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99mTc-PSMA SPECT/CT Versus 68Ga-PSMA PET/CT in the
Evaluation of Metastatic Prostate Cancer
Babak Fallahi, MD,* Niloufar Khademi, MD,* Najme Karamzade-Ziarati, MD,*
Armaghan Fard-Esfahani, MD,* Alireza Emami-Ardekani, MD,* Saeed Farzanefar, MD,†

Mohammad Eftekhari, MD,* and Davood Beiki, PhD*
Background: 99mTc–prostate-specificmembrane antigen (PSMA) SPECT/CT
is less expensive and readily available modality compared with 68Ga-PSMA
PET/CT for imaging prostate cancer (PC). The aim of this study is to compare
the value of these 2 modalities in patients confirmed or suspicious to have
metastatic prostate cancer.
PatientsandMethods:Twenty-twopatientswiththemeanageof66.6±10.1years
were studied using 99mTc-PSMA SPECT/CT and 68Ga-PSMA PET/CT,
with less than 7 days interval between the 2 imaging procedures. Whole-body
PET/CT was done 60 minutes after IV injection of 185 MBq (5 mCi) of
68Ga-PSMA. 99mTc-PSMA SPECT/CTwas performed 3 hours after IV in-
jection of 555 to 740 MBq (15–20 mCi) of 99mTc-PSMA. The images of
each modality were interpreted independently, and the results were com-
pared according to patient-based as well as region-based analyses.
Results: In patient-based evaluation, both 99mTc-PSMA SPECT/CT and
68Ga-PSMA PET/CT scans were positive in 95.45% (21/22). In region-based
evaluation, 68Ga-PSMA PET/CT detected 53 regions (median of 2 regions
per patient; range, 0–5), whereas 43 (median of 2 regions per patient; range,
0–5) were detected by 99mTc-PSMA SPECT/CT. Most of these differences
could be explained by lower detection rate of 99mTc-PSMA SPECT/CT
in prostate bed (n = 6). PET/CT detected more involved regions than
SPECT/CT (P = 0.007), whereas similar frequency of extraprostatic lesions
were diagnosed in both modalities (P = 0.102). Significant correlation was
also demonstrated between serum prostate-specific antigen level and imag-
ing parameters of disease extension detected by 2 modalities.
Conclusions: 99mTc-PSMA SPECT/CT could be a potential substitute for
68Ga-PSMA PET/CT in high-risk patients, except when evaluation of pros-
tate bed is of major concern.
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P rostate cancer (PC) is 1 of the 3 most common cancers in the
world (7.1% of all cancers), as well as the most common

noncutaneous malignancy and the second cause of cancer death in
men.1,2 As to the high survival rate (a 5-year survival rate of
>95%),3 the researchers are currently interested in long-term man-
agement as well as continuing surveillance of the patients. There
is a variety of therapeutic and diagnostic tools under investigation
to find and develop more efficient and cost-effective methods. In
the field of nuclear medicine, prostate-specific membrane antigen
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(PSMA)–labeled β- and α-emitters,4–6 as well as PSMA-labeled
positron- and γ-emitters,7 are investigated for the therapeutic and
diagnostic purposes in this common malignancy.

Various studies have been conducted to evaluate different
management approaches in metastatic prostate cancer (mPC) hop-
ing to find the best treatment for these patients.6,8–11 177Lu-PSMA
treatment is an ongoing therapeutic field for metastatic castration-
resistant PC patients, in the presence of PSMA expression on tu-
moral cells.6 Currently, 68Ga-PSMA PET/CT imaging is being
performed to evaluate the expression of PSMA on the tumor cell
surface before targeted therapy.12 On the other hand, in the course
of 177Lu-PSMA radioligand therapy (RLT), several episodes of
imaging are needed to evaluate the potential value for the continu-
ation of the treatment using 68Ga-PSMA PET/CT imaging.13 Both
sensitivity and specificity of this method in PC patients is 86%.14

According to the standard procedure guideline, 68Ga-PSMAPET/CT
imaging is recommended after each 2 cycles of 177Lu-PSMA-RLT15;
however, considerable financial burden is of concern to the patients
and health systems. On the other hand, 177Lu-PSMA-RLTwithout
interim PSMA imaging may lead to overtreatment or undertreatment,
exerting consequences of radiation-induced complications or insuf-
ficient response to treatment, respectively. Therefore, it is logical to
look for a cost-effective diagnostic method with comparable diag-
nostic efficacy to replace the 68Ga-PSMA PET/CT in the evaluation
of these patients.

A prospective study of patients confirmed or suspicious to
have mPC is conducted to investigate the value of 99mTc-PSMA
SPECT/CT as a cost-effective and readily accessible method in
comparison with 68Ga-PSMA PET/CT.
PATIENTS AND METHODS

Study Population
The study was approved by the ethics committee of Tehran

University of Medical Sciences (IR.TUMS.VCR.REC.1398.306),
and written informed consent was obtained from all patients after
a detailed oral explanation. Twenty-two histologically proven PC
patients considered involvedwith metastatic lesions or highly suspi-
cious for the presence ofmetastasis were enrolled in this prospective
study from March 2019 to March 2020. The mean age was
66.6 ± 10.1 years (range, 47–85 years). All patients were referred
to our department for 68Ga-PSMA PET/CT imaging to evaluate
the stage of disease. Patients with renal failure (glomerular filtration
rate < 30 mL) and second malignancy were not enrolled in this
study. Moreover, the study was postponed more than 4 weeks after
chemotherapy, 6 weeks from any surgical treatment, and 12 weeks
after radiotherapy; however, patients receiving androgen-depleting
therapy were included in the study. In 4 of 22 patients, the diagnosis
was based on histologic sampling frommetastatic lesions; therefore,
the tissue biopsy of the prostate gland was not available to determine
Gleason score (GS); all 18 remainder patients had GS of 7 or higher
(mode = 9) and referred for the evaluation of recurrence/metastasis
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due to rising prostate-specific antigen (PSA) level. Patients had se-
rum PSA levels ranging from 1.5 ng/mL to 670 ng/mL (median,
29.85 ng/mL) at the time of imaging. Eight (36.4%) of 22 patients
had a history of prostatectomy. Nine (40.9%) of 22 patients were
treated with only 1 therapeutic method (hormone therapy or radi-
ation therapy), and others received combination therapy. After
68Ga-PSMA and 99mTc-PSMA imaging, 10 patients fulfill the re-
quired criteria and subsequently received 177Lu-PSMA-RLT. The in-
dications and contraindications were defined according to the
European Association of Nuclear Medicine guideline.15 Details re-
garding age, GS, PSA level, and treatments are shown in Table 1.

Radiopharmaceutical Preparation
99mTc-pertechnetate was obtained from 99Mo/99mTc genera-

tors (PARSTEC II; Pars Isotope Company, Tehran, Iran). In addi-
tion, the cold kits of PSMA for labeling by 99mTc-pertechnetate
provided from “Pars Isotope Company.” The same company pro-
vided the 68Ga-PSMA and 177Lu-PSMA in a ready-to-use form.
Quality control was carried out according to the standard protocols
provided by the manufacturer.

Patient Preparation
There was no need for fasting for either imaging; however,

patients were advised to use adequate water before each imaging
and during the uptake period. The maximum duration between the
2 scans (PET/CTand SPECT/CT) was less than 7 days. Patients were
advised to empty their bladder before image acquisition.

68Ga-PSMA PET/CT Imaging
68Ga-PSMA PET/CT scan, from vertex to mid-thigh, was

performed approximately 60 minutes after IV administration of
TABLE 1. Patients’ Characteristics

Patient No. Age, y GS PSA at Referral, ng/mL Prostatectomy C

1 75 7.0 69.8 +
2 51 10.0 50.6 −
3 75 7.0 384.2 +
4 60 9.0 3.61 +
5 74 9.0 110.0 +
6 73 7.0 6.59 −
7 53 NA 195.0 −
8 63 7.0 4.35 +
9 47 7.0 34.0 −
10 73 7.0 23.0 −
11 67 9.0 10.8 −
12 62 8.0 7.0 +
13 66 8.0 2.52 −
14 52 NA 670.0 −
15 58 9.0 17.5 +
16 64 NA 25.7 −
17 79 9.0 19.1 −
18 71 9.0 150.0 −
19 78 9.0 520.0 −
20 85 NA 210.0 +
21 69 7.0 1.51 −
22 70 9.0 432.0 −

ADT, androgen-depleting therapy; CT, chemotherapy; NA, not available because of tis
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185 MBq (5 mCi) 68Ga-PSMA. Additional delayed imaging was
also performed in case of equivocal findings due to low lesion up-
take, interfering urinary activity, or other technical issues. The images
were acquired using Siemens Biograph 6 TruePoint PET/CT scan-
ner with first craniocaudal CT (120–130 mA; pitch index, 1.3) ac-
quisition followed by caudocranial PET imaging in 3D mode and
4 minutes/bed position duration. The images were reconstructed
using the ordered subsets expectation maximization algorithm (2 it-
erations; 21 subsets) and postreconstruction smoothing with a
Gaussian filter (4.0 mm full width at half maximum). The SUVmax
was measured by drawing the region of interest over the corre-
sponding areas for the evaluation of lesion activity using Syngo
software TrueD (Siemens Medical Systems).
99mTc-PSMA SPECT/CT Imaging
99mTc-PSMA SPECT/CTwas performed after IVadministra-

tion of approximately 555 to 740 MBq (15–20 mCi) 99mTc-PSMA.
A dual-head γ-camera (Siemens Symbia T2), equipped with a
low-energy all-purpose collimator, combined with a 2-slice CT
was used for imaging. The anterior and posterior whole-body
(WB) acquisitions were simultaneously performed in supine posi-
tion with 15 cm/min table speed, matrix size of 256 � 1024, and
140 ± 10%keVenergywindowwidth started 3 hours after injection.
SPECT mode imaging was performed in a noncircular orbit using
14 seconds/projection for 90 projections and 128� 128 matrix size
with a zoom of 1. CT mode images (110 kV, 60–80 mAs) were ob-
tained for anatomical localization and attenuation correction. The
images were reconstructed by the iterative method (4 iterations; 8
subsets). Whole-body and fusion SPECT/CT data were reviewed
using Syngo software (Siemens Medical Systems).
onventional Treatment 177Lu-PSMA-RLT (No. Treatment Episodes)

ADT + RT 0
ADT + RT 1
ADT 0
RT 0
ADT 0
ADT + RT 1
ADT+ RT 1
ADT + RT 0
ADT + RT 2
ADT 0
ADT + RT 0
ADT + RT 0
ADT 0
ADT + RT + CT 2
RT 0
ADT 1
ADT + RT 0
ADT + RT + CT 2
ADT + CT 2
ADT 3
RT 0
ADT + RT + CT 1

sue sampling from metastatic lesions; RT, radiation therapy.
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WB 177Lu-PSMA Posttherapeutic Emission
Among patients included in this study, 10 cases had received

5.55 to 7.4 GBq (150–200 mCi) IV 177Lu-PSMA as targeted RLT.
Whole-body posttherapeutic emission scan was obtained within 48
to 72 hours post 177Lu-PSMA-RLT administration in the anterior
and posterior projections with 15 cm/min table speed, matrix size
of 256 � 1024, and 113% ± 15% keV energy window width in
the supine position, using a dual-head γ-camera (Siemens Symbia T2),
equipped with a low-energy all-purpose collimator.

Image Interpretation
Whole-body 99mTc-PSMA SPECT/CTand 68Ga-PSMA PET/

CT imageswere reviewed by 2 nuclear medicine specialists whowere
aware of the clinical information but blind to the findings of other
imaging modality. Any focal lesions with higher activity than the
background, which would not be explained as physiologic uptake,
were considered positive. We defined 9 anatomical regions includ-
ing 5 organs (ie, prostate gland/bed, bone/bone marrow, lung, liver,
brain) as well as 4 lymph node regions (ie, pelvic, retroperitoneal,
mediastinal/axillary, and cervical). The data were recorded accord-
ing to the overall positive or negative findings in each patient, as
well as the number of involved regions, and the extent of lesions de-
tected per patient or per region. We defined several parameters in-
cluding disease extent (DE) and lesions detected per anatomical
region (LDAR) for each patient, as well as the extent of lesions de-
tected per patient (LDP). The LDAR is defined based on the number
of lesions per region as follows: 0, no metastasis; 1, oligometastases
(1–4 lesions); 2, polymetastases (5–10 lesions); 3, numerous metasta-
ses (>10 lesions); and finally 4, diffuse involvement in the corre-
sponding organ/region. In addition, we calculated LDP, which is the
summation of LDARs in all anatomical regions for each patient. Dis-
ease extent is classified into “no metastasis”; “low extent disease,”
that is, one involved region with oligometastases; and “high extent
disease,” that is, more than one involved region or one involved re-
gion with polymetastases or more.

Statistical Analysis
Numerical datawere presented asmedians and/or means ± SD.

Nonparametric tests were used for data comparison. Statistical anal-
ysis was conducted using dedicated software (SPSS 22.0; IBM
Corp, Armonk, NY). In the patient-based analysis, the final result
(positive vs negative study for the presence of any tumoral lesion)
was considered for the comparison between the procedures regard-
less of the involved regions or extension of the lesions in each re-
gion. In region-based analyses, the number of involved regions
and the extension of the lesions per each anatomical region (ie,
LDAR) were compared, respectively. Wilcoxon test was used to de-
pict any difference of the categorical data between the dependent
groups (ie, the 2 sets of image data). For the evaluation of categor-
ical data among the 3 sets of imaging (99mTc-PSMA SPECT/CT,
68Ga-PSMA PET/CT, and WB 177Lu-PSMA), Friedman test was
applied. In addition, we used Spearman correlation coefficient to
evaluate the correlation of PSA level with LDP (as a score related
to image findings). A P value of less than 0.05 was considered
significant.

RESULTS
In patient-based evaluation, both 99mTc-PSMA SPECT/CT

and 68Ga-PSMA PET/CT scans were positive in 21 (95.45%) of
22 total cases, showing absolute agreement between the 2 modali-
ties. In general, the tumoral lesions were detected in all predefined
anatomical regions of the studied patients, except for the brain. In
addition, the 2 modalities (SPECT/CTand PET/CT) show the same
DE. In region-based evaluation, 68Ga-PSMA PET/CT detected a
e70 www.nuclearmed.com
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total of 53 involved regions (median of 2 regions per patient; range,
0–5) in 22 patients, whereas this number was 43 (median of 2 re-
gions per patient; range, 0–5) for 99mTc-PSMA SPECT/CT. All tu-
moral lesions delineated on 99mTc-PSMA SPECT/CT were also
demonstrated on 68Ga-PSMA PET/CT. The difference between
the numbers of detected involved regions by each modality (53 vs
43) was mainly explained by the lower detection rate of SPECT/CT
in prostate bed/gland (6 from 10). The details are shown in Table 2.
The total number of involved organ was higher for 68Ga-PSMA
PET/CT as compared with 99mTc-PSMA SPECT/CT (P = 0.007);
however, by excluding prostate bed/gland, this difference would not
be statistically significant (P = 0.102). Similarly, LDP value was sig-
nificantly higher using 68Ga-PSMA PET/CT (P = 0.004), whereas
this difference was not significant after excluding prostate gland/
bed (P = 0.059). The summary of comparative data is demonstrated
in Table 3. Examples of metastatic involvement delineated by the 2
modalities are shown in Figures 1 and 2.

Also, patientswho received 177Lu-PSMA-RLT (n = 10) demon-
strate lesion targeting on posttherapy scan. In region-based evaluation,
WB 177Lu-PSMA posttherapeutic emission scan showed lesion
targeting in 21 regions (median of 2 regions per patient; range, 1–5).
In this group, 68Ga-PSMA PET/CT and 99mTc-PSMA SPECT/
CT found 25 (median of 2 regions per patient; range, 1–5) and
21 involved regions (median of 2 regions per patient; range, 1–5),
respectively.

It is of note that, in 15 patients, the lesionswithout PSMAup-
take were delineated on low-dose CT component of both modali-
ties. In 4 cases with multiple PSMA-avid bone metastases, some
lesions without PSMA uptake were also noted. As well, in 9 pa-
tients, multiple subcentimeter lung metastases without PSMA avid-
ity (in both SPECT/CTand PET/CT modalities) were demonstrated
in the fused CT images. In 2 patients, PSMA nonavid hepatic le-
sionswere noted, inwhom,multiphasicMRI demonstrated a benign
etiology in one, whereas 18F-FDG PET/CT revealed an FDG-avid
lesion in favor of dedifferentiated liver metastasis in the other
patient.

99mTc-PSMA SPECT/CT is also as similar value as 68Ga-
PSMA PET/CT in detecting LDAR except in prostate bed/gland
in which the detection ratewas 18.2% versus 45.5% (P = 0.014), re-
spectively. Details are demonstrated in Table 4.

The triple-attempt image comparison among 68Ga-PSMA
PET/CT, 99mTc-PSMA SPECT/CT, andWB 177Lu-PSMA revealed
no difference between modalities for the detection of the number of
involved regions (P = 0.058) or LDP (P = 0.113) (Fig. 3).

The PSA level was well correlated with LDP value based on
both 68Ga-PSMA PET/CT (rs = 0.619, P = 0.002) and 99mTc-
PSMA SPECT/CT (rs = 0.634, P = 0.002) image sets.
DISCUSSION
In general, we found that, in mPC patients, 99mTc-PSMA

SPECT/CT has comparable results with 68Ga-PSMA PET/CT in
terms of the detection of positive patient, DE, the number of in-
volved anatomical region, and LDAR in all regions other than
prostate bed. Although LDP was significantly different between
modalities, the results were similar after excluding prostate
gland/bed. This finding could be due to more scatters from the
bladder and lower spatial resolution of SPECT compared with
PET images. Furthermore, the impact of data influencing patient
management provided by 68Ga-PSMA PET/CT, as compared with
99mTc-PSMA SPECT/CT, was assessed. Because the discrepancies
between 2 modalities were mainly related to the prostate gland/bed
in patients with multiregional metastatic involvement, patient man-
agement would not be changed based on the corresponding results
by either modality (SPECT/CT vs PET/CT). Indeed, in patients
© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Details of Imaging Finding in Each Patient

Patient No.
Lesion(s) Detected by
68Ga-PSMA PET/CT

Lesion(s) Detected by
99mTc-PSMA SPECT/CT

Lesion(s) Targeted in
WB 177Lu-PSMA

PSMA Nonavid Lesions Detected
in the Low-Dose CT

1 RP LN: NM; cervical LN: OM RP LN: NM; cervical LN: OM — Lung: OM
2 Bone: DM; liver: NM Bone: DM; liver: NM Bone: DM; liver: NM —
3 Prostate gland/bed; RP LN:

OM; bone: DM
RP LN: OM; bone: DM — Lung: PM

4 Bone: OM Bone: OM —
5 Prostate gland/bed; pelvic LN:

OM; RP LN: OM; MA LN:
OM; cervical LN: OM

RP LN: OM; MA LN: OM — Lung: OM

6 Bone: OM Bone: OM Bone: OM Bone: OM
7 Prostate gland/bed; pelvic

LN: PM; bone: NM
Pelvic LN: PM; bone: NM Pelvic LN: OM; bone: NM Bone: PM

8 Bone: OM; lung: OM Bone: OM; lung: OM — Lung: OM
9 Prostate gland/bed; bone: NM Prostate gland/bed; bone: NM Prostate gland/bed; bone: NM Lung: OM; bone: NM
10 Prostate gland/bed; pelvic

LN: OM; RP LN: OM
Prostate gland/bed; RP LN: OM — —

11 Prostate gland/bed; pelvic
LN: PM

Prostate bed/gland;
pelvic LN: PM

— —

12 MA LN: PM; cervical LN:
PM; bone: NM

MA LN: PM; cervical LN: PM;
bone: NM

— Lung: OM; bone: PM

13 RP LN: OM; bone: NM RP LN: OM; bone: PM — Lung: OM
14 RP LN: PM; MA LN: PM;

cervical LN: OM; bone:
NM; lung: NM

RP LN: PM; MA LN: PM;
cervical LN: OM; bone: NM;
lung: NM

RP LN: OM; MA LN: OM;
cervical LN: OM; bone:
NM; lung: DM

—

15 Prostate gland/bed; pelvic
LN: OM

Prostate gland/bed;
pelvic LN: OM

— —

16 Prostate gland/bed; pelvic
LN: OM; RP LN: PM;
cervical LN: OM; bone: NM

Pelvic LN: OM; RP LN: PM;
cervical LN: OM; bone: NM

Pelvic LN: OM; RP LN: OM;
bone: NM

Liver: OM

17 Prostate gland/bed; pelvic
LN: PM; bone: PM

Pelvic LN: PM; bone: PM — Lung: OM

18 RP LN: OM; bone: DM Bone: DM RP LN: OM; bone: DM Liver: OM
19 Bone: DM Bone: DM Bone: DM Lung: OM
20 Bone: DM Bone: DM Bone: DM —
21 No involved region No involved region — —
22 Prostate gland/bed; MA LN:

PM; bone: NM
MA LN: PM; bone: NM MA LN: PM; bone: NM —

DM, diffuse metastases; LN, lymph node; MA, mediastinum and axillary; NM, numerous metastases; OM, oligometastases; PM, polymetastases; RP, retroperitoneum.
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with multiple-organ metastatic involvement, prostate bed recurrence
has no significant role in final management.

In a recently published article on comparison of 99mTc-PSMA
SPECT/CTand 68Ga-PSMAPET/CTin a heterogeneous patient group
TABLE 3. Summary of Comparative Results

99mTc-PSMA SPECT/CT

Final result Positive: 21 (95.4%); negative: 1 (4.5%)
DE No metastasis: 1 (4.5%); low extent diseas

1 (4.5%); high extent disease: 20 (91.0%
Total no. involved region(s) 53 (median of 2 regions per patient; range
Total no. involved region(s)
(excluding prostate bed)

46 (median of 2 regions per patient; range

LDP 98 (median of 4 per patient; range, 0–11)
LDP (excluding prostate bed) 88 (median of 4 per patient; range, 0–11)

*Calculated using Wilcoxon test.

© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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with PC,16 68Ga-PSMA PET/CT was superior to 99mTc-PSMA
SPECT/CT; however, most of the difference between the 2 modal-
ities was related to the prostate bed, as the same with our findings.
On the contrary, in a study by García-Pérez et al,7 the prostate bed
68Ga-PSMA PET/CT P*

Positive: 21 (95.4%); negative: 1 (4.5%) 1
e:
)

No metastasis: 1 (4.5%); low extent disease:
1 (4.5%); high extent disease: 20 (91.0%)

1

, 0–5) 43 (median of 2 regions per patient; range, 0–5) 0.007
, 0–5) 42 (median of 2 regions per patient; range, 0–5) 0.102

87 (median of 4 per patient; range, 0–11) 0.004
83 (median of 4 per patient; range, 0–11) 0.059
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FIGURE 1. Lymph node metastases in the pelvic (A) and retroperitoneal regions (B) in 68Ga-PSMA PET/CT (right) and
99mTc-PSMA SPECT/CT (left) in the same patients.

FIGURE 2. Bone (A) and lung (B) metastases in 68Ga-PSMA PET/CT (right) and 99mTc-PSMA SPECT/CT (left) in the same patients.
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TABLE 4. Frequency and Detection Rate of PSMA-Avid
Lesions in PET/CT vs SPECT/CT in Each Anatomical Region

Anatomical Region

68Ga-PSMA
PET/CT

99mTc-PSMA
SPECT/CT P*

Prostate gland/bed 10 (45.5%) 4 (18.2%) 0.014 S
Pelvic LN 7 (31.8%) 5 (22.7%) 0.157 NS
RP LN 8 (36.4%) 7 (31.8%) 0.317 NS
MA LN 4 (18.2%) 4 (18.2%) 1 NS
Cervical LN 5 (22.7%) 4 (18.2%) 0.317 NS
Bone 16 (72.7%) 16 (72.7%) 0.317 NS
Lung 2 (9.1%) 2 (9.1%) 1 NS
Liver 1 (4.5%) 1 (4.5%) 1 NS

*Calculated using Wilcoxon test.
MA, mediastinal/axillary; NS, not significant; RP, retroperitoneal; S, significant.

Clinical Nuclear Medicine • Volume 46, Number 2, February 2021 99mTc-PSMA vs 68Ga-PSMA Imaging in Prostate Cancer
was better visualized in 99mTc-PSMA SPECT/CT images due to more
delayed imaging than 68Ga-PSMA PET/CT, leading to better target-
to-background ratio. Therefore, addition of more delayed pelvic or
WB imaging may obviate the limitation of 99mTc-PSMA SPECT/
CT in the detection of prostate bed lesions. This is an issue to be ver-
ified in the future studies. Indeed, the shorter half-life of 68Ga in
comparison with 99mTc is a shortcoming that limits the delayed im-
aging by this agent. In another study by Rauscher et al,17 111In-
PSMA SPECT/CT images as an analogous with 99mTc-PSMA18

were comparedwith 68Ga-PSMAPET/CT, demonstrating the superior-
ity of 68Ga-PSMA; however, this finding was achieved in a patient
group with low PSA level (median, 1.03 ng/mL). These data plus
ours are accordant with the study Werner et al,19 showing the
superiority of PSMA PET/CTover SPECT/CT in low PSA level
(<4 ng/mL) but comparable results in higher PSA (>4 ng/mL).

Similar to the current study, in Albalooshi et al16 and García-
Pérez et al7 studies, bone and lymph node metastases were identi-
cally detected using both 99mTc-PSMA and 68Ga-PSMA images.
Also, Albalooshi et al16 demonstrated that, in higher serum PSA
levels (>2.1 ng/mL), both modalities perform similarly in total le-
sion detection. These results along with our study findings are in fa-
vor of comparable performance of 99mTc-PSMA SPECT/CT in
patients at higher risk of metastases; therefore, it could be consid-
ered as an alternative method instead of 68Ga-PSMA PET/CT scan.
FIGURE 3. MIP of 68Ga-PSMA PET/CT (A), as well as anterior and p
Although metastatic lesions are better visualized using 68Ga-PSMA
metastases and would not affect patient management.

© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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Also, another PSMA targeting SPECT/CTagent, 99mTc-MIP-1404,
has had good results in detecting bone and lymph node metastases,
especially in the higher PSA level.20,21

Also, comparable finings of 68Ga-PSMA and 99mTc-PSMA
scans in the detection of bone metastases along with superiority of
68Ga-PSMA PET/CT over bone scan for the evaluation of skeletal
metastases7,16,22 may present 99mTc-PSMA SPECT/CT as a poten-
tially good alternative for the detection of bone metastases. This
could be due to PSMA imaging ability to detect lytic as well as
bone marrow metastases.22 Also, the pitfalls of false-positive re-
sults (ie, degenerative bone disease or other osseous pathologies)
or false-negative findings (ie, osteoblastically inactive lytic or
bone marrow metastases), which is commonly seen in bone scin-
tigraphy, are not an issue of concern in this method.23,24 Studies
with head-to-head comparison of 99mTc-PSMA and 99mTc-MDP
are needed to reach a reliable conclusion. In a direct comparison by
Rathke et al,25 PSMA SPECT/CTwas superior over bone scan by
decreasing the equivocal findings.

According to the urology guidelines in PC,8 salvage radical
surgery is considered in patients receiving only pelvic radiotherapy
(without systemic therapy) after radical prostatectomy presenting
with PSA elevation due to recurrent disease in prostate bed. There-
fore, considering the importance of local evaluation, imaging with
68Ga-PSMA PET/CTwould be more logical in this group of pa-
tients. However, for the evaluation of therapy response in mPC
patient, or in the presence of biochemical recurrence in patients
suspected to have high burden metastatic disease, 99mTc-PSMA
could be a good alternative.

In our country, 68Ga-PSMA PET/CT is approximately 5.5
times more expensive than 99mTc-PSMA SPECT/CT, which is
more or less similar to neighboring countries (ie, 2.4–7.7 times).16

On the other hand, serial PSMA imaging is needed to select the can-
didates for 177Lu-PSMA-RLT, followed by therapy monitoring,26

leading to much costs and economic hardships for these cases. In
these patients, SPECT/CT modality with its lower cost and easy avail-
ability is a good alternative method with higher compliance and better
adherence to the standard protocol of monitoring by the patients.

Another goal of our study was to confirm a significant corre-
lation between PSA as biochemical and LDP as imaging markers of
the disease extension. Therefore, PSA could be considered as a
screening tool to select patients who can undergo SPECT/CT imag-
ing instead of PET/CT. However, larger studies are needed to define
a cutoff value.
osteriorWB 99mTc-PSMA (B) andWB 177Lu-PSMA (C) images.
PET/CT, all 3 sets of images were categorized as numerous
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CONCLUSIONS
99mTc-PSMA SPECT/CT could be considered as an alternative

method to 68Ga-PSMA PET/CT in high-risk patients, except when
the evaluations are focused on prostate bed rather than distant areas.
However, further studies, adding more delayed pelvic SPECT/CT
images or more delayed WB scan, might obviate this pitfall. Also,
the candidates of 177Lu-PSMA-RLT might benefit from compara-
ble diagnostic performance and lower cost of SPECT/CT versus
PET/CT. Also, in patients with suspected bone scan, it can be con-
sidered as a substitute or complementary method.
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