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to Improve Detection of Clinically Significant Prostate Cancer
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Purpose: To evaluate the performance of combining prostate health index (PHI) and Prostate Received October 19, 2021
Imaging Reporting and Data System version 2 (PI-RADSv2) for detection of clinically significant Revised ~ December 14, 2021
prostate cancer (csPCa). Accepted December 23, 2021

Materials and Methods: We retrospectively reviewed patients who underwent prostate biop-
sy for elevated prostate-specific antigen (PSA) =2.5 ng/mL and/or abnormal digital rectal exam- Hvun Moo L
ination. Serum markers for PSA, free PSA (fPSA), and [-2] proPSA (p2PSA) were measured, and yur-1. oo ee

. . ) . . . Email: hyunmoo.lee@samsung.com
PHI was calculated as ([p2PSA/fPSAIX[PSA] ). Multiparametric magnetic resonance imaging https:/ /orcid.org/0000-0003-3969-4540
was performed using a 3.0T scanner and scored using PI-RADSv2. csPCa was defined as either
grade group (GG) 22 disease or GG1 cancer detected in >2 cores or >50% of positive on biopsy. *These authors contributed equally
Univariable and multivariable logistic regression modelling, along with receiver-operating char- to this study as co—first authors.
acteristic (ROC) curve analysis was used to predict the probability of csPCa.
Results: Of the total 358 patients, 159 (44.4%) were diagnosed with csPCa. On univariable
analysis, age, PSA density (PSAD), PHI and PI-RADSv2 were associated with csPCa. The area
under the ROC curve (AUC) of baseline model incorporating age and PSAD was 0.663. The AUC
of combining PHI and PI-RADSv2 to baseline model was higher than that of PHI alone to base-
line model (0.884 vs. 0.807, p<0.0001) and PI-RADSV2 alone to baseline model (0.884 vs. 0.846,
p=0.0002), respectively. If biopsy was restricted to patients with PI-RADS 5 as well as PI-RADS 3
or 4 and PHI =27, 36.0% of unnecessary biopsy could be avoided at the cost of missing 4.7% of
csPCa.
Conclusions: The combination of PHI and PI-RADSv2 to baseline model incorporating age and
PSAD had higher accuracy for detection of csPCa compared with PHI or PI-RADSv2 alone.
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St Atoltt. AYA AZFAS(prostate health index,
PHI)*= total PSA (tPSA), free PSA (fPSA), 1]l [-2]
proPSA (p2PSA)YE ©]-&sto] AAtEH, o= A =
2| AARETE ofy 2t AR AHAAE PSA = fPSAR
ot AAH R Fouet APARS ko] T f451th
T BREYCE” B3 AP o iR A5 H Y
*J(multipararnetric magnetic resonance imaging,
mpMRD9 =9 0]% mpMRI= AHAIQ] o]A} ¥
+ % 13 B3 24382 A 320 AALRE AR
th.%7 8- u| 1 08t} 3] (European Association of
Urology) AX w2, A4 AH4 A Aot
= 2R oA AANA Z/doId SAA A HAL
A mpMRIE AP A& A5ty t® 2015400
American College of Radiology®?} European Society
of Uroradiology°llAl 1€ A8A 94 21 € glojH
A 2" ¥ 2 (Prostate Imaging Reporting and Data
System version 2, PI-RADSv2)7} ©f #5311, o]&=
mpMRI9] EF B HAZ A=FUct’ 2T WeHEy
Aol W2, dFHo R Fofulgt AP At EAd PI-
RADSV2 332 7|&2% 39 W, W=+ 0.96 95%
confidence interval [CI], 0.87-0.99), E°]%& 0.29
(95% CI, 0.05-0.77)2 B 1|9l on, PI-RADSv2 48
71202 519& u, Y17%+= 0.90 (95% CI, 0.85-0.94),
Eo0]%=0.62 (95% CI, 0.45-0.77)2 B 9)ct."

oJA¥ PHI 3 mpMRIZ °]-83}0] /J& 2z {ou]
AP AN] At AT 2 A FE PSAAE A
A AT = Qe BAAES RIS FUT P 5
ot @A7HA] PHI € PI-RADSv29] 23S o]&ato] A
A o digt 24 @ dAFCE [Fou|e APAR
Zcto] tigk A= GFOIAT =3 Qitk. webA] o]
AT AFAL YAFHoz Foust APAAL] o=
P42 % PHI 9 PI-RADSv29] 23He] 42 784
& Qotn % s,
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o] A& AdAZEY A AUA Y] (Institu-
tional Review Board H&: 2021-05-103)9] &S ¥
U, BE AEY 59 A= Aol on Helsinki
AAE w2t AP At 20189W 11¥€5H 20209 3€
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= -20CoNA -80T7HA A A7A] Y5 E A5
Hybrid calibrated Access (Beckman Coulter, Brea,
CA, USA) assayS 5519 tPSA, fPSAS A5t
Access 2 Immunoassay kit (Beckman Coulter)E ©]
83t p2PSAE S43H¥ 2™, PHIE= [(p2PSA/fPSA)
x (tPSA)'?] Alo] thYsto] g& AAsET mpMRI
£ 3.0-T scanners °]-&sto] AHA F7 Aof Al3hst
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BRAEY7t B=53iT

RE E2 AT f AEA A 3
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o7 2-63017} AEATG. BH 222 v kY4
7] AR HE 97t wEsieint. ool Ads A MEE
2014 International Society of Urological Pathology
Consensus Conference 7}o] =2}Qlo] ulgt Fr}s1 et
TFAH O Z grade group (GG) 12 Gleason score (GS)
<3+3; GG 2= GS 3+4; GG 32 GS 4+43; GG 4= GS
8; GG 5& GS 9-100°] H-3€tt. o] A tollA dFH o=
U AFALL GG 22 B GG 1 AFAY0] 2
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Table 1. Baseline characteristics

2 1

Table 1 o] A+of =3+ AAE9] 7|2 EAS B
o1 Slt}. AA) 35875 9] A= 5 15978(44.4%)2] <
oA YFHLE Fougt APAdo] FRI=qith
AGHo R Fou|gt APAYE A A2 HY
Agho] AR A AU AdH o R Foyugt HPAet
o] HPAE SR Hlsto] vo|7t B Yi(FFE: 66.0
vs. 63.0, p<0.001), AHAS 27|17} ¥ ZAYoH(FTY
7k 30.5 vs. 42.6, p<0.001), PSA density (PSAD), PHI
9 PI-RADSv2 score SAZCE {23t Xpo|& HO|
I JATHESF p<0.001).

PFHoE Fou|gt APARY A&5S AT dHF
ZXAE IPEANA Yo|(odds ratio [OR], 1.070;
95% CI, 1.04-1.10; p<0.001), PSAD (OR, 1.041; 95%
CI, 1.02-1.06; p<0.001), PHI (OR, 2.398; 95% CI,
1.84-3.12; p<0.001), PI-RADSv2 score (OR, 4.247;
95% CI, 3.07-5.87; p<0.001)7} Y9F&H o2 Fouldt A
FAN] 3t ol & AL FRIT 4= I THTable
2). PI-RADSV2 5ol @& 274 A1t 25 g}l
Sl o, Yo E Fougt AHEAUZ PI-RADSv2

Characteristic Total Clinically significant PCa Negative or clinically insignificant PCa p-value
No. of patients, n (%) 358 (100) 159 (44.4) 199 (55.6)
Age (yr) <0.001
Median (IQR) 65.0 (60.0-70.0) 66.0 (61.0-72.0) 63.0 (58.0-68.0)
Mean+SD 64.2+8.2 66.5+7.0 62.3+8.6
PSA (ng/mL) 0.217
Median (IQR) 6.59 (4.19-10.02) 6.75 (4.31-10.18) 6.56 (4.17-9.85)
Mean+SD 8.70+8.16 9.3149.21 8.21+7.20
Prostate volume (mL) <0.001
Median (IQR) 36.3 (26.9-50.3) 30.5(23.2-39.2) 42.6 (31.0-58.2)
Mean+SD 42.7+26.6 34.0+15.5 49.5+31.3
PSAD <0.001
Median (IQR) 0.17 (0.11-0.28) 0.21 (0.13-0.37) 0.15(0.10-0.25)
Mean+SD 0.25+0.26 0.31+0.34 0.19+0.16
PHI <0.001
Median (IQR) 43.1(31.5-62.2) 56.3 (38.8-82.9) 36.5 (27.747.9)
Mean+SD 55.0+42.4 73.8+£54.4 40.0+19.4
PI-RADSvV2 score, n (%) <0.001
12 89 (24.9) 10 (11.2) 79 (88.8)
3 83 (23.2) 17 (20.5) 66 (79.5)
4 119 (33.2) 72 (60.5) 47 (39.5)
5 67 (18.7) 60 (89.6) 7(10.4)

PCa: prostate cancer, IQR: interquartile range, SD: standard deviation, PSA: prostate specific antigen, PSAD: prostate specific antigen density, PHI:

prostate health index, PI-RADSv2: Prostate Imaging Reporting and Data System version 2.
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1-28)A 11.2%, PI-RADSv2 3&°]A 20.50%, PI-
RADSv2 47394 60.5% 183 PI-RADSv2 530 A
89.60%% ERIE|o] PI-RADSV2 A%71 Zold4E 27}

ke A1 B v 2 Jddoz fou)gt A
G PHI 0-26.99)14] 16.40%, PHI 27.0-35.9°] 4

Table 2. Univariable logistic regression analysis for the prediction
of clinically significant prostate cancer

Univariable
Parameter

OR 95% CI p-value
Age 1.070 1.04-1.10 <0.001
PSA 1.017 0.99-1.04 0.213
PSAD 1.041 1.02—-1.06 <0.001
PHI 2.398 1.84-3.12 <0.001
PI-RADSV2 score 4.247 3.07-5.87 <0.001

1-2 Reference
3 1.663 0.85-3.27 0.141
4 7.077 3.78-13.26 <0.001
5 29.571 11.70-74.77 <0.001

OR: odds ratio, CI: confidence interval, PHI: prostate health index, PSA:
prostate specific antigen, PSAD: prostate specific antigen density, PI-
RADSV2: Prostate Imaging Reporting and Data System version 2.

A [1 No PCa
100 ~

[ Clinically insignificant PCa

11.2%
90 A

80
70 4
60
50
40

20.5%

11.2%

12.0%
§ 60.5%

%

77.6%
° 67.5% 6.7%

30 1
20
10 A

32.8%

30.40%, PHI 36.0-54.9°14] 37.7%, 12|l PHI 55 ©]
&R S 74.10%2 ERI=]o] PHIZ} =oHd45E 3719
= FAIE EokFig. 1).

ROC EAA, 1o|9} PSADE EF3SH 7]E mdo]
AUC 32 0.633°]%)ct. 7% 2o PHI ¥ mpMRIE
Z713F mdlo] AUC k2 Z+7} 0.807, 0.8460]%ict. 18]
I 7|2 mdo] PHI®} mpMRI 2% 713t md o] AUC
2 0.8849tt. 7|2 zdo PHI ¥ mpMRI 25 57}
gF 2dlo] AUC g2 of2 md o vlgA] o] QA &
2 AUCHE BRTHZT1E 1€, p<0.0001; 7|2 2+PHI,
p<0.0001; 7] 2E¥+mpMRI, p=0.0002) (Fig. 2).

Table 32 t}oFsl PHI cutoffo]] W2 At4P =& H]
WStk PHI 2279 3¢, @FH 02 Fon|et A
AQt9] Ao digt YItE, Bolk, FAAAEE € 24
=52 7217 94.3%, 23.1%, 49.5%, 133 83.6%%]

t}. PHI 2275 A& 3%, 15.4%9 2293 @S
& 5 JAJAT, 5.7%2] YFHoZ Fopn|gt HPAt
S =3 4 ik PHI =27 9 PI-RADSv2 374 o4 &
23 A9 4.7%9) YAH o g Jouet AHAYS =2

[ Clinically significant PCa

89.6%

10.4%

PI-RADSvV2 score 1-2 PI-RADSV2 score 3

PI-RADSvV2 score 4

PI-RADSV2 score 5

B [1 No PCa [ Clinically insignificant PCa [ Clinically significant PCa
100 1
90 - 16.4%
30.4%
i 37.7%
80 14.5%
70
7.2% 0
60 66% 4
* 501 Fig. 1. Pathologic outcomes sub-
40 691 categorized by PI-RADSvV2 score
30 - ' 62.3% 55.7% (A) and PHI (B). PCa: prostate
20 - 6.3% cancer, PI-RADSvV2: Prostate
10 4 19.6% Imaging Reporting and Data
0 : : : . System version 2, PHI: prostate
PHI (0-26.9) PHI (27.0-35.9) PHI (36.0-54.9) PHI (=55.0) health index.
110 https://doi.org/10.22465/kju0.2022.20.2.107



Wan Song, et al: Combination of PHI and PI-RADSv2 for csPCa

IJUO

100, ’ Area under ROC curves (95% Cl)
i — Baseline model (age+PSAD): 0.633 (0.581-0.683)
= — Baseline model+PHI: 0.807 (0.763-0.847)

754 4 — Baseline model+mpMRI: 0.846 (0.805-0.882) Fig. 2. Receiver-operating cha-
. :' ----- Baseline model+PHI+mpMRI: 0.884 (0.846-0.915) racteristic (ROC) curve analy-
s I sis for the multivariable logi-
® 5047 stic regression models for the
) ,I' prediction of clinically significant
25 prostate cancer on biopsy. CI: con-
fidence interval, PSAD: prostate-
specific antigen density, mpMRI:
: : : . multiparametric magnetic reson-
0 25 50 75 100 ance imaging, PHI: prostate health

Specificity

index.

Table 3. Diagnostic performance for clinically significant prostate cancer detection by different PHI cutofts and PI-RADSv2 score

Biopsy criteria by PHI Biopsy criteria by PHI and PI-RADSV2 score
PHI Sensitivity  Specificity PPV NPV
% biopsy avoided % csPCa missed % biopsy avoided % csPCa missed

>27 94.3% 23.1% 49.5% 83.6% 15.4% 5.7% 36.0% 4.7%
>30 89.9% 30.7% 50.9% 79.2% 21.5% 10.1% 40.5% 6.7%
>33 84.9% 37.7% 52.1% 75.8% 27.7% 15.1% 44.1% 7.8%
>36 81.1% 47.2% 55.1% 75.8% 34.6% 18.9% 48.6% 9.2%
>40 74.2% 58.8% 59.0% 74.1% 44.1% 25.8% 55.3% 12.0%

PHI: prostate health index, PI-RADSv2: Prostate Imaging Reporting and Data System version 2, PPV: positive predictive value, NPV: negative predictive

value, csPCa: clinically significant prostate cancer.
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