Supplementary Materials and Methods
PET/CT imaging and analysis
The precursor PSMA was provided by HUAYI ISOTOPES COMPANY (China), and the precursor GRPR antagonist (NOTA-P2-RM26) was supplied by Prof. Xiaoyuan (Shawn) Chen (Yong Loo Lin School of Medicine and Faculty of Engineering, National University of Singapore). Each participant received an intravenous injection of 68Ga-PSMA-617(median dose:153.55 MBq; range: 128.02-203.87 MBq) and 68Ga-RM26 (median dose:146.52 MBq; range: 109.89-198.32 MBq) on two different days (interval less than 3 days), followed by PET/CT scans at 40±10 min using a General Electric Discovery PET/CT 690 Elite scanner (General Electric Healthcare, Waukesha, WI, USA). The image acquisition parameters were reported previously.
Two nuclear medicine specialists (YX Tang and J Li) independently reviewed all images, blinded to the patients’ clinical data and mpMRI reports. PET images and PET/CT fusion images were viewed in the axial, coronal, and sagittal planes. A region of interest (ROI) was drawn around the primary prostatic lesion with a 40% maximal Maximum standardized uptake value (SUVmax, normalized to the patient’s body weight) cut off in the 40 min post-injection fusion image. The dominant prostatic lesion in each patient, defined as the highest focal uptake on PET images, was first determined. Then, the prostatic area was interpreted for radical prostatectomy specimens (RP). SUVmax was recorded for each dominant lesion and each area on PET.
Prostate biopsy protocol
BK Fusion Biopsy System was used to match labeled images with real-time prostate ultrasonography scans to achieve image identification and targeted biopsy (TB) of lesions. All suspicious lesions in mpMRI and PET/CT were fused and targeted in real time with the transrectal ultrasound (TRUS) images using a biplane 6/9/12 MHz Pro Focus Transducer 8848 ultrasound system (BK Ultrasound, Peabody, MA), which permits transrectal prostate biopsy and transperineal prostate biopsy with rigid fusion in mpMRI or PET/CT transrectal ultrasound fusion prostate biopsy. No more than two most suspicious lesions were labeled in mpMRI, 68Ga-PSMA-617 PET/CT, and 68Ga-RM26 PET/CT, and each suspicious lesion underwent targeted biopsy with 2–4 cores.
A 12-core transperineal systematic biopsy (SB) was adopted. A urologist (with extensive surgical experience of over 1,000 cases of transperineal prostate systematic biopsy and 300 cases of prostate targeted biopsy) performed prostate biopsy in the order of 68Ga-RM26 PET/CT-TB, 68Ga-PSMA-617 PET/CT-TB, mpMRI-TB, and SB. If the image results were negative, the corresponding TB was skipped, whereas SB was conducted in all enrolled patients.
Pathology
Biopsy samples were embedded in paraffin according to the location. Prostatectomy specimens were coated with ink to specify surgical margins and then fixed in 10% formalin. After sampling the seminal vesicles and margins, the remaining prostate was sectioned at four mm intervals. Hematoxylin- and eosin (HE)-stained slides were prepared from all samples and microscopically reviewed by two experienced uropathologists (XM Gao and HL Yin) blinded to the patients’ clinical data and image reports. The grade group (GG) and GS were applied for each positive sample according to the 2019 International Society of Urologic Pathology (ISUP) criteria (24). The location of cancer, GG, and GS were examined for each prostatectomy specimen. The dominant lesion was identified, and the pathologist also mapped the presence or absence of tumor in each area. Slides were digitalized (Pannoramic MIDI digital slide scanner, 3D HISTECH, Hungary) using the Caseviewer C.V2.3 Software. Clinically significant PCa (csPCa) means PCa with GS≥7, while none-csPCa refers benign prostatic hypertrophy and clinically insignificant PCa (PCa with GS=6).
Immunohistochemical analysis
Three um-thick sections were cut from paraffin-embedded prostate blocks, deparaffinized, rehydrated, and then subjected to antigen retrieval. Endogenous peroxidase activity was blocked using 0.3% hydrogen peroxide for 15 min. Sections were blocked with goat serum for 30 min at 37 °C, followed by incubation with primary antibodies at 4 °C overnight (ab39883, anti-GRPR antibody, dilution 1:100, Abcam, AF20091, anti-PMSA antibody, dilution 1:100, AiFang Biological). After washing with phosphate-buffered saline three times on the second day, secondary antibodies were added, and samples were further incubated at 37 °C for 1 h. Slides were visualized with DAB staining (HRP/DAB, Rabbit/Mouse, Gene tech). 
Immunohistochemical staining was reviewed by two independent uropathologists blinded to tumor characteristics. Photographs of three representative fields were captured (Leica QWin Plus v3 software) at 200× magnification. Tumor cells in three fields were randomly selected, and staining intensity was scored as follows: 0=no staining, 1=weak staining, 2=moderate staining, and 3=strong staining. The percentage of positively stained cells was scored (0-100%). The final immunohistochemical score was calculated by multiplying the intensity by the percentage.






































Supplementary Figures
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[bookmark: _Toc102559978]Supplementary Fig. 1 Comparison of 68Ga-RM26 PET/CT and 68Ga-PSMA-617 PET/CT maximum standardized uptake value (SUVmax). A. SUVmax in benign prostatic hyperplasia (BPH) and dominant tumors. P-value was calculated with Mann–Whitney test. B. SUVmax of different prostate-specific antigen (PSA) levels. P-value was calculated with Kruskal–Wallis test. 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; 68Ga-PSMA-617 PET/CT, 68Ga-prostate specific membrane antigen positron emission tomography/computed tomography.
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Supplementary Fig. 2 Comparison of SUVmax from 68Ga-RM26 PET/CT and 68Ga-PSMA-617 PET/CT in none-csPCa and csPCa. P-values were calculated by Mann–Whitney test. csPCa, clinically significant prostate cancer; 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; 68Ga-PSMA-617 PET/CT, 68Ga-prostate specific membrane antigen positron emission tomography/computed tomography; none-csPCa, benign prostatic hyperplasia and clinically insignificant prostate cancer. 
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[bookmark: _Toc102559980]Supplementary Fig. 3 ROC curve of 68Ga-RM26 PET/CT and 68Ga-PSMA-617 PET/CT for detection at different PSA levels. A. Imaging for detection of PCa with PSA<10 ng/mL. B. Imaging for detection of PCa with PSA 10~20 ng/mL. C. Imaging for detection of PCa with PSA>20 ng/m. 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; 68Ga-PSMA-617 PET/CT, 68Ga-prostate specific membrane antigen positron emission tomography/computed tomography; SUVmax, maximum standardized uptake value.
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[bookmark: _Toc102559981]
Supplementary Fig. 4 SUVmax analysis of 68Ga-RM26 PET/CT and 68Ga-PSMA-617 PET/CT according to clinical settings. P values were calculated with Kruskal–Wallis test and Wilcoxon test. A. Gleason score. B. clinical stage. C. European Association of Urology (EAU)-risk category. 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; 68Ga-PSMA-617 PET/CT, 68Ga-prostate specific membrane antigen positron emission tomography/computed tomography. 
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Supplementary Fig. 5 Expression of GRPR and PSMA in PCa from public data set (GSE76938). GRPR, gastrin-releasing peptide receptor; PCa, prostate cancer; PSMA, prostate-specific membrane antigen. 
































Supplementary Tables 
Supplementary Table 1 68Ga-RM26 PET/CT scores of uptake intensity
	Score
	Planar imaging
	PET imaging
	BPH, N
	PCa, N
	p-value

	0
	no uptake
	lesion SUVmax < blood pool
	0
	6
	0.47

	1
	weakly positive
	blood pool < lesion's SUVmax < liver median SUVmax
	9
	7
	

	2
	definitely positive
	lesion's SUVmax 1-2.5x liver median SUVmax
	41
	48
	

	3
	equal intensity to liver
	lesion's SUVmax 2.5-5x liver median SUVmax
	18
	29
	

	4
	greater uptake than liver
	lesion's SUVmax > 5x liver median SUVmax
	16
	35
	


BPH, benign prostatic hyperplasia; 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; PCa, prostate cancer; SUVmax, maximum standardized uptake value

Supplementary Table 2 68Ga-RM26 PET/CT scores of uptake focality
	Focality
	Score
	BPH, N (%)
	PCa, N (%)
	p-value

	Diffuse
	0
	19(23.2%)
	46(36.8%)
	0.14

	Segmental
	1
	19(23.2%)
	15(12.0%)
	

	Focal
	2
	44(53.7%)
	64(51.2%)
	


BPH, benign prostatic hyperplasia; 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; PCa, prostate cancer

Supplementary Table 3 68Ga-RM26 PET/CT scores of nodularity
	Nodularity
	Score
	BPH, N (%)
	PCa, N (%)
	p-value

	Nonnodular
	0
	20(24.4%)
	50(40.0%)
	0.01

	Micronodular
	1
	19(23.2%)
	5(4.0%)
	

	Macronodular
	2
	43(52.4%)
	70(56.0%)
	


Nonnodular, was defined as the absence of nodules = 0; Micronodular was defined as a single lesion <5 mm in diameter = 1, Macronodular was defined as a single lesion ≥5 mm in diameter = 2, If multiple patterns coexisted in one patient, macronodules accompanied by micronodules and/or nonnodular findings were noted as macronodules, and micronodules accompanied by nonnodular findings were noted as micronodules.
BPH, benign prostatic hyperplasia; 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; PCa, prostate cancer

	
[bookmark: _Hlk110196222]Supplementary Table 4 Diagnostic accuracy for PCa using 68Ga-RM26 PET/CT and 68Ga-PSMA-617-PET/CT compared to histology
	
	AUC (95% CI)
	p value
	Sensitivity, %
	p value
	Specificity, %
	p-value

	
	RM26 PET/CT
	PSMA-617 PET/CT
	
	RM26 PET/CT
	PSMA-617 PET/CT
	
	RM26 PET/CT
	PSMA-617 PET/CT
	

	Detection of PCa
	0.544(0.465-0.623)
	0.905(0.863-0.947)
	<0.001
	61.60%
	92.00%
	<0.001
	20.73%
	87.80%
	<0.001

	Detection of csPCa
	0.507(0.428-0.586)
	0.930(0.895-0.964)
	<0.001
	59.46%
	99.10%
	<0.001
	20.83%
	84.38%
	<0.001

	Detection of PCa with GS=6
	0.654(0.447-0.860)
	0.598(0.388-0.860)
	0.62
	78.57%
	35.71%
	0.03
	20.73%
	87.80%
	<0.001

	Detection of PCa with low risk
	0.802(0.604-1.000)
	0.638(0.373-0.903)
	0.24
	88.89%
	44.44%
	0.13
	20.73%
	87.80%
	<0.001


Abbreviations: AUC, area under the ROC curve; CI, confidence interval; csPCa, clinically significant prostate cancer; 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; 68Ga-PSMA-617 PET/CT, 68Ga-prostate specific membrane antigen positron emission tomography/computed tomography; PCa, prostate cancer. 

Supplementary Table 5 Diagnostic accuracy at different PSA levels by 68Ga-RM26 PET/CT and 68Ga-PSMA-617 PET/CT compared to histology
	
	AUC (95% CI)
	p value
	Sensitivity, %
	p value
	Specificity, %
	p-value

	
	RM26 PET/CT
	PSMA-617 PET/CT
	
	RM26 PET/CT
	PSMA-617 PET/CT
	
	RM26 PET/CT
	PSMA-617 PET/CT
	

	PSA <10ng/mL
	0.524(0.374-0.674)
	0.822(0.711-0.934)
	<0.001
	60.00%
	80.30%
	0.12
	23.26%
	88.37%
	<0.001

	PSA 10~20ng/mL
	0.474(0.319-0.629)
	0.861(0.766-0.957)
	<0.001
	62.50%
	90.63%
	0.02
	16.67%
	79.12%
	<0.001

	PSA >20ng/mL
	0.619(0.478-0.760)
	0.969(0.931-1.000)
	<0.001
	61.90%
	96.83%
	<0.001
	33.33%
	100%
	0.002



Abbreviations: AUC, area under the ROC curve; CI, confidence interval; 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography,68Ga- PSMA-617 PET/CT; 68Ga-prostate specific membrane antigen positron emission tomography/computed tomography; PSA, prostate-specific antigen.
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Supplementary Table 6 Correlation between PSA levels and detection rates with 68Ga-RM26 PET/CT and 68Ga-PSMA-617 PET/CT
	   PSA(ng/ml）
	Patients with initial imaging

	
	on RM26 PET/CT
	on PSMA-617 PET/CT

	<10(n=30)
	18(60.00%)
	25(83.33%)

	10~20(n=32)
	20(62.50%)
	29(90.63%)

	>20(n=63)
	39(61.90%)
	61(96.83%)


Abbreviations: 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography,68Ga-PSMA-617 PET/CT, 68Ga-prostate specific membrane antigen positron emission tomography/computed tomography; PSA, prostate-specific antigen.

Supplementary Table 7 Correlation between pathology and detection rates with 68Ga-RM26 PET/CT and 68Ga-PSMA-617 PET/CT
	
	Patients with initial imaging

	
	on RM26 PET/CT
	on PSMA-617 PET/CT

	BPH(n=82)
	65(79.27%)
	10(12.20%)

	GS=6(n=14)
	11(78.57%)
	5(35.71%)

	GS=7(n=46)
	32(69.57%)
	45(97.83%)

	GS≥8(n=65)
	34(52.31%)
	65(100%)


Abbreviations: BPH, benign prostatic hyperplasia; GS, gleason score; 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; 68Ga-PSMA-617 PET/CT, 68Ga-prostate specific membrane antigen positron emission tomography/computed tomography. 

Supplementary Table 8 Correlation between cT stage and detection rates with 68Ga-RM26 PET/CT and 68Ga-PSMA-617 PET/CT
	
	Patients with initial imaging

	
	on RM26 PET/CT
	on PSMA-617 PET/CT

	cT1(n=42)
	27(64.29%)
	35(83.33%)

	cT2(n=35)
	22(62.86%)
	33(94.29%)

	cT3(n=33)
	22(66.67%)
	33(100%)

	cT4(n=15)
	6(40.00%)
	14(93.30%)


Abbreviations: 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; 68Ga-PSMA-617 PET/CT, 68Ga-prostate specific membrane antigen positron emission tomography/computed tomography.

Supplementary Table 9 Correlation between EAU risk category and detection rates with 68Ga-RM26 PET/CT and 68Ga-PSMA-617 PET/CT
	
	Patients with initial imaging

	
	on RM26 PET/CT
	on PSMA-617 PET/CT

	Low risk(n=9)
	8(88.89%)
	4(44.44%)

	Intermediate(n=63)
	41(65.08%)
	58(92.06%)

	High(n=53)
	28(52.83%)
	53(100%)


Abbreviations: EAU, European Association of Urology; 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; 68Ga-PSMA-617 PET/CT, 68Ga-prostate specific membrane antigen positron emission tomography/computed tomography. 

Supplementary Table 10 Clinicopathologic characteristics of patients for lesion-based analysis
	Characteristics
	  
	N

	Age
	
	

	  Median (IQR)
	67(50-84)
	61

	PSA (ng/ml)
	
	

	  Median (IQR)
	14.73(1.80-57.85)
	61

	Gleason score, grade group
	
	

	6(3+3), ISUP 1
	
	5

	7(3+4), ISUP 2
	
	19

	7(4+3), ISUP 3
	
	13

	8(3+5, 4+4, 5+3), ISUP 4
	
	12

	9(4+5, 5+4), ISUP 5
	
	12

	Pathological grade
	
	

	pT2
	
	49

	pT3
	
	12

	Lymph node status
	
	

	pN negative
	
	50

	pN positive
	
	11

	Bone metastasis
	
	

	Absent
	
	68Ga-PSMA-617(44)

	
	
	68Ga-RM26(58)

	Present
	
	68Ga-PSMA-617(17)

	
	
	68Ga-RM26(3)


Abbreviations: IQR, interquartile range; ISUP, International Society of Urological Pathology; 68Ga-RM26 PET/CT, 68Ga-gastrin-releasing peptide receptor antagonist positron emission tomography/computed tomography; 68Ga-PSMA-617 PET/CT, 68Ga-prostate specific membrane antigen positron emission tomography/computed tomography; PSA, prostate-specific antigen.
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Supplementary Figure 5: The expression of GRPR and PSMA in PCa from public data set (GSE76938).
PSMA, prostate-specific membrane antigen; GRPR, gastrin-releasing peptide receptor; PCa, prostate
cancer.
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Supplementary Figure 1: The comparison of SUVmax from ©Ga-RM26 PET/CT and %8Ga-PSMA-617 PET/CT. A. SUVmax in BPH and
dominant tumors. P value was calculated with Mann-Whitney test. B. SUVmax in different level of PSA. P value was calculated with Kruskal—

Wallis test.
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Supplementary Figure 2: The comparison of SUVmax from %Ga-RM26 PET/CT and #3Ga-PSMA-617 PET/CT in none-csPCa and cs-
PCa. P value were calculated with with Mann—Whitney test.
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Supplementary Figure 3: ROC curve of #Ga-RM26 PET/CT and ¥Ga-PSMA-617 PET/CT for detection at different levels of PSA. A. Imaging

for detection of PCa in PSA<10 ng/mL. B. Imaging for detection of PCa in PSA 10~20 ng/mL. C. Imaging for detection of PCa in PSA>20
ng/mL.
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Supplementary Figure 4: Analysis SUVmax of $8Ga-RM26 PET/CT and %8Ga-PSMA-617 PET/CT according to clinical settings. P values
were calculated with Kruskal-Wallis test and Wilcoxon test. A. GS. B. clinical stage. C. EAU-risk category.




