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Abstract 

Background: Most anal cancers are caused by HPV infection. The incidence is increasing, especially in 

high risk individuals like HIV positive men. Evidence shows that the new quadrivalent HPV vaccine reduces 

the rates of anal intraepithelial neoplasia among men who have sex with men. This study aimed to determine 

if vaccinating against HPV related anal cancer is cost effective in HIV positive men in Chile. 

Methods: A cost effectiveness analysis was conducted by constructing a cohort multi-state life table based 

Markov model in MS Excel where the prevention of HPV infection was expected to influence the incidence 

of anal cancer in HIV positive men. The comparator was the current practice of no systematic HPV 

prevention. Estimates of the efficacy of the vaccine were obtained from a sub-study of a larger RCT, 

incidence rates from the Chilean population cancer registries, mortality rates from the National Statistics 

Institute and disease costs from a cost-effectiveness report. A public health care sector perspective was 

applied. The outcome was measured in averted Disability Adjusted Life Years (DALYs). The incremental 

cost effectiveness ratio (ICER) was calculated considering a life-time horizon for costs and health outcomes.  

Results: The estimated ICER was USD $138,269/DALY (95% CI $95,936 – $221,862). Assuming a 

threshold of 3xGDP per capita, the intervention is not cost-effective. The outcome was sensitive to the 

vaccine price and vaccine efficacy.  

Conclusion: HPV vaccination in HIV positive males from a Chilean public health care sector perspective is 

not cost-effective.  
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Introduction 

Infection with Human Papilloma Virus (HPV) has become the most common sexually transmitted infection 

(STI) worldwide. Although most of the infections are asymptomatic, they can result in clinically significant 

diseases like cancer of the cervix, vagina, penis, oropharynx and anus [1]. Although cervical cancer is the 

most common HPV related malignancy, the incidence of other HPV related cancers, mainly anal cancer, is 

increasing at an accelerating rate.  

Most of anal cancer cases (70-90%) are squamous cell carcinomas (SCC) that are preceded by a dysplasia 

inflammation state known as anal intraepithelial neoplasia (AIN), in a process that is biologically similar to 

that leading to cervical cancer. As with cervical cancer, the main cause is infection with HPV types 16 and 

18 [2]. Although there are screening techniques available to prevent AIN, there is little evidence on the 

effectiveness of these diagnostic tests [1] and no health system has yet implemented any. Once a case is 

diagnosed the patient should be treated either with surgery or chemo-radiotherapy as suggested in clinical 

guidelines.   

The worldwide incidence of anal cancer has increased 2% annually. In the US the incidence per 100,000 

increased from 0.97 to 1.59 in men and from 1.27 to 1.84 in women considering the period 1973-2000 [3]. 

In Australia the age adjusted annual incidence per 100,000 increased from 0.78 to 1.1 in women and almost 

doubled in men from 0.48 to 0.88 [4]. 

Data from National AIDS Treatment Advocacy Project 2010 in the US show that the incidence in the general 

population can be as low as 0.8/100,000 but dramatically increases to 70-144/100,000 among HIV positive 

men who have sex with men (MSM) [5]. Supporting this evidence, a prospective cohort study in Seattle was 

conducted to evaluate the risk of contracting AIN in HIV positive and negative MSM. The results showed 

that 15.2% of the HIV positive patients developed AIN as compared to 5.4% in HIV negative patients [6]. 

Palefsky et al found that HIV-positive men were 3.7 times more likely (95% CI 2.6 to 5.7) to develop AIN 

compared to HIV-negative men [7]. Similar results were observed in San Francisco, where the authors 

suggested that the increased prevalence may be due in part to HIV related immunosuppression and 

prolonged survival after the introduction of Highly Active Antiretroviral Therapy (HAART) that allowed the 

cancer to develop [8]. 
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There are several risks factors that affect the incidence of anal cancer: increasing number of sexual 

partners, history of genital warts, history of cervical intraepithelial neoplasia type III, smoking, history of anal 

intercourse, immunosuppression and HIV positive status [9]. The presence of these risk factors do not only 

increase the risk of HPV infection, but also individuals that have them have lower response to disease 

related treatments and develop HPV related cancer more rapidly compared to the general population. 

However, its highest impact is observed in MSM [10], and that impact is even greater among those 

diagnosed with HIV [11]. 

The incidence and prevalence of HIV in Chile have increased since the first case was reported in 1984. 

Since 2005 it is mandatory to notify every diagnosed HIV case to the health authorities. As a consequence 

reporting rates improved, however an estimated 40% is still not notified. This would mean that about 40,148 

people are living with HIV in Chile. Of these, 69% are males [12]. In addition, since 2005 all HIV patients 

are covered by the Chilean health system and hence, will receive HAART as specified in the treatment 

protocol guidelines. Although there is no published evidence regarding the anal cancer burden nor the 

impact it may have as the HIV population in Chile continues to increase, there is consensus among experts 

the higher risk observed in the clinical practice. In addition, consistent with what has been reported in other 

countries, HPV infection is the most common STI with increased prevalence in Chile [13] which explains the 

high burden of disease associated to cervical cancer. This evidence led to the implementation of a 

vaccination policy for the prevention of HPV related infections in 2014 where the first girl’s cohort aged 12 

years received the first vaccine dose.  

In contrast to what is known about the epidemiology of cervical cancer, there is scarce evidence regarding 

the current situation of anal cancer in Chile even though both diseases share the same etiology. The only 

available source is the first and only cancer registry report [14]. This report presents information of all new 

cancer cases occurring during the period 2003-2007 in a defined population which included three regions 

throughout the country. Even though specific information of the tumor is collected through this registry, the 

report does not show data regarding the stage of the disease. According to this report the adjusted incidence 

rate of anal cancer in males was 0.16 per 100,000 males/year. In Chile, the diagnosis is confirmed by a 

specialist who will notify each case and initiate appropriate treatment. There are no local clinical guidelines 
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available, hence international guidelines like ESMO are currently being used [15]. According to this, surgery 

remains the standard treatment for small well differentiated carcinomas (T1-N0). For all other cases, chemo-

radiation using 5 fluorouracil (5-FU) FU and mitomycin C (MMC) is the first line treatment recommended.  

In the last decade, two prophylactic HPV vaccines, one bivalent and one quadrivalent, were introduced into 

the market. Both showed high efficacy against genotypes 16 and 18 in women under 26 years previously 

unexposed to the virus [16]. However, the safety and immunogenicity of these vaccines has not been tested 

in HIV infected adults. As they represent a high risk population susceptible to HPV infection, several clinical 

trials are ongoing to establish these parameters. Some preliminary results were revealed in November 2011 

in the AORTIC 7th International conference regarding a phase II interventional study in South Africa (Clinical 

trials registration: NCT005866339). Results showed seroconversion of HPV types 16 and 18 in both HIV-

positive and HIV-negative subjects [1]. Additionally, a pilot study found the quadrivalent vaccine was safe 

and immunogenic in HIV positive men. However, these results should be treated with caution as the study 

aim was not to determine the efficacy of the vaccine in preventing HPV infection or AIN, their clinical 

significance is unknown and they have limited generalizability [17]. 

A cost effectiveness analysis (CEA) was conducted to provide evidence regarding the appropriateness of 

HPV vaccination as a primary prevention strategy of anal cancer in HIV positive male individuals in Chile. 

The health outcome was measured in averted Disability Adjusted Life Years (DALYs) and the costs in 2010 

US dollars. Costs and benefits were measured from the perspective of the public healthcare system 

considering a life time horizon. With these two parameters incremental cost effectiveness ratio (ICERs) of 

HPV vaccination for the prevention of anal cancer versus current practice of no systematic HPV prevention 

were calculated.  
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Methods 

Modeling Health Outcomes and Costs 

The main aim of this study was to determine the cost-effectiveness of vaccinating a 25-34 year-old HIV 

positive male cohort for the prevention of anal cancer in Chile. This age group was assessed as recent 

epidemiological data show that most of HIV diagnoses are occurring in the 20-29 age group [18]. Based on 

prevalence data, we estimated a total of 13,396 HIV positive men and women in the 20-29 age group from 

were 9,243 (69%) are expected to be males. With this evidence, a cohort multi-state Markov model was 

built in Microsoft Excel® to represent the natural history of anal cancer while considering an HIV positive 

male cohort.  Four health states were defined in this model that is governed by five types of transition states 

(Figure 1). Subjects in the base health state (HIV positive men) are initially unaffected by the disease (anal 

cancer), but are at risk of developing anal cancer. If they are diagnosed with anal cancer (incident case), 

they are at risk of dying from the disease (case fatality) or recovering (remission case). In order to ensure 

internal consistency between all different epidemiological data and derive some unavailable parameters 

(case fatality), data was fitted into de model using Dismod II (www.epigear.com). Remission rates were 

assumed zero and we accounted for surviving cases assuming them as prevalent for up to 5 years after 

diagnosis. The model considers that both, base health state people and diseased people, are at the same 

risk of dying of other causes (mortality case) [19]. This model calculates de effect on incidence and disease-

specific mortality in subsequent years as a consequence of changes in disease incidence. Survival rates 

for different anal cancer stages were considered for the calculation of case fatality.  

The multi-state Markov model contains two separate standard life tables. The first corresponds to the 

reference population (without intervention) and the second to the intervention population (HIV positive men 

vaccinated against HPV). Together, they simulate what is expected to happen to the cohort when mortality 

rates per age for HIV and anal cancer are entered. 2010 was considered the reference year as most of the 

available information was updated to that year.  

For the modeling we assumed individuals to all be aged 30 years. A life time horizon was assumed for the 

associated costs and health benefits so the target population was followed until death or 100 years of age. 

http://www.epigear.com/
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Women were not included in the analysis as since 2014 all girls are being vaccinated against HPV related 

infections as part of the national immunization program in Chile.  

<< Figure 1 here >> 

Intervention 

As there are no guidelines regarding anal cancer prevention in Chile, this intervention strategy was 

compared to the current practice of “no systematic HPV prevention”. Although anal carcinoma is a 

preventable disease through a screening strategy, it was not considered as a relevant comparator as there 

is no systematic screening  program currently in place in Chile and there is little evidence on the 

effectiveness of these diagnostic tests as well as the associated treatment protocols [1]. The vaccine was 

assumed to be administered in three doses at 0, 2 and 6 months as specified by the manufacturer. We 

assumed a lifelong protection. The vaccine prescription came from immunologists, as it is expected that HIV 

diagnosed patients are visiting them on a regular basis for treatment follow-up. The base case scenario 

considered vaccination coverage of 70% based on Chilean adult participation rates on immunization 

programs. A sensitivity analysis was performed considering a participation rate of 95% which corresponds 

to the highest current vaccination coverage observed in the national immunization program [20] and 65%.  

Vaccine Efficacy 

A recent sub-study of a larger Randomized Controlled Trial (RCT) evaluated the efficacy on the prevention 

of AIN of the quadrivalent vaccine in 602 healthy MSM between 16-26 years old. To date, there is no direct 

evidence regarding the effectiveness of the intervention on cancer prevention. Hence this single study evidence 

was considered sufficient to account for the effect. The efficacy of the vaccine related to the HPV genotypes 

6, 11, 16 and 18 was 50.3% (95% CI, 25.7 - 67.2) in the intention-to-treat population and 77.5% (95% CI, 

39.6 - 93.3) in the per-protocol population [21]. As there is no available evidence on the efficacy of HPV 

vaccination in HIV positive population, the intention to treat efficacy reported by Palefsky et al in healthy 

MSM was used as a proxy in the base case. In order to quantify the effect on the outcome when the efficacy 

of the vaccine is changed, we performed a one way sensitivity analysis considering the per-protocol efficacy. 

HIV Epidemiological Data 
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The epidemiological data for HIV was obtained from the 2010 Vitals Report released by the National 

Statistics Institute (INE) [22]. The population distribution per age and sex was obtained from the 2011 

“Demographic Statistics Report” released by the INE. The prevalence of HIV per age was obtained from the 

2010-11 annual report elaborated in conjunction between the Ministry of Health (MINSAL) and UNAIDS. 

With this data the mortality rates per 100,000 HIV positive males was calculated.  

Anal Cancer epidemiological data: Case Fatality (CF), Incidence and Remission 

Due to lack of data, Dismod II was used to derive CF of anal cancer based on incidence, mortality and 

remission rates. Based on evidence supporting the fact that the there is no significant difference between 

the survival rates of HIV positive relative to HIV negative anal cancer patients [23], CF was estimated using 

the incidence, mortality and remission rates of the general Chilean population.  

Data on the number of incident cases of anal cancer were obtained from the Chilean Population Cancer 

Registries [14] and then multiplied by the proportion of anal SCC cases reported in the international literature 

for developing countries [24]. In order to have the incidence rate of anal cancer for HIV positive males, we 

calculated the Population Attributable Factor (PAF). By multiplying the PAF by the number of incident cases 

we obtained the new anal cancer cases attributed to HIV that occur per year. To calculate the incidence 

rate per 100,000 HIV positive males, we multiplied the incidence rate of anal cancer in the Non-HIV 

population times the relative risk (RR) per age group reported by Frisch et al [25]. The estimate reported in 

this study has the advantage of being classified by age group and sex but the disadvantage of limited 

generalizability. 

Due to lack of data regarding the remission rates of anal cancer, we assumed it was zero. We accounted 

for surviving cases by assuming they are prevalent cases for up to 5 years post diagnosis. By doing this we 

assume HIV patients diagnosed with anal cancer will never get cured from the disease. In order to minimize 

the effect of this assumption, we calculated the average disability adjusted life years (DALY) per incident 

case considering the number of life-years lived over the first 5 years post diagnosis. For this purpose we 

used the anal cancer survival rates per disease stage (I, II, III and IV) published by Zhang [26]. From these 

values, the life years per disease stage were estimated which were then adjusted by the disability weights 

published in the Global Burden of Disease (GBD) study for cancer [27] (See Table 1). As we can’t assume 
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these individuals are living in perfect health given they are HIV positive, we accounted this by considering 

the disability weight for “HIV/AIDS receiving antiretroviral treatment”. The total years lived with disability 

(YLD) were then calculated by multiplying the average DALY times the corresponding anal cancer incidence 

rate  

<< Table 1 here >> 

Health Effects 

Averted DALYs were calculated as the increase in the discounted number of life years lived in the 

intervention population compared to the reference population (Lwx*-Lwx), with an adjustment for disability. 

To determine the effect of the prevention strategy on the incidence rates, we multiplied the incidence times 

the efficacy of the vaccine. 

Costs 

A macro costing strategy was used to determine the total costs related to anal cancer. Costs were measured 

from the perspective of the public health care system in 2010 US dollar considering the average exchange 

rate reported in December 2010 (1US = 485.4 Chilean peso) [28]. As there is little evidence on treatment 

protocols regarding AIN, only costs related to invasive anal cancer were considered in this study. In the 

absence of data specific for anal cancer, and in keeping with a previous cost effectiveness study (26), 

colorectal cancer costs were used as a proxy. The cost per incident case of colorectal was obtained from 

the 2010 cost report addendum part of the Cost Effectiveness Study of health interventions [29] released in 

accordance to the requirements established by the MINSAL (Table 2). The main reference for this study, is 

the Verification Cost Study [30] which is in accordance to the Chilean guidelines for economic evaluations 

[31].The intervention costs are summarized in Table 3. As currently in Chile there is no public price for the 

vaccine, the private one was considered. In addition, as the efficacy measure considered in this study was 

obtained from an RCT conducted with the quadrivalent vaccine, the reference price for this vaccine was 

used [32]. In a threshold analysis, we estimated below what vaccine price the intervention could be 

considered cost-effective.  

<< Table 2 here >> 
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<< Table 3 here >> 

Discount Rate 

In order to consider the fact that dollars saved in the future do not have the same value as dollars spent in 

the present, and that values of costs and benefits vary across time, a 3% discount rate was considered. A 

one way sensitivity analysis was performed considering a 0% and a 6% discount rate as suggested in the 

Chilean Economic Evaluation Guidelines [31]. 

Uncertainty Analysis 

First order uncertainty refers to the fact that sample data is always measured imprecisely. For this reason, 

all those variables with associated uncertainty due to sampling error were considered in this analysis with 

their corresponding distributions [33]  as shown in Table 4. Although the gamma distribution is generally 

assigned to costs, an average colon cancer estimated cost was used so normality was assumed. 

Uncertainty was estimated for the outcomes averted DALYs, incremental costs and ICERs by a Monte Carlo 

simulation (2000 iterations) using the MS Excel addin Ersatz (www.epigear.com). According to the Chilean 

Economic Evaluation guidelines [31] an intervention is “very cost-effective” if the ICER (cost per averted 

DALY) is equal to or below one times GDP per capita and “cost effective” if the ICER is equal to or less than 

three times GDP per capita as recommended by the World Health Organization (WHO). For this reason, 

the intervention was assessed considering these suggested thresholds.   

<< Table 4 here >> 

 

 

  

http://www.epigear.com/
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Results 

Table 5 shows the direct incremental costs which represent the intervention costs minus minus the cost-

savings achieved by having less anal cancer cases to treat due to disease primary prevention. These reductions 

partially compensate the total intervention costs, but the incremental cost remains positive. The ICER was 

calculated as the incremental costs divided by the total averted DALYs. This table also shows the results of the 

univariate sensitivity and uncertainty analysis. The estimated ICER for the intervention was $138,269 (95% 

uncertainty interval [UI] $95,936 – $221,862$)/DALY when compared with the alternative current practice 

of “no systematic HPV prevention” in the prevention of anal cancer falling above the cost effective threshold 

of three times GDP per capita. The estimated number of averted DALYs was 22 (95%UI 14-31) with 

associated health care cost savings of $143,135 USD. The incremental cost-effectiveness plane (Figure 1) 

shows that the estimated ICERs are located in the NE quadrant representing, hence possibly acceptable.  

The biggest variations of the ICER occur when the discount rate was varied. As expected with an 

intervention that prevents the death of relatively young men, the ICER is decreased with a 0% discount rate 

from $138,269 to $44,411 (95% UI $31,464 - $69,957)/DALY falling into a cost-effective range. The highest 

health benefits and costs savings of 64 DALYs were observed in this scenario. Without discounting we are 

not compensating consumption that is forgone today for health benefits that will be seen in the future. On 

the opposite, when we discount at 6% the ICER increased to $346,719 (95% UI 237,412 – 441,498)/DALY 

with lower costs savings and lower health benefits.  

The HPV vaccination strategy showed to be sensitive to variations in price of the vaccine. If the price of the 

vaccine was reduced by 40% to $52 USD per dose the intervention fell into the cost effective threshold to 

$55,871 (95% UI 37,519-94,627)/DALY. Furthermore, if the price is reduced 88% to $15.5 USD per dose, 

the intervention reaches the very cost-effective threshold. 

The sensitivity analysis also shows that using the per-protocol efficacy of the vaccine did not change the 

results sufficiently to make the intervention cost-effective. Only a slight impact was observed when the 

vaccine coverage was increased to 95% and reduced to 65% as the target population may not be willing to 

vaccinate as the general population does. 
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In our model, the highest health benefits are seen in the 15-25 age groups where most of the HIV cases are 

diagnosed and longer period of time is available for anal cancer to develop. The average number of averted 

DALYs increases from 22 to 27 and the ICER improves, but only to $123,507 (95% UI 85,484-

213,321)/DALY. Above the age category of 15-24 the estimated ICERs increased as the RR risk of HIV 

infection and consequent anal cancer risk are reduced. These results are also influenced by the lower life 

expectancy of the individuals as they get older.  

<< Table 5 here >> 

Acceptability curves for three different scenarios are shown in Figure 2. For the base case scenario, and 

considering a suggested threshold of $55,758/DALY (3 times GDP per capita) there is no chance of the 

intervention being cost effective while there is 23% chance if the willingness to pay is set to $120,000/DALY. 

There is an approximately 50% probability of ICERs falling into the cost-effective range if the decision 

threshold is set to $130,000/DALY. The probabilities of the ICER falling into CE threshold if the efficacy of 

the vaccine is set to 77.5% start rising when the willingness to pay is $60,000/DALY. The red line represents 

the cost effectiveness threshold (3 times GDP). The threshold analysis shows that the intervention is cost 

effective is when the price per vaccine dose is dropped to below $52 USD. The Chilean economic evaluation 

guideline explicitly suggests that interventions costing less than 3 times GDP to be considered cost effective, and 

interventions costing less than 1 times GDP per capita very cost effective. However, in Chile health authorities 

generally only consider acceptable a threshold of 1 times GDP Hence, the price needs to drop to $15.5 USD 

per dose in order to fall below the accepted cost effective range. 

<< Figure 2 here >> 
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Discussion 

In this study we have modeled the cost effectiveness of an HPV vaccination intervention to prevent HPV 

related anal cancer in HIV males in Chile. Based on the fact that at current prices the ICERs reported in this 

study fall outside the boundary of cost effectiveness (recommended by the WHO) in our base case scenario, 

we do not recommend the vaccination of HIV positive males for the prevention of anal SCC. The determining 

factor in this result is the cost of the vaccine. It was estimated that when the price is reduced to $52 USD 

the ICER falls into a cost-effective range, and if the price is reduced to $15.5 USD the intervention is “very 

cost-effective”. However, although costly, the intervention had positive health benefits associated. From the 

sensitivity and uncertainty analysis we identified those variables with the highest impact on the outcome, 

which were the vaccine price, efficacy and target population. 

Although the sensitivity and uncertainty analysis presented robust results regarding the intervention being 

not cost-effective, the analysis has certain limitations. Probably the most important is the incomplete 

incidence data of anal cancer in the Chilean population in general, and among the HIV positive population 

in particular. Another limitation of this study is the use of costs for colon cancer as a proxy for anal cancer 

costs. The natural history of anal cancer differs from that of colon cancer although there are some features 

common to both. The fact that anal cancer is preceded by precancerous stage known as AIN (I, II and III), 

and that these stages can be diagnosed and treated, may increase the real cost of the disease. Therefore, 

the average costs used in this analysis could be an underestimation of the real costs. Further research is 

required to determine the cost of managing and treating anal cancer as well as the precursor lesions, which 

are mostly incurred in the outpatient setting. The impact of HPV vaccines on the incidence on any type of 

HPV-related cancer will take years to be observed. It is therefore not yet known if the vaccine offers lifelong 

protection as assumed in this study. However, in case a re-boost dose of the vaccine was to be required in 

the future, the cost-effectiveness would be worse than we found here. 

A multistate Markov model is capable of capturing the direct benefits of vaccination for the study cohort, but 

it does not account for herd immunity. We would expect the ICERs to improve by reducing HPV infection in 

unvaccinated partners. How much the cost-effectiveness estimates can improve is uncertain, and will 

depend on data that to date is unavailable, like sexual behaviors in HIV positive men. 
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Furthermore, in view of the unavailability of data regarding the efficacy of the vaccine in the HIV population, 

the efficacy in healthy MSM was assumed to apply. Although there is uncertainty regarding previous 

exposure to HPV in HIV positive males, it should be emphasized that greater health benefits are expected 

if the vaccination occurs early, before exposure. When a high risk population like HIV positives is being 

studied, this is a challenging matter. It is likely that when patients are diagnosed with HIV they have also 

been exposed to HPV. In addition, as discussed by Kim et al there are issues associated to the intervention 

like social stigma of vaccination and acceptability of the vaccine against STIs, especially when a specific 

group in a population is being studied [34]. These facts can affect negatively the access to a vaccine that 

although costly, has health benefits associated to a population where there are no alternatives implemented 

for the prevention of anal cancer. We acknowledge the fact that it would’ve been interesting to assess any 

difference on expected total costs and benefits among different sub-group of patients. However, one 

important limitation of this study is the lack of quantitative and qualitative epidemiological data to strengthen 

the results.   

It is important to mention that there are other HPV related cancers that will implicitly be prevented with the 

intervention in this population, like penile cancer, as well as non-oncologic conditions like genital warts, 

which were not accounted for in this analysis. Although it wasn’t the aim of this study to measure this impact, 

this would lead to additional cost savings associated to the intervention. 

Despite the limitations of the study, this analysis is the first to explore the potential cost-effectiveness of 

HPV vaccination of HIV positive males in Chile. Although the natural history of anal cancer needs to be 

described further and there is no specific information regarding the Chilean population on this matter, we 

were able to use international literature to understand its association with different HPV genotypes. 

Epidemiological data was gathered and systematized to describe the current situation of the disease in 

Chile. 

It is worth acknowledging the fact that anal SCC is a preventable disease. Moreover, the incidence rates 

are increasing worldwide at an accelerated rate, especially in high risk populations such as HIV positives 

males. There is however limited data on how the incidence of anal cancer has changed across years in 

Chile. Further research is needed regarding this matter. International burden of disease studies show that 
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anal SCC generates a considerable economic burden and other than vaccination, there are limited effective 

alternatives available. 

A strategy like the one assessed here can be a valuable health investment if the price of the vaccine was 

reduced to a level where the ICER falls into a cost effective range. A relevant aspect to consider is that 

there are no other reliable and organized prevention strategies available against an illness with a high 

disease burden (anal cancer) targeting a high-risk population (HIV positive males). However, based on 

previous evidence, the health benefits would be maximized if the HPV vaccination occurs before the 

individuals are exposed to the virus. 

Conclusion 

Vaccination against HPV related anal cancer in HIV positive males is not cost effective. The price of the 

vaccine is one negotiable variable that requires special attention from a policy perspective. 

Funding 
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List of Abbreviations 

AIN   Anal intraepithelial neoplasia 

CEA   Cost effectiveness analysis 

CF   Case Fatality 

DALY   Disability adjusted life years 

GBD   Global burden of disease 

HAART   Highly active antiretroviral therapy 

HIV   Human immunodeficiency virus 

HPV   Human papilloma virus 

ICER   Incremental cost-effectiveness ratio 

INE   National Institute of statistics 

MINSAL  Chilean Ministry of Health 

MSM   Men who have sex with men 

PAF   Population Attributable Fraction 

QALY   Quality adjusted life years 

RCT   Randomized controlled trials 

SCC   Squamous cell carcinoma 

STI   Sexually transmitted infection 

WHO   World Health Organization 

YLD   Years lived with disability 
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Table 1. Disability adjusted life years per incident anal cancer case 

Anal Cancer 
Disease 

stage 

DW1 
[27] 

5 year 
Survival 

Rates [26] 

Life 
years 

Anal cancer 
DALYs 

Disease 
stage 

distribution 

Anal cancer 
DALYs per 

disease stage 

Average years 
lived weighted by 
anal cancer DW 

DALYs weighted 
by anal cancer 

and HIV2 

Stage I 0.294 71.40% 4.285 3.025 25.32% 0.766 

2.668 2.462 
Stage II 0.294 63.50% 4.088 2.886 51.83% 1.496 

Stage III 0.484 45.65% 3.641 1.879 17.10% 0.321 

Stage IV 0.508 20.90% 3.023 1.487 5.75% 0.086 
1DW: Disability weight, 2Disability weight for “HIV/AIDS receiving antiretroviral treatment” = 0.053 [27],DALY: Disability adjusted life years 
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Table 2. Colorectal cancer costs (ref) 

Currency  
Total Cost 

 
Total diagnosis 

costs 
Total treatment 

costs 
Annual FUP cost            

(from year 1) 
N° years of 

FUP1 
Updated FUP 

cost (from year 0) 

 Chilean peso 
(CLP)  

$10,710,435 $ 103,876 $ 5,900,442 $ 1,117,215 
5 

 
$ 4,706,118 

 

 US Dollar  $ 22,062 $ 214 $ 12,132 $ 2,297 $ 9,676 

1FUP: Follow up period, CLP: Chilean Peso, Exchange rate: 1 US Dollar = 485.5 CLP 
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Table 3. Intervention input costs and other relevant variables 

Parameter Base Case Reference 

Vaccine cost in 2010 USD 
132 USD [32] 

Vaccine wastage (%) 
15% 

[35] 
Vaccine Administration costs per dose 

10 USD 

Vaccine Coverage % 
70% 

 
Vaccine Efficacy 

 

Intention to treat 
50.3% 

[21] 

Per protocol 
77.5% 
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Table 4. Input parameters and distribution for uncertainty analysis 

Variable Mean Value CI Low 95% CI High 95% Distribution 

Vaccine Efficacy 
Intention to Treat 0.53 0.257 0.672 

Beta 
Per Protocol 0.775 0.396 0.933 

Anal Cancer 
Disability Weights 

Diagnosis and 
primary therapy 

0.294 0.199 0.411 

Beta 

 

0.484 0.33 0.643 Metastatic 
 
Terminal phase with 
medication 

0.508 0.348 0.67 

Average Costs Per incident case 22,062 2,206.2 24,268.2 Normal 

Relative Risk of Anal 
Cancer among HIV+ 
men per age group 

<30 162.7 103.1 244.9 

Log-normal 
30-39 40.1 31.2 50.8 

40-49 39.3 31.3 48.7 

≥50  23.4 16.6 32 

Incidence of anal 
cancer in HIV 
positive males 

Per age group per 
100,000 males 

   

40-49 14.3 12.9 15.7 

 
Normal 

50-59 47.5 42.8 52.3 

60-69 79.7 71.7 87.7 

>70  139.7 125.7 153.7 

Total 28.6 25.7 31.5  

CI: Confidence Interval 
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Table 5. Results of univariate sensitivity and uncertainty analysis 

Variable 
Costs 

Offsets 
(USD) 

Intervention 
Costs 
(USD) 

Incremental Costs (USD) Averted DALYs  ICER ($/DALY) Mean % 
ICER 

Variation Mean 
95%  
LUI 

95% 
HUI 

Mean 
95% 
LUI 

95% 
HUI 

Mean 
95%  
LUI 

95%  
HUI 

Base 
Case 

- -$143,135 $3,184,680 $3,042,629 $2,974,207 $3,101,476 22 14 31 138,269 95,936 221,862 - 

Discount 
Rate 

0% -$346,046 $3,184,680 $2,841,678 $2,679,245 $2,985,325 64 42 86 44,411 31,464 69,957 67.88% 

5% -$83,173 $3,184,680 $3,101,107 $3,059,963 $3,136,223 12 7 17 255,155 177,428 424,604 84.54% 

Vaccine 
Price 
(USD) 

$52 -$143,135 $1,370,646 $1,228,964 $1,160,987 $1,290,064 22 14 31 55,871 37,519 94,627 59.59% 

$16 -$143,135 $546,393 $403,184 $333,892 $465,023 22 13 31 18,171 10,836 34,163 86.86% 

Vaccine 
Coverage 

95% -$194,380 $4,322,066 $4,127,567 $4,031,970 $4,211,202 29 18 42 139,931 95,800 234,942 1.20% 

65% -$132,893 $2,950,283 $2,818,152 $2,755,962 $2,874,400 21 13 29 136,393 94,342 223,653 1.36% 

Age 
Groups 

15-24 -$178,463 $3,470,173 $3,291,676 $3,210,165 $3,368,759 27 16 38 123,507 85,484 213,321 10.68% 

35-44 -$45,229 $2,468,378 $2,417,801 $2,393,047 $2,439,500 10 7 13 260,083 199,105 356,682 88.10% 

Vaccine 
Efficacy 

0.775 -$209,475 $3,177,228 $2,968,459 $2,885,101 $3,062,397 32 18 43 93,321 68,284 166,426 32.51% 

USD: US Dollar, DALY: Disability Adjusted Life Years, **Cost-effectiveness ratios are ‘ratios of means’  [36] with 95% uncertainty ranges and are expressed in USD per DALY, 
referenced to the year 2010. LUI: Low uncertainty interval, HUI: High uncertainty interval.
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Figure 1. Anal Cancer illness-death modeling 
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Figure 2. Acceptability curve 
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