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Effectiveness and Health Economic Evaluation of Primary HPV Screening
with LBC Triage for Cervical Cancer
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Abstract : Objective To evaluate the triage efficacy and health economic value of primary high-risk human
papillomavirus (HPV) screening combined with liquid—based cytology (LBC) for triage in cervical cancer
screening. Methods A total of 124,508 women aged 35 to 64 years participating in a free cervical and
breast cancer screening program in Heyuan city were consecutively enrolled from January 2023 to
December 2025. All participants underwent single—vial synchronous HPV/LBC testing. The screening
algorithm was as follows: women positive for HPV16/18 were directly referred for colposcopy;
women positive for the other 12 high-risk HPV types were triaged based on LBC results, with atypical
squamous cells of undetermined significance (ASC-US) as the referral threshold. Histopathological
diagnosis from colposcopic biopsy served as the gold standard. The primary endpoints were cervical
intraepithelial neoplasia grade 2 or worse (CIN2+) and CIN3+. Indicators including positive predictive
value (PPV), colposcopy referral rate, and number of colposcopies needed to detect one lesion (NNC)
were used to quantitatively evaluate the efficacy of the LBC triage strategy.Results The overall high—
risk HPV positivity rate was 11.70%(14,564/124,508). The overall colposcopy referral rate of the co—
testing strategy was 4.81% (5,984/124,508), detecting 924 CIN2+ and 132 CIN3+ lesions. Among
women positive for non—-16/18 high-risk HPV types, the introduction of LBC triage reduced the
colposcopy referral rate from a theoretical 10.01% to 3.12% and decreased the NNC from 26.07 to
3.85, resulting in an approximately 6.8—fold improvement in colposcopy resource utilization efficiency,
The CIN2+ positive predictive value (PPV) of the triaged biopsy population (25.94%) was comparable
to that of the HPV 16/18—positive group (25.80%). Conclusion Supported by large—scale real-world
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data, the “primary HPV screening plus LBC triage” strategy significantly reduces the colposcopy
referral burden while maintaining a high detection rate of high—grade lesions. It represents a resource—
optimized model for cervical cancer screening that aligns with China's healthcare economic
landscape, and is suitable for widespread implementation in cervical cancer elimination initiatives.
Keywords : uterine cervical neoplasms; human papillomavirus; liquid-based cytology; health

economics; single-vial cotesting
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FOIRZERBET ZRH 5 BTHES, Pitsi e ™7 e AR5 2 (high-risk human papillomavirus, HR-HPV ) FrEU@S L
B R A AL R, 99% LA BB SE AL TR EI RN E] HPV DNAY, FETAIAT 13 FE G, HPV16/18 SUm MG, e s
JEL 5 70%%, K HPV il B e Sl E T8 12 ~ 1654F, ONEIH 5 R4t T EB N0,
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SR ZR, [ MR A TR A SEng P SR, WEE HPV RIRR0S AL, = 16/18 8 s HPV AU ISR b SR B s iE
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HEITT LBC SR, HHEWRERL, SAAMRKSHRSEUEE MM TR, R, Sismla g imis . Bk, e,
RO S WSS T MR A B IS . ILATR, HPV/LBC “—8" MllHARSEE Y [F— 0B S Big AR A R 580 HPV 43
TS LBC A, MARA R T HE R, WO R at  EmB A HORSE, JRT, B3R IR AU A — AR, SR T
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APl LBC X4 16/ 18 8L HPV M AT/ M DAL TR~ {E, U TR B S i e R s S AR el

—. BRERE

(—) ARWR

AN 2023451 A 1 F % 20254812 A 31 H & 5T 3k
PR AL E HAT HPV A 35 ~ 64 % FEELi:, Ir4
KB HA B R RS HERbaf: BT EUIRA L, TR
Wl AIEEOTE ARG, FERRA BRI GE, AT
TEIS TR TS A IR S 2 it (YXLL-202322) o

(Z) WERE

(1) FEACRLE

S IR EE IR & S A IR, BT S a s
WMSREER T, 4°CH 17, 24 h NI, AW5eRH HPV/ 5
2247 (liquid—based cytology, LBC ) “—&¥L" £ A,
R[] — 53 & BB TR 2 I CRAF IR AR T T HPV £ 4314 5 LBC
i, S C—YORKE, WURITFT .

(2) HPV £l

SR St U e i R A A% S Y. (polymerase chain reac—
tion, PCR ) #iA, &l HPV16, 188K HAb 12 Fim e (31,
33, 356, 39, 45, 51, 52, 56, 58, 59, 66, 68) [MNEATHS-
ZERHIE: HPVI16/18 43, HAd 12Fh & fis . 4 HPV &
MEER A=A ERIAG . B4l HPV16/18 B . Brafitifh 1250

FERPAE . HPV Bt OREESWAN HPV16/1841)

(3) LBC &

BT AR SRR, 20REOE, mam
AE R M B IZE U 5% Bl TBS ( The Bethesda System ) 4322 %
GEHATRE )y, EPIALEINS A —2, WS =4 s R
HE . LBC & 45 R 20 14 SR TR I BT R 4e (TBS)
BEATA325, LW R B . DA T B BZ P A8 Bl iR
(negative for intraepithelial lesion or malignancy, NILM ) ;
QR SRR AR R4 A (atypical squamous cells of un—
determined significance, ASC-US) ; 1% @R _F Rz PN 9w 28
(low—grade squamous intraepithelial lesion, LSIL ) ; @A4Lif
WERRANNE — AREHERR 5 B Bk _E RN AE (atypical squamous
cells, cannot exclude high—grade squamous intraepithelial le—
sion, ASC-H) ; @@EEHER FREZ KA (high—grade squamous
intraepithelial lesion, HSIL ) ; @ [k 244 it 2% ( squamous cell
carcinoma, SCC) ; @IAE#I Al (atypical glandular cells,
AGC) ; @7l (adenocarcinoma in situ, AIS)
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PABHIES: T 2 s0S R LUK B2 Wl it ARIEHE A
PAHAL (WHO ) Eofioribnifl, HZURELFE A I IEH
B NIEAR 148 (cervical intraepithelial neoplasia grade 1,
CIN1) . 24¢ (CIN2) . 3% (CIN3) sipEiEE 4 (invasive
cervical cancer, ICC ), AHFEZLEFG N CIN2+ 5 CIN3+,

(M) BEit2ar

TR DAL + e (Kts) FoR, IELE R DAL
FHE S (%) Fxe FEME (positive predictive value,
PPV ) [/95%Cl £ Jfl Clopper—Pearson #5 A i 38 = ( E2 4%k
<5) SUEREME (EAE>5) T8, DAZTATNFER:
FHIES 4123 = J S BHE R S AEL / i & S AEL x 100%;
e L AL T 5 BIE 520 (number of colposcopies needed to
detect one lesion, NNC ) = sZFREHIES 12 S AEL 7 #112 CIN2+
EPIEL EXAE 16/18 5 HPV FIFEARE, HHUFHHTC LBC 734t
MG 3 56 NNC, SRS At ., & Stata

MP 18.043H7, HLRILERA x “# 5 8L Fisher LM,
FHEIGF ] Cochran—Armitage . P<0.05 NZESEAE SR L,

(—) MEABEZISES HPV/LBC 2%

RWFFEIEINN 124,508 4 Lok, ~FHIFIN (46.37+7.71)
%o 1 e B HPV SR BH M 22 11.70% (14,564/124,508)
Ho HPV16/18 8L BH i 5 1.69% (2100/124,508) , H A 125
a5 10.01% (12,464/124,508 ) o 15 12,4641 H At % 1
HPV P AR, 54T “—&L" FHERmEA, LBC &
Rk 97.25% (12,121/12,464 ) , 2.75% (34301 ) [FEA A AL
ARG ARAT LBC il LBC %72 (= ASC-US) 4 32.04%
(3884/12,121) . ARAFEBLILE HPV R (xP=3562, P <
0.0001) F LBC 4iijifiz£432% ( x* = 174, P < 0.0001) E#I4>
MEFEAGI R (FEREL) .

12023 ~ 2025 45T 124,508 it \Ffmifa i HPV I TBS 55407

LBC Al 255 (n=12,121)

HPV &l (n=124,508)

e NILM (%) ASC-US (%) LSIL+ (%) FBAPE (%) HAbfEf HPV (%) HPV16/18 (%)
35 ~ <40 1738 (68.43) 509 (20.04) 293 (11.54) 25,345 (89.32) 2579 (9.09) 450 (1.59)
40 ~ < 45 1704 (68.32) 491 (19.69) 299 (11.99) 25,808 (89.75) 2552 (8.88) 394 (1.37)
45 ~ < 50 1408 (71.15) 329 (16.62) 242 (12.23) 20,094 (89.49) 2032 (9.05) 329 (1.46)
50 ~ < 55 1452 (67.66) 431 (20.08) 263 (12.26) 18,959 (88.06) 2217 (10.30) 353 (1.64)
55 ~ < 60 1209 (65.71) 405 (22.01) 226 (12.28) 13,015 (85.18) 1916 (12.54) 348 (2.28)
60 ~ 64 726 (64.71) 247 (22.01) 149 (13.28) 6723 (82.83) 1168 (14.39) 226 (2.78)
At 8237 (67.96) 2412 (19.90) 1472 (12.14) 109,944 (88.30) 12,464 (10.01) 2100 (1.69)
XM 17.4 10.8 6.10 356.2 155.0 80.4
P1H P <0.0001 0.0010 0.0135 P < 0.0001 P< 0.0001 P < 0.0001

W HPVI16/18: €716, 18, 16+18, 1671 H fh 127, 181 H
f 1270 Fofib AL Frrpaifh 12 Fh R fE ) HPV FE (RNE9116/18
B 5 LSIL+ AREEGRR bR oA K DL 1 (B35 LSIL, ASC-H,
HSIL K DA EBAE ) 5 ASC-US: 75 SCREAG ISR,

(Z) ARAAREER THNEAAREZERSHEMERNE

NEA AR CINO+ B SRR R 2 5 (F2)

(1) HPV 16/18 %L Ff A Bf: 118 5t %% 1 %2 N 1.69%
(2100/124,508) , CIN2+PPV $#25.80% (95%CI:
23.74% ~ 27.86%) , CIN3+PPV #5.73% (95%CI:
4.68% ~ 6.78% ) , NNC Jy3.88 (1729/446 ),

(2) dE16/18%84 HPV [H P AHER) LBC 43 ¥t &gk :LSIL+ F

41, ASC-US W 41F1 NILM Y 41 [ 52 B v5 A A Z0 45 51 0 952,
888 HI3Ml, = #H 19 CIN2+ PPV 4> 5| 4 35.08% (95%CI:
32.05% ~ 38.11%) . 16.22% (95%CI: 13.80% ~ 18.64% ) 0%
(95%CI: 0.00% ~ 70.76%) ; CIN3+ PPV 435 2.94% ., 0.56%
0%, NNC 4348 2.85, 6.17H10,

(3) BAERT MM, BiEAEILBC HmAsw N, i
FHAE16/18 8L HPV BHMEF B d %215, HG R4k 32 5 20 b
Iy AR — B (BB O 100%) , HE BHIE S 512 % R
10.01%(12,464/124,508), THiE NNC 4 26.07(12,464/478), SLiii
LBC 73, PR #1258 3 3.12% (3884/124,508 ) , =k
B NNC 24 3.85 (1,843/478)

£2 EfE HPV Kl LBS BEA T (404U Bk sk i

TR PPN (W) SEBREREC (f1)  CIN2+ (fi])  CIN2+PPV (%) (95%CD)  CIN3+ (f5i) CIN3+PPV (%) (95%C]) NNC*
HPV16/18 2100 1729 446 25.80(23.74% ~ 27.86%) 99 5.73 (4.68% ~ 6.78%) 3.88
FAbrrfar!

HPV

LSIL+ 1472 952 334 35.08(32.05% ~ 38.11%) 28 2.94 (1.96% ~ 3.92%) 2.85
ASC-US 2412 888 144 16.22(13.80% ~ 18.64%) 5 0.56 (0.22% ~ 1.88%) 6.17

NILM 8237 3 0 0 (0.00 ~ 70.76) 0 0 (0.00% ~ 70.76% ) -

IS 12121 1843 478 25.94(23.95% ~ 27.93% ) 33 179 (1.24% ~ 2.51%) 3.85

At 14221 3572 924 25.87(24.44% ~ 27.30% ) 132 3.70 (3.07% ~ 4.32%) 3.87
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W NNC & H 141 CIN2+ B 7 52 B I8 B3 50 e 50 0
ST NNC (3.85) #:FE16/1874 AL PRIG L (1843) 1
S, AT NNC (3.87) A4 ARFLpRvEf4L (3572) 115
95%Cl #RHE AR Clopper—Pearson FEHiiZa L E AT Ll
WL 7 FRTC

E12,121 41 H Ath =5 /& A HPV BH 1t & b, 388441 (X LB—
C = ASC-US # B 12 [ e, SCFR B BavE ik 22 h
47.38% (184073884 ) , F: A& i CIN2+ 4784; 8237 LBC Ny
NILM R ETTE 1, A2 b <0.1%, Akt CIN2+ 5%,

=. ihig

AHFFEIET 12 R P AR, RGP T “HPV Wb
A LBC 40" RS2SR iE . SR, 2B SRR E
BUHAL SR AR HIAE 4.81%, [RINEEL T 924 1 CIN2+ 48 46
. MWSCUEETA SR 73T % R B G i A AL A M S T
friE 1 RAF WHO B FHEINTEN IS #ie, (A4 RTeBk LIk
e SR AR B A Y, AR S A A4 2, iR
HEARERER HRGER L R o

FERLBI X532 L ARSI T HPV16/18 Bl &
BUmvERE . XFATESGEE AR F LAY (1.69% ) , {HEL CIN2+
5 CIN3+ [ PPV 4 BIIiE3k 25.80% 5 5.73%, Ate g RERGHAE
NIBES AR LM R $RAET BRI, AR
RITETBMERT LBC 1 4E16/18 % HPV AFERIAMME. #
FABEERRS, B NNC ®miE26.07, B wiiRey™m; 5
A LBC 445, NNC B2 3.85, BB e veisF i 416.8
&% Syfia LB AT CIN2+ PPV (25.94% ) 5 HPV16/18
FRAAEZE (25.80%) 61, 15043 Ti A MR 1k g TR RUBG: AHE
RFEBEIERE , IX 4561 Luu 28 " S 2 s b
HERR (I BT TR, IR ST SO A MBS0 IR R

253t

A7 TEETHEE—E, A, AT RIAE16/18 8 HPV HE
&I LSIL+ T 4H 1 CIN2+ PPV (35.08% ) JZ#8 HPV16/18 [k
Yo XL AR B R GS R B4 A s, H
HEE R = PR A KR R, IR PR N s AT LA [ 4
EEEM, BBSIIELIR, 60 ~ 64 % F4E4 HPV R im
17.17%, 5 R ILIXHa ", REEREERT, EF
e ILPRY EeRs b AR/ WERI N YA =

AT, A HIES RN 47.38%, BT Ak
EIREZ 2R R RS R R BT YR T R M 2
D ZEHI LA BN, AT IR M FRAIR AR, LBC 439 O Sl m XU
NBEERE SR WF LBC ARG &, BZHas T IRk
Fra RvEse, (HHEAR D B TRRE AR CIN2+, R T 4%
ey

ARSI : Ho—, B RSAS HPV AT LBC
FAPE AT 2 VA4S, BN RS IO, (HRHL
BAB T 58 CLUESE HPV B AR IR 05 A8 IR AR ™, HA
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PP T EARRAIRR o
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