
© 2021 Indian Journal of Nuclear Medicine | Published by Wolters Kluwer - Medknow 377

Access this article online

Website: www.ijnm.in

DOI: 10.4103/ijnm.ijnm_62_21
Quick Response Code:

Abstract
Background:	 Gallium‑68‑prostate‑specific	 membrane	 antigen	 (68Ga‑PSMA)	 positron	 emission	
tomography/computed	 tomography	 (PET/CT)	 has	 recently	 been	 shown	 to	 be	 very	 high	 accuracy	
in	 biopsy‑naïve	 prostate	 cancer	 (PCa)	 detection	 and	 can	 potentially	 improve	 the	 low	 specificity	
noted	 with	 diffusion‑weighted	 magnetic	 resonance	 imaging	 (DW‑MRI),	 especially	 in	 instances	 of	
prostate	 inflammation.	We	aimed	 to	 compare	 the	diagnostic	 accuracy	of	DW‑MRI	and	PSMA	PET/
CT	 using	 apparent	 diffusion	 coefficient	 (ADC)	 and	maximum	 standardized	 uptake	 (SUVmax)	 values	
in	the	diagnosis	of	PCa.	Patients and Methods: A retrospective	study	comparing	and	analyzing	the	
diagnostic	accuracy	of	prebiopsy	DW‑MRI	and	68Ga‑PSMA	PET/CTs	done	in	patients	with	suspected	
PCa	 (raised	prostate	 specific	antigen	 [PSA]	and/or	positive	digital	 rectal	 examination)	 from	January	
2019	 to	 December	 2020.	 The	 standard	 of	 reference	 was	 transrectal	 ultrasound‑guided	 biopsies.	
Results:	 Sixty‑seven	 patients	were	 included	 in	 the	 study,	mean	 age:	 70	 years	 (range	 49–84),	mean	
PSA:	 23.2	 ng/ml	 (range	 2.97–45.6).	Biopsy	was	 positive	 for	 PCa	 in	 56%	 (n	 =	 38)	 and	 negative	 in	
43%	 (n	 =	29).	Of	 the	benign	 results,	 benign	hyperplasia	was	noted	 in	75%	 (n	 =	22)	 and	prostatitis	
in	 25%	 (n	 =	 7).	 Of	 the	 PCa,	 55%	 (n	 =	 21)	 of	 were	 high	 International	 Society	 of	 Urological	
Pathology	 (ISUP)	 grade	 (4–5)	 and	 45%	 (n	 =	 17)	 low/intermediate	 ISUP	 grade	 (1–3).	 Overall	 the	
sensitivity/specificity/Accuracy	 for	 prediction	 of	 PCa	 of	MRI	 using	 prostate	 imaging	 and	 reporting	
data	 system	 version	 2	 criteria	 and	 PSMA	 PET/CT	 using	 PCa	 molecular	 imaging	 standardized	
evaluation	 criteria	 was	 92.1%/65.5%/80.5%	 and	 76.3%/96.5%/85.1%	 respectively.	 Mean	 apparent	
diffusion	 co‑efficient	 (mean	ADC)	 value	 of	 benign	 lesions	 and	 PCa	 was	 1.135	 ×	 10‑3	 mm2/s	 and	
0.723	×	10‑3	mm2/s,	 respectively	 (P	=	0.00001).	Mean	SUVmax	and	ADC	of	benign	and	PCa	 lesions	
was	 4.01	 and	 16.4	 (P	 =	 0.000246).	Mean	 SUVmax/ADC	 ratio	 of	 benign	 and	malignant	 lesions	was	
3.8	 ×	 103	 versus	 25.21	 ×	 103	 (P	 <	 0.000026).	 Inverse	 correlation	 was	 noted	 between	ADC	 and	
SUVmax	 values	 (R =	 −0.609),	 inverse	 correlation	 noted	 between	 ADC	 and	 Gleason’s	 score	 (R	 =	
−0.198),	and	positive	correlation	of	SUVmax	and	SUVmax/ADC	with	Gleason’s	score	( R = 0.438	and R 
= 0.448).	Receiver	operating	characteristic	curve	analysis	revealed	a	SUVmax	cutoff	6.03	(sensitivity/
specificity	‑	76%/90%,	area	under	the	curve	(AUC)	‑	0.935,	Youden	index	(YI)	‑	0.66),	ADC	cutoff	of	
0.817	×	10	−3	mm2/s	(sensitivity/specificity	–	79%/86%,	AUC	–	0.890,	YI	‑	0.65),	and	SUVmax/ADC	
ratio	 cutoff	 of	 7.43	 ×	 103	 (sensitivity/specificity	 –	 87%/98%,	 AUC	 ‑	 0.966,	 YI	 ‑	 0.85)	 for	 PCa	
diagnosis.	Conclusion:	 For	 diagnosis	 of	 biopsy‑naïve	 PCas,	 the	 combination	 of	 diffusion‑weighted	
MRI	and	PSMA	PET/CT	(i.e.,	SUVmax/ADC	ratio)	shows	better	diagnostic	accuracy	than	either	used	
alone	 and	 the	 combination	 of	 PET	 and	MRI	 is	 especially	 useful	 when	 distinguishing	 cancer	 from	
prostatitis.
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Introduction
The	 results	 of	 the	 magnetic	 resonance	
imaging‑FIRST	 (MRI)	 trial	 showed	 that	
detection	 of	 clinically	 significant	 prostate	
cancer	 (PCa)	 is	 better	with	multiparametric	
MRI	 (mpMRI)	 targeted	 biopsies	 than	
systematic	 biopsies.[1]	 Now,	 as	 per	 the	
EAU	 guidelines,	 there	 is	 a	 level	 1A/strong	

recommendation	 to	 perform	 mpMRI	 in	
biopsy‑naïve	patients	and	combined	targeted	
and	 systematic	 biopsies	 to	 be	 performed	
for	 only	 those	 lesions	 characterized	 as	
prostate	 imaging	 and	 reporting	 data	
system	 (PI‑RADS)	 >3.	 Although	 the	
detection	 rates	 of	 clinically	 significant	 PCa	
increase	 with	 increasing	 PI‑RADS	 score	
on	mpMRI,	 there	 is	 also	 an	 increase	 in	 the	
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risk	 of	 a	 false‑positive	 diagnosis.	A	 study	 done	 by	Rourke	
et al.	 showed	 that	 about	 33%	 of	 the	 lesions	 characterized	
as	 PI‑RADS	 3–4	 and	 up	 to	 19%	 of	 lesions	 characterized	
as	 PI‑RADS	 5	were	 negative	 for	malignancy,	 the	majority	
of	 these	 false‑positive	 lesions	 were	 related	 to	 prostate	
inflammation.[2]	 Hence	 there	 is	 a	 need	 for	 additional	
strategies	 for	 improved	cancer	detection	 to	 reduce	 the	high	
number	of	unwanted	biopsies.

In	 the	 past	 5	 years,	 prostate‑specific	 membrane	
antigen	 (PSMA)	 positron	 emission	 tomography/
computed	 tomography	 (PET/CT)	 has	 emerged	 as	 a	 strong	
complementary	 imaging	 modality	 to	 mpMRI	 for	 primary	
PCa	 detection	 with	 comparable/if	 not	 better	 diagnostic	
accuracy.[3‑6]	As	an	expression	of	 the	PSMA	is	significantly	
more	 in	 cancerous	 tissue	 than	 normal/hyperplastic	 prostate	
tissue,	 the	 addition	 of	 PSMA	 PET/CT	 information	 to	
mpMRI	 or	 use	 of	 simultaneous	 PSMA	 PET/MRI	 can	
improve	 overall	 diagnostic	 accuracy	 as	 demonstrated	 by	
studies	done	by	Eiber	et al.	and	Scheltema	et al.[7,8]	Further,	
in	the	era	of	precision	oncology	with	the	ever‑increasing	use	
of	 advanced	 multimodality	 imaging,	 a	 single	 quantifiable	
diagnostic	parameter	for	identifying	PCa	is	desirable	which	
may	 not	 just	 be	 more	 accurate	 but	 also	 may	 have	 better	
reproducibility	 compared	 to	 visual	 assessment	 of	 lesions	
alone.

In	this	study,	we	aimed	to	evaluate	 the	diagnostic	accuracy	
of	 quantifiable	 variables	 of	 primary	 tumor	 obtained	 with	
biparametric	MRI	 (such	as	ADC	value)	and	PET/CT	(such	
as	 maximum	 standardized	 uptake	 value	 [SUVmax])	
for	 detecting	 PCa	 and	 to	 assess	 if	 the	 combination	 of	
these	 (i.e.,	 SUVmax/ADC	 ratio)	 is	 better	 than	 either	 used	
alone.

Patients and Methods
This	 is	 a	 single‑center	 retrospective	 study	 analyzing	 the	
data	 of	 all	 consecutive	 patients	 who	 underwent	 prebiopsy	
PSMA	 PET/CT	 and	 MRI	 for	 clinically	 suspected	 PCa	
cases	(raised	prostate‑specific	antigen	(PSA)	and/or	positive	
digital	rectal	examination)	from	January	2019	to	December	
2020.	 MRI	 and	 PET/CT	 were	 acquired	 within	 a	 mean	
duration	 of	 8	 days	 from	 each	 other	 (range:	 4–12	 days).	
Patients	 with	 prior	 treatment	 (hormonal,	 radiotherapy,	 or	
surgery)	 or	 without	 biopsy	 evidence	 were	 excluded	 from	
the	study.	Biopsy	was	done	within	3–12	days	from	the	time	
of	PET/CT	and	MRI.

Radiopharmaceutical	 for	 imaging	 was	 gallium‑68‑labeled	
PSMA	 11	 (68Ga	 PSMA),	 synthesized	 using	 computer	
run	 fully	 automated	 synthesizer	 IQS‑TS	 system	 (ITM	
Isotopen	 Technologien	 München	AG,	 Germany).	 Quality	
control	 of	 radiopharmaceuticals	 was	 done	 to	 ensure	
95%	 radiolabeling	 before	 injecting	 to	 patients.	 The	
total	 synthesis	 time	 was	 about	 20	 min.	 About	 2–2.2	
MBq/kg	 of	 synthesized	 68Ga‑PSMA‑11	 was	 injected	
intravenously	 (IV)	 injected	 in	 the	 arm,	 and	 scans	 were	

acquired	 after	 60	min	 and	 another	 delayed	 scan	 of	 pelvis	
post	 20	 mg	 furosemide	 IV	 at	 120	 min.	 Imaging	 was	
performed	 on	 a	 GE	 5	 ring	 PET/CT	 system	 Discovery	
IQ	 5	 Ring	 block	 detectors	 PET/CT	 (General	 Electric,	
Milwaukee,	 WI,	 USA),	 combining	 bismuth	 germanium	
oxide‑based	 PET	 crystal	 and	 16‑slice	 CT	 components.	
Noncontrast	 CT	 and	 PET	 data	 were	 acquired	 from	 the	
mid‑thigh	 level	 to	 the	 top	 of	 the	 skull	 with	 the	 arms	
raised.	PET	emission	counts	were	collected	over	2.5	min/
table	position,	acquired	 in	a	 three‑dimensional	mode	with	
standard	 VUE	 Point	 HD	 reconstruction	 (filter	 5.5	 mm,	
subsets	12,	4	iterations,	order	4)	or	Q.clear	algorithm	(beta	
value	 350).	 No	 adverse	 events	 were	 reported	 in	 any	
patient	post‑PET/CT	scans.

PET/CT	scans	were	interpreted	by	two	separate	experienced	
Nuclear	 Medicine	 Physicians.	 PSMA	 PET/CT	 was	
reported	 as	 per	 the	 PCa	 molecular	 imaging	 standardized	
evaluation	 (PROMISE)	 criteria	 for	 quantifying	 PSMA	
expression	 on	 the	 prostate	 (mi‑PSMA	 ES).	 mi‑PSMA	
ES	 Score	 0‑PSMA	 uptake	 below	 mediastinal	 blood	 pool,	
mi‑PSMA	 ES	 Score	 1:	 PSMA	 uptake	 above	 blood	 poo	
but	 less	 than	 liver	 uptake,	mi‑PSMA	ES	 Score	 2:	 Uptake	
more	 than	a	 liver	activity	but	 less	 than	parotid	uptake	and	
mi‑PSMA	 ES	 Score	 3:	 Uptake	 more	 than	 parotid	 uptake.	
Score	 0	 and	 1	 were	 considered	 PET/CT	 negative	 for	
malignancy,	 and	 Score	 2	 and	 3	 were	 considered	 PET/CT	
positive	 for	 malignancy.	 Along	 with	 PROMISE	 scoring,	
SUVmax	 of	 the	 index	 prostate	 lesion	 on	 the	 60	 min	 PET	
image	 by	 placing	 2	 cm	 circular	 region	 of	 interest	 (ROI)	
on	 the	 index/dominant	 prostate	 lesion.	 If	 no	 visible	
lesion	 (defined	 as	 the	 absence	 of	 any	 focal	 low‑grade/
high‑grade	 uptake)	was	 noted	 on	 PSMA	PET/CT,	 SUVmax	
of	the	suspected	normal	prostate	was	calculated	by	placing	
ROI	 over	 the	 peripheral	 zone	 of	 the	 body	 of	 the	 prostate.	
Bi‑parametric	 MRI	 was	 acquired	 on	 a	 3‑T	 MRI.	 Images	
were	 reported	 as	 per	 the	 PI‑RADS	 v2.0.	 PI‑RADS	 4	 or	
5	 were	 regarded	 as	 positive	 and	 PI‑RADS	 ≤3	 regarded	
as	 negative.	 MRI	 protocol:	 4	 sequences	 were	 acquired:	
T1‑weighted	 imaging	(repetition	 time	[TR]	<600	ms,	echo	
time	 [TE]	 =20	 ms,	 field	 of	 view	 [FOV]	 =20	 ×	 20	 cm,	
matrix	 192	 ×	 200),	 T2‑weighted	 imaging	 (TR	 >3000	ms,	
TE	=	120	ms,	FOV	=	20	cm	×	20	cm,	matrix	=	240	×	230),	
fat‑suppression	 presaturation‑attenuated	 inversion	
recovery	 (TR	 =	 2800	 ms,	 TE	 =	 100	 ms,	
FOV	 =	 25	 cm	 ×	 40	 cm,	 matrix	 =	 270	 ×	 200),	
diffusion‑weighted	 imaging	 (DWI)	 (TR	 =	 6200	 ms,	
TE	=	2000	ms,	FOV	=	20	cm	×	30	cm,	matri	×	80	×	142,	
b	 =	 1400	 s/m2).	 No	 dynamic	 contrast‑enhanced	
sequences	 (DCE)	 were	 acquired	 in	 any	 patient.	 ADC	
map	 was	 acquired	 from	 DWI	 and	 mean	 ADC	 value	 for	
each	 patient	 was	 calculated	 by	 drawing	 3	 different	 2	 cm	
circular	 ROI	 over	 the	 dominant/index	 prostate	 lesion	 and	
by	 deriving	 the	mean	 of	 the	 3	 values.	 If	 no	 visible	 lesion	
was	 noted	 on	 MRI	 (defined	 as	 absence	 of	 significant	
abnormality	 on	 ADC	 map),	 mean	ADC	 of	 the	 suspected	
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normal	 prostate	 was	 calculated	 by	 placing	 ROI	 over	
peripheral	zone	of	body	of	prostate.

The	 gold	 standard	 for	 the	 evaluation	 of	 MRI	 and	 PET/
CT	 findings	 was	 12‑core	 trans‑rectal	 ultrasound‑guided	
biopsies.	 Biopsies	 were	 reported	 as	 per	 the	 International	
Society	 of	 Urologic	 Pathology	 (ISUP)	 guidelines.	 t‑test	
was	used	 to	compare	 the	difference	 in	mean	SUVmax,	mean	
ADC,	and	SUVmax/ADC	ratio	among	benign	and	malignant	
groups.	 In	 addition,	 receiver	 operating	 characteristic	
curve	 (ROC)	 analysis	 was	 performed	 to	 evaluate	 the	
sensitivity,	 specificity,	 area	 under	 the	 curve	 (AUC),	 and	
cutoff	 value	 of	 each	 parameter.	 Statistics	 calculations	
were	 done	 on	 SPSS	 software. P <	 0.05	 was	 considered	
statistically	significant.

Results
Patient	 characteristics	 are	 summarized	 in	 Table	 1.	 As	
per	 PI‑RADS	 v.	 2,	 MRI	 was	 positive	 for	 malignancy	
in	 64%	 (n	 =	 43)	 of	 patients	 and	 as	 per	 PROMISE	
criteria,	 PSMA	 PET/CT	 was	 positive	 for	 malignancy	 in	
44.7%	 (n	 =	 30)	 patients.	 Biopsy	 was	 positive	 for	 PCa	 in	
56%	(n	=	38)	and	negative	in	43%	(n	=	29).	Of	the	benign	
results,	 benign	 hyperplasia	 was	 noted	 in	 75%	 (n	 =	 22)	
and	 prostatitis	 in	 25%	 (n	 =	 7).	Of	 the	 PCa,	 55%	 (n	 =	 21)	
of	 were	 high	 ISUP	 grade	 (4–5)	 and	 45%	 (n	 =	 17)	 low/
intermediate	ISUP	grade	(1–3).

Of	the	38	patients	positive	for	malignancy,	PSMA	PET/CT,	
regional	 nodal	metastasis	 was	 detected	 in	 21%	 (n	 =	 8/38)	
patients,	 6	 of	 which	 also	 showed,	 in	 addition,	 distant	
metastases	 to	 distant	 nodes	 and	 skeleton.	 Regional	 nodal	
metastases	 were	 detected	 in	 15.7%	 (n	 =	 6/38)	 patients	 on	
MRI.	In	5%	(n	=	2/38)	patients,	there	were	isolated	skeletal	
metastases	without	any	significant	pelvic	 lymphadenopathy	
detected	on	PSMA	PET/CT.

Mean	 ADC	 value	 of	 benign	 lesions	 and	 PCa	
was	 1.135	 ×	 10−3	 mm2/s	 and	 0.723	 ×	 10−3	 mm2/s,	
respectively	 (P	 =	 0.00001).	 The	 mean	 SUVmax	 and	
ADC	 of	 benign	 and	 PCa	 lesions	 were	 4.01	 and	
16.4	 (P	 =	 0.000246).	 Mean	 SUVmax/ADC	 ratio	 of	
benign	 and	 malignant	 lesions	 was	 3.8	 ×	 103	 versus	
25.21	×	103	 (P	<	0.000026)	 [Figures	1‑3	and	Table	2].	An	
inverse	 correlation	 was	 noted	 between	ADC	 and	 SUVmax	
values	 (R = −0.609),	 an	 inverse	 correlation	 was	 noted	
between	 ADC	 and	 Gleason’s	 score	 (R	 =	 −0.198),	 and	 a	
positive	 correlation	 of	 SUVmax	 and	 SUVmax/ADC	 with	
Gleason’s	score	(R = 0.438	and R = 0.448 ).

Compared	 to	 the	 low‑intermediate	 risk	 tumors	 (ISUP	
grade	 1–3),	 high‑risk	 tumors	 (ISUP	 grade	 4/5)	 showed	
significantly	 higher	 mean	 prostate	 SUVmax	 (21.32	 vs.	
9.7, P =	 0.009),	 significantly	 lower	 mean	 prostate	
ADC	 (0.670	 ×	 10−3	 mm2/s	 vs.	 0.797	 ×	 10−3	 mm2/s, 
P =	0.02),	significantly	higher	SUVmax/ADC	ratio	(33.52	vs.	
13.79, P =	0.01).

Compared	 to	 the	patient	with	no	nodal	disease	 (N0)	detected	
on	 imaging,	 patients	 with	 nodal	 metastasis	 had	 significantly	
higher	 primary	 tumor	 mean	 SUVmax	 (27.99	 vs.	 13.35, 
P =	0.007),	 significantly	higher	SUVmax/ADC	ratio	 (45.12	vs.	
19.91, P =	 0.007).	 There	 was	 no	 significant	 difference	
in	 primary	 mean	 ADC	 values	 between	 the	 N1	 and	 N0	
groups	(0.694	×	10−3	mm2/s	vs.	0.734	×	10−3	mm2/s, P =	0.32).

Compared	 to	 patients	 with	 nonmetastatic	 disease	 (M0),	
metastatic	 disease	 (M1)	 patients	 showed	 a	 significantly	
higher	 mean	 prostate	 SUVmax	 (28	 vs.	 13.34, P =	 0.007),	
significantly	 higher	 SUVmax/ADC	 ratio	 (46.85	 vs.	 19.45, 
P =	 0.003)	with	 no	 significant	 difference	 in	mean	 prostate	
ADC	 (0.638	 ×	 10−3	 mm2/s	 vs.	 0.746	 ×	 10−3	 mm2/s, 
P =	0.08)	between	two	groups.

Overall,	 the	 sensitivity/specificity	 of	 the	 MRI	 using	
PI‑RADS	v.2	criteria	for	the	prediction	of	PCa	was	92.1	and	
65.5%,	respectively.	The	sensitivity/specificity	of	the	PSMA	
PET/CT	using	PROMISE	criteria	 for	 the	prediction	of	PCa	
was	 76.3%	 and	 96.5%,	 respectively	 [Table	 3].	 Accuracy	
of	 PET/CT	 was	 higher	 than	 MRI	 in	 PSA	 <20	 ng/ml	 and	
MRI	 was	 better	 than	 PET	 for	 diagnosing	 PCa	 in	 patient	
ith	PSA	>	20	ng/ml	 [Tables	3	 and	4].	There	were	 ten	 false	
positives	 scans	 on	 MRI	 and	 one	 false‑positive	 scan	 on	
PSMA	 PET/CT,	 respectively,	 and	 two	 false	 negatives	 on	
MRI	and	nine	false	negatives	on	PSMA	PET/CT.	Discordant	
findings	 between	 PSMA	 PET	 and	 MRI	 for	 PCa	 detection	
were	 noted	 in	 31%	 of	 patients	 (n	 =	 21),	 most	 of	 these	
discordances	were	related	to	PI‑RADS	4/5	lesions	(n	=	18).	
Details	of	these	are	summarized	in	Tables	5	and	6.

Table 1: Patient characteristics
n=67

Mean	Age	(years)	 70.41	(Range	48‑84)	
Mean	PSA	(ng/ml)	 20.1	(Range	2.97‑48)	
Mean	Prostate	Volume	(cc)	 50.7	(Range	21‑163)	
Mean	PSA	density	(ng/ml2)	 0.44	(Range	0.04‑2.19)	
Digital	rectal	examination
Abnormal
Normal

25
42	

Magnetic	Resonance	Imaging
PI‑RADS	v.	2	1‑3
PI‑RADS	v.	2	4‑5	

22
43	

PSMA	PET/CT	Imaging
PROMISE	score	0‑1
PROMISE	score	2‑3	

37
30	

Biopsy	results
Benign	hyperplasia
Prostatitis
Adenocarcinoma	

22
7
38	

ISUP	grade
Grade	1‑3
Grade	4‑5	

16
22	
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ROC	 curve	 analysis	 revealed	 a	 SUVmax	
cutoff	 6.03	 (sensitivity/specificity	 ‑	 76%/90%,	 AUC	
‑	 0.935,	 Youden	 index	 [YI]	 ‑	 0.66),	 ADC	 cutoff	 of	
0.817	 ×	 10−3	 mm2/s	 (sensitivity/specificity	 –	 79%/86%,	
AUC	 –	 0.890,	 YI	 –	 0.65),	 and	 SUVmax/ADC	
ratio	 cutoff	 of	 7.43	 ×	 103	 (sensitivity/specificity	
‑	 87%/98%,	 AUC	 ‑	 0.966,	 YI	 ‑	 0.85)	 for	 PCa	
diagnosis	[Figure	4].

Discussion
Beyond	 its	 established	 utility	 in	 the	 recurrent	 PCa	
setting,	 PSMA	 PET/CT	 is	 now	 being	 increasingly	 used	

in	 primary	 cancer	 detection	 and	 guiding	 biopsy.	A	 recent	
systematic	 review	 and	 meta‑analysis	 including	 seven	
studies	 and	 total	 of	 389	 patients	 showed	 that	 PET/CT	
has	 excellent	 sensitivity	 and	 negative	 likelihood	 ratio	 for	
initial	 diagnosis	 of	PCa.[9]	Comparing	PSMA	PET/CT	and	

Figure 4: ROC curve analysing ADC, SUVmax and SUVmax/ADC ratio. ADC: 
Apparent diffusion coefficient, SUVmax: Maximum standardized uptake value, 
ROC: Receiver operated characteristic

Figure 2: A 67 years old with raised PSA (6.9 ng/ml). MRI suggestive 
of T2 hypointense area (white arrow (a)) showing restricted diffusion 
seen as dark signal on ADC map‑PIRADS 5 (white arrow head (b), ADC: 
0.707 × 10–3 mm2/s). Fused PSMA‑PET/MR images shows no increased 
uptake in the right peripheral zone (thin white arrow (c), SUVmax‑3.25, 
SUVmax/ADC 4.59 × 10−3). TRUS‑guided biopsy from the right lobe 
suggestive of dense lymphocytes around the glands with no atypical 
cells‑suggestive of chronic prostatitis (d). SUVmax: Maximum standardized 
uptake value, ADC: Apparent diffusion coefficient, PSA: Prostate specific 
antigen, MR: Magnetic resonance, MRI: MR imaging, PIRADS 5: Prostate 
imaging and reporting data system, PSMA: Prostate‑specific membrane 
antigen, PET: Positron emission tomography, TRUS: Transrectal 
ultrasound guided

dc

ba

Figure 3:  67 years old with PSA ‑ 7.02 ng/ml and nocturia. MRI showed small 
focal T2 hypo‑intense lesion (white arrow (a)) showing restricted diffusion 
seen as dark signal on ADC map‑PIRADS 4 (white arrow head (b), ADC: 
0.654 × 10−3 mm2/s). Fused PSMA‑PET/MR images shows focal increased 
uptake in the right peripheral zone (thin white arrow (c), SUVmax ‑ 9.57, 
SUVmax/ADC 14.6 × 10−3). TRUS guided biopsy from the right lobe suggestive 
of atypical cells with fused glands ‑ adenocarcinoma, ISUP Grade 4 (d). 
PSA: Prostate specific antigen, MR: Magnetic resonance, MRI: MR imaging, 
ADC: Apparent diffusion coefficient, PIRADS 4: Prostate imaging and 
reporting data system, PSMA: Prostate‑specific membrane antigen, PET: 
Positron emission tomography, SUVmax: Maximum standardized uptake 
value, TRUS: Transrectal ultrasound guided, ISUP: International Society 
of Urological Pathology

dc

ba

Figure 1: Mean values of ADC (a), SUVmax (b) and SUVmax/ADC ratio (c) 
between benign (Bn) and cancer (Ca) groups. SUVmax: Maximum 
standardized uptake value, ADC: Apparent diffusion coefficient

c

ba
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MRI	 in	 initial	 PCa	 diagnosis,	 Donato	 et al.	 showed	 that	
PSMA	 PET/CT	 has	 high	 concordance	 with	 mpMRI	 for	
the	 detection	 of	 index	 lesions	 and	 is	 superior	 to	 mpMRI	
in	 detecting	 secondary	 cancer	 foci	 and	 small	 lesions	
missed	 on	MRI.[10]	 In	 this	 study,	we	 primarily	 focused	 on	
comparing	 the	 diagnostic	 accuracy	 of	 ADC	 and	 SUVmax	
for	 the	 detection	 of	 index	 lesions	 in	 the	 prostate.	 The	
results	of	our	 study	 show	 that	 the	 combination	of	primary	
tumor	ADC	and	SUVmax	has	better	diagnostic	accuracy	for	
prebiopsy	 detection	 of	 PCa	 than	 using	ADC	 value	 alone	

or	 using	 PI‑RADS	 2.0	 scoring	 the	 standardized	 system	 of	
reporting	bi‑parametric	MRI.

PI‑RADS	v.2	was	designed	to	promote	global	standardization	
and	diminish	variation	in	the	acquisition,	 interpretation,	and	
reporting	of	prostate	mpMRI	examination	based	on	the	best	
available	evidence	and	expert	consensus	opinion.	Compared	
to	 the	 previous	 version	 which	 gave	 equal	 weightage	 to	
all	 sequences,	 the	 current	 version	 focuses	 on	 dominant	
sequences	based	on	zonal	anatomy	(DWI	for	peripheral	zone	
and	T2W	for	 transitional	 zone)	 and	 limited	 the	utility	DCE	

Table 2: Independent t-test to compare variables between benign and; malignant groups
n=67 Benign (Mean+/-SD) Malignant (Mean+/-SD) P
Total	PSA	(ng/ml)	 17.5	+/‑30.4	 22.2	+/‑16.6	 0.214	
Prostate	volume	(cc)	 62.6	+/‑	33.9	 41.6	+/‑19.2	 0.001	
PSA	density	(ng/ml2)	 0.27	+/‑0.27	 0.57	+/‑0.46	 0.001	
Prostate	ADC	(x10‑3	mm2/sec)	 1.135.2	+/‑195.9 0.723.2+/‑277.5	 0.0001	
Prostate	SUVmax	 4.02+/‑1.3	 16.4	+/‑15.3	 0.000027	
Prostate	SUVmax/ADC	ratio	(x103) 3.82+/‑1.5	 25.22+/‑26.5	 0.000026	

Table 3: Comparison of diagnostic accuracy of Bi-parametric MRI and PSMA PET/CT for prediction of biopsy naïve 
prostate carcinoma 

Sensitivity (%) 
(95% C.I) 

Specificity (%) 
(95% C.I)

Positive Predictive 
value (%) (95% C.I)

Negative Predictive 
value (%) (95% C.I)

Accuracy (%) 

Bi‑parametric	MRI‑PIRADS	v.	2	 92.1	(77‑97)	 65.5	(45‑81)	 77.7	(62‑88)	 86.3	(64‑96)	 80.5	
PSMA	PET/CT‑PROMISE	score	 76.3	(59‑88)	 96.5	(80‑99)	 96.6	(81‑99)	 75.6	(58‑87)	 85.1	

Table 4: Comparison of diagnostic accuracy of bi-parametric MRI and PSMA PET/CT for prediction of biopsy naïve 
prostate carcinoma based on PSA levels

Sensitivity Specificity Positive 
Predictive value 

Negative 
Predictive value 

Accuracy (%) 

PSA	<10ng/ml	(n=25)	
Bi‑parametric	MRI	 90%	 60%	 60%	 90%	 72%	
PSMA	PET/CT	 63%	 100%	 100%	 77%	 84%	

PSA	10‑20	ng/ml	(n=23)	
Bi‑parametric	MRI	 85%	 66%	 80%	 75%	 78%	
PSMA	PET/CT	 85%	 100%	 100%	 81%	 91%	

PSA	>20ng/ml	(n=20)
Bi‑parametric	MRI	 100%	 80%	 94%	 100%	 95%	
PSMA	PET/CT	 80%	 100%	 100%	 63%	 85%	

Table 5: Characteristics of false-positive cases on magnetic resonance imaging as PI-RADS v2
Age (years) PSA (ng/ml) PI-RADS ADC (mm2/s) x10-3 PROMISE score SUVmax Biopsy 
65 6.9 5 0.707	 1 3.25 Prostatitis
72 8.1 4 1.109	 1 3.28 BPH
69 5.85 4 0.852	 1 3.06 Prostatitis
48 8.57 4 0.741	 1 3.5 Prostatitis
80 12.6 4 0.900	 1 4.3 Prostatitis
69 11.87 5 0.840	 1 4.1 BPH
73 8.1 4 0.1350	 1 3.6 BPH
49 8.57 4 0.1297	 1 3.28 Prostatitis
61 11.7 5 0.720	 1 3.7 Prostatitis
49 8.57 4 0.1297	 1 3.28 Prostatitis
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only	for	the	transitional	zone	lesions.[11]	A	meta‑analysis	was	
done	by	Woo	et al.	Although	pooled	sensitivity	of	PI‑RADS	
v.2	 was	 better	 than	 PI‑RADS	 v.1	 (95%	 vs.	 88%),	 the	
specificity	was	not	 significantly	different	 (73%	vs.	 75%).[12]	
One	 of	 the	 reasons	 for	 the	 relatively	 lower	 specificity	 of	
MRI	 could	 be	 due	 to	 prostatitis	 which	 cannot	 be	 reliably	
distinguished	 from	 cancer	 either	 using	 dynamic	 contrast	 or	
diffusion‑weighted	 sequences,	 as	 tumors	 and	 prostatitis	 can	
show	similar	contrast	washout	patterns	or	overlapping	ADC	
values.[13‑15]

As	 PSMA	 expression	 is	 significantly	 higher	 in	 cancer	
compared	to	prostatitis,	adding	PSMA	PET/CT	information	
before	 an	 MRI	 targeted	 biopsy	 will	 help	 in	 reducing	 the	
number	 of	 false‑positive	 diagnoses	 and	 avoid	 biopsies	
in	 a	 considerable	 number	 of	 patients.	 In	 our	 study,	 we	
found	 that	 22.2%	 (10/45)	 of	 patients	 with	 PI‑RADS	 4/5	
score	 were	 benign	 on	 biopsy,	 of	 which	 50%	 were	 related	
to	 prostatitis	 and	 50%	 related	 to	 benign	 hyperplasia.	
On	 PET/CT,	 the	 mean	 SUVmax	 of	 the	 prostate	 of	 these	
patients	 was	 very	 low,	 i.e.,	 3.34	 (range:	 2.4–4.3),	 well	
below	 the	 derived	 best	 cutoff	 point	 of	 diagnosis	 of	
malignancy	 in	 our	 study	 (i.e.,	 6.03)	 [Figure	 2].	 Although	
overall,	 PSMA	 PET/CT	 showed	 better	 diagnostic	
accuracy	 than	 biparametric	 MRI,	 the	 accuracy	 of	 two	
diagnostic	 modalities	 was	 dependent	 on	 PSA	 levels.	
PET/CT	 scored	 over	 MRI	 in	 having	 a	 better	 specificity/
accuracy	 with	 PSA	 elevation	 ≤20	 ng/ml.	 However,	 PET/
CT	showed	lower	sensitivity/accuracy	than	MRI	when	PSA	
levels	>20	ng/ml	[Table	4].

Similar	 to	 the	 results	 of	 our	 study,	 the	 superior	 diagnostic	
accuracy	of	combining	ADC	and	SUVmax	was	demonstrated	
in	 a	 recent	 retrospective	 study	 by	 Wang	 et al.	 in	
63	 patients.[16]	 The	 study	 showed	 sensitivity,	 specificity,	
and	AUC	were	90.6%,	58.1%,	and	0.816	 for	ADC,	67.2%,	
97.7%,	 and	 0.905	 for	 SUVmax,	 and	 81.2%,	 88.4%,	 and	
0.929	for	SUVmax/ADC	respectively.	The	best	cutoff	values	
for	ADC,	SUVmax,	and	SUVmax/ADC	ratio	for	the	prediction	
of	 PCa	 in	 their	 study	 was	 1.02	 ×	 10−3,	 11.72,	 and	 12.35,	
compared	 to	ours	which	was	0.817	×	10−3,	 6.03,	 and	7.43,	
respectively.	Higher	SUVmax	 and	SUVmax/ADC	 ratio	 values	
in	their	study	could	be	attributed	slightly	higher	percentage	

of	 cancer	 cases	 detected	 in	 their	 study	 (n	 =	 40/63,	 63.4%)	
compared	to	ours	(n	=	25/25,	50%).	Another	difference	was	
in	our	study	was	that	we	prospectively	included	only	patients	
with	PSA	<50	ng/ml	(range:	2.97–48	ng/ml),	whereas	PSA	
values	were	slightly	higher	(range	from	4.15	to	1298	ng/ml)	
in	 their	 retrospective	 study.	 Positive	 predictive	 value	 for	
PCa	detection	 is	 94.7%–98.5%	when	PSA	 increases	 above	
50	ng/ml,	32.7%	in	PSA	range:	10–20	ng/ml,	and	drops	 to	
20.6%	in	PSA	range:	4–10	ng/ml.[17,18]	Hence,	 the	detection	
of	 PCa	 is	 more	 uncertain	 when	 the	 PSA	 is	 lower	 and	 we	
believe	 prebiopsy	 imaging	 with	 combined	 PET	 and	 MRI	
will	 have	more	 utility	 at	 lower	PSA	 levels.	At	 higher	PSA	
levels	 (i.e.,	 >50	 ng/ml),	 not	 only	 the	 diagnosis	 of	 PCa	
but	 also	 the	 risk	 of	 metastatic	 disease	 is	 more	 likely.	 The	
presence	of	extensive	distant	metastasis	on	a	“triage”	PSMA	
PET/CT	 done	 in	 patients	 with	 very	 high	 PSMA	 levels	
would	 alone	 suffice	 for	 disease	management	 obviating	 the	
need	for	additional	MRI.	However,	those	patients	with	very	
high	 PSA	 levels	 but	with	 localized,	 locoregional,	 and	 also	
those	 with	 an	 oligometastatic	 disease	 on	 PSMA	 PET/CT	
will	 still	 benefit	 from	MRI	 for	 the	 management	 of	 organ‑
confined	 disease	 (surgery	 or	 radiotherapy)	 owing	 to	 its	
excellent	and	superior	anatomical	resolution.	

Another	similar	study	done	by	Uslu‑Beşli	et	al.	in	26	patients	
found	 an	 inverse	 correlation	 between	 ADC	 and	 SUVmax	
values	 of	 the	 primary	 tumor	 and	 that	 SUVmax/ADC	 ratio	
predicted	 the	 incidence	 of	 lymph	 node	 metastasis	 better	
than	 either	 SUVmax	 of	ADC	 alone.[19]	 Even	 in	 our	 study,	
we	 found	 that	 mean	 SUVmax	 of	 the	 primary	 tumor	 or	
SUVmax/ADC	 ratio	 had	 a	 significant	 association	 with	 the	
presence/absence	 of	 nodal	 or	 distant	 metastasis	 but	 mean	
ADC	values	alone	were	not	significantly	different	 in	patients	
with	 or	 without	 loco‑regional	 or	 distant	 metastasis.	 Our	
study	also	 revealed	 that	higher	 ISUP	grade	 tumors	showed	a	
significantly	 higher	SUVmax/ADC	compared	 to	 lower	 ISUP	
grade	 tumors.	 The	 association	 of	 SUVmax/ADC	 ratio	 with	
ISUP	 grade	 was	 better	 than	 either	 using	 SUVmax	 or	ADC	
alone.	Hence	 combined	 PET‑MRI	may	 be	 a	 better	 predictor	
of	primary	tumor	aggressiveness	than	MRI	using	ADC	alone.

On	 one	 hand,	 where	 the	 incidence	 of	 false	 positives	
is	 higher	 on	 MRI	 as	 discussed	 above,	 the	 incidence	

Table 6: Characteristics of false negative cases on prostate‑specific membrane antigen positron emission tomography/
computed tomography as per PROMISE score

Age (years) PSA (ng/ml) PI-RADS ADC (mm2/s) x10-3 PROMISE score SUVmax Biopsy ISUP grade 
69 7.4 5 0.825	 1 4.2 Carcinoma	 2	
66 17.5 1 1.245	 1 4.12 Carcinoma	 2	
58 22.3 5 0.690	 1 5.47 Carcinoma	 5	
68 15 5 0.655	 1 5.57 Carcinoma	 5	
70 4.72 5 0.733	 1 5.9 Carcinoma	 2	
79 34.9 5 0.648	 1 5.9 Carcinoma	 1	
67 3.8 5 0.845	 1 6.4 Carcinoma	 4	
79	 22.4	 5	 0.555	 1	 4.13	 3	
69	 8.72	 5	 0.670	 1	 5.2	 3	
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of	 false‑negative	 findings	 appears	 to	 be	 higher	
on	 PSMA	 PET/CT	 when	 using	 PROMISE	 scoring	
criteria	 [Tables	 5	 and	 6].	 Using	 this	 criterion,	
seven	 cancers	 which	 were	 missed	 on	 PSMA	 PET/
CT,	 MRI	 was	 positive	 in	 six	 patients.	 Of	 these,	
four	 were	 low‑grade	 ISUP	 (3	 patients	 ‑	 Grade	 2,	
1	 patient	 ‑	 Grade	 1)	 and	 three	 were	 high‑grade	 ISUP	
tumors.	Hence,	 tumor	grade	may	not	be	 the	only	 reason	
for	 the	 false‑negative	 PSMA	 PET/CT	 study.	 A	 study	
done	 by	 Schmuck	 et al.	 showed	 the	 value	 of	 delayed	
PET	 imaging	 at	 80	 min	 postinjection	 for	 optimal	
visualization	 of	 PCa.[20]	 In	 this	 study,	 although	 we	
did	 not	 statistically	 evaluate	 the	 incremental	 value	 of	
delayed	 PET	 imaging	 over	 60	 min	 imaging,	 our	 initial	
experience	 in	 certain	 patients	 with	 delayed	 imaging	 at	
90	 min	 supports	 its	 utility	 in	 imaging	 PCas	 with	 low	
Gleason’s’	 scores	 (≤7).	 Larger	 prospective	 studies	 are	
needed	 to	 ascertain	 the	 exact	 reasons	 for	 low	 PSMA	
expression	 in	certain	PCas.

Limitations	 of	 our	 study	 are	 small	 sample	 size,	
retrospective	 design,	 and	 it	 being	 a	 single‑center	 study.		
The	data	analysis	was	“per‑patient”	rather	than	“per‑lesion”	
focusing	 on	 index/prominent	 lesion/alone.	 We	 correlated	
the	 imaging	 findings	 with	 biopsy	 as	 standard	 and	 we	 do	
acknowledge	 that	 findings	 of	 PET/MRI	 would	 have	 been	
better	 correlated	 with	 postprostatectomy	 whole	 mount	
specimen.	 One	 technical	 limitation	 in	 our	 study	 was	
we	 fixed	 diffusion	 weightings	 known	 as	 “b	 values”	 of	
1400	mm2/s	for	estimating	ADC	value	and	did	not	evaluate	
ADC	 value	 using	 b	 values.	 Generally,	 on	 a	 3T	MRI,	 PCa	
is	best‑depicted	b	values	of	1500	mm2/s.[21]	However,	 there	
is	 a	wide	 variation	 in	 b	 values	 use	 in	 clinical	 practice	 and	
there	 is	 no	 consensus	 yet	 on	 the	 optimal	 ideal	 cutoff	 of	
b	 value	 for	 ADC	 map	 estimation	 for	 PCa	 detection.[22,23]	
Another	 limitation	 was	 we	 did	 not	 follow‑up	 or	 repeat	
biopsy	 in	 patients	 with	 negative	 results	 to	 account	 for	
any	 sampling	 error	 as	 the	 biopsies	 were	 not	 targeted	 but	
standard	random	12	core	biopsies.

Conclusion
PET/CT	 and	 MRI	 are	 complimentary	 for	 biopsy‑naïve	
PCa	 diagnosis	 and	 their	 combination	 is	 a	 scenario	
when	 the	 whole	 appears	 to	 be	 better	 than	 the	 sum	 of	
its	 parts.	 SUVmax/ADC	 ratio	 appears	 to	 have	 better	
diagnostic	 accuracy	 than	 using	 ADC	 and	 SUVmax	 alone	
and	 is	 especially	 useful	 when	 distinguishing	 cancer	 from	
prostatitis.	The	utility	of	SUVmax/ADC	ratio	as	a	molecular	
biomarker	 of	 diagnosing	 clinically	 significant	 PCa	 should	
be	explored	 in	 larger	prospective	studies	with	 the	ultimate	
aim	 of	 significantly	 reducing	 the	 number	 of	 unwanted	
prostate	biopsies.
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