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[ Abstract] Cervical cancer has become an important disease that jeopardizes women's health,
causing hundreds of thousands of new cases annually. Human papillomavirus (HPV) is the leading cause for
cervical cancer. Since the world’s first HPV vaccine was licensed in 2006, 92 countries around the world
have introduced them in national immunization programs. The WHO recommends that scientific economic
evaluation should be achieved before the introduction, but this is more difficult for low-and middle-income
countries. Therefore, this article introduces a mathematical model recommended by WHO in 2014 to quickly
and easily accomplish economic evaluation of HPV vaccine -the PRIME, and take the China’s 2018 data
published by International Agency for Research on Cancer (IARC) as an example. The evaluation result
shows that the introduction of HPV vaccine in Chinese 12-year-old women is cost-effective.
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Step 1: Select country to localise input data :

from the World Health Organisation

More information at wwew. primetool.org

Seloct country: CHINA

Paramater  Default Valus

Country CHINA
Birth cohort size (female) 7, 707, 500
Cohort size at vaccination age (female) 6, OB6, 267
Coverage (sl doses) _ HOs
Vaccine efficacy vs HPV 16/18 100%
Target age group = 12

Vactine price per FIG 4044
Vaccine delivery cost per FIG $15. 00
Total vaccine cost per FIG 355

Cancer treatment cost (per episode, over lifetime) $660

DALYs for cancer diagnosis

DALYs for nan-terminal cancer sequelae (per year) 0.11

DALYs for terminal cancer 0. 78
7 . £
ﬂi%‘f&iug%ﬁ% E@ﬁﬁquﬁﬁ%%z urﬁ‘l o Propoetion of cervical cancer cmmurew?::\‘“:::; | r-'n‘:‘\
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Select country:

Paramater

Country

Birth cohort size (femnale}
Cohaort site at vaccination age (female) |
Coverage (all doses) | ¥
Vaccine efficacy vs HPV 16/18 100%

Target age group | 12

Vaccine price per FIG
Vaccine delfivery cost per FIG | $15. 00
Total vaccine cost per FIG | $55
Cancer treatment cost (per episode, over lifetime) | 3650
DALYs for cancer diagnosis |
DALYs for non-terminal cancer sequelae (per year) | 0. 11
DALYs for terminal cancer | 0.78
Discount rate | 3.0%
Proportion of cervical cancer cases that are due to HPV 16/18 | . 4%
GDP per capita $5, 445

B2 FLGR e T 5 22 U 2 DAl Pt SR T e K
AR v [l i

HPV 16/18 5 |2 5 St 14 i) 0 A4 [ A A 7 (B 1Y)
AR (151 3) , LA RAT I i A v 4 o M 308 R o B
TR BB (K 4) , JEAT T HERE

L RAR-B0 45 - 136 4 PR, ARSI A -2
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Override these default values:
Parameter  Default Value Override Value
Country CHINA [
Birth cohort size (Temale] 7,707,500 7, 706, 789
Cohort sire at vaccination age (Temale) 6,986,267 7,048,912
Coverage (all doses) B0R%
Vaccine efficacy v HPV 16/18 100%
Tasget age group 12
Vaccine price per FIG 540 L 56
Vaccine delivery cost per FIG $15 81
Total vaccine cot per FIG 555 >
Cancer treatment cost (per episode, over lifetime) 5650
DALY for cancer diagnosis 0.08
DALYs for non-terminal cancer sequelse (per year] 011
DALY for ternsinal cances .78
Discount rate 0%
Propartion of cervical cancer cases that are due to HPV 16/18 6a.4% 10.0
GOP per capits 55,445 $8, 780

3 MR ] B B 2 BT AE 2018 4K & A7 Y v [ ECHE %)
TE AR I 2k

Default values Override values

Convent Corvicn) Al-cause Cervical cancer ol All-cause
A - m::.;‘ mortality Age incidence - maortality
0 0.000001 o 00011 0 o] o
1 0.000001 0 000059 1 o o
2 0000001 0 000059 2 of o]
3 0000001 0 000059 3 of o]
4 0000001 0 000059 4 o] o]
5 0000001 0 000032 5 a| ol
6  0.000001 0 000032 6 0| of
7 0.000001 0 000032 7 [l [l
& 0000001 0 000032 8 0 [
9 0000001 0 000032 ] [
10 0.000001 0 000026 10 )
11 0.000001 0 000026 1n
12 0.000001 0 000026 12
13 0.000001 0 000026 13
14 0.000001 0 000026 14
15 0000067 0000012  0.00041 15 | 0. 0000K
16 0000067 0000012  0.00041 16 [ 0.1
17 0000067 0000012  0.00041 17 [0.¢
18 0000067 0000012  0.00041 18 [ 0.0
19 0000067 0000012 000041 19 | 0. 000! | 3 |
20 0000067 0000012 0.00049 20 | 0. 0000G4SE | 0. 00000123

B4 CHR I PR AE BT 58T 77 2018 4F % Af g v [ S o
AR A 2k

S AR A5 T R ) B B e 1 AR AE B ALK
507 521 664 3T 5 PRI S it - SO o7 2 31 S5095 A Dol
/U DT i/ 1 B SRR I8 7 JA Ry 29 912 843 ST ; RLA
508 WA YT BUAR 22 18] 1) 22 (8 RIS B0 19 52 B 52 3 (VB
A, 477 608 821 7T,

2. AR < 1B 5 o [l — Hh A DA AR, #{B Heh
RIE I ATE HPV 4 i Hafh 5 Ho—2E vh & AR IR B e B0 1 131
0 % 96 R T S ARG 5 Qe 4 BT/, F2 1R 201 8 AR5 T
T HPV 5 18 B0 55 2R 0 80% i, i Ty 46 013 1] E5 251
SR R 25 400 51 By SURAE T s UAS-RCR BT i
A 10 380 36 70 RV Ay 3kt G — 191 7 S99, A% A 18 803

25
E“ — R AT
B~20F —ERESE
o
Z#H
SR
mgwlﬁ o
EES
Eﬁg 10 F
EKE
<B- 51
D i L 1 1 1 J
10 20 30 40 5 60 70 80
F# ()

B5 AR FE BRAAE AT T BT 7E 2018 4R A1 i v [ s s
TR BRI T RIS B B0 I S 1 S

&0 B AT 3R G — 01 By SR ST T, R HPV R B AR Y
AR

3. MARBH - AN 4 i, 422 HE 2018 4 Hicdfs O, 75U
HPV S RN 3526 0 80% I, AT ) 4% Al 444 435
NAE $0 B e 2 B AE B ME DALY 2 32 563 A4 5 i
AT B, B 1001 35 58 BVl 5 k— 4> D5 e 3
I B0 DALY (R 8 ik 5w 4F 5 AR 304 DALY 2
A1) (CER) KT A4 P A 7 B, S B B Fh HPV 28 1 2
FARGF I A58

52012 4F 504 AH LE , ICER/ A GDP HEAE 4 A I 300K
s I B 43531 4 0.16/0.58 (2012 4F ) F10.11/0.47 (2018 4 )
520124 He , B4R 2018 4F CER A T iy , (H [ P 2k 7=
(LR o B TR T, R L A A AR S R B g

P4 PRIME () FH -5 Jmy R

Jit U8 fifi F PRIME Xt 428K 179 4N %51 A HPV S 1
HEAT T DA E A 5 00 B 2B R AT A PPN
frHess . S5 Was, Wi ICER (HOPEAL 1 & , PRIME ] LI7S
3 e B —E Ry 45 B SIE B PRIME 4387 ) DL /& HPV S 1 1
DA T F VAN P T B, U E F T R KT AT R
TEAF TP AR A 28 . Van Minh 254621 J1] PRIME X 8 134
1A HPV ZE AR AT T 40 HT, 45 33 24 D) 4k
ZE W e 9% BE B (Global Alliance for Vaccines and
Immunisation, GAVI) i 4% 5% WA 9 1 1) A4 2 2% 25 B Rl A 4%
Ho RBEFEAE T3 A TR B K R A0 A i 24 5+
) B — AP IR B P28 T DR AP R (1 52 0, Jit il Brisson' 734
i FH PRIME 47 1747 K E A7 I8 4130 19 T 2R 28 55 240
W, AR B IR AR Y K 2 9~14 % RN E
A VEG T 2 B IC T ARATSE R W B TR 1 ) s
FET-TRHERN 101 44, AR (UG 125 FAERN 9 2 B 11 87 44 (A
ALY HE A AR 15 4E 1Y 309%~40% F4°Ex #5048 T (B 19 By
123 J7~179 JT IR B S 46T ) s 2N A YL D & %
AT DASRASRE T PR, 0 AT 3R A5 B 1 AR R . A hr 2
R O~14 28 LR Rl §7 K HPV S SR, B
B AR

SR, PRIME J1- 2R 2% i i S A% 75 X & I FIFET
FSZ R e PRIME R FH A4 A 48 38 A8 A 48 « A6 S 78 F00 et
V] DAY, 08 1) 0 i RS AN 2 A4 B i o2 8 v o ok
07 0 S0 SR H O B S 1) 58 S DR BERR R 2k s R T T )
PR CANERAR G088 ) o A LB HR A2 S5 A AHr i e
SEBRAE DA TE AT G i, T T R 45 SR A3 M
KOTREMI 22 . Ak, R THEAARZ , SA T Z %
TE TRATIG A 0 R BT DA o 22 A K LA
PREHE AT TIAE 2255 2 VT B0 LA S e 4528 T LA
HEB AT TAEZ 2T a5 Rl TAEECR , iR
FIT AR 5 W ITAl A, 256 25 48 h BRI Bl 1T
G380t

TN e

PRIME HATPREE A7 5 Ll P R AR AE O AT, R3S



+750-

MU S o

2019 4E7 HES 53 45571 Chin J Prev Med, July 2019, Vol. 53, No. 7

A TAREAR LA B HEAT HPV 818 1 TR 2 5 2 e 3T
filio I, FEAMNA A UM AL HPV 22 E e R
7, ZANE = HPV B8 1 58 USUE AR T SR I R . &
AR T BAT 22 255 2% LA S N EVRRAE (1 25 S Ak, TR It
7 4 M G0 — o2 IR B 2R, 45 T DL SR A B
PRIME T ELAR & 24 i 52 B 1 50 647 A b Ak 1) HPV 9% 75 1
A PR EPITA S B B 3E A Y i HPV 1 4580
SEMGHRHERIE K . PRIME T HE0E 26 N 1 S50 5845k
LT A REE , Sl PRIME T 5 8 hid & b [ 4444 i 52
Priz i, AT PRIME 577 A Ak " AbBE 36 T EL A e S50
HEATRICHE . [RIE, nHE A4 T EIRAT S X PRIME T
B 1794 B ZBHR I T8 4, LA h 45 b i FH PRIME T
HiTERES %, AN, nTHRE PRIME BRIk s , U H:
A DI T 2 o R R 2 U B R AR I X
MEEMR A EH I IR 25 05

(1]

2]

(3]

[4]

(8]

[10]

2 % X #

Bray F,Ferlay J,Soerjomataram L et al. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA Cancer J
Clin,2018, 68(6): 394-424. DOI:10.3322/caac.21492.

Bruni L,Albero G,Serrano B. ICO/TARC Information Centre on
HPV (HPV  Information Centre).
Papillomavirus and Related Diseases in the World.[R].2019.
https: //hpvcentre.net/statistics/reports/X WX.pdf.

FAUE . MATE E ZR HPV G L . BB HPV T3
1) A Bk g E T HR ()], AR R R 2% 24 A, 2018, 52(5): 555.
DOI:10.3760/j.issn.0253-9624.2018.05.020.

Walboomers JM, Jacobs MV, Manos MM, et al. Human
papillomavirus is a necessary cause of invasive cervical cancer
worldwide[J]. J Pathol, 1999, 189(1): 12-19. DOI: 10.1002/(SICI)
1096-9896(199909)189 : 1<12: : AID-PATH431>3.0.CO;2-F.
AR A B AR o . HPV R e FLA e T B[], e Tt
B £ 2 24 3%, 2018, 52(1): 106-112. DOI: 10.3760/ cma. j.
issn.0253-9624.2018.01.021.

AT W TR . TR P A S IR TR 1 TR T
42T B s IR [, FR AR T 5 2 247, 2019, 53(1): 10-12.
DOI:10.3760/cma.j.issn.0253-9624.2019.01.003.

World Health Organization. Human papillomavirus vaccines:
WHO position paper,May 2017 [EB/OL]. [2019-01-01]. https:
/lapps.who.int/iris/bitstream/handle/10665/255353/WER9219.
pdf.

Herrero R, Gonzdlez P, Markowitz LE. Present status of human

and Cancer Human

papillomavirus vaccine development and implementation[]J].
Lancet Oncol,2015, 16(5): €206-216. DOI: 10.1016/S1470-2045
(14)70481-4.

WG A7 AOPK . 2017 4F WHO HPV 93 17 573 31 1 it 52
[J]. AR TR B BE 24 2R, 2018, 52(5): 464-468. DOI:10.3760/
cma.].issn.0253-9624.2018.05.003.

Brisson M, Bénard E, Drolet M, et al. Population-level impact,
herd immunity, and elimination after human papillomavirus
vaccination: a

systematic review and meta-analysis of

predictions from transmission-dynamic models[]]. Lancet

Public Health,2016, 1(1): e8-8¢17. DOL:10.1016/92468-2667
(16)30001-9.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

World Health Organization. A world free of cervical cancer
[EB/OL]. [2019-01-01]. https: //www. who. int/ dg/speeches /
2018/UNGA-cervical-cancer/en/.

AL, T ) SC, F MR . A2 IR T 8 SR B R R A
1K W S ()], TP AR T 5 2 2= 7, 2017, 51(1): 96-100.
DOI:10.3760/cma.j.issn.0253-9624.2017.01.019.

World Health Organization. Immunization / Vaccines and
Biologicals / SAGE meeting / Update on HPV vaccine
perspectives|[EB / OL].
[2019-01-01]. http: //www. who. int / immunization / sage /
meetings/2018/october/SAGE_october_2018_HPV_Goodman.
pdf.

Jit M, Levin C,Brisson M, et al. Economic analyses to support

introduction and  programmatic

decisions about HPV vaccination in low-and middle-income
countries: a consensus report and guide for analysts[J]. BMC
Med,2013, 11: 23. DOI:10.1186/1741-7015-11-23.

Modelling estimates of the incremental effectiveness &
cost-effectiveness of HPV vaccination[EB/OL]. [2019-01-01].
https: //www. who. int / immunization / sage / meetings / 2016 /
october/07_Modelling_HPV_immunization_strategies.pdf.
T3 RIGERS i it 5 B B HPV JE i 22 T 27T o
Mgt L] ARG, 2014, 31(2): 348-351, 356.

Jit M, Brisson M. Potential lives saved in 73 countries by
adopting multi-cohort vaccination of 9-14-year-old girls
against human papillomavirus[J]. Int J Cancer, 2018, 143(2):
317-323. DOI:10.1002/ije.31321.

Jit M, Brisson M, Portnoy A, et al. Cost-effectiveness of female
human papillomavirus vaccination in 179 countries:a PRIME
modelling study[J]. Lancet Glob Health,2014, 2(7): e406-414.
DOI:10.1016/S2214-109X(14)70237-2.

Mo X, Gai TR, Wang L, et al. Cost-effectiveness analysis of
different types of human papillomavirus vaccination combined
with a cervical cancer screening program in mainland China
[JI. BMC Infect Dis, 2017, 17(1): 502. DOL: 10.1186 /
$12879-017-2592-5.

Kim JJ,Kuntz KM, Stout NK, et al. Multiparameter calibration
of a natural history model of cervical cancer[J]. Am J
Epidemiol,2007, 166(2): 137-150.

Van de Velde N, Brisson M, Boily MC. Understanding
differences in predictions of HPV vaccine effectiveness: A
comparative model-based analysis[J]. Vaccine, 2010, 28(33):
5473-5484. DOI:10.1016/j.vaccine.2010.05.056.
M, et al

cost-effectiveness of the quadrivalent and bivalent human

Brisson M, Laprise JF, Drolet Comparative
papillomavirus vaccines: a transmission-dynamic modeling
study[J]. Vaccine, 2013, 31(37): 3863-3871. DOI: 10.1016/].
vaccine.2013.06.064.

RIS o, JA 70, 55 . A HPV S R SR 11 TLA= 22
TroE I A T s SB[, th AR TS B 2 A, 2017, 51
9): 814-820. DOI:10.3760/cma.}.issn.0253-9624.2017.09.008.
Marra F, Cloutier K, Oteng B, et al. Effectiveness and cost
effectiveness of human papillomavirus vaccine: a systematic
review[J]. Pharmacoeconomics, 2009, 27(2): 127-147. DOI:
10.2165/00019053-200927020-00004.

Taira AV, Neukermans CP, Sanders GD. Evaluating human
papillomavirus vaccination programs[J]. Emerg Infect Dis,
2004, 10(11): 1915-1923. DOI1:10.3201/eid1011.040222.
International Agency for Research on Cancer. ICO / IARC
Information Centre on HPV and Cancer (HPV Information
Centre). Human Papillomavirus and Related Diseases in China
[EB/OL]. [2019-01-01].https: //hpvcentre.net/statistics/reports/



FRAETR T P22 2 75 2019 4E 7 A 45 53 #4571 Chin J Prev Med, July 2019, Vol. 53, No. 7 -751-

[27]

[28]

[29]

[30]

[32]

[33]

[34]

[35]

[36]

XWX.pdf.

Campos NG, Kim ]J, Castle PE, et al. Health and economic
impact of HPV 16 / 18 vaccination and cervical cancer
screening in Eastern AfricalJ]. Int J Cancer, 2012, 130(11):
2672-2684. DOI:10.1002/ijc.26269.

Insinga RP, Dasbach EJ, Elbasha EH, et al. Cost-effectiveness
of quadrivalent human papillomavirus (HPV) vaccination in
Mexico: a transmission dynamic model-based evaluation[]].
Vaccine, 2007, 26(1): 128-139. DOIL: 10.1016 / j.
vaccine.2007.10.056.

Praditsitthikorn N, Teerawattananon Y, Tantivess S,et al. Economic
evaluation of policy options for prevention and control of cervical
cancer in Thailand[J]. Pharmacoeconomics,2011, 29(9): 781-806.
DOI:10.2165/11586560-000000000-00000.

Suarez E, Smith JS, Bosch FX, et al. Cost-effectiveness of
vaccination against cervical cancer: a multi-regional analysis
assessing the impact of vaccine characteristics and alternative
vaccination scenarios|]J]. Vaccine, 2008, 26 Suppl 5: F29-45.
DOI:0.1016/j.vaccine.2008.05.069.

Diaz M,Kim JJ,Albero G,et al. Health and economic impact of
HPV 16 and 18 vaccination and cervical cancer screening in
India[J]. Br J Cancer,2008, 99(2): 230-238. DOI:10.1038/sj.
bjc.6604462.

Goldie SJ,Kim JJ,Kobus K,et al. Cost-effectiveness of HPV 16,
18 vaccination in Brazil[J]. Vaccine,2007, 25(33): 6257-6270.
DOI:10.1016/j.vaccine.2007.05.058.

Kim JJ,Kobus KE,Diaz M.et al. Exploring the cost-effectiveness of
HPV vaccination in Vietnam:insights for evidence-based cervical
cancer prevention policy[J]. Vaccine, 2008, 26(32): 4015-4024.
DOI:10.1016/j.vaccine.2008.05.038.

Sharma M,Ortendahl J,van der Ham E.et al. Cost-effectiveness
of human papillomavirus vaccination and cervical cancer
screening in Thailand[J]. BJOG,2012, 119(2): 166-176. DOL:
10.1111/5.1471-0528.2011.02974.x.

Levin A, Wang SA, Levin C, et al. Costs of introducing and
delivering HPV vaccines in low and lower middle income
countries:inputs for GAVI policy on introduction grant support
to countries[J]. PLoS One,2014, 9(6): e101114. DOI:10.1371/
journal.pone.0101114.

Kim JJ,Goldie SJ. Health and economic implications of HPV
vaccination in the United States[J]. N Engl J Med,2008, 359
(8): 821-832. DOI:10.1056/NEJMsa0707052.

[37]

(38]

(391

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Jit M, Choi YH,Edmunds WJ. Economic evaluation of human
papillomavirus vaccination in the United Kingdom[J]. BMJ,
2008, 337: a769. DOI:10.1136/bmj.a769.

Termrungruanglert W, Havanond P, Khemapech N, et al. Cost
and effectiveness evaluation of prophylactic HPV vaccine in
developing countries[J]. Value Health, 2012, 15(1 Suppl):
S29-34. DOI:10.1016/j.jval.2011.11.007.

Quinn MA, Benedet JL, Odicino F, et al. Carcinoma of the
cervix uteri. FIGO 26th Annual Report on the Results of
Treatment in Gynecological Cancer[]J]. Int J Gynaecol Obstet,
2006, 95 Suppl 1: S43-103. DOIL: 10.1016 / S0020-7292(06)
60031-3.

Li N, Franceschi S, Howell-Jones R, et al. Human
papillomavirus type distribution in 30, 848 invasive cervical
cancers  worldwide: Variation by geographical region,
histological type and year of publication[J]. Int J Cancer,2011,
128(4): 927-935. DO1:10.1002/ij¢.25396.

The World Bank. GDP per capita (current US §). [EB/OL).
[2019-01-01]. http: //data. worldbank. org/indicator/NY. GDP.
PCAP.CD. Accessed on 15 Jan 2013.

Baltussen RM, Adam T, Tan-Torres Edejer T, et al. Making
choices in health: WHO guide to cost-effectiveness analysis
[EB/OLY]. [2019-01-01]. https: //scielosp.org/scielo.php?script=
sci_arttext&pid=S1135-57272004000300012.

Ahmeti A, Preza I, Simaku A, et al. Cost-effectiveness of
rotavirus vaccination in Albania[J]. Vaccine,2015, 33 Suppl 1:
A201-208. DOI:10.1016/j.vaccine.2014.12.075.

McCabe C,Claxton K,Culyer AJ. The NICE cost-effectiveness
threshold: what it is and what that means[J].
Pharmacoeconomics, 2008, 26(9): 733-744. DOI: 10.2165 /
00019053-200826090-00004.

Bruni L, Albero G, Serrano B. ICO/IARC Information Centre on
HPV and Cancer (HPV Centre).  Human
Papillomavirus and Related Diseases in China. [EB / OLJ.
[2019-01-01]. https: //hpvcentre.net/statistics/reports/CHN.pdf.
Van Minh H,NTT M, Jit M. Cervical cancer treatment costs

Information

and cost-effectiveness analysis of human papillomavirus
vaccination in Vietnam: a PRIME modeling study[J]. BMC
Health Serv Res, 2017, 17(1): 353. DOIL: 10.1186 /
s12913-017-2297-x.

(ki H391:2019-02-21)

(A3 - AR )



	744-751



