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Role of serum prostate-specific antigen combined with Gleason score in predicting the metastatic risk in
patients with newly diagnosed prostate cancer
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[ Abstract] Objective To explore the role of prostate-specific antigen (PSA) combined with the biopsy Gleason
score (GS) in predicting the metastatic risk in patients with newly diagnosed prostate cancer. Methods The imaging and
clinical data of 85 untreated prostate cancer patients, who were newly diagnosed by prostate biopsy and underwent “gallium-
labelled prostate-specific membrane antigen (PSMA) ligand PSMA-11 (**Ga-PSMA-11) positron emission tomography-
computed tomography (PET-CT) in Changhai Hospital of Naval Medical University (Second Military Medical University)
from Jan. to Dec. 2019, were analyzed retrospectively. There were 46 cases without metastasis (non-metastasis group) and
39 cases with metastasis (metastasis group). A logistic regression model for predicting the metastatic risk was established
using the occurrence of *Ga-PSMA-11 PET-CT positive metastasis as a binary dependent variable and PSA X (GS—5) as a
continuous independent variable, and the diagnostic efficacy was analyzed by receiver operating characteristic (ROC) curve;
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the model was tested with external validation data (#=20) to evaluate the accuracy of regression equation in predicting
tumor metastasis. Results The median PSA (75.0 [7.7-533.9 ] ng/mL vs 13.83 [3.8-62.0 | ng/mL, P<<0.01) and GS (8

[6-10] vs 8 [6-10] , P=0.042) in the metastasis group were significantly higher than those in the non-metastasis group.
When PSA X (GS—5) was used as a continuous independent variable, the area under the ROC curve of predictive value
was 0.857 (95% confidence interval [ CI] 0.772-0.942, P<<0.01). The best cut-off value of PSA X (GS—5) was 130.62,
with a sensitivity of 71.8%, a specificity of 95.7%, and a Yoden index of 0.675. The regression equation logit (P)=
0.019 XPSA X (GS—5)—2.3 had an accuracy of 81.2% (69/85) for predicting the metastatic risk. There was no significant
difference between the external validation data and the modeling data in the PSA (Z=—1.616, P=0.106) or GS (Z=—1.391,
P=0.164). The external validation data met the test conditions, and the accuracy of the test regression equation was 85.0%

(17/20). Conclusion PSA combined with GS has good performance in predicting the metastatic risk of patients with newly

diagnosed prostate cancer.

[ Key words ]  prostatic neoplasms; neoplasm metastasis; prostate-specific antigen; Gleason score; prostate-specific

membrane antigen; “gallium; positron emission tomography-computed tomography; logistic models
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AR R T T BRI, R BN R
BB i B JeAT CTHE (B 120 kv, EREZE
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Tab 1 Descriptive statistics of clinical characteristics and imaging parameters of newly diagnosed prostate cancer patients

Non-metastasis group N=46  Metastasis group N=39

Item Total N=285

Agelyear, x - 69.1+7.7
Gleason score, 1

6 7

7 26

8 27

9 21

10 4

PSA/(ng * mL '), median (range)
Metastatic site number, n

1 10
2-5 15
6-10 4
>10 10
Metastatic site,
Lymph node 11
Bone 10
Lymph node-+bone 15
Lung 1
Lung+bone 2

34.9 (3.8-533.9)

69.1+7.2 69.2+8.5
6 1
16 10
13 14
10 11
1 3

13.8 (3.8-62.0) 75.0 (7.7-533.9)
10
15
4
10

S O O O

11
10
15
1
2

S O O O O

PSA: Prostate-specific antigen.

22 AT E e B aae LA PSAME M ELE
H AR 5 TN A A% BE, 000 i 8 B R e RS XU 1Y
ROC AUC H 0.849 (95% CI 0.766~0.932, P=
0.001) , fAd FH 58.86 ng/mL X Jif 4 5 i hy
61.5%, Ft S K 97.8%, ZIEFEEH 0.593; LU
Gleason TF4r HUMAE Ry 1% 25 F AR B TN FE RS, T3
N 41 i 98 %% 7% IXURS: 7 ROC AUC 4 0.623 (95%
CI 0.505~0.742, P=0.051) , ffES 14 7.5 23 %F
N B RAEBER 71.8%, FEFEEHR 47.8%, L98F55K
9 0.196, PSAX ( Gleason PF4r—5) £ Mi%4L H
AR AL, FE{E ROC AUC 24 0.857 (95%
CI 0.772~0.942, P<<0.01) , fx 1 % {4 130.62
ng/mL X 1 1) R A E K 71.8%, HEFE N 95.7%,
ZPEHEECH 0.675,

23 WRAFAEELAEHEED DL PSAX (Gleason

Wor—5) V2 A2 st d mlIH 5 #2: logit (P) =
0.019XPSA X ( Gleason ¥-53—5) —2.3; logit (P) >
0.50 B T30 A8 35 A 5% 4%, logit (P) <<0.50 B 151
ToHHs o ARG RS RS 0 S0 R A B G 81.2%
(69/85) o TR AFEESCHE TN 0 DUAS 28 WLk 2.

*2 BEMBEREBNE R EER
Tab 2 Four grid prediction table of model construction data

N=85,n
o Model
Ga-PSMA-11 PET-CT - -
Non-metastasis Metastasis
Non-metastasis 44 2
Metastasis 14 25

*Ga-PSMA-11 PET-CT: ®Gallium-labelled prostate-
specific membrane antigen (PSMA) ligand PSMA-11 positron

emission tomography-computed tomography.
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Gitah B, PSA[34.9 (3.8~533.9) ng/mL
vs 61.7 (8.1~269.8) ng/mL, Z=—1.616, P=
0.106 ] F1 Gleason 743 [8 (6~10) 43 vs 8 (6~10)
4y, Z=—1.391, P=0.164) TEHMEBIUERHE 54
RUF U (] 22 S E 2R S, P AR A
ARG UEBCEA A E] U 5 R T % RS 1 v i
9 85.0% (17/20) , TINAELLIUAR R ILEE 3.

24 AR KOG T 4 5 00 IE Y
955 51 i MIP &1 5 161 1 5 995 191) 2 1) 2 7% AR %
logit (P) 4330 —2.16 F1—0.55, ¥I/hF 0.50, £
[l 7 FE U N TCE4 %%, 48 “Ga-PSMA-11 PET-CT
N O RS, TN IERG . Wt 3 S 4 EERS

HER 233k 3.40 F135.89, #1KT 0.50, £ H1H7%
PR AR, 2 “Ga-PSMA-11 PET-CT i2Wi A%
%, PO IER .

F 3 SMERIEEEFIE R A EAER
Tab3 Four grid prediction table of external validation data

N=20,n
Model
%Ga-PSMA-11 PET-CT L _
Non-metastasis Metastasis
Non-metastasis 9 2
Metastasis 1 8

%Ga-PSMA-11 PET-CT: “Gallium-labelled prostate-
specific membrane antigen (PSMA) ligand PSMA-11 positron

emission tomography-computed tomography.
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Fig1 MIP image of 4 typical patients
A: 66-year-old, PSA 7.42 ng/mL, GS 6, SUV,,,, 4.5, PSAX(GS—5)=7.42, the probability of metastasis (—2.16) was less than 0.50;
MIP image showed the lesions were presented in the prostate without metastasis. B: 65-year-old, PSA 45.99 ng/mL, GS 7, SUV_,, 15.2,
PSA X (GS—5)=91.98, the probability of metastasis (—0.55 ) was less than 0.50; MIP image showed the lesions were presented in the
prostate without metastasis. C: 72-year-old, PSA 75.00 ng/mL, GS 9, SUV ., 20.4, PSA X (GS—5)=300.00, the probability of metastasis

(3.40) was more than 0.50; MIP image showed the lesions were presented in the prostate and 2 oligometastatic foci were presented
in vertebral bone and appendage. D: 55-year-old, PSA 502.45 ng/mL, GS 9, SUV,,,, 4.3, PSAX(GS—5)=2 009.80, the probability

of metastasis (35.89) was more than 0.50; MIP image showed multiple metastases were presented all over the body. MIP: Maximum

intensity projection; PSA: Prostate-specific antigen; GS: Gleason score; SUV,.: Maximum standard uptake value.
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%Ga-PSMA-11 PET-CT ¥ FH T-Wi2 R 5 I8 Y
WM, SR ae S . Wik, ARFTEL
®Ga-PSMA-11 PET-CT PH: & BUAE A IR 14
b, REVIZHIFI N 3 PSA BXA Gleason 1
AN RS AU 1A TR0 A 41

*Ga-PSMA PET-CT X ij 1l fif 48 15 5% #% 012 i

SRR, SO AT B R PR R R A T
B, Pomykala %5 %} 5 WS PERF T 3L 388 4532
*“Ga-PSMA PET-CT K 4 1) 1ij 4] i Jii £ & 9% b 0F
5 LB B % 30, 1 IR o B0 i2 B 24%

(93/388) , A=Ak 52 A W 15 S8 5 7 58% (225/388) , &
KRS B RS 18% (70/388) , B FHMER Ky
83% (321/388) . Uslu-Besli 25 ' % 28 %112 Hi 51 i
Jod SEE BY [R1 P F 9T R B, X T A 0B e RSk 3
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FRE TR, B R FeREE L P
B BV FO0INAE RN R R B2 5300 72.7% . 52.9% .
50.0%. 75.0% #1160.7%, *Ga-PSMA-11 PET-CT 4}
514 90.9%. 100.0%. 100.0%. 94.4% 1 96.4%;
BT X BT, 0 76.2% . 80.9%.
57.1%. 91.1% Al 79.8%, “Ga-PSMA-11 PET-CT
I3 9k 85.7%. 100%. 100%. 95.5% F 95.4%.
IREE RN B R MUK A T . AR
B 5 1 B 3 BE M ®Ga-PSMA-11 PET-CT # £ 3%
5. Lengana 25 BUBFFT AL s T ARBIAYSE S, 45
IS B 5 A5 00 R AU FNIERR B2 23501 Ry 73.1% AN
84.1%, 1M “*Ga-PSMA-11 PET-CT 2 Wt i 7 )& Fil
HERR B BRIk 96.2% 1 99.1%, H B FE- 5612
AU B T A4 el Yo A s v R 2

*Ga-PSMA PET-CT X412 3 kL 45 R 1Y
12 Wi % BE IR %5 5. Franklin 25 % #1 ®*Ga-PSMA
PET-CT X 5 i bk L1 45 56 7% 1) R T i2 T Lh 2 25k
MRI G, A7 Y BEE T 00 (A0 R T 53 ) A
66.7%. 84.3%, MiJ5# M7~ 59.1%. 78.7%.
Petersen 25 7 LI 48 R 97 A Ik U0 485 1 91 A s 21
SE Ry A ARvE, IR T 20 19032 R 50 IR E R
M 2SR G WR &P, “Ga-PSMA PET-CT &
PEIZ Wbk O 285 5 B 11 58 088 FVRE 52 BE 2301 39%
H1100%, M5 CT 5 HLT 51 MR AH R AE 531k
8% F1 100%, VRHECINALT 51 (9 AH N AE 53 51 R 36%
H1 83%; “Ga-PSMA PET-CT B FF A4 F5 300 {15 1 9 42
TR 43 590K 100% F1 49%, H45% CT 83 HLF 51
MRI (A BB 314 100% F1 37%, SRECIUT 51
AR AE 3971k 80% T 42% .

Z I B, 17 PSA 7K M Gleason 1TF43
SERS TG i R A XS 1 G B TR A1 2% . Ho
S — TRl A 258 4] (e s B 90 4]
W2 T 9 g 2 8 A g v & 8L, 2 Wi PSA 7K
SRR A A S 9 RO R b T 245 7 SR 02 T
AR 2 DT IR, 7E PSA 7K°F-<<20 ng/mL
<10 ng/mL (1% B & v, B 568 55 51 R 103%

(12/117) F19.7% (7/72) 5 i £ PSA /K “F-<10
ng/mL .7 i U0 505 B 52 B 0 B o, i L
B0y 93.8%. Singh 25" [ FFIE 4T T 68 4l B
FEWIZ RIS B B B R & B, PSA K
TE<10 ng/mL, >10~20 ng/mL, >20~100 ng/mL
F1>100 ng/mL 4 4~ X [6] BF, B 39 4 BH M 2 5 51

50 (0/4) | 38.46% (5/13) . 60.87% ( 14/23)
F1100% (2828 ) , FAHMERAGIFEE L (P<
0.05) ; LI PSA=10 ng/mL Jy FL{H I, XF 1 Ay R
U N 100%, 557 B8 19.05%,  BHAE 15000 (5 N
73.44%,, Zaman 25" Xt 204 417732 i 51 i g 8
ISR IR, BRI R A Z0 33% (67/204) ;
PSA 7K*F<10 ng/mL. >10~20 ng/mL, >20~50
ng/mL. >50~100 ng/mL F1>100 ng/mL K}, HH
HEPTERAY 90 14% . 10%. 32%. 56% Fi1 82%,
Hi{i; Gleason 4343 7, 6. 7. 8 18 4%, 24
B2 S A G5 L LI PSA=48 ng/mL N
GUERT, W R0 REUE R 68.3%, FEFE N
86.1%; LA Gleason PF5r=8 4y M FENT, W B
1) RABE S 88.9%, 5 R 56.2%. Hamstra
s s - 5 Gleason PE4F K 6~7 4hH B &
HHEE, 8~10 43 () 8 & 1Y A A7 sk 1) O 0, {5
[i] % Az L AL #E B . Chen 2512 % 80 3] ( Heh 4%
B 45 ) 1112 B #4722 W K 1A 587 BoR,
PSA . Gleason W43, M HE AL IR B HFHER
MG E, =& 1 OR{EST M 1.005, 4.095,
14.023, FAE 53598 67.1 ng/mL, 7.5 4%, 2.5, R
ORE 3 501 K 55.6% . 75.6%. 84.0%, 454y
] 97.1%. 82.9%. 91.4%. Markowski %" % ¥
Gleason P45 5440 M2 KRR INA KBE, %
WFFERY 656 1l AL & B A 250 & A T e
MR K, Gleason Vi K A5 R &2 KR ST 1
S

KBFZE B 99 A PSA M Gleason P43 2 5455
RS R R, [E AR S . AT, mT
Il R A5 72 A RS R 9 1Y Gleason 343 6~10
51, PSA il Gleason VW12 R Hibdis F 7 F i
HEIE RS, A58 1 P ok 95 3 DL PSA X
( Gleason P53 —5) 1977 20k G 0y BRAS R T 4%
A, HE—2E 44 Gleason PE43 728 S 2240,
FIFEE RIS

R 4E 3¢ EH E K 28 & 98 iF W 4% (National
Comprehensive Cancer Network, NCCN ) 4§ pg #fE
1%, Gleason 7-43=8 43l PSA>20 ng/mL il K T
Sr=3a F I MR B R L Y L TR R
B PR IR, SR 5 17 PSA WM BN, ASHIFSE
SR REAEAE— B S E, WSS A E R —
IR KBS 2 B R PE . R U R, AR H
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