and if a Methods section is not available, in a suitable alternative part) of the
manuscript.

e indicate the corresponding author
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Abstract
The Abstract should not exceed 350 words. Please minimize the use of abbreviations and do not

cite references in the abstract. Reports of randomized controlled trials should follow the CONSORT
extension for abstracts. The abstract mustinclude the following separate sections:

e Background: the context and purpose of the study
e Methods: how the study was performed and statistical tests used
e Results:the main findings
e Conclusions: brief summary and potential implications
e Trialregistration: If your article reports the results of a health care intervention on human
participants, it must be registered in an appropriate registry and the registration number
and date of registration should be stated in this section. If it was not registered prospectively
(before enrollment of the first participant), you should include the words 'retrospectively
registered'. See our editorial policies for more information on trial registration
Keywords
Three to ten keywords representing the main content of the article.

Background

The Background section should explain the background to the study, its aims, a summary of the
existing literature and why this study was necessary or its contribution to the field.

Methods

The methods section should include:

the aim, design and setting of the study

the characteristics of participants or description of materials

e acleardescription of all processes, interventions and comparisons. Generic drug names should
generally be used. When proprietary brands are used in research, include the brand names in
parentheses

e the type of statistical analysis used, including a power calculation if appropriate
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Results

This should include the findings of the study including, if appropriate, results of statistical analysis
which must beincluded eitherin the text or as tables and figures.

Discussion

This section should discuss the implications of the findings in context of existing research and
highlight limitations of the study.

Conclusions

This should state clearly the main conclusions and provide an explanation of the importance and
relevance of the study reported.

List of abbreviations

If abbreviations are used in the text they should be defined in the text at first use, and a list of
abbreviations should be provided.

Declarations

All manuscripts must contain the following sections under the heading 'Declarations':

Ethics approval and consent to participate ¢ Consent for publication

Availability of data and materials® Competing interests

e Funding

e Authors' contributions

Acknowledgements

e Authors' information (optional)

Please see below for details on the information to be included in these sections.
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If any of the sections are not relevant to your manuscript, please include the heading and write 'Not
applicable' for that section.

Ethics approval and consent to participate

Manuscripts reporting studies involving human participants, human data or human tissue must:

include a statement on ethics approval and consent (even where the need for approval was waived)

include the name of the ethics committee that approved the study and the committee’s reference
number if appropriate

Studies involving animals must include a statement on ethics approval and for experimental
studies involving client-owned animals, authors must also include a statement on informed consent
from the client orowner.

See our editorial policies for more information.

If your manuscript does not report on or involve the use of any animal or human data or tissue,
please state “Not applicable” in this section.

Consent for publication

If your manuscript contains any individual person’s data in any form (including any individual details,
images or videos), consent for publication must be obtained from that person, or in the case of
children, their parent or legal guardian. All presentations of case reports must have consent for
publication.

You can use your institutional consent form or our consent form if you prefer. You should not send
the form to us on submission, but we may request to see a copy at any stage (including after
publication).

See our editorial policies for more information on consent for publication.

If your manuscript does not contain data from any individual person, please state “Not applicable”
in this section.

Availability of data and materials

All manuscripts must include an ‘Availability of data and materials’ statement. Data availability
statements should include information on where data supporting the results reported in the article
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can be found including, where applicable, hyperlinks to publicly archived datasets analysed or
generated during the study. By data we mean the minimal dataset that would be necessary to
interpret, replicate and build upon the findings reported in the article. We recognise it is not always
possible to share research data publicly, for instance when individual privacy could be
compromised, and in such instances data availability should still be stated in the manuscript along
with any conditions for access.

Authors are also encouraged to preserve search strings on searchRxiv https://searchrxiv.org/, an
archive to support researchers to report, store and share their searches consistently and to enable
them to review and re-use existing searches. searchRxiv enables researchers to obtain a digital
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