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Abstract 
Objective: Cervical cancer is a huge public health issue in Morocco which represents the second most 
frequent and fatal cancer among women. Countries that have not yet introduced the HPV vaccine 
could benefit greatly, but before implementation it is necessary to perform country-specific 
economic assessments that include current screening practices.  

Methods: A Markov model was developed to simulate the natural history of HPV and cervical cancer 
so as to calculate the long-term health benefits and costs of HPV vaccination and current screening 
by VIA. Starting from a previous transition probability matrix used for a model from Spain, the 
present model was calibrated to cervical cancer incidence from Morocco. Cost survey data was used 
to estimate the cost of screening and clinical procedures from the public healthcare perspective. 
Incremental cost-effectiveness ratios were calculated as 2018US$ per additional year of life saved 
(YLS) and both costs and health outcomes were discounted at 3%. 

Results: The expected reduction in lifetime risk of cervical cancer for current screening would be 14% 
at a cost of US$551/YLS compared with no intervention, assuming VIA every 3 years in women aged 
30-49 at 10% coverage. HPV vaccination of preadolescent girls at 70% coverage would reduce 
lifetime risk of cervical cancer by 62% at a cost of US$1,150/YLS, compared with no intervention. 
When implementing HPV vaccination in combination with current screening, vaccination would be 
dominated, and the combined strategy would provide 69% reduction at a cost of US$2,843/YLS, 
compared with screening alone. Current screening would be dominated by vaccination when 
screening coverage is higher than 15%, whereas the combined strategy rapidly exceeds 
US$4,000/YLS.  

Conclusions: HPV vaccination could be highly effective and cost-effective in Morocco. Current 
screening would be good value for money compared with no intervention, but scaling-up screening 
coverage would make it inefficient compared with vaccination. 

Keywords: cervical cancer; HPV vaccination; screening; visual inspection with acetic acid (VIA); cost-
effectiveness; low-resource settings 

JEL classification codes: I18 I19  
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Introduction 
Cost-effectiveness analyses are increasingly required in the health care decision-making process for 
the purpose of informing about which new products to include in national public healthcare systems 
or optimizing those that already exist1. Mathematical models are commonly used in these analyses to 
simulate diseases and the long-term health outcomes and economic impact of different 
interventions that cannot be explored through experimental studies. The ultimate goal is to 
determine a set of strategies that result in good value for money.  

Cervical cancer is the third most common cancer among women worldwide and this health issue 
mostly occurs (around 85%) in low- and middle-income countries, accounting for nearly 12% of all 
female-related cancers2. In Morocco, cervical cancer ranks second among women with an age-
standardized incidence rate of 17.2 per 100,000 women and an age-standardized mortality rate of 
12.6 in 2018. There are currently more than 200 virus strains of human papillomavirus (HPV) 
classified according to the degree of carcinogenesis risk, of which at least 13 are cancer-causing3. HPV 
types 16 and 18 are the most virulent and are responsible for 70% of cervical cancer cases globally, as 
well as a varying proportion of other cancer and non-cancer diseases4,5.  

Screening activities have showed that early detection can reduce the morbidity and mortality 
associated with cervical cancer6. Several screening tests with different performances in terms of 
sensitivity and specificity are currently available such as the Pap smear, visual inspection with acetic 
acid (VIA) and HPV DNA. In Morocco, opportunistic cervical cancer screening based on VIA every 3 
years in women aged 30-49 was launched in 20107,8. However, the coverage rate at the national level 
is only about 6% to 10% of the targeted women, with around 80% to 90% of all cervical cancer cases 
being diagnosed at an advanced stage7,9,10. This low coverage rate might be explained by the lack of 
mass communication and public awareness campaigns about the cervical cancer screening program7. 

Three prophylactic vaccines against HPV infections are currently available and have proved to be 
highly safe and effective for the prevention of HPV vaccine-type infection and associated diseases11. 
The bivalent vaccine protects against HPV types 16 and 18; the quadrivalent vaccine protects against 
HPV types 6, 11, 16 and 18; and the nonavalent vaccine targets the same HPV types as the 
quadrivalent vaccine  as well as types 31, 33, 45, 52, and 58. The World Health Organization (WHO) 
points out that developing countries with difficulties in implementing screening programs might reap 
an important benefit from HPV vaccination as a primary prevention strategy for cervical cancer 
disease12,13. 

On this basis, health policy decision-makers in countries like Morocco need to know the cost-
effectiveness of HPV vaccination to decide the best way to allocate their scarce health care 
resources. Hence, the aim of this project is to assess the cost-effectiveness of implementing an HPV 
vaccination program in Morocco and the current screening with VIA at different frequencies, both 
strategies separately and in combination. 

Methods 
The Model 

A Markov model was developed to simulate the natural history of HPV infection and cervical cancer 
in order to calculate the long-term health benefits and costs of different cervical cancer preventive 
strategies. As shown in Figure S1 of the Supplementary appendix, the static model includes 12 boxes 
that represent mutually exclusive health states (healthy, HPV infection, cervical intraepithelial 
lesions—CIN—grade 1-3, International Federation of Gynecology and Obstetrics (FIGO) cervical 
cancer stages, survival, cervical cancer mortality, and mortality from other causes). Women move 
from one health state to another in one-year intervals according to some transition probabilities. All 
women start the model simulations as healthy and can move to the HPV-infected state by acquiring 
the infection with some probability. Women who have acquired HPV infection could develop CIN, 
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and those with CIN 1 or with CIN 2/3 could progress, regress or stay in the same state. Once in the 
cancer state, a woman may not regress to other health states, and instead progresses through the 
four FIGO stages. Women may die from cervical cancer in the cancer stages or may die from other 
non-cervical cancer causes in every health state and every cycle. The model was developed with 
Microsoft Excel 2010. 

Calibrating the model 

For our initial calibration step, a transition probability matrix from a previous validated model for 
Spain was used to reproduce cervical cancer incidence from Morocco14,15. To ensure that the model 
fits the epidemiological data from Morocco, a manual calibration process was performed to reduce 
uncertainty in transition probabilities selected from various studies. The model was calibrated to 
reproduce age-specific cervical cancer incidence prior to launching the screening program in 2010 
(Figure S2 of the Supplementary appendix). 

Strategies considered 

Three cervical cancer preventive strategies were included in the base-case analysis: current screening 
in Morocco of women aged between 30 and 49 years with a VIA test every 3 years at 10% coverage 
rate; HPV 16/18 vaccination of preadolescent girls at 14 years old with two doses at 70% coverage 
rate assuming 90% efficacy and lifelong immunity; and combined vaccination and screening. 

Demographic and epidemiological data 

The distribution of the Moroccan female population by age group was extracted from the United 
Nations’ population prospects for the year 201516. Annual transition probabilities depicting the 
natural history of cervical cancer and HPV infection were also extracted from published 
epidemiologic articles under the assumption that the mechanism of cervical carcinogenesis from 
initial infection is universal and that it does not differ greatly between countries17–20. Epidemiological 
data on cervical cancer incidence and mortality by age were derived from the cancer registries of the 
Grand Casablanca Region and from the ICO-HPV Information Centre21,22. The sensitivity and 
specificity of VIA were derived from a systematic review conducted to compare the test accuracy of 
the HPV DNA test, cytology and VIA23. The baseline assumptions on screening and vaccination are 
shown in Table 1. 

Economic data 

Since it is important to use country-specific information but there is a lack of data on costs related to 
cervical cancer screening procedures in Morocco, a survey was carried out to estimate the direct 
medical costs of screening, diagnosis and treatment of precancerous lesions using loop 
electrosurgical excision procedure (LEEP) and treatment of cervical cancer from the public healthcare 
perspective in 2015 Moroccan dirhams. The data collection and cost calculation methods are both 
included in the Supplementary appendix. All costs were converted  to 2018 US dollars (US$) using 
GDP deflators and average annual exchange rates24 (Table 1).  

The lower price reported for HPV vaccine was offered by Merck to the Global Alliance for Vaccines 
and Immunizations (GAVI) for the poorest countries (US$4.50 per dose), but Morocco is not eligible 
for GAVI support25 . The negotiated price by the Revolving Fund of the Pan American Health 
Organization (PAHO) for low- and middle-income countries in Latin America is around US$10–US$15 
per dose26. Based on this, we assumed an initial vaccine cost of US$10 per dose and a US$5 
administration cost.  

For the purpose of identifying those strategies that appear to be relatively good value for money, 
usually a cost-effectiveness threshold is defined. However, there is no universal criterion and even, 
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there is no consensus on how it should be derived27. For illustrative purposes, the approach of the 
Commission on Macroeconomics and Health was used, since there is no specific local threshold 
defined for Morocco28,29. This heuristic suggests that an intervention should be considered highly 
cost-effective if the ICER is less than the country’s per capita gross domestic product (GDP) and cost-
effective if the ICER is less than three times the per capita GDP. The estimated per capita GDP in 
Morocco for the year 2018 is US$2,86024. 

Outcomes, measurements and cost-effectiveness analysis 

For each strategy, the model predicts the life expectancy (LE) and the lifetime cost per woman. The 
incremental cost-effectiveness ratio (ICER) was the measurement used to perform the cost-
effectiveness analysis, defined as the difference in cost between two interventions, divided by the 
difference in health (LE in our case). Therefore, the ICER represents the incremental cost associated 
with one additional year of life saved (YLS). Both cost and health outcomes were discounted at an 
annual rate of 3%. To identify which parameters and assumptions are the most influential in the 
results, one-way and two-way sensitivity analyses were carried out for the vaccination’s coverage 
and cost, as well as for the coverage, sensitivity and cost of the VIA test. 

Results 
The expected reduction in lifetime risk of cervical cancer for current screening is 14% compared with 
no intervention, assuming VIA every 3 years in women aged 30-49 at 10% coverage (Figure 1). 
Preadolescent vaccination alone has an important impact on lifetime risk of cervical cancer, reducing 
it by 63% compared with no intervention and by 48% compared with VIA every 3 years. An additional 
reduction of 7% is also obtained when combining vaccination with the existing screening program 
compared with vaccination alone.  

A cost-effectiveness analysis was performed, comparing the current screening in Morocco using VIA 
every 3 years with different frequencies of screening. It was found that as the frequency increases, 
both the effectiveness and the costs rise, and screening with VIA at any frequency would be 
dominated by VIA once-in-a-lifetime that would be cost-saving compared with no intervention (Table 
2A). Vaccination alone at 70% coverage rate would cost US$1,150 per YLS compared with no 
intervention (Table 2B), well below the per capita GDP threshold. The current screening program 
with VIA in Morocco (10% coverage to women aged 30-49 years) would cost US$551 per YLS 
compared with no intervention (Table 2C). When implementing HPV vaccination in combination with 
existing screening, vaccination alone would be dominated, and the combined strategy has an 
incremental cost-effectiveness ratio of US$2,843 per YLS compared with screening alone, which 
would be considered cost-effective based on the GDP per capita threshold (Table 2C). When the 
screening coverage rate is higher than 15%, vaccination is no longer dominated, instead screening 
alone is dominated and the ICER for the combined strategy increases rapidly, exceeding US 
$4,000/YLS above 20 percent (Table 2D and Table S4 of the Supplementary appendix). 

The one-way sensitivity analysis shows that the cost-effectiveness of adding vaccination to the 
existing screening program remains relatively stable on varying the cost per dose up to current 
tender prices in high-resource countries (~US$35 per dose) and vaccination coverage (up to 100%); in 
neither case the ICER exceeds the per capita GDP. The combined strategy is also stable on varying the 
sensitivity of the VIA test and the cost of VIA, whereas it is sensitive to the increase in coverage of the 
VIA test (Figure 2)30. Indeed, when the coverage of VIA goes from 5% to 100%, the ICER jumps from 
US$997 per YLS to US$5,702 per YLS compared with no intervention, exceeding the per capita GDP 
threshold at a 50% coverage rate unless the cost of the VIA test drops by one third (Figure S3 of the 
Suplementary appendix). At coverage of 75%, the combined strategy exceeds the per capita GDP 
threshold unless the cost of the VIA test drops by one half. At current price, the ICER for the 
combined strategy is below three times the per capita GDP even at 100% coverage. The slight 
variation on the sensitivity of the VIA test is due to the low coverage rate of 10% assumed for the 
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current existing screening and the small population covered (from 30 to 49), which excludes most of 
the female population at risk for cervical cancer from screening. 

Discussion 
Our results show that scaling up coverage of screening with VIA more than 15% in Morocco is not 
cost-effective, whereas HPV 16/18 vaccination for preadolescent girls at age 14 with a coverage rate 
of 70% is highly cost-effective and could reduce cervical cancer by 63%. Provided the cost per 
vaccinated girl is US$10 per dose, we have found that vaccination alone costs US$1,150 per YLS, well 
below the 2018 per capita GDP (US$2,860). Even when the vaccine cost per dose is increased up to 
current tender prices in high-resource countries, preadolescent HPV vaccination would be considered 
good value for money. The existing screening program with VIA every 3 years for women aged 
between 30 and 49 years at 10% coverage costs US$551 compared with no intervention. However, 
this would be considered dominated compared with vaccination at US$10 per dose and 70% 
coverage rate when coverage of VIA is higher than 15%. The high cost of screening and subsequent 
follow-up and treatment together with an inefficient screening with VIA and low coverage in a small 
fraction of women at risk of cervical cancer makes screening alone unattractive in Morocco 
compared to HPV vaccination at reasonably low prices. Vaccination combined with existing screening 
practices in Morocco costs US$2,843 per YLS, which is less than Morocco’s per capita GDP. The 
higher the screening coverage, the greater the ICER, exceeding the per capita GDP threshold at a 50% 
coverage rate unless the cost of the VIA test drops by one third.  

To our knowledge, our study is the first cost-effectiveness analysis calibrated to the Moroccan 
context that takes into account the existing screening program. Only a simple Excel-based model was 
used to project the population-level health and economic impact of preadolescent HPV vaccination in 
20 countries, including Morocco31. However, this model was not calibrated to Morocco and did not 
include screening strategies. The authors conclude that HPV vaccination would be cost-saving at a 
cost of $5 per dose, cost-effective at a cost of $26.75 per dose and would exceed the cost-
effectiveness threshold at a cost of $54.25 per dose. The calibration procedure is a crucial aspect for 
the model’s performance, especially when it involves policy decisions15. Several cost-effectiveness 
analyses in low- and middle-income countries have examined the value of HPV vaccination in 
combination with VIA (Diaz et al. 2008; Goldie et al. 2008; Praditsitthikorn et al. 2011; Guerrero et al. 
2015; Chanthavilay et al. 2016). All of these studies are in line with our results, considering HPV 
vaccination to be cost-effective in resource-poor settings if the vaccine cost decreases significantly in 
relation to the current out-of-pocket price. In such circumstances, the best cervical preventive option 
would be a combined strategy of VIA screening with HPV vaccination.  

The WHO recommends introducing the HPV vaccines into national immunization programs and using 
VIA in resource-constrained settings11,37. However, if HPV testing is feasible, the WHO suggests a 
strategy of screening with an HPV test over a strategy of screening with VIA. This is increasingly 
achievable since new methods of HPV testing for low-resource settings that require low staff 
qualifications are being developed, alongside alternative sample collection methods such as cervical 
specimen self-sampling38. Furthermore, based on estimates of the manufacturing costs of HPV 
vaccines, the price for the GAVI alliance for introducing the HPV vaccine in the poorest countries 
could be around $0.50 per dose; much lower than the current price of $4.5039. The same study states 
that prices for lower- and middle-income countries could also be lowered.  

Although there have been more studies on cervical cancer prevention in Africa in recent years, there 
are still several countries with little to no research ever conducted in this area 40. Given the 
substantial morbidity and mortality caused by this cancer in this setting, more research is needed to 
inform about which feasible, sustainable strategies that can maximize women's health. Our analysis 
is the first attempt to assess the epidemiologic and economic impact of HPV vaccination and existing 
screening practices in Morocco. The ultimate aim is to provide information in the long-term on value 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

for money for cervical cancer prevention strategies in Morocco to help decision-makers who have to 
work on prioritization of public health investment.  

There are several limitations to our approach, including the model’s structure, input data, 
assumptions and uncertainty of the parameters. Some of these are inherent in decision-analytic 
models and were addressed following scientific criteria of good practices or using standard 
approaches41,42. For example, our model inevitably requires assumptions about the costs of 
interventions and procedures, the effectiveness of VIA screening and vaccination, and about cervical 
cancer incidence and HPV prevalence data. As the quality of the results is only as good as the quality 
of the assumptions and synthesized data, the most reliable information from Morocco was included 
in the model 43. Subsequently, to ensure the credibility of the results, model predictions on cervical 
cancer incidence were calibrated to real empirical data from Morocco. In addition, sensitivity 
analyses were performed which can help appreciate the impact of uncertainties in the key 
parameters. However, some other limitations are more difficult to address. For example, our model 
does not capture herd immunity effects, nor does it include the potential benefits of vaccination on 
other non-cervical HPV-related diseases such as other anogenital cancers or genital warts, and it 
does not reflect the impact of cross-protection against other non-vaccine HPV types. These 
limitations may lead the health benefits of HPV vaccination to be underestimated. Further, as our 
model is a simple representation of the natural history of HPV infection and cervical cancer and not a 
detailed model with screening complex strategies that incorporate different visits, all women 
diagnosed with a CIN lesion are treated and there is no loss-to-follow-up. In order to deal with all 
these issues, it would be necessary to use more complex approaches such as dynamic 
microsimulation models. Another limitation is that our analysis is carried out under the favourable 
assumption of high efficacy against HPV 16/18 with two doses; therefore, any evidence regarding the 
reduction of the efficacy in two doses, the inclusion of waning immunity or the need for a booster to 
obtain long-term protection would lead to less attractive results for HPV vaccination. Finally, 
although the threshold based in the GDP is often used in cost-effectiveness analysis in low- and 
middle-income countries (), recent papers suggest that thresholds representing likely health 
opportunity costs tend to be below one GDP per capita 44,45. In our analysis, the ICER for vaccination 
represents an eleventh of the per capita GDP in Morocco, which may indicate that vaccination would 
be cost-effective with a much lower threshold; whereas the ICER for combined vaccination and 
existing screening with VIA and low coverage is between one and two times the per capita GDP, 
which may indicate that it could be displacing more health than it generates. 

Conclusions 
Based on our results, healthcare policymakers in Morocco should explore the possibility of 
supporting the implementation of preadolescent HPV vaccination for girls. However, they should also 
consider that introducing HPV vaccine into a national immunization programme depends not only on 
the cost-effectiveness but also on other important factors such as affordability, sustainable financing, 
avertable burden, feasibility and equity. Further analyses with more complex approaches that 
include other non-cervical HPV-related diseases, vaccines that provide protection against more high-
risk HPV types, and other screening tests such as HPV testing as suggested by the WHO are needed in 
order to reconfirm our results and to help guide the next steps on cervical cancer prevention in 
Morocco. Finally, a country like Morocco, where there has been problems with screening coverage, 
should also consider evaluating the cost-effectiveness of HPV self-collection, which has 
demonstrated to be a powerful tool to increase coverage and has the potential to overcome many of 
the barriers shown by other screening techniques.  
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Table and figure legends 
Table 1. Baseline assumptions and direct medical costs indexed at year 2017. 
Table 2. Discounted life expectancy (LE), discounted total lifetime cost per woman and incremental 
cost-effectiveness ratio for evaluated strategies. 
Figure 1. Estimated impact on cervical cancer incidence for different strategies 
Figure 2. One-way sensitivity analysis for vaccination followed by screening with VIA performed 
every 3 years. 
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Table 1. Baseline assumptions and direct medical costs indexed at year 2018. 

 

Variable Value 
Range of values used  

in the sensitivity analysis 

Baseline assumptions   

VIA screening coverage  10% 5% - 70% 

Sensititvity of VIA test 69% 30% - 80% 

Sensititvity of colposcopy 95%  

Vaccination coverage 70% 30% - 100% 

Vaccine protection against HPV 16/18 90%  

Duration of HPV 16/18 protection Lifelong  

Direct medical costs (US$2017) 
 

 

Screening test
a 

36.7 18.35 – 73.4 

Diagnostic 
 

 

Coloposcopy 36.6  

Biopsy 27.1  

CIN treatment 
 

 

Procedure of CIN1 63.7  

Procedure of CIN2/3 136.7  

Cancer treatment 
 

 

Stage I& II 1,026.9  

Stage III 2,083.9  

Stage IV 1,508.5  

HPV vaccine cost per dose 
 

 

Vaccine 10.0 5.0 – 35.0 

Administration
 

5.0  
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Table 2. Discounted life expectancy (LE), discounted total lifetime cost per woman and 

incremental cost-effectiveness ratio for evaluated strategies. 

 

Strategy
 Discounted cost 

per woman (US$)
 

Discounted 

LE
 

ICER 

(US$/YLS) 

A. VIA screening alone by frequency at 10% 

coverage 
   

No intervention 3.49569 54.95990  

20y-VIA screening (once-in-a-lifetime) 2.48417 54.97585 CS 

10y-VIA screening (twice-in-a-lifetime) 3.76766 54.97547 dominated 

5y-VIA screening (four times-in-a-lifetime) 6.97354 54.97526 dominated 

3y-VIA screening (seven times-in-a-lifetime) 11.70498 54.97480 dominated 

B. Vaccination alone at 70% coverage    

No intervention 3.49569 54.95990  

Vaccination (girls 14 yo) 22.36102 54.97630 1,150 

C. VIA screening at 10% coverage and vaccination 

at 70% coverage 
   

No intervention 3.49569 54.95990  

3y-VIA screening (seven times-in-a lifetime) 11.70498 54.97480 551 

Vaccination (girls 14 yo) 22.36102 54.97630 dominated 

Vaccination + 3y-VIA screening (seven times -in-

a-lifetime) 
32.06297 54.98196 2,843 

D. VIA screening and vaccination, both at 70% 

coverage 
   

No intervention 3.49569 54.95990  

3y-VIA screening (seven times-in-a lifetime) 73.61780 54.97157 dominated 

Vaccination (girls 14 yo) 22.36102 54.97630 1,150 

Vaccination + 3y-VIA screening (seven times -in-

a-lifetime) 
95.05145 54.98143 14,170 
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