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Abstract

Obijective This study aimed to compare the diagnostic performance of five detection
methods for Helicobacter pylori (Hp) infection—fluorescence rapid on-site evaluation
(F-ROSE), conventional histopathological examination (hematoxylin-eosin
staining/Giemsa staining), urea breath test (UBT), rapid urease test (RUT), and

endoscopic white-light visual assessment—under the assumption of no gold standard.
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Using large-sample clinical data, we sought to demonstrate the diagnostic advantages

of F-ROSE and validate its clinical utility.

Methods A total of 317 patients with suspected Hp infection were prospectively
enrolled. All five tests were performed synchronously in a blinded manner during the
same visit: F-ROSE, conventional histopathology (HE/Giemsa), UBT, RUT, and
endoscopic white-light visual assessment. A no-gold-standard evaluation framework
was adopted: (1) inter-method agreement was assessed using Cohen’s kappa
coefficient; (2) latent class analysis (LCA) was employed to estimate the sensitivity
(Se), specificity (Sp), and Youden index (J) of each method, with diagnostic
performance further evaluated by receiver operating characteristic (ROC) curves; and
(3) Bayesian sensitivity analysis was introduced to verify the robustness of the LCA
model. This framework did not require a prespecified clinical gold standard but
instead leveraged the combined response patterns of multiple imperfect tests to infer
the latent true infection status, enabling an objective and fair comparative evaluation

of diagnostic performance across methods.

Results The LCA model estimated a latent prevalence of approximately 34.8% in this
cohort. Ranked by overall efficacy (Youden index), the five methods were: F-ROSE
(0.8672) > RUT (0.8069) > ®®-UBT (0.7889) > histopathology (0.6076) > visual
inspection (0.6013). F-ROSE exhibited the highest sensitivity (0.9472), indicating a
very low missed-diagnosis rate, while histopathology showed the highest specificity
(0.9843) but relatively low sensitivity (0.6234). Bayesian analysis confirmed the high
robustness of the LCA results. In addition, the turnaround time for F-ROSE was only
25-30 minutes, significantly shorter than that for conventional histopathology (2472

hours).

Conclusion Based on the clinical data from 317 patients in this study, F-ROSE

demonstrated the best overall diagnostic performance among the five Hp detection
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methods, while endoscopic white-light visual assessment exhibited relatively poor
efficacy. F-ROSE combines high sensitivity, short turnaround time, and excellent
ability to identify weakly positive samples. Its area under the curve (AUC) under the
soft-label latent class (riLCA) framework was significantly superior to that of
histopathology, €-UBT, and visual inspection, and was close to that of RUT with a
marginally significant difference. It also maintained reasonably high specificity and
showed good agreement with conventional methods. With strong clinical feasibility
and practicality, F-ROSE holds promise as the preferred rapid testing method for

clinical diagnosis of Hp infection.

Keywords: fluorescence ROSE rapid test; Helicobacter pylori; conventional
histopathological examination; urea breath test; rapid urease test; endoscopic

white-light visual assessment; large-sample clinical validation
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FFPIRYD 2R TEASERE . FRBE T, o WL ARFIR . JEL S JEEEH:
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BT ZF A0S Hp DU 2B IR ResRBIR LS5, . AWAR
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HpZOt ekl (Y ness) ‘ 400x, AT4EBhHIE ‘
15578

HRAE
EERBRERA/ AR BLERL

SRR 493058

K6

TE: Hp 506 ROSE VAZLMAR (X400 1) , BT RSOIICHFPRYW AR KB QTGP RY A .

3.4 R 5ERSAT
AWFFR iR (5B 193 1 60.88%. Zr 124 1 39. 12%, B 7) FIAERH (<40
% 93 i, 41760 ¥ 134 ff. >60 % 90 i, £ 1. & 8) AT FHMH:Z 20 4 #7,
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AR N =R R . ST 5 FO7EmmEn 546 x 2 5% 1 & GF 10
MSTATSS) 5 A Bonferroni VEMKIE, KIEERI/KAE a’=0.05/10=0. 005
(R 2) o MERITT I, WREAR A BIPEPH LR 27, 5%, 2ot 15. 3% (J5i4A P=0. 017D,
ZRIEEATRE, HRNAINES LG 5 L (P>0.05) , $oRtERIEEE
TRARRZ, ST, IWMITERLL <40 BHMERERE, SRE Hp Bes
B — TSR R RER B BITF RS , UG S0 20 R 22 R 35 235 (P 1<0. 05D,
HARIEEHAREE. &5 260 SAK <40 SAATEZRTEEESY RUT

14. 2. UBT 16.3. WHE 20.2. 7% 16.6 NH%r £, M F-ROSE ¥ T P&

15.1 4

B4 A (<40 % 49.5%. 41760 % 32.8%. >60 % 34.4%) , MFiEE/N, HAE
EAER A R YRR AR AU R T v B A R (B 8) , FRaRHAE

A NBN R R A RE D
K7

BEMER SR

[ - 193
%, 124,39%
T 124
£8,193,61%
&it 317

E: 317 BB FORe A rh B A Ll il B2k
K1 FEFERSEOHEERLEE (X B8

60.88%

39.12%

100.00%

AL 53 (n=193) 4 (n=124) P (P50 <40 41-60 >60 % P (4E#)
B R 2= i 31. 1% 29. 8% 0.912 40. 9% 26. 1% 26. 7% 0.038
13 C-UBT 33. 7% 31. 5% 0.772 44.1% 28. 4% 27.8% 0. 022
o5 HLAGY 5 27. 5% 15. 3% 0.017 33.3% 19. 4% 16. 7% 0.013
F-ROSE 39. 9% 35. 5% 0. 502 49. 5% 32.8% 34. 4% 0. 028
P W 22 50. 8% 51.6% 0.976 62. 4% 49.3% 42. 2% 0. 021

e P<0.05; PEBILLE: (2X2) XA Pearson x 2 K36, F#LLIK(2X3 FHKEK) KA Pearson x 2 .

2 2 Hp R 7R B 5 4R w4 W40 43 #1 J Bonferroni % & LA IE 45 R
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AT

FHRER SRR L oes <o B KR40 B EHE60 B EEEERER P PITTON B o

(n=193) (n=124) Ej5a
PR ERE 31, 1% 29. 8% 0.912 40. 9% 26. 1% 26. 7% 0. 038 0. 005 TREER
'3C-UBT  33.7% 31.5% 0. 772 44. 1% 28. 4% 27. 8% 0. 022 0. 005 TREER
WEME  27.5% 15. 3% 0.017 33. 3% 19. 4% 16. 7% 0.013 0. 005 TREEZR
F-ROSE 39. 9% 35. 5% 0. 502 49. 5% 32. 8% 34. 4% 0. 028 0. 005 TRFHEES
AHRAEE  50.8% 51. 6% 0.976 62. 4% 49. 3% 42. 2% 0. 021 0. 005 T ES
K8
AT PR Sy A Bt R 2 R
» A $RMRIS EAPRMEE L (CH03) B. RIEUS SR EOPEESE LR (x24238)
. B (n=193) 70 Wem <40% (n=93) P=0.021
. i (n=124) 41-60% (n=134)

| - >60% (n=90)

ns
508 516

P=0.038

261 267

CL30FS

ROSE&ZH PIERTN R PR AR C131¥

FERE

ROSEZHE PYER TSR

e MR PR B B CRZIERT P=0. 017, ZRIERLRFEZER) , HARTTHE P>0.05 A ns, BIEREZER: 4

W 7% P 34<0. 05,

3.5 317 BIEE AP RN T7 B R LA

317 R X G rp TSI VA B PR T B W3R 3 S 9, T v B
ROHN: PO IR EBHALE 30. 60%. FFASLK: 32. 81%. FREEMEE 22. T1%. W
Jt ROSE 38.17%. B B HOLEL ML AW 51. 10%. & P HR 40 07 B P 2R A
(162/317) 5 PPN LR R, POHRULEEPRVER B 2 m T Al 4 BTk ROE P
¥ <0.005) , Jpg BRAS A FHVE A B ZAR T A 4 FhO7iE GRIE P ¥ <0.005) .

SR — A AR A I 7 V2 A P T ) 45 SR 2 e 5 — B, AN 90 SR I S MRS TE R
McNemar Fuixt 5 FpOTVERI 402K / FIVESS ST PR ECXS 70 #ir, 3558 1%
10 AXfEE; [FI KA Bonferroni AT 2 HIWEKALE, FArL/KiE a =0. 05,

KIEJE a’=0.05/10=0. 005, FAGIT45 R IWFE 4. 45 R BoR: RUT 5 "2 C-UBT.

'*C-UBT 55 F-ROSE KZIE P fEH¥Y@m KT 0.005, ZRIEHIHFEE N RUT 5
F-ROSE #Z1E P=0.005256, Ab-J-lm 51X A, $28 A SKAETR A E 97 7 L4 it
2R e A McNemar #3365 3.6 % Kappa —EUHELEH (K=0. 6943, #Hog—
HO , PR =T B RSB RI —5E. HAR 7 AWM ELEARLIE P A
<0.005, ZRAGIHFENL, HAREAE, WIRWESHR 4 MENZES

10.12201/bmr.202606.00055V1
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B g m L (RIE P % < 0.005)
HIONERMERZE R B, B2 s RAAES T B R GEmZE, 1R
H T IFIAFAE— 52 MR PH M R A, TovEmf e B — T SE AR G b, SOAR
FORET R LCA S5 &M AERESL AT 12 Wi RUBEVE A

F 3 IR BEAE 317 BB T R L

Wik pstiif-g A P % FH 1% FH 43
PRI IR W 5% 317 155 162 51.10%
rose PIGRIET 317 196 121 38.17%
'3 C-UBT 317 213 104 32.81%
RUT 317 220 97 30. 60%
RIS AT 317 245 72 22.71%
e BURET ARRINTTICN 31T FEAR
2% 4 McNemar VEZHZE R
FiE1 Fik2 McNemar FPM GESEMARIE) JEIHP{H  Bonferroni BIEPf B IEFa =0. 005, £&HEE
RUT '3 C-UBT 1. 0286 0. 310494 1 o
RUT PPy 12.8 0. 000347 0. 003466 =&
RUT F-ROSE 12.0227 0. 000526 0. 005256 &
RUT PR IR W 5% 47.0805 0 0 =
3 C-UBT gt 17.7963 0. 000025 0. 000246 =
13 C-UBT F-ROSE 5. 9535 0. 014688 0. 146882 7
3 C-UBT AT AR W 5% 33.8438 0 0 =
TP EE F-ROSE 39. 0508 0 0 =
TP EE A IR 5% 74,7264 0 0 2
F-ROSE AR W 5% 21.9178 0. 000003 0. 000028 =

K9
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XF 317 9B TURR AT TR ERT B A T VEEAT P Kappa TR (R 5)
RUT 5'2 C-UBT — &t (K=0.745) , &R EmEYE; rose R A SIIHE
PRERE. 13 C-UBT Z [MHIE R —F (K> 0.69) o PHRM %5 Hofth PO R 75 15 1)
—HME AL, DL IR SRAE BRI E R 22, RBATERE (& 10) .

x5

FriExt ME—HE HE—KE  Kappa 95%CI P —BHER
- - - 0. 6656 - .
Pk R Z B vs 13 C-UBT I3k 0. 8896 0. 5667 0. 7452 0. 8248 <0. 0001 A
- - . 0.6105 - .
Pk FR Z B vs ROSE Pt Aa 0.8612 0. 5459 0. 6943 0. 7782 <0. 0001 A
T N 0.5423 - N
P JREBENR vs RIK A 0. 8580 0. 6059 0. 6398 0. 7373 <0. 0001 LG
13 Sl 2= FSNIR YN 0.6226 - 75
C-UBT It vs ROSE % 6k 2% 0. 8644 0. 5407 0. 7047 0. 7867 <0. 0001 B
s 0. 4496 - .
ROSE ¢ 6HG 2 vs AIIR WIS 0. 7697 0. 4974 0.5418 0. 6340 <0. 0001 st
s T oo RS 0. 4787 - "
C-UBT Mk vs BT 0. 8297 0. 5938 0. 5806 0. 6395 <0.0001 rp &k
JO N 0.4742 - »
RIEME vs ROSE BOLA T 0.8139 0. 5646 0.5726 0. 6710 <0.0001 rp &k
, N 0.3584 - .
Puik JREEHR vs RIS 0. 7256 0. 4957 0. 4558 0 5532 <0. 0001 s
- 0.2985 - .
U3 C-UBT MR vs PUHR A% 0. 6972 0. 4962 0. 3989 0 1993 <0. 0001 —
. 0. 2366 - "
B vs PIBRMIEE 0. 6656 0. 4940 0. 3392 0 4418 <0. 0001 —

VE: Kappa —BMEMRE#IEFRME (Landis & Koch, 1977) : < 0.20 %, 0.20-0.40 —f%, 0.40-0.60 F1%, 0.60-0.80 #%
i, > 0.80 JLTF5EeE—.

B 10
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RUT UBT ECSEE ROSE PAIRR A &%
x >=0.80 JLFFEL—H ** 0.60-0.80 BE—H * 0.40-0.60 PEHE—H ns <0.40 —Eiirz

Ve 317 R TR VSR BEAT BRI 7 35— Bk Kappa REHAIIE
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N I S ) B R L s R S, 1 K=3—4 [ BLRT K4l FE X
(P=0.080) , fitn K=4 BAIEAET A WEEHENIRE, AIC, BIC. aBIC Y
£ K=3 W/ (BIC=1415.25, % K=2 M 1432.61 fik 17.36) , K=3 IR
(Entropy=0. 949) HE& T K=2 (Entropy=0.920) . #Z4igtitbriE, K=3 i
XF i AUAR AL, DELTA-BIC=17. 36 fEIEATHREC10 JysmilkdE) T @ ism G itk s,
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LB eAti it B R ESR = R R (GTHEED « AW TR0 HAR2fliit 5 F
R 77 A0 T H S GUIRAS I BURE (Se) H4Hp51E (Sp) o Se/Sp #EH 7€
SCEVL T RBERE UG vs RIEGY NHTHE: Se=P (BT | B
Sp = P (IME | RIEGIE o K=3 SINE=AHEZEE, Se/Sp MITHEAH T
U] RE SURH 5 R KGRI FE CR BRI NI G MR RIS G , ARz Ol Tl
B EAENE, Joikgy T IT R R R R ME e B S AN, PR eI
JREAT B IS AL 2 W 590 7 X008 — 0 SRR3R, [ N AR R 20 P TR RGeS 1€ X
ST %, K=3 WERAIRK LIS ORI ik K=2 S5HF 5T
R4t 44 e LG -

2+ K=3 [R5 F] e SR R S S MR 3R AOE S, T JE R SEImPR ISR : K=3
() Class 2 AHEZE (fGiFELB] 15. 1%, HEZSIEZE 44 B , HHEREImAE
B ERFIEYE: F-ROSE BHPEZR 100%, PIER M ZZRHIEZR 77. 7%, 1M RUT. '*C-UBT A
TRERRHIE R IICT 40% (3R 7) o K=3 WIAREEGLE (Class 1) F-ROSE FHIEZR N
0, #&7~ F-ROSE XKt FIEM. A IRRERIERE, PBEEIT AL HR 5
ABH LR AL 225 AR & F-ROSE BUREERAEE, W3 [AI/A1EMS BOCHE, X IER
SRS B LA e st RIS ATVl AR . K=3 BBG I 28 =2K4F
TRRFRRE FRAEMRIR PIIR AR EE S F-ROSE 2 [A) (R 5V S5 AH D6, S e 77 ) 3 e o
MRV R i S, T AR SEAZAE I R IR GRS SRR | R RIRBITFRBH.
AR TE A HE R IZ 2 RIS R IR QAT R, (ARG BLER I PRIE 4 SR

3.K=2 &N ENEHRL, TR DEAZR K=3: &M ERR TR K=2 #
RTRZEFRM (P> 0.05) , UMK ErI o E8dE. WIRWE
5 P-ROSE Z 8] (AR ok Sk 8 T R A PRI M 5, S AL DAFFE R A 7R e £
AR, FI K=2 23 2KIEMTEE S (Bntropy=0. 920) , BIC FAARAN Sz WA UL &
A, AHEETHE K=3 M7 H.

4.K=2 5 K=3 S EHENFESRTE—B: AT 191 1A ARG 82 {4
B R L[ BB 3 2R 52— 30, Aih s 86% (K 8).K=3 {WIFH K=2 %) 14%
FI TR, A AR A O oy 2Rl

5. LW S R Rt TR AR BUEYE . R Youden 4R
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BHEFE k=2 5 K=3 (7R A 5HFE B) ZIEE—H (£ 9, Lkt
P K=2 8 K=3, HKOEWERAE., EFHISEAR. IR RSN
N, EESHCED . RREEEW. SHTITR S ULECH K=2 BB AT S
2ot

#£6 LCA BRESE (K=1"4)

K S%% g gV S AIC BIC aBIC Entropy LR (vs K-) BLRT p

1 5 -996. 09 2002. 18 2020. 98 2005. 12 — — —
2 11 -684. 63 1391. 26 1432. 61 1397. 72 0. 920 622. 92 <0.001
3 17 -658. 67 1351.35 1415. 25 1361. 33 0. 949 51.92 <0.001
4 23 -652. 61 1351. 22 1437. 67 1364. 72 0. 883 12.13 0. 080

e K WTESONELG ATC: RS EWEN; BIC: DS B HEN; aBIC: AZIEDUMf#i{5 B #EN; Entropy: {H GEEL 1 4
ZHIEMTD ; LR (vs K-1): fBASALEL; BLRT p: Bootstrap BMALARLS p fH (FET 1000 XS4(HB)) . AIC, BIC. aBIC fHik

ANFIR ARSI HOR

R T OK=2 5 K=3 BRI R KA R

K = 2 A K =2 K = 3 f&f K = 3 f&#i K = 3 f5#
R J5i% Cl AEEge 2 kY Cl A €2 i3 €3 ki
KB T 0. 6520 0. 3480 0. 6020 0.1510 0. 2470
RUT 0. 0253 0. 8322 0. 0247 0.2913 1. 0000
13 C-UBT 0. 0536 0. 8425 0. 0405 0. 3897 0. 9906
i 0.0157 0. 6234 0.0157 0. 2006 0. 7581
F-ROSE 0. 0800 0. 9472 0. 0000 1. 0000 0.9324
PR 0.3019 0.9031 0. 2732 0. 7769 0.9272

e K=2. K=3 MBI BHE BE T i, 71 RIS FER MR R s AT EE .

® 8 K=2 BENR X K=3 BEIPILNE (n = 317)

K=3 C1 HREZ: K=3 C2 Hk K=3 (3 M it

K=2 Cl R 191 20 0 211
K=2 C2 /&% 0 24 82 106
A 191 44 82 317

TE: K=3 MIPIA2E (n=44) i1 K=2 o IemAlE ML B MR ——20 GRS K=2 JHRIEG:, 24 BRI,
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PRI AR B (R AR s K (191 GBS RIS / 82 BIWHZIESY 584 —5, K=3 MAESAFRRIINEL 14% L5 EE,

[EIRTEN T GE 20 g S
Y = — — =]z \ J
K9 HMENAEE K=2 5 K=3 AREXTH Se 5 Sp (R0
K=2 K=2 K=3 HF& A (X C3 AkL) K=3 R B (C2+C3 BIHNEH)
Lioellpipe Se Sp Se Sp Se Sp
NBERLZ 34, 79% 34.79% 24.71% 24.71% 39. 84% 39. 84%
RUT 0.8322 (0. 7397, 0.9747 (0.9431,  1.0000 (0.97, 0.9217 (0.85, 0.7308 (0.65, 0.9754 (0.95,
0.9151) 1.0000) 1. 00) 0.97) 0. 80) 1. 00)
- 0. 8425 (0. 7489, 0.9464 (0.9010,  0.9906 (0.93, 0.8893 (0.83, 0.7623 (0.66, 0.9595 (0.94,
0.9249) 0.9815) 1. 00) 0.93) 0. 83) 0. 99)
- 0.6234 (0. 4998, 0.9843 (0.9624,  0.7581 (0.64, 0.9471 (0.92, 0.5463 (0.43, 0.9843 (0. 96,
; 0. 7449) 1.0000) 0. 94) 0. 98) 0. 62) 1. 00)
FROSE 0.9472 (0. 8763, 0.9200 (0.8700,  0.9324 (0.87, 0.7990 (0.74, 0.9580 (0.84, 1.0000 (0.99,
0.9975) 0.9612) 1. 00) 0. 86) 0.98) 1. 00)
Wi 0.9031 (0. 8249, 0.6981 (0.6101,  0.9272 (0.86, 0.6255 (0.57, 0.8701 (0.79, 0.7268 (0.67,
0. 9682) 0.7820) 0. 98) 0. 69) 0.92) 0. 80)

WE: K=3 HE A: ULl C3 (YL

HF 5 K=2 &8, £
3. 7. 2 VEAER R 43 AT (LCA) 45 5#T

K 228

kg it

J) NG, CLHC2 B I ARG

Fafd.

T B: C2+C3 & iF MR,

Cl NG, FiftHRET

VTR AR (EM 50925, 60 IRBEALEZAG A0 X 5 Rl 7772 1)

PR S AR AT S AR o I AR RN B U RE 684, 63, AU T NFEIE AR
Hp &Y% O % 34. 79% (Bootstrap 95%CT 29. 3% 41. 7%) o &K 7% ri2
PEREINFE 10 Fion. ESUEMEJ51E, ROSE RGHK Bk (Se=0.9472, 95%CI
0.876370.9975) , PIHEMIZZRZ (Se=0.9031, 95%CI 0.824970.9682) , k¥
A AR (Se=0.6234, 95%CI 0.499870. 7449) . (EFFFMET I, WEM TR
95%CI 0.962471.0000 ) , 95%C1

( Sp=0. 9843 , RUT & 2z (Sp=0.9747,

0.943171.0000) , PYHRMEIRAL (Sp=0.6981, 95%CI 0.610170.7820) .
FURVE 5HE SRR (B 1D BR, P-ROSE RUEYE 0.947 [ E (S X A IR
BIL 10, RS NE LS X B R T U, SR U R AT R

PLZ)EFE40 (Youden index, J) i@ sEA12WiERE, b5 My (K 12) M.
ROSE %3¢ (J=0.8672) > RUT (J=0.8069) >'3C-UBT (J=0.7889) > Jji e
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(J=0.6076) ~ WHEM %L (J=0.6013) . ROSE % eH 2 (4534 HI 5 fE J1 AL,
H VTG 7R fe s (NPV=0. 9703, 95%CT 0. 938070. 9975) , *FF-HERR Hp e
HARmEMME. WIS BEURIEEGE, (HRRIEAE, FHIEBIEL 0. 6148
(95%CI 0.534070.6937) , FhSrH T2 75 H .

10 LCA BEBUAGTH i FOPR I 7 2212 Wi itk Be FE A

sl HEREHTY YERESTY Youden
N JE A 95%CT Sk 95%CT e 95%CT e 95%CT G 95%CT
woo er A : At " e : sk ;
- [0.7397 [0.9431 [0.8932 [0. 8696 [0. 6950
o , , , , s
‘%}z@@/ﬂ 0. 8322 0.9151] 0.9747 1.0000] 0. 9461 0.9924] 09159 0. 9576] 0- 8069 0.9108]
i
13
[0. 7489, [0.9010, [0. 8205, [0. 8752, [0. 6682,
,C UBT 0. 8125 0. 9249] 09464 0.9815] 08934 0. 9535] 09185 0. 9557] 0. 7889 0. 8966
W
I FEAS [0. 4998, [0. 9624, [0. 8959, [0. 7753, [0. 4740,
i 0. 6234 0. 7449] 0. 9843 1.0000] 09548 0.9973] 0. 8305 0.8815] 0. 6076 0. 7367]
ROSE [0.8763 [0.8700 [0.7926 [0.9380 [0.7715
PIEH 0.9472 : ’ 0. 9200 : ! 0. 8633 ' ’ 0.9703 ’ ! 0. 8672 ’ !
gﬁﬁ 0.9975] 0.9612] 0.9219] 0.9975] 0.9472]
PATHR [0. 8249, [0.6101, [0. 5340, [0. 8794, [0. 4780,
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RUT BXAJREE (0.960, 0.935-0.985) . F-ROSE BtA HRALEE (0.959, 0.940
-0.978) . "*C-UBT BA&ARMEL (0.955, 0.931-0.978) . '3C-UBT BE&
H(0.945, 0.916 -0.973) , AUC sRfik# o LGS PUHR UL EE (0. 928, 0.901
-0.955) (B 174) .

P UMb 28 2 N (R 15) , HF7 5 iR a5 B B — 30 RUT BX& F-ROSE
JEE AL (AUC = 0. 984, 95% CI: 0.975-0.994) , HJFMKICH 2 C-UBT BEL
F-ROSE (0. 974) . RUT BtA PIARALZE (0. 971) . '3 C-UBT BXA PIARMEE (0. 967)
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JREREES F-ROSE (0.966) . RUT XA '*C-UBT (0.960) . F-ROSE BtA PUHRML
£ (0.959) « RUT BEAHREE (0.958) . '"*C-UBT Bx&mE (0.954) , AUC &
KB VINREE A RS (0.940) (BI17B) . MESR T4 REmE—8, #
7~ RUT 5 F-ROSE HUBKEE 10 MR & BAT S R I AR IS I ke

2. HEE (AND) HIFER (OR) AR miffIxiE

£ LCA BHARBESIRT, BB — RN 55 REURE": 10 FhEcs
5 RAE BB R (R R = 94, 3%, (HEURE A T 57. 5% - 87. T%. FFEE
TN RPN S5, BURE 29K 94% - 100%, A RUT+ROSE. UBT+ROSE. RUT+M
MR . ROSE+INHR . UBT+PAHR &5 U7 SR BUR B A B BRI 100% (NPV A5 100%)
HR RS 63. 5% - 96. 2%. NI TN TAE RS H S LCA SRR 3
(BB ZER <2 DNESRD , G, BT, SPREH T e
(rule-in) "AHMMIGIR S (RRWFERES PPV, BMERENE) , FEBOR
W& FH T DL 0 2 B 12 I (rule—out) “ B BIEIIRIR 75 (B RLEURE 5
NPV, AR o PRI e 33 B TR I H AT AR SR 24K AUC KD
3. WiPH AUC K DeLong HL#%

FCX DeLong K&t F & R, RUT BA#A F-ROSE ) AUC 7E LCA ZH T EEF ST
HAeAIMBES % (P HIEHE 7.2 X 10° £ 0.023, 48 P < 0.05) ; 7£U
HET SRR IN BN T 6 MG TR (BE '°C-UBT Bk& F-ROSE. ' C-UBT Hx
AR IIEL  HELBCA F-ROSE ki P = 0.05 4, HABEH L P <0.05),
P S ERAR S W Ak e B . (BE 164 17D

4. /NG

L5G AUC R/ ERIC/ IR AR S BUREE - Fe s BEH A LABCKH DeLong g
iR, R FRAERHEPA SR TS558 — 8510 RUT 5 F-ROSE MBS
NERMNBARZHT % (AUC B3 &, JFBRTAERT Se=100%. NPV =100%) .

# 14 LCA BARZEHTE (AND) vs JFIBE (OR) _LAERRPEX R
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HRIK AND (P 3 BH A FI B D

JFHE OR CfE—BHPERDFIRHD

& & A
U Se FERIE Sp Youden = oy \py TR Se BRI Sp Youden —ppy \py
R iR
RUT+ROSE  82.1% (73.7-88.2) 100.0% (98.2-100.0) 0.821 100.0% 91.7% 100.0% (96.5-100.0) 88.2% (83.1-91.8) 0.882 80.9% 100.0% F Bk
UBT+ROSE 80.2% (71.6-86.7) 97.2% (93.9-98.7) 0.773 93.4% 90.7% 100.0% (96.5-100.0) 86.7% (81.5-90.7) 0.867 79.1% 100.0% F Bk
RUT+AIR 79.2% (70.6-85.9) 99.1% (96.6-99.7) 0.783 97.7% 90.5% 100.0% (96.5-100.0) 68.2% (61.7-74.2) 0.682 61.3% 100.0% HEE
JRPE+ROSE 63.2% (53.7-71.8) 100.0% (98.2-100.0) 0.632 100.0% 84.4% 97.2% (92.0-99.0) 89.1% (84.2-92.6) 0.863 81.7% 98.4% FEf
RUT+UBT 77.4% (68.5-84.3)  99.5% (97.4-99.9) 0.769 98.8% 89.7% 94.3% (88.2-97.4) 91.5% (86.9-94.5) 0.858 84.7% 97.0% FrEk
RUTHHH 58.5% (49.0-67.4) 100.0% (98.2-100.0) 0.585 100.0% 82.7% 93.4% (87.0-96.8) 96.2% (92.7-98.1) 0.896 92.5% 96.7% FHEE
ROSE+PAIHR 87.7% (80.1-92.7)  94.3% (90.3-96.7) 0.820 88.6% 93.9% 100.0% (96.5-100.0) 65.9% (59.2-71.9) 0.659 59.6% 100.0% =SBk
UBT+AIR 79.2% (70.6-85.9)  99.5% (97.4-99.9) 0.788 98.8% 90.5% 98.1% (93.4-99.5) 63.5% (56.8-69.7) 0.616 57.5% 98.5% HEE
UBT+EE 57.5% (48.0-66.5) 100.0% (98.2-100.0) 0.575 100.0% 82.4% 92.5% (85.8-96.1) 91.9% (87.5-94.9) 0.844 85.2% 96.0% FEEK
JHEHNIR 60.4% (50.9-69.2) 100.0% (98.2-100.0) 0.604 100.0% 83.4% 97.2% (92.0-99.0) 68.2% (61.7-74.2) 0.654 60.6% 98.0% FrEk
15 DIMHTEARZE B (AND) vs FEEX (OR) TAEFRMEXHER
L FIE AND (P S BEYEA D FEER OR CAE—FH R B D ‘
IS A
HBURSE Se FEFEE Sp Youden % PPV NPV HURFE Se FE5PE Sp Youden 8% PPV NPV
RUT+ROSE 81.7% (73.2-88.0) 99.1% (96.6 -99.7) 0. 808 97.7%  91.7% 100.0% (96.4-100.0) 87.3% (82.2-91.1) 0.873 79.4%  100.0%  FHEE
UBT+ROSE 81.7% (73.2-88.0) 97.2% (94.0-98.7) 0. 789 93.4%  91.6% 100.0% (96.4-100.0) 85.9% (80.6 - 90.0) 0. 859 77.6%  100.0%  FHEE
RUT+PAJHE  80.8% (72.2-87.2) 99.1% (96.6-99.7) 0. 798 97.7%  91.3% 100.0% (96.4-100.0) 67.6% (61.1-73.5) 0. 676 60.1%  100.0% E3EBE
UBT+PAJHE 80.8% (72.2-87.2) 99.5% (97.4-99.9) 0. 803 98.8%  91.4% 100.0% (96.4-100.0) 63.8% (57.2-70.0) 0. 638 57.5%  100.0%  EBEE
—
ﬁ@ﬂa@ 64.4% (54.9-73.0) 100.0% (98.2 - 100. 0) 0. 644 100.0% 85.2% 97.1% (91.9-99.0) 88.3% (83.2-91.9) 0. 854 80.2%  98.4%  IFBE
Lo
RUT+UB£ 78.8% (70.0-85.6) 99.5% (97.4-99.9) 0. 784 98.8%  90.6% 94.2% (88.0-97.3) 90.6% (85.9-93.8) 0. 848 83.1%  97.0%  IFEBE
ROSEH?:]% 89.4% (82.0-94.0) 94.4% (90.4-96.7) 0. 838 88.6%  94.8% 100.0% (96.4-100.0) 65.3% (58.6-71.3) 0. 653 58.4%  100.0%  EBEE
RUT%% 59.6% (50.0-68.5) 100.0% (98.2 - 100. 0) 0. 596 100.0% 83.5% 93.3% (86.8-96.7) 95.3% (91.6-97.4) 0. 886 90.7%  96.7%  FEBE
UBT%@ 58.7% (49.0-67.6) 100.0% (98.2 - 100. 0) 0. 587 100.0% 83.2% 94.2% (88.0-97.3) 92.0% (87.6-95.0) 0. 862 85.2%  97.0%  IFFEE
FEIHER 61.5% (51.9-70.3) 100.0% (98.2 - 100. 0) 0.615 100.0%  84.2%  99.0% (94.8-99.8) 68.5% (62.0-74.4) 0. 676 60.6%  99.3%  FEE
I ~ ATy I
5' e DR =% AR PR U R R
[qV]
N A
‘_! 17
o
— (A) LCARR#R%E (rilCA) (B) NMHFER#RE (riBayes)
- 10 —
——————
09
08
0.7
’HID.S
#
=
o os
]
& 04
= RUT+ROSE (AUC =0.990) ﬂ = RUT+ROSE (AUC =0.984)
= UBT+ROSE (AUC =0.974) = UBT+ROSE (AUC =0.974)
——— RUT+BHR (AUC=0.972) 03 —— RUT+AIR (AUC=0.971)
I +ROSE (AUC =0.967) UBT+AIR (AUC =0.967)
RUT+UBT (AUC =0.962) MIR+ROSE (AUC =0.966)
e RUT+12 (AUC = 0.960) 0.2 s RUT+UBT (AUC =0.960)
~——— ROSE+ME (AUC =0.959) —— ROSE+@JIR (AUC =0.959)
w— UBT+AIR (AUC =0.955) w—— RUT+H (AUC =0.958)
0.1 UBTHI (AUC =0.945) 01 UBT+AIE (AUC=0.954)
— HIE+AIR (AUC =0.928) e R PIER (AUC = 0.940)
BFL (AUC=0.5) £F4% (AUC=0.5)
0.0 0.0
0.0 01 0.2 03 04 05 0.6 0.7 0.8 0.9 10 0.0 0.1 0.2 03 04 0.5 0.6 0.7 08 0.9 1.0
1-45 5 (R ®R) 1-$55 A (RPATEE)

T BRI T AT =R IR (AND) A S A B3 =R (OR) AR .
16 LCA BAR%E DeLong f% — WIKH AUC ZR p {HAFE

RUT+ROSE UBT+ROSE RUT+HJER S EE+ROSE RUT+UBT RUT+H%RI ROSE+AIFR UBT+AJER

UBTHRHE WHE+AR
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RUT+ROSE UBT+ROSE RUT+PIHR J%IE+ROSE RUT+UBT RUT+FZE ROSE+PJER UBT+AER UBTHRE JRE+RIER

RUT+ROSE — 0.023 * i'(f_‘:i 0.019 * 0.010 * 0.007 * f:'(;’_}i 0.003 % 0.002 * Z'OZ_E .
UBT+ROSE  0.023 * — 0. 886 0.457  0.379  0.366  0.127  0.112  0.035 *  0.003 *
RUT+PER "166_21 0. 886 — 0.666  0.301  0.221  0.251  0.159  0.084  0.002 %
FHEROSE 0,019 *  0.457  0.666 — 0.753  0.663  0.356  0.415  0.172  0.007 *
RUT+UBT 0,010 %  0.379  0.301 0. 753 — 0.922  0.856  0.597  0.340  0.080
RUT+HE  0.007 %  0.366  0.221 0.663  0.922 — 0.937  0.756  0.415  0.052
ROSE-+ PR f:ji 0.127  0.251 0.356  0.856  0.937 — 0.771  0.407  0.038 %
UBT+MIEE  0.003 *  0.112  0.159 0.415  0.597  0.756  0.771 — 0.281  0.035 %
UBT+HFEE  0.002 *# 0.035 % 0.084 0.172  0.340  0.415  0.407  0.281 — 0. 256
AR Z'Ozfi 0.003 * 0.002 % 0.007 * 0.080  0.052  0.038 % 0.035 %  0.256 —

17T UM KARZE DeLong #5368 — WM AUC Z5% p {HARE

RUT+ROSE  UBT+ROSE RUT+PAIHE UBT+AIFR J%FH+ROSE RUT+UBT ROSE+MIAR RUTHFHH UBTHHEM JRIE+AIR

RUT+ROSE — 0.169  0.019 *  0.054 0.071  0.036 * 0.012 * 0.020 * 0.028 * i'ooji
UBT+ROSE  0.169 — 0. 787 0. 463 0.389 0.324 0.139 0. 291 0.118  0.011 *
RUT+AIER  0.019 *  0.787 — 0. 691 0.684  0.294 0.325 0.183 0.259  0.009 *
UBT+AIHR  0.054 0. 463 0. 691 — 0.911 0. 506 0.518 0. 541 0.154  0.031 *
JHEAROSE 0. 071 0.389 0.684  0.911 — 0. 740 0. 465 0. 607 0.447  0.033 *
RUT+UBT  0.036 %  0.324  0.294  0.506 0. 740 — 0. 956 0.877 0.719 0. 250

ROSE+PAIMR  0.012 *  0.139 0.325 0.518 0. 465 0. 956 — 0.918 0.748 0.130

RUTHREE  0.020 % 0.291 0.183 0.541 0. 607 0.877 0.918 0.846 0. 220

UBTHREE  0.028 *  0.118 0. 259 0.154 0. 447 0.719 0.748 0.846 — 0.327

B+ AR i'oo,}i 0.011 * 0.009 * 0.031 * 0.033 * 0.250 0.130 0.220  0.327 —

e # bR p < 0.05 (BREPRIERAEZER B

M. g

KM T 317 FI5EAL Hp L B3 1 [RIE TUE N BB, AT hRERESE R P
fli 7 F-ROSE 5 WUFME G AR Wi RGE. LU N M2t RE . J7iklaIxs be . AR
BRI k2 A B DA J5 TR I F i i

10.12201/bmr.202606.00055V1

4.1 F-ROSE £ Wi ReLR &V

T AERESL N, F-ROSE UL AR L& 2 Wane . Fausr: & B
TUNE (NPYV) Y309 i i s, BWRAE F-ROSE MR AR 1 w2 MR, 1
PLCHEBRIZWT” S B I3 5P B S H s R R S AR R E R i K, K=2 5
K=3 WiFh LCA BB E FHEF AR, 298 Hasuntd. =Ml r = F,
F-ROSE f] Se. Sp #KZEFAN 0.97% F1 3. 02% LA SCHRIEH6: 2 Hob fa e M i
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) s =FHAM ROC 73 (BL LCA BARZE. DU bn2 2 AL ROC,
DA% LA DL 17 J5 S A 5 NP4 I — B ROC) JEIRIESE, F-ROSE fE B & HAR%
HEZE R ANAL AUC ¥ 98 (rilCA 0.949. riBayes 0.945) , HWESME T AUC
duxt 72 ANEE 0.02; NI RS A7 5L Se=0. 948 5 EM-MLE 0. 947 JLF
SEAEEA (ER 0.1%) 5 78 F-ROSE KIS WIRe m AR, R4 e 1
B SR B B 4

1 B2 WIRAE, F-ROSE B A AL G A R PRI R IS — =27
PHATLRE ST, ASHEF 2 BT B SR (7790 By, $27R F-ROSE X 55
BHPEREA L BUR, 9-4N T B INEG RS AR R0/ e )1, &
SRS BB 5 CEAE PR 2 2 10 B R AL, X TR IR NS B | 8 S ARER
TRTT I LSRR 7 JURR R B A 4 2 AT A3 b o, 3L 25-30 40 i) HE i A
HIESEH 7 BRI AR “ B P aril (ROSE) 7 .

4.2 H5EGITERIXT AT

S5 AL, F-ROSE BA W35 1 77 ik 2 AR 30 LA

RIS T FRAG AT o B EERR S AR &, (R SURAEAN R (5 52 ORE JR I e A
AT, HAENHKEHR ! RRERBIMFF XS H. - F-ROSE 7E R AL I KA
RIVHTHE T, B VW E I BO0mBT, I RIESR T 1A 3R

FH#CT ' C-UBT: DeLong MMAXAKIRIESE F-ROSE %R T'°C-UBT (riLCA
P=0. 0162, riBayes P=0.0212) , F-ROSE fE2Wizht F4am S, xFOa 8
BARMEM B, U2 58 F-ROSE &,  LLAA 22 HE 5 2 254 /R & F !
*C-UBT B AR &if.

FI%F RUT: DeLong K% @75 F-ROSE 5 RUT ) AUC 2 SEIEH ERFRL
FIEF (rilCA P=0. 0456 $£iL&E#%, riBayes P=0.2654 LREZER) , AW
R B S . B F-ROSE AMKATR R BRSNS, REIRHtEM AL
NG PRS00 S 1 AR & BN HPRES T RUT AOMEE TE4HR | ASREIRBIAIFF 5%

BT IRALSS: AT PR PR R A &, 52 AR FENT R, A5
PRUE SE AN RE SRRy Hp SR G2 1R 3R
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FE PP HK & SR 1, RUT+F-ROSE R I H AL A BRI R, RUT+F-ROSE A
AUC EPEBARZ T34 0.990 Al 0.984, FLXt DeLong #4e fsHAE
rilCA ZETFEEFES TR 9 MPIRECG TR (2 P<0.05) - HTMEHET
FIUCERIARAS, TEAAMI, FRECRT SEdl @ UM GERFIfia) , ST
LR R GEF T2 R PR B A% Hh 5 B R AT 1 R e 0 1) XA
W77
4.3 FAM T EELEA RIS BUR 5 o F R B

AHFFMEE R <40 L HATER R FEROES, BRERIEE R ENE,
(BN R) 7 150 A 1Y K AR BB B 22 S LA RV o ARG AC, b 7 ik B v SR 1
£ RRE#aY, FREREE S HONAER 20. 2. J%FE 16. 6. UBT 16. 3. F-ROSE 15. 1.
RUT 14.2 ANE4Srsi, F-ROSE FRIRIE/N. EARERRZ, F-ROSE £ =AMFEH4H
S YEFE DU RN AT (BRATIR SR AN (i m BE VA R, SR AR Z 4N
B A R R R e ). X AT REIR D 8 AT PERE 240 . Ik S5 AL
SRR B BRI, 0PRSS P P (R A U ) B R R | BB RBITF R B%.
I F-ROSE =T H T, 2 AFERE I B R BRAT AR 2 BN . BEAR,
ZE B IESE, A ZX Rl 77 SRR 1 25 o gi it B e (AR IE
A P=0.017 MUREARTAY) , $RRMERIAZ Hp Al g B F 2R AR & .

4. 4 BEhrESTERR TR EM

A FMELLIN N JG ELTE e hntE 264 T 2 Wi B v P S 4L 1 Al S - T
PR o % T ARG Hp Al 7 25947 A6 [ A IO PR P BB A, SAT 4R A —“ &
B ” #B25I N R GV (ARBFFT McNemar #6560 CAFs2 5D o Nk, AWFFT
f#E T “LCA—BLCM—DeLong f4%” = E HIUFM T F A &R, £ BTk
(40 e B S (LCA 5 UM flith 25 SR —80 , MU T %% R IR sS4
T F-ROSE RS IIAZ 0451, WM G SLT0 S ARAE &1 T 2 Wt Ie v S 4t
TR AR .

[FlINf, 78 LCA ZK#ukdd b, AWFFIFARHBGEE R —(F B HEN (BIC f£
K=3 W), MiRLEaEE Tt B s MITEC T (Se/Sp TEH% € X
BRSO ED | IRRRIRI S E M AU LA TR A SE I K
AR R T BE TP, ke K=2, Bafgteodrit— b oK, K=2 5 K=3
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TIXE 86% 2 (273/31 DI 5e 4 —8, AFl %M Se/Sp HEFAE K=3 1)
PRSI RT S K=2 BE 8, HOEWEeAE MR M. X —
ZERUCICAR S T 20 Ge T H R PRI IR SRAE S, £F4 Nylund 45 2007 4532 EEHAI
FXRBH. : Masyn 2013 88! REGRBINFFXSH. ; Weller 55 2020 HHR! e
RAMFFRSH. ML LCA BIALERREW, TRNIGEELE S Wit T ity
S
4.5 BRKRRESRE

R FAEAE LN T RIR: (1) SRk E G R A7 T E S hn i
FESR B HE 3 B SR GWIRAS , PPN 25 AR 0T b S B2 7V ] R SR v =
SEAMERIUE RS, XA TR E A 1R IR, SRR G AR 7 I
(2) FEAS Ja) BRAE - /Sy B o 7 HL N HL 4% B B HR IR 10 i T E BB 26 (34, T9%)
BER, HA50 A — MR NBFIMER TE I, RKFE 2 0 KRR AR RS
Se/Sp SCHRALE;  (3) BB ¥ it G X B ARBRYA YT 5 KR V7, F-ROSE
GRS/ BERIRAS S TG - RN B T 24 TR PR R 2 DR IR Ao TS TR BA B 7
ESE;  (4) FPiEMST MR ABFS K=3 MY h [a] 243 [ #2 R, F-ROSE 5§
5 11 BN 5 2 18] P REAEAE Jo) 3 R C P e v 2 %o S AR A 1 11 kv
), XsE LCA RS MR R R . 582 T i 7T RO A T E
ERAEGAR (40 F-ROSE HURE# 5 P8 08238 58 oy . AELRAE ED 3 — 4%
HIMRA; (5) TAELTFY: MAEA F-ROSE W1 B A& BN 5 K I R 3K 25 1
AL

SF ERRIRYE, SRR AR (D FRZHO. KA. gt
WH7T, #E— D RAIE F-ROSE B2 Wi ae AR 2 I Se/Sp Jeu il : (2) @57 F-ROSE
Gr S IRBRIATT SN KM R AR R SCIRAS A, F2 408 L 43 S IR I PR R S A
fH: () FFRRIDAELTFEIAN, B HAEAR F BT FIRN B T S - 2 A
(4) % F-ROSE 7£ Hp fRERVGIT 7 ROPAS o M 25 P00 . & I HoAth v A0 s
AR (RS AN L BT AL) O A P T R N

4.6 ImpRHEE LA B
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T AR FUIESE , XTIER Hp Rl AR s th i R4 (D TR EE
BAEA B, AR B BLE K RIIN T F-ROSE el A ik b2 W FBL, ]
RN (25 -30 08D HAGR, BEAGECW—IBIT R3hE .
(2) HImKRFHEE e WHCERE CRERIGIT B3I . SEEm ol =0
I, A KA RUT+F-ROSE FUXUEEER-G Al DAERIEE CAND) $RUA T#12 CRe s
P4 100%. PPV 100%) , PAFFIC COR) MU THEBRIZIralifiiar (Uit 100%.
NPV 100%) , HARBUN £ RARSE IR K RS B 8 (rule—in B rule—out) HfiiE .
(3) XTI EBEIBME. LARE by B A EE, UBT 132 & 3 ot E ik
BRI TRESRATERS Y. , (HFE TS PPL. PUAEREZN T, (4 BHEA
SEEARAIWT TR R A . EPER, AN HAE S Hp B TSAE, X
AR REE . (5) X T F-ROSE Kl th s 2V Hif5 5 IRk
T/ H BB T WA B, N A TR, i
AR BR G TT HF IR b T o

2% BRTIR, P-ROSE & —Fibul. MUk, Fafi H A MR I A B i E ) Hp
SRGLRT T 7772, 5 RUT A L T T B s U 5 v e PR PR R 12 T
W, A RN Hp AR POEIZ I Kk T B . AT AT &AM T2
WIS RETET R A 1 AT R I 5 12
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