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Abstract23

Background24

Human papillomavirus (HPV) is the most common sexually transmitted infection and a25

leading cause of anal cancer and genital warts, particularly among men who have sex with26

men (MSM). In Hong Kong, HPV vaccination is currently only offered to school-aged girls,27

despite the high burden of HPV-related diseases among MSM, especially those living with28

HIV. Existing cost-effectiveness evaluations of HPV vaccination in Hong Kong primarily29

focus on female-only strategies and heterosexual men without accounting for differences in30

HPV infection risks among MSM. In contrast, countries such as the United Kingdom initially31

implemented free HPV vaccination for MSM through sexual health clinics, followed by an32

expansion of the programme to include adolescent boys. This provides a potentially useful33

model for Hong Kong to consider. This study aimed to evaluate the cost-effectiveness of34

implementing 9-valent HPV (9vHPV) vaccination strategies among HIV-positive and HIV-35

negative MSM in Hong Kong.36

Methods37

We developed a Markov model to simulate the natural history of HPV infection and38

progression to genital warts, and anal cancer in a cohort of 100,000 MSM in Hong Kong,39

stratified by four age groups (12–18, 19–27, 28–45, and >45 years) and HIV status (positive40

or negative). A 10-year time horizon was used from the healthcare provider’s perspective.41

The primary outcome was the incremental cost-effectiveness ratio (ICER) per quality-42

adjusted life-year (QALY) gained. One-way and probabilistic sensitivity analyses were43

performed to assess the robustness of the results.44

Results45

Modelled incidence rates of anal cancer and anogenital warts were significantly reduced46

following the implementation of 9vHPV vaccine strategies. Vaccinating all MSM aged ≥1247

years prevented the most anogenital warts (52.5%) and anal cancer cases (70.4%). Across all48

MSM vaccination strategies assessed, the ICERs were below the willingness-to-pay (WTP)49

threshold of USD 50,696 per QALY gained (one-time Hong Kong GDP per capita) or cost-50

saving, indicating that all 9vHPV strategies were cost-effective. In probabilistic sensitivity51

analyses, the vaccination strategy for MSM aged ≥12 years consistently demonstrated a high52

probability of being cost-effective. Furthermore, when the cost of the 9vHPV vaccine53

decreased or the time horizon was extended, the ICERs for vaccinating MSM aged ≥12 years54

further declined, making the strategy more cost-effective.55

Conclusion56
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Our findings support the implementation of 9vHPV vaccination for MSM in Hong Kong,57

with vaccinating all MSM aged ≥12 years offering the greatest health and economic benefits.58

59

Keywords: Human papillomavirus (HPV); Men who have sex with men (MSM); Anal60

cancer; Anogenital warts61

 . CC-BY-NC 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2025. ; https://doi.org/10.1101/2025.06.02.25328835doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.02.25328835
http://creativecommons.org/licenses/by-nc/4.0/


Research in context62

Evidence before this study63

Many countries, such as the United Kingdom, Australia and the United States, have64

implemented HPV vaccination strategies that include males. In 2018, the UK provided free65

HPV vaccination for MSM aged ≤45 through sexual health clinics, and later expanded the66

national HPV programme to include 12–13-year-old boys starting in 2019 to accelerate the67

reduction of HPV-related cancers in men [1, 2]. This stepwise approach—starting with MSM68

and later expanding to boys—may be a feasible model for Hong Kong to consider. However,69

in many settings, the inclusion of males in HPV vaccination programmes is not cost-effective,70

primarily due to high vaccine coverage among females, which provides indirect protection to71

males through herd immunity. In Hong Kong, the school-based HPV vaccination program72

targets only adolescent females. Most cost-effectiveness studies have focused on female-only73

or gender-neutral strategies without specifically evaluating men who have sex with men74

(MSM), who are at a substantially higher risk of anal cancer compared to the general75

population (an estimated 37-fold increased risk in the United States) [3]. HIV-positive MSM76

are at even greater risk due to their immunocompromised status.77

78

We searched PubMed, Google Scholar for articles published between Jan 1, 2000, and March79

31, 2024, using terms such as “HPV vaccine”, “MSM”, “cost-effectiveness”, “HIV”, and80

“Hong Kong”. We found that there is no study evaluating HPV vaccination strategies81

specifically for MSM in Hong Kong. Existing models primarily address HPV transmission in82

heterosexual populations. Although a few studies from nearby regions (e.g., mainland China83

and Singapore) have assessed HPV vaccination among MSM, none have incorporated HIV84

status in their analyses. These gaps highlight the importance of MSM-specific evaluation of85

HPV vaccination strategies in Hong Kong.86

87
Added value of this study88

We did a cost-effectiveness analysis to evaluate 30 vaccine strategies in Hong Kong. These89

include a combination of 9vHPV at different age groups and HIV status MSM aged ≥1290

years. Our findings show that vaccinating all MSM aged ≥12 years is the most cost-effective91

strategy under base-case assumptions, offering the greatest reductions in the incidence of92

anogenital warts, anal cancer. This strategy remained the most cost-effective across a range93

of vaccine costs, particularly when prices decrease and the time horizon increases to 20 years.94

95
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Implications of all the available evidence96

Vaccinating MSM with the 9vHPV is cost-effective in Hong Kong. Among all strategies97

assessed, vaccinating all MSM aged ≥12 years offers the greatest health and economic98

benefits, preventing the largest number of HPV-related disease cases while remaining highly99

cost-effective under the one-time GDP per capita threshold. Although the evaluation from a100

healthcare provider’s perspective confirms strong cost-effectiveness, affordability remains a101

key barrier at the individual level—over 50% of MSM consider the high cost of the HPV102

vaccine a major obstacle to uptake [4]. These findings highlight the importance of publicly103

subsidized vaccination programs for MSM, similar to how the Hong Kong Childhood104

Immunisation Programme (HKCIP) provides the 9vHPV vaccine for girls. The findings may105

also provide valuable policy evidence for other regions or countries that have not yet106

introduced MSM-specific 9vHPV vaccination strategies.107
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Introduction108

Human Papillomavirus (HPV) infection is the most common sexually transmitted infection109

(STI) globally [5]. In men, it commonly appears as anogenital warts, which contribute to110

considerable health issues and increase the risk of spreading the virus [6]. Compared with the111

general male population, the prevalence of anal cancers and genital warts was significantly112

higher in men who have sex with men (MSM) [7]. The high anal cancer incidence among113

MSM is associated with an elevated anal HPV prevalence, estimated to be 44 times higher114

than that among the general population [7]. The prevalence of anal cancer is even greater115

among human immunodeficiency virus positive (HIV-positive) MSM compared to those116

without HIV [4]. Fortunately, the morbidity and mortality of HPV-related cancers are largely117

preventable through HPV vaccination, which can significantly reduce morbidity and118

mortality [8].119

120

Since 2019/20, Hong Kong's Childhood Immunisation Programme has provided HPV121

vaccines to eligible female primary school students [9]. However, the incidence of newly122

diagnosed genital warts among adult men in Hong Kong remains high, at 292.2 cases per123

100,000 person-years [10]. Although the incidence of anal cancer (0.4 per 100,000) is124

relatively low in the general population, MSM has a higher incidence (35 per 100,000 in the125

US) [11]. Additionally, in the years 2011-2020, MSM accounted for around 83% of HIV126

cases in Hong Kong. HIV–positive MSM are at particularly high risk of anal HPV infection127

[7]. These data highlight the burden of HPV-related disease affecting MSM in Hong Kong.128

129

Currently, the 9vHPV vaccine is used in the Childhood Immunisation Programme in Hong130

Kong. The Gardasil 9 ®: 9-valent HPV (9vHPV) vaccine protects against HPV types 6 and131

11, which are associated with the development of genital warts, and HPV types 16, 18, 31, 33,132

45, 52, and 58, which are associated with anal cancers [12]. Most high-income countries133

vaccinate girls aged 9–14 against HPV, but only a few (like Australia, the U.S.) recommend134

vaccinating boys [13, 14]. When many girls are vaccinated, boys benefit from herd protection,135

making male vaccination less cost-effective [15]. However, MSM benefit far less from this136

herd protection [16]. A targeted vaccination program for MSM could help address disparities137

in disease burden and vaccine access, while remaining potentially cost-effective.138

139

Previous studies have evaluated the cost-effectiveness of female-only and gender-neutral140

HPV vaccine strategies in Hong Kong [9, 10]. The existing HPV transmission models141
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primarily focus on women or heterosexual men. However, no study has targeted MSM while142

also incorporating the natural history of anal cancer and HIV status in Hong Kong. In nearby143

regions, such as mainland China, a cost-effectiveness analysis CEA of HPV vaccination144

among MSM has been conducted [17], but it did not account for differences in HIV status.145

Similarly, studies from Singapore, Japan, and South Korea have assessed gender-neutral HPV146

vaccination strategies, yet none have focused on the MSM population [18-20]. These147

evaluations find that extending a female vaccination program to males would not be cost-148

effective in settings with high female vaccine coverage unless female vaccine coverage149

and/or vaccine prices are sufficiently low. Built on previous findings, this study aimed to150

assess the cost-effectiveness of implementing HPV vaccination programs for MSM, stratified151

by different age groups and HIV statuses.152

153

Methodology154

Study design155

We conducted a model-based economic evaluation to determine the cost-effectiveness of156

9vHPV MSM HPV vaccination strategies in Hong Kong, adopting a healthcare provider’s157

perspective. The modelled population included MSM aged ≥12 years residing in Hong Kong.158

The model was constructed using TreeAge Pro 2019.159

160

Modelling161

A Markov model was constructed to simulate the progression of high-risk HPV infections to162

anal cancer and subsequent outcomes (death or cure), as well as the course of low-risk163

infections leading to genital warts or regression to susceptibility (Fig.1). The model consisted164

of 10 health states from susceptible to anal cancer. The simulation was conducted on a cohort165

of 100,000 MSM (HIV-negative and HIV-positive) stratified into four age groups: aged 12-166

18, 19-27, 27-44, and ≥45 years. Age groupings were based on differences in sexual activity167

[21] and the recommended age for HPV vaccination in Hong Kong [22]. The data on MSM168

age distribution were obtained from a community survey in Hong Kong [23]. The incidence169

rates of HPV infection were assumed to be different among these four groups170

(Supplementary Table S1). The model projected outcomes over 10 years. The main171

parameters used to inform this model are shown in Table 1.172
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173
Fig.1 Markov model structure. HIV: Human Immunodeficiency Virus; HPV: Human Papillomavirus;174

LG-AIN: Low-Grade Anal Intraepithelial Neoplasia; HG-AIN: High-Grade Anal Intraepithelial Neoplasia.175

176

Data used in the model were sourced from official government websites, the Hospital177

Authority, and published literature. Details about all parameters applied in the model are178

presented in Table 1. For the sensitivity analysis, the range of values tested for each179

parameter was based either derived from the 95% confidence intervals reported in the180

referenced studies or estimated by applying a ±25% variation from the base-case value for the181

transition probabilities [24] and a ±10% variation for cost parameters [9]182

183

Individuals entered the model from a ‘susceptible’ state. Each susceptible individual could be184

infected with either low-risk or high-risk HPV subtypes [17], remain in their current health185

state, or die. For MSM, infection with a high-risk HPV type could lead to the development of186

LG-AIN. Individuals with LG-AIN could either progress to HG-AIN or regress to the187

susceptible state. Further progression of HG-AIN could lead to anal cancer, or these188

conditions could regress to the LG-AIN or susceptible state. The anal cancer stage consisted189

of local, regional, and distant cancer states. Age-specific natural background mortality rates190

were obtained from a previous local study in Hong Kong (Supplementary Table S2) [9].191

Individuals diagnosed with cancer were subject to both age-specific cancer-related mortality192
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(Table 1) and the natural background death rate. The model operated on a 1-year cycle length,193

with a half-cycle correction applied.194

The different age groups of MSM enter the model simultaneously to better fit the real-world195

epidemic situation of HPV-related diseases among MSM in Hong Kong. We assumed that196

14.2%, 24.8%, 46.5%, and 14.6% of MSM were in age groups 12-18, 19-27, 28-44, and ≥45197

respectively [25], from the beginning of our model simulation, and our model assumes the198

proportion keeps constant (Supplementary Table S3).199

200

Table 1. Markov model inputs. HIV: Human Immunodeficiency Virus; HPV: Human201

papillomavirus; MSM: Men who have sex with men; HR-HPV: High-risk human202

papillomavirus; LR-HPV: Low-risk human papillomavirus; LG-AIN: Low-grade anal203

intraepithelial neoplasia; HG-AIN: High-grade anal intraepithelial neoplasia; AW: anogenital204

warts; 9vHPV: 9-valent human papillomavirus vaccine205

Model Parameters Value Range Distribution Source
Demographics parameters
MSM age groups [23], Assumed
12-18 0.1422 -

19-27 0.2478 -

28-44 0.4654 -

≥45 0.1456 -

HIV prevalence [23], Assumed
12-18 0.0649 -

19-27 0.0514 -

28-44 0.0703 -

≥45 0.0452 -

Vaccine parameters
Vaccine coverage 0.7000 0.5000-0.9500 Triangular [8, 26], Assumed
Vaccine efficacy
9vHPV against high-risk HPV type 0.9580 0.8410-0.9950 Beta [27]
9vHPV against low-risk HPV type 0.9890 0.9570-0.9970 Beta [27]
9vHPV against AIN 0.6550 ±25% Beta [28]
Annual transition probabilities
MSM with HIV+
Susceptible to HR-HPV (All) 0.2973 0.2146-0.4017 Beta [29, 30]
Susceptible to LR-HPV (All) 0.2523 0.2886-0.3451 Beta [29, 30]
HR-HPV to LG-AIN 0.1482 0.0646-0.2318 Beta [31, 32]
LR-HPV to AW 0.5278 0.3458-0.7280 Beta [24, 33]
LG-AIN to HG-AIN 0.1536 ±25% Beta [34]
HG-AIN to LAC Supplementary Table S5
LAC to RAC 0.0200 ±25% [30, 35]
RAC to DAC 0.0410 ±25% [30, 35]
Anal Cancer Mortality Hospital Authority – Local data
12-29 0.0000 -

30-39 0.0564 -

40-49 0.2064 -

50-59 0.1452 -

60-69 0.2208 -

≥70 0.4776 -

LAC to Cured 0.1070 ±25% Beta [36]
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RAC to Cured 0.0990 ±25% Beta [36]
DAC to Cured 0.0360 ±25% Beta [36]
HR-HPV to Susceptible 0.0774 0.0540-0.11240 Beta [30, 31, 37]
LR-HPV to Susceptible 0.0774 0.0540-0.11240 Beta [30, 31, 37]
LGAIN to Susceptible 0.0960 0.0016-0.1912 Beta [38, 39]
HGAIN to Susceptible 0.1870 0.1471-0.2336 Beta [35]
HGAIN to LGAIN 0.1920 ±25% Beta [40]
AW to Susceptible 0.1900 0.1020-0.2120 Beta [17]
MSM with HIV-
Progression
Susceptible to HR-HPV (All) 0.2050 0.1480-0.2770 Beta [29]
Susceptible to LR-HPV (All) 0.1740 0.1990-0.2380 Beta [29]
HR-HPV to LG-AIN 0.0780 ±25% Beta [31]
LR-HPV to GW 0.2900 0.1900-0.4000 Beta [24]
LG-AIN to HG-AIN 0.1024 ±25% Beta [34, 41]
HG-AIN to LAC Supplementary Table S5
LAC to RAC 0.0018 ±25% [35]
RAC to DAC 0.0040 ±25% [35]
Anal cancer mortality Hospital Authority – Local data
12-29 0 -

30-39 0.0022 -

40-49 0.0079 -

50-59 0.0056 -

60-69 0.0085 -

≥70 0.0183 -

Anal cancer survival
LAC to Cured 0.1326 ±25% Beta [36, 42]
RAC to Cured 0.1216 ±25% Beta [36, 42]

DAC to Cured 0.4440 ±25% Beta [36, 42]

Regression
HR-HPV to Susceptible 0.1460 0.1020-0.2120 Beta [30, 31, 37]
LR-HPV to Susceptible 0.1460 0.1020-0.2120 Beta [30, 31, 37]
LG-AIN to Susceptible 0.1190 ±25% Beta [38]
HGAIN to Susceptible 0.2310 0.1192-0.1892 Beta [35]
HG-AIN to LGAIN 0.3710 ±25% Beta [40]
AW to Susceptible 0.1900 0.1020-0.2120 Beta [17]
Cost (US$)
9vHPV per dose for adult 254 136-370 Gamma [9], Assumed
9vHPV per dose for teenager 125 ±10% Gamma [43], Assumed
LG-AIN 740 ±10% Gamma [9], Assumed

HG-AIN 2,400 ±10% Gamma [9], Assumed

LAC 31,327 ±10% Gamma [9], Assumed

RAC 32,984 ±10% Gamma [9], Assumed

DAC 1,533 ±10% Gamma [9], Assumed

AW 142 ±10% Gamma [9], Assumed

Utility [10], Assumed
Healthy/Susceptible 1 -

Anogenital warts 0.91 ±25% Beta -

LG-AIN 0.91 ±25% Beta -

HG-AIN 0.87 ±25% Beta -

LAC 0.76 ±25% Beta -

RAC 0.67 ±25% Beta -

DAC 0.48 ±25% Beta -

Cancer survivor 0.76 ±25% Beta -

206

207

208
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Intervention strategies209

We defined the 23% coverage of 9vHPV vaccination for MSM as the status quo in Hong210

Kong [4], given that the current Hong Kong HPV vaccination program targets only school-211

aged girls, leaving boys unvaccinated [9]. The HPV vaccine is accessible to MSM through212

private clinics [4].213

214

30 intervention strategies (Supplementary Table S4) were investigated in our study. These215

included various 9vHPV vaccination strategies targeting MSM, stratified by age group (12-18,216

19–27, 28-45, and >45 years) and HIV status (positive and negative). We assumed the two-217

dose 9vHPV for MSM aged 12–14 years would be Hong Kong Childhood Immunisation218

Programme (HKCIP)-based and 14-18 would be catch-up program based. The 9vHPV219

vaccine coverage of MSM aged 12-18 is assumed to reach 70% [8-10]. HIV-positive MSM220

aged 12-18 years have to receive three doses of vaccination [44]. For MSM aged over 18, a221

three-dose regimen was considered, with the same assumed coverage rate of 70% [8, 9, 45].222

In our model, vaccination was assumed to occur at the time the cohort entered the model. The223

model assumed that HPV vaccines provide 10-year protection [46] , and a two-dose 9vHPV224

vaccination schedule is non-inferior to a three-dose schedule [47, 48]225

226

Data analysis227

The HPV infection incidence of high-risk HPV infection and low-risk HPV infection is228

different for age groups and HIV status among MSM. The probabilities of annual transition229

were derived from published literature on the natural history of anal cancer and anogenital230

warts (Table 1). Anal cancer mortality rate (Table 1) and the age-specific all-cause mortality231

rate (Supplementary Table S2) were obtained from the Hong Kong Cancer Registry,232

Hospital Authority.233

234

The costs of the vaccine program included the costs of the vaccine, diagnosis, and treatment235

(Table 1). The cost data in this study were primarily obtained from previous publications and236

the Hospital Authorities’ records. The model utilized FPAHK (a non-profit organization)237

pricing for the HPV vaccines, with per-dose costs of US$125 for 9vHPV for 12-18 MSM238

(adolescent) [49], and assumes average private clinics pricing in US$254 for >18 MSM239

(adult) [50]. All costs are from a healthcare payer perspective. Costs were converted from240

Hong Kong dollars to US dollars (US$ 1 = HKD 7.829, in 2023) [51].241

242
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Utility scores for HPV-related states were obtained from a cost-effectiveness analysis in243

Hong Kong (Table 1) [10], which included the general population’s health status and HPV-244

related disease status. We assumed a discount rate of 3% for both (quality-adjusted life years)245

QALYs and cost. As HPV infections are generally asymptomatic, we assumed HPV high-risk246

infection and low-risk infection states had the same utility weight as being in the susceptible247

state [17]. Due to the limited avalibility of utility weights of LG-AIN and HG-AIN, we248

assumed utility weights to be the same as cervical intraepithelial neoplasia (CIN) in Hong249

Kong (Table 1) [16].250

251

We compared each MSM vaccination strategy to the no-routine MSM vaccination strategy by252

calculating their incremental costs and QALYs. From these comparisons, we established the253

cost-effectiveness frontier and determined the ICER,. This analysis helped identify the most254

cost-effective MSM vaccination strategy. Cost-effectiveness was assessed using WHO255

criteria, categorizing strategies as highly cost-effective, cost-effective, or not cost-effective256

based on ICER thresholds of less than 1, between 1 and 3, or greater than 3 times the GDP257

per capita. In 2023, Hong Kong’s GDP per capita was US$ 50,696 [52].258

259

Sensitivity analyses260

We conducted one-way sensitivity analyses to determine how the ICER was affected by261

varying the following input parameters: utility for HPV-associated disease (±25%), vaccine262

price (±10%), disease treatment costs (±10%), duration of vaccine-mediated protection (set to263

10 years), and transition probability (±25% or confidence interval range), to understand how264

the ICER depends on uncertainty in the model parameters [9, 24]. Each analysis was265

conducted independently, with all other variables set to their base-case values. In266

probabilistic sensitivity analyses, we simultaneously varied multiple key input parameters267

across prespecified distributions over 1,000 simulations. For all costs, a Gamma distribution268

was used, and for all transition probabilities and utilities, a Beta distribution (0–1) was used269

[53] .270

271

Scenario analysis272

The cost of the 9vHPV vaccine is a critical factor in cost-effectiveness studies [54]. We273

examined the potential effects of both increasing and decreasing the cost of the 9vHPV274

vaccine in our base-case analyses. This involved (i) assuming price changes per dose for275

MSM (both adolescent and adult) ± 25% and ± 50%. We also considered the following276
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alternative scenarios: (ii) Vaccine protection wanes completely after a fixed duration of 10277

years; (iii) the time horizon over which vaccination costs and benefits were assumed to278

accrue (5 years, 20 years);279

280

Results281

Base-case analyses282

Modelled incidence rates of anal cancer and anogenital warts were significantly reduced283

following the implementation of 9vHPV vaccine strategies. The strategies that prevented the284

most cases of HPV-related diseases were identified across all different age-stratified HPV285

vaccination strategies. Among one-group-targeted strategies, vaccinating MSM aged 28–44286

years prevented the most anogenital warts (26.7%). The two-group-targeted strategy287

vaccinating MSM aged 19–27 & 28–44 years prevent the most cases, 38.8% of anogenital288

warts and 58.0% of anal cancer. The three-group-targeted strategy covering MSM aged 12–289

44 years yielded the greatest reduction in anogenital warts (45.8%). Expanding vaccination290

coverage across more age groups resulted in greater reductions in HPV-related diseases cases.291

Vaccinating all MSM ≥ 12 prevented about 75.6 million cases of anogenital warts (52.5%292

reduction) and 143,000 anal cancer cases (70.4% reduction) (Supplementary Table S8).293

294

We analyzed the incremental costs and incremental QALYs for 30 vaccination strategies295

targeting MSM, compared to a no-routine 9vHPV scenario, in a cohort of 100,000 MSM over296

a 10-year horizon (Table 2). With a willingness-to-pay threshold at one-time the Hong Kong297

per-capita GDP (US$ 50,696 per QALY gained), all 9vHPV vaccination strategies were298

highly cost-effective. The targeted vaccination strategies among HIV-positive individuals299

across different age groups would result in cost savings ranging from US$ 720,000 to300

US$ 4,520,000 and result in 500–3200 QALYs gained. The most cost-saving strategy woule301

be vaccination for HIV-positive MSM aged 12-18. Broader strategies targeting all MSM in302

certain age groups would incur an incremental cost of US$ 820,000 to 215,950,000, with303

QALY gained from 3,700 to 30,500. The strategy of vaccination for all MSM aged ≥12 years304

would increase the QALYs most (30,500 QALYs).305

306

Table 2 ICERs (HKD per QALY gained) for base-case analyses. ICER: incremental cost-307

effectiveness ratio; HKD: Hong Kong dollar; QALY: quality-adjusted life year. Cost-saving308

(costs less and is more effective than base case strategy)309
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Strategy Cost
(*106)

Incremental
cost (*106) QALYs (*106)

Incremental
QALYs
(*106)

ICER

No-routine vaccine 349.44 7.8307 -367.57
Population Age groups

HIV+

12-18 344.92 -4.52 7.8312 0.0005 Cost saving
12-18 & ≥45 345.61 -3.83 7.8315 0.0008 Cost saving
12-18 & 28-44 345.98 -3.46 7.8334 0.0027 Cost saving

≥45 346.25 -3.19 7.8311 0.0003 Cost saving
12-27 346.32 -3.12 7.8319 0.0011 Cost saving
28-44 346.62 -2.82 7.8329 0.0022 Cost saving

12-18 & ≥28 346.67 -2.77 7.8337 0.0030 Cost saving
19-27 346.96 -2.48 7.8314 0.0007 Cost saving

12-27 & ≥45 347.02 -2.42 7.8322 0.0015 Cost saving
≥28 347.31 -2.13 7.8333 0.0025 Cost saving
12-44 347.39 -2.05 7.8341 0.0034 Cost saving

19-27 & ≥45 347.66 -1.78 7.8317 0.0010 Cost saving
19-44 348.03 -1.41 7.8336 0.0029 Cost saving
≥12 348.08 -1.36 7.8344 0.0037 Cost saving
≥19 348.72 -0.72 7.8339 0.0032 Cost saving

All

12-18 350.26 0.82 7.8344 0.0037 224.84
≥45 384.87 35.43 7.8343 0.0036 9838.81

12-18 & ≥45 389.58 40.14 7.8380 0.0073 5527.64
19-27 412.56 63.12 7.8370 0.0063 10056.74
12-27 417.26 67.82 7.8407 0.0099 6825.70

19-27 & ≥45 451.87 102.43 7.8406 0.0099 10370.50
≥28-44 452.36 102.92 7.8476 0.0169 6085.30

12-27 & ≥45 456.58 107.14 7.8443 0.0135 7914.18
12-18 & 28-44 457.07 107.63 7.8513 0.0206 5231.39

≥28 491.68 142.24 7.8512 0.0205 6933.59
12-18 & ≥28 496.39 146.95 7.8549 0.0242 6078.45

19-44 519.36 169.92 7.8539 0.0232 7327.65
12-44 524.07 174.63 7.8576 0.0268 6503.97
≥19 558.68 209.24 7.8575 0.0268 7810.21
≥12 563.39 213.95 7.8612 0.0305 7025.94

310

Sensitivity analyses311

The tornado diagram in Fig. 2 illustrates the results of our one-way sensitivity analysis312

comparing the cost-effectiveness of the vaccination strategy targeting all MSM aged ≥12313

years against the no-routine vaccination for MSM. Across the tested sensitivity ranges, none314

of the parameters caused the ICER to exceed US$ 50,696 per quality-adjusted life year315

(QALY) gained. Among all variables, the cost of 9vHPV vaccine had the greatest impact on316

ICER. Other variables were transition probabilities, disease utility, efficacy of 9vHPV against317

HPV high risk type.318
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319

Fig. 2: Tornado diagram for one-way sensitivity analyses of key model parameters.320

Blue/red bars are indicative of sensitivity values below/above the base case. The strategy of321

vaccinating all MSM aged ≥12 years against the no routine vaccination scenario. 9vHPV, 9-322

valent human papillomavirus vaccine; HRHPV, high-risk HPV; LRHPV, low-risk HPV;323

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year; MSM, men324

who have sex with men; HIV, human immunodeficiency virus; HGAIN, high-grade anal325

intraepithelial neoplasia; LGAIN, low-grade anal intraepithelial neoplasia; S, susceptibility.326

327

Fig.3 shows the cost-effectiveness acceptability curves for all vaccination strategies targeting328

MSM WTP thresholds ranging from US$ 0 to US$ 50,696 per QALY gained (one-time the329

per-capita GDP). At a WTP of US$ 0 per QALY, the most acceptable strategy was330

vaccinating HIV-positive MSM aged 12–18 & 28–44 years (50.4%), followed by HIV-331

positive MSM aged 12–18 only (42.5%). As WTP increased to US$ 5,069.6, targeting all332

HIV-positive MSM aged ≥12 years became most acceptable (50.3%). At US$ 10,139.2, the333

strategy targeting all MSM aged ≥12 years dominated (65.5%). From US$15,208.8 onwards,334

this strategy consistently remained the most acceptable, reaching full acceptability (100%) at335

WTP ≥ US$ 20,278.4 per QALY.336
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337

Fig 3. Cost-effectiveness acceptability curves for all strategies. Intervention strategies that338

never have the probability of being cost-effective within the willingness-to-pay threshold of339

one-time the Hong Kong per-capita GDP are not shown. QALYs: quality-adjusted life-years;340

GDP: gross domestic product.341

342

We evaluated how different time horizons, under a 10-year vaccine efficacy assumption,343

affect the most cost-effective strategies among MSM (Fig. 4). When the time horizon was344

shortened to 5 years, the most acceptable strategy at low WTP levels was targeting HIV-345

positive MSM aged 12–18 (100%). As WTP increased to US$ 10,139.2 and above, broader346

strategies—vaccinating HIV-positive MSM aged 12–18 & 28–44 or HIV-positive MSM aged347

≥12—became more acceptable. At the WTP equal to one-time the per-capita GDP, the348

strategy of 9vHPV for all MSM aged ≥12 became increasingly acceptable (rising to 55.9% at349

US$ 50,696). In contrast, when the time horizon was extended to 20 years, the strategy350

targeting all MSM aged ≥12 years quickly became dominant. From a WTP of US$ 5,069.6351

per QALY onwards, this strategy had high probability of being cost-effective, reaching 100%352

at US$ 10,139.2 and remaining dominant across all higher WTP levels.353
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A354

355

B356

357

Fig. 4 Cost-effectiveness acceptability curves for all strategies under different time358

horizons. A: 5-year time horizon; B: 20-year time horizon. Each figure shows the359

probability of each intervention strategy being the cost-effective across US$ 0-50,696 WTP360

thresholds, assuming a 10-year vaccine efficacy. Intervention strategies with negligible361

probability of being cost-effective across all WTP thresholds are not shown. QALYs: quality-362

adjusted life-years.363
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364

Discussion365

The Hong Kong Childhood Immunisation Programme has made significant progress. In the366

school years 2023/24, the two-dose coverage rates of HPV vaccination for Primary Six367

school girls reached 91% [44]. As female coverage rates increase, it becomes more368

challenging to demonstrate the additional benefits of vaccinating males [10]. Although a cost-369

effectiveness study in Hong Kong has demonstrated that a gender-neutral 9vHPV vaccination370

strategy is cost-effective, it did not specifically account for MSM [10]. This may lead to an371

overestimation of the overall cost-effectiveness of the gender-neutral strategy, as MSM bear a372

disproportionately higher burden of HPV-related diseases [55] and do not benefit from373

female herd immunity [56]—even when female vaccination coverage is high. To address this374

gap, our analysis assessed the health and economic outcomes of implementing a 9vHPV375

vaccination programme for MSM in Hong Kong. Among all strategies evaluated, vaccinating376

all MSM aged ≥12 years emerged as the most cost-effective option. Moreover, reduction in377

vaccine cost or extending the time horizon would further improve the cost-effectiveness of378

this strategy.379

The UK’s national HPV vaccination programme has already offers MSM aged up to 45 the380

vaccine through Specialist Sexual Health Services and HIV clinics [57]. Our findings are381

consistent with the studies on the cost-effectiveness of the quadrivalent HPV vaccine among382

MSM (with and without HIV) in the UK [16]. We found that broader targeting of MSM383

becomes more cost-effective when vaccine costs are lower. Conversely, when vaccine costs384

are doubled in the UK, targeting HIV-positive MSM—yields better value. However, our385

sensitivity analysis assuming a ±50% variation in vaccine cost (Supplementary Table S9)386

did not significantly alter the results. This likely reflects differences in cost of HPV-related387

diseases. The UK study assumed much lower costs for treating anal cancer. In contrast, the388

treatment cost for anal cancer in Hong Kong’s public hospitals is nearly four times higher389

than in the UK. This cost difference enhances the economic value of vaccination. For390

instance, if the cost of treating each case of anal cancer is very high, even if the vaccine itself391

is relatively expensive, the long-term healthcare savings from preventing cancer can offset392

the initial costs of vaccination. Additionally, we assumed a higher vaccine efficacy for the393

HPV vaccine in our model. Since the HKCIP in Hong Kong provides the 9vHPV vaccine to394

girls and has discontinued the supply of the 2vHPV and 4vHPV vaccines due to low demand,395

we used 9vHPV for MSM in our analysis. The 9vHPV vaccine offers protection against more396
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high-risk HPV subtypes, making it more effective in preventing anal cancer [58]. This397

contributed to more favorable cost-effectiveness outcomes.398

We distinguished between the vaccine cost for adolescents and adults, as the Hong Kong399

Childhood Immunisation Programme and its catch-up programme currently provide free-of-400

charge HPV vaccination to individuals up to 18 years. Therefore, MSM aged ≤18 are401

assumed to receive the 9vHPV vaccine through the public system, while MSM aged >18 are402

assumed to receive 9vHPV vaccine through private clinics, resulting in substantially higher403

costs for adults. However, according to a local survey on MSM in Hong Kong [23] the404

proportion of MSM aged 12–18, and the prevalence HIV among MSM aged 12–18 is405

relatively low. In addition, previous studies—such as a HPV epidemiology study among406

MSM in China [17] and a U.S.-based cost-effectiveness analysis of 9-valent HPV vaccination407

[21] have found that MSM aged 28–44 exhibit the highest rates of HPV infection. As such,408

focusing vaccination efforts solely on MSM aged 12–18 may not be the most cost-effective409

strategy, despite its potential probability of being cost-effective under very low WTP410

thresholds.411

412

We used 10-year time horizon, because the clinical trials showed that the HPV vaccine413

efficacy is up to 10 years [59]. In our sensitivity analysis, we varied the time horizon to 5414

years and 20 years while keeping the vaccine protection duration fixed at 10 years. When a 5-415

year time horizon was used, vaccinating all MSM aged ≥12 years became less cost-effective416

compared to the base case analysis. This is because the costs of HPV vaccination are incurred417

immediately, but the full benefits of vaccination—such as the prevention of HPV-related418

diseases—take many years to materialize. As a result, shorter time horizons make vaccination419

appear less favorable in terms of cost-effectiveness [60]. In contrast, with a 20-year time420

horizon, vaccinating all MSM aged ≥12 years became more cost-effective and dominant.421

Despite the vaccine's protection waning completely after 10 years, the long-term benefits of422

reduced HPV-related disease incidence still made vaccination for all MSM a cost-effective423

strategy over the extended period.424

425

An important limitation of this study was the lack of local data for several key parameters,426

including transition probabilities, health utility values, and the most recent age distribution427

and HIV prevalence among MSM in Hong Kong. As a result, we had to make several428

assumptions based on meta-analyses, regional data from nearby areas such as Shenzhen, or429
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extrapolations from international studies. Although our ICER estimates were not highly430

sensitive to variations in these parameters, the use of stronger empirical data would enhance431

the robustness and credibility of our findings. In particular, availability of age- and risk-432

stratified data on sexual activity and HPV prevalence among MSM would facilitate more433

granular modelling of 9vHPV vaccination strategies. It is likely that the vaccine would be434

even more cost-effective in subgroups with higher sexual risk, such as highly sexually active435

MSM.436

437

All 9vHPV vaccination strategies targeting MSM living with and without HIV are cost-438

effective means of preventing anal cancer under Hong Kong’s current per capita GDP.439

However, a 2025 study on HPV vaccine uptake and service preferences among MSM in440

Hong Kong highlighted that the primary barrier to vaccination was the high out-of-pocket441

cost. The study suggested that reducing the cost to below USD 128 per dose could442

significantly improve vaccine uptake among MSM. Notably, this price aligns with the current443

cost of HPV vaccination for girls aged 12–18 under the female-only programme. This raises444

important policy and ethical considerations regarding the integration of MSM into publicly445

funded HPV vaccination programmes.446

447

Questions of fairness and equity emerge—particularly in determining whether male448

adolescents aged 12–18 who identify as or may become MSM should be included, and how449

to do so without reinforcing social stigma or discrimination. Identifying MSM status at a450

young age is challenging due to both developmental and social factors, and the risk of stigma451

may deter individuals from accessing vaccination services. Indeed, it may be argued that452

requesting 12-year-olds to identify or define their own sexuality at an age when they are not453

fully developed could be viewed as potentially socially coercive and aggravate anxieties and454

mental health challenges. A local survey [4] found that most MSM preferred receiving HPV455

vaccination at private clinics or NGOs, suggesting a strong preference for privacy and456

inclusive, gay-friendly healthcare settings. This underscores the importance of reducing457

stigma and enhancing service accessibility by fostering a more welcoming environment and458

improving the quality of vaccination services in private sectors. Evidence from Australia and459

the UK shows that MSM responded well to free HPV vaccination programs. Hong Kong460

could consider similar initiatives to boost vaccine uptake in this grou [61]. Following the UK461

model, offering HPV vaccination to MSM attending sexual health or HIV testing services462
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may further enhance coverage. Policy strategies aimed at reducing cost and stigma and463

expanding access to HPV vaccination across at-risk male populations, are the priorities.464

Conclusion465

Our findings support the implementation of 9vHPV vaccination for MSM in Hong Kong,466

with vaccinating all MSM aged ≥12 years offering the greatest health and economic benefits.467
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