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Supplement IV: Model-averaged predictions  

To form a weighted average of the predicted effectiveness of targeted vaccination 

from the different models, each model was given a weight 𝑤𝑆 according to:  

𝑤𝑆 =
exp(−
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𝐴𝐼𝐶𝑆)

∑ exp(−
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         (Eq.13)  

where AIC is the Akaike information criterion, a measure of the relative quality of 

each model with respect to H2M study data 𝑥:  

𝐴𝐼𝐶𝑆 = 2dim𝑆 − 2 log ℒ(𝜃𝑆|𝑥)        (Eq.14)  

Here, dim𝑆 denotes the number of free parameters in the ML procedure, and its 

inclusion acts as a penalty against overfitting. In general, given a set of candidate 

models ℳ, the preferred model is the one with the lowest AIC value. As a rule of 

thumb, models with an AIC difference of ≥10 relative to this model hardly have 

empirical support and can be omitted from further consideration, as these receive 

negligible weight in prediction [1,2].  

AIC was computed for each model as a composite fit to H2M baseline and follow-up 

data, according to independence assumptions delineated before. Parameters on the 

boundary of the parameter space counted as free parameters, meaning that models 

with suboptimal fit due to bound constrained optimization were penalized both for 

having suboptimal fit and for having possibly redundant parameters. Resulting AIC 

values are given in supplementary tables  tables C1 to C21 at end of S3 Text. The 

relative quality of the models with respect to H2M study data was more dependent on 

the assumed natural history of HPV16 infection than on the sexual contact structure of 
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the model (S8 Fig). Note that the SIS10L models provided comparatively good fit to 

H2M study data and accordingly received strongest weights in model-averaged 

prediction. In contrast, the SIR10L models gave invariably poor fit and were discarded 

from the set of models used for prediction.  

S4.1 Vaccination scenarios  

We assumed HPV vaccine uptake rates similar to hepatitis B (HepB) vaccine among 

MSM in the Netherlands, prior to the inclusion of HepB vacccine into the national 

childhood immunization program as of 2011. Data from the first seven years (2002–

2009) of the national HepB vaccination campaign for MSM in the Netherlands were 

used to estimate vaccine uptake rates. Annual vaccine uptake was calculated as the 

number of first vaccinations reported at the vaccination program by five-year age 

groups divided by the estimated number of eligible MSM in the Netherlands in the 

corresponding age group. The number of vaccinations was adjusted from the number 

of MSM receiving the first vaccine dose to account for the total number of expected 

doses during the observation period. Further details can be found in the appendix to 

the original publication [3].  

For application to our models, we fitted a Gamma function to the estimated HepB 

vaccine uptake rates among 15- to 70-year-old MSM up to 2010 in the Netherlands (S9 

Fig). The original publication also investigated how selective HepB vaccination for MSM 

could be improved. One scenario, dubbed “double vaccination”, assumed that twice 

as many vaccinations were administered as had in fact been reported at the 

vaccination program. We adopted this scenario to assess the impact of an increased 

HPV vaccine acceptance among MSM as compared to the estimated uptake of HepB 

vaccine, by simply doubling the fitted age-specific vaccine uptake rates.  
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To model a combined strategy of preadolescent and targeted vaccination, we assumed 

that a certain percentage of individuals enter the at-risk population already 

vaccinated, i.e. prior to sexual debut. The non-vaccinated individuals may still opt to 

get vaccinated at a later age, according to the age-specific vaccine uptake rates 

described above. Note that we neglected the possibility that individuals who were 

unsuccessfully vaccinated in preadolescence, might apply for a booster vaccination at 

a later age. This possibility has little bearing on the effectiveness of a combined 

strategy, as we assume high prophylactic efficacy of vaccination in preadolescence.  
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LEGENDS TO SUPPLEMENTARY FIGURES  

S8 Figure. Relative quality of models used in prediction. The quality of models 

(acronyms as in Table 2) with respect to H2M study data was assessed by the Akaike 

information criterion (AIC). In computation, only relative differences with respect to 

the model with the lowest AIC are relevant and these are plotted in A) according to 

presumed natural history (models ordered as in Table 2), and in B) according to sexual 

contact structure (ordered as in figure S6C).  

S9 Figure. Age-specific vaccine uptake among MSM. HPV vaccination rates (red lines) 

in base-case model predictions and in sensitivity analysis (thin line). Base-case uptake 

was based on historic uptake for hepatitis B (HepB) vaccine among 15- to 70-year-old 

MSM in the Netherlands. Note that the slightly increased HepB vaccine uptake rate 

among >70-year-old MSM was not incorporated in model predictions.  

 


