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eFigure 1. Example time-varying exposure  
 

 
 
Vaccination dose status was used as a time-dependent exposure. By using this time-dependent exposure design, the same 
individual can contribute person time to all dose-level categories (if they complete vaccination and do not contract GW before all 
three vaccinations are completed). 
 
This hypothetical cohort of 6 individuals contains the following plausible case scenarios: 

1. Individual 1 enters the cohort on her 10th birthday and contributes person-time to the unvaccinated cohort until her first 
vaccine dose whereupon she begins to contribute person-time to the one-dose group. When she gets her second 
vaccine dose she starts contributing person-time to the second-dose group. After her third dose she contributes 
person-time amongst those fully vaccinated and is followed-up until the end-of-study. 

2. Individual 2 enters the study on January 1, 2006 and contributes person-time in the unvaccinated cohort until her first 
vaccination when she contributes person time to the one-dose group. She is followed until the end of study, Dec. 31, 
2010. Data on subsequent vaccination doses is not used, nor is information on GW status after end of follow-up. 

3. Individual 3 contributes person-time to the unvaccinated group until her first vaccination. She too shifts through the 
vaccination groups but only contributes person-time for a short period after her second vaccination due to a case of 
GW. Information on her third vaccination dose is not used. 

4. Individual 4 is similar to individual 1 except she is older and starts contributing unvaccinated person-time starting Jan. 
1 2006.  

5. Individual 5 contributes unvaccinated person-time until her GW diagnosis. 
6. Individual 6 also enters the cohort on her 10th birthday and remains unvaccinated until the end of follow-up with no 

GW case. 
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eFigure 2. Example buffer-period 

 
These two timelines illustrate the buffer-period approach that was introduced to account for prevalent infection at the time of 
vaccination. The first timeline (upper timeline) outlines a situation without a buffer-period. Here, the woman contributed person-
time in the unvaccinated group until she received dose 1 after which she started to contribute person-time to the 1-dose group. 
At the time the woman received the 2nd dose, she started to contribute person-time to the 2-dose group etc. The second timeline 
(lower timeline) represents the same woman, but now including buffer-periods per dose-level. As a result of the buffer-period, 
the time at which the woman started to contribute person-time to the 1, 2, and 3 dose-groups are moved forward in time, i.e. the 
date of vaccination plus the length of the buffer-period. The person-time within the buffer-period was counted towards the 
previous exposure state, i.e. buffer-period time after dose 1 is included as unvaccinated person-time, buffer-period time after 
dose 2 is included as 1-dose person time etc. Person-time could be counted towards multiple exposure states if time between 
doses was smaller than the buffer-period time length, as shown in this example. 
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eResults 1: Buffer period 
 
To correct for prevalent HPV infections at the time of vaccination, we included buffer-period between 
vaccination and the start of case-counting where buffer-period risk-time was included in the previous exposure 
state. The length of the buffer-period was estimated by two types of analyses:  
 

1. A representative estimate for the length of the buffer-period was derived by comparing the cumulative 
incidence proportion (1-Survivor function) of GW condyloma after vaccination with dose one with the 
cumulative incidence proportion in an age-adjusted unvaccinated cohort. The corresponding cumulative 
incidence proportions for the unvaccinated were calculated stratified by age during follow-up and 
averaged according to the distribution of ages at first vaccination. Separation of the cumulative 
incidence curves was interpreted to indicate onset of vaccine effect. This is functionally equivalent to a 
previously described graphical method for visualizing selection bias(1), using a different hazard scale 
and non-parametric estimators instead of flexible parametric models. 
 
The results are presented in the main manuscript.  

 
2. Sensitivity analyses were performed re-fitting the Poisson regression model varying buffer-period 

length (0 to 12 months) to adjust for prevalent infections at the time of vaccination. The results are 
presented in eTable 1. 
 
When varying the length of the buffer-period, statistically significant increased condyloma risk 
reductions were seen comparing three versus two doses for buffer-periods of up to six months (relative 
reduction in IRR compared to two doses: +32% to +49%, all p-values<0.01, eTable 1). Similar risks 
reductions were found when stratifying on age-at-first-vaccination (relative reduction in IRR ranging 
from +28% to +48%), although confidence intervals were wide. 

 
Buffer-period length had no influence on reductions in condyloma risk when comparing three doses to 
no vaccination (observed reduction in IRR ranging from +76% to +83%, all p<0.005, eTable 1) 

 
The sensitivity analysis indicates that our main finding, namely that increased reduction in condyloma 
risk of three over two doses, regardless of age at vaccination, holds for buffer periods of up to and 
including five months. An argument against the third dose would therefore have to either entertain 
buffer-periods of six months or more, or discount the extra benefit of the third dose based on some cost-
benefit analysis. 
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eTable 1. Effect of buffer-period length on incidence rate ratios by age-at-first-
vaccinationa 

 Age at 1st vaccination 
 10-19 years 10-16 years 17-19 years 
 IRR, (95%CI) p-value IRR, (95%CI) p-value IRR, (95%CI) p-value
0 month buffer        
   1 vs. 0 doses 0.84 (0.70;1.01) 0.062 0.69 (0.50;0.96) 0.029 0.93 (0.74;1.16) 0.497 
   2 vs. 0 doses 0.42 (0.34;0.51) 0.000 0.35 (0.26;0.48) 0.000 0.47 (0.37;0.60) 0.000 
   3 vs. 0 doses 0.21 (0.18;0.24) 0.000 0.19 (0.16;0.23) 0.000 0.24 (0.20;0.30) 0.000 
   2 vs. 1 dose 0.50 (0.38;0.65) 0.000 0.51 (0.32;0.79) 0.003 0.51 (0.37;0.71) 0.000 
   3 vs. 2 doses 0.51 (0.40;0.65) 0.000 0.54 (0.38;0.78) 0.001 0.52 (0.38;0.71) 0.000 
   3 vs. 1 dose 0.25 (0.20;0.32) 0.000 0.27 (0.19;0.40) 0.000 0.26 (0.20;0.35) 0.000 
       
1 month buffer        
   1 vs. 0 doses 0.72 (0.59;0.88) 0.001 0.62 (0.44;0.86) 0.005 0.79 (0.62;1.01) 0.054 
   2 vs. 0 doses 0.37 (0.30;0.46) 0.000 0.30 (0.21;0.42) 0.000 0.44 (0.34;0.56) 0.000 
   3 vs. 0 doses 0.21 (0.18;0.24) 0.000 0.19 (0.15;0.23) 0.000 0.23 (0.19;0.29) 0.000 
   2 vs. 1 dose 0.52 (0.39;0.68) 0.000 0.48 (0.30;0.78) 0.003 0.55 (0.39;0.79) 0.001 
   3 vs. 2 doses 0.56 (0.43;0.71) 0.000 0.63 (0.43;0.92) 0.017 0.54 (0.39;0.75) 0.000 
   3 vs. 1 dose 0.29 (0.22;0.37) 0.000 0.30 (0.21;0.45) 0.000 0.30 (0.22;0.41) 0.000 
       
2 month buffer       
   1 vs. 0 doses 0.66 (0.54;0.81) 0.000 0.54 (0.38;0.76) 0.001 0.74 (0.58;0.96) 0.021 
   2 vs. 0 doses 0.34 (0.27;0.42) 0.000 0.27 (0.19;0.38) 0.000 0.40 (0.31;0.53) 0.000 
   3 vs. 0 doses 0.20 (0.17;0.23) 0.000 0.18 (0.15;0.22) 0.000 0.23 (0.18;0.28) 0.000 
   2 vs. 1 dose 0.51 (0.38;0.69) 0.000 0.50 (0.30;0.82) 0.006 0.54 (0.37;0.78) 0.001 
   3 vs. 2 doses 0.59 (0.46;0.77) 0.000 0.69 (0.46;1.02) 0.065 0.56 (0.40;0.80) 0.001 
   3 vs. 1 dose 0.30 (0.24;0.39) 0.000 0.34 (0.23;0.51) 0.000 0.30 (0.22;0.42) 0.000 
       
3 month buffer       
   1 vs. 0 doses 0.54 (0.43;0.68) 0.000 0.31 (0.20;0.49) 0.000 0.71 (0.55;0.92) 0.010 
   2 vs. 0 doses 0.32 (0.26;0.40) 0.000 0.29 (0.21;0.40) 0.000 0.35 (0.26;0.47) 0.000 
   3 vs. 0 doses 0.20 (0.17;0.23) 0.000 0.18 (0.15;0.22) 0.000 0.23 (0.18;0.28) 0.000 
   2 vs. 1 dose 0.59 (0.43;0.81) 0.001 0.91 (0.52;1.59) 0.743 0.49 (0.33;0.73) 0.000 
   3 vs. 2 doses 0.63 (0.48;0.82) 0.001 0.63 (0.43;0.93) 0.020 0.66 (0.45;0.95) 0.025 
   3 vs. 1 dose 0.37 (0.28;0.48) 0.000 0.57 (0.35;0.94) 0.028 0.32 (0.23;0.45) 0.000 
       
4 month buffer       
   1 vs. 0 doses 0.49 (0.39;0.62) 0.000 0.29 (0.18;0.46) 0.000 0.65 (0.50;0.86) 0.002 
   2 vs. 0 doses 0.30 (0.24;0.38) 0.000 0.28 (0.20;0.40) 0.000 0.32 (0.23;0.44) 0.000 
   3 vs. 0 doses 0.20 (0.17;0.23) 0.000 0.17 (0.14;0.22) 0.000 0.23 (0.18;0.29) 0.000 
   2 vs. 1 dose 0.61 (0.44;0.85) 0.003 0.99 (0.56;1.74) 0.958 0.49 (0.32;0.74) 0.001
   3 vs. 2 doses 0.65 (0.50;0.86) 0.002 0.61 (0.41;0.91) 0.016 0.72 (0.49;1.06) 0.098 
   3 vs. 1 dose 0.40 (0.30;0.53) 0.000 0.61 (0.36;1.01) 0.053 0.35 (0.25;0.50) 0.000 
   
5 month buffer       
   1 vs. 0 doses 0.46 (0.36;0.58) 0.000 0.33 (0.21;0.50) 0.000 0.57 (0.42;0.76) 0.000 
   2 vs. 0 doses 0.28 (0.22;0.36) 0.000 0.25 (0.18;0.36) 0.000 0.32 (0.23;0.44) 0.000
   3 vs. 0 doses 0.19 (0.16;0.23) 0.000 0.18 (0.14;0.22) 0.000 0.22 (0.17;0.28) 0.000 
   2 vs. 1 dose 0.62 (0.44;0.87) 0.006 0.76 (0.44;1.33) 0.339 0.57 (0.37;0.88) 0.010 
   3 vs. 2 doses 0.68 (0.51;0.91) 0.009 0.71 (0.47;1.07) 0.099 0.69 (0.46;1.03) 0.066
   3 vs. 1 dose 0.42 (0.32;0.57) 0.000 0.54 (0.33;0.87) 0.011 0.39 (0.27;0.57) 0.000 
       
6 month buffer   
   1 vs. 0 doses 0.47 (0.37;0.60) 0.000 0.38 (0.26;0.57) 0.000 0.54 (0.40;0.74) 0.000 
   2 vs. 0 doses 0.25 (0.19;0.32) 0.000 0.21 (0.14;0.31) 0.000 0.30 (0.21;0.41) 0.000 
   3 vs. 0 doses 0.19 (0.16;0.23) 0.000 0.18 (0.14;0.22) 0.000 0.22 (0.17;0.28) 0.000 
   2 vs. 1 dose 0.54 (0.38;0.76) 0.001 0.55 (0.32;0.95) 0.031 0.55 (0.35;0.86) 0.009 
   3 vs. 2 doses 0.77 (0.57;1.05) 0.094 0.85 (0.55;1.33) 0.487 0.73 (0.48;1.11) 0.144 
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eTable 1. Effect of buffer-period length on incidence rate ratios by age-at-first-
vaccination (continued)a 

   3 vs. 1 dose 0.41 (0.31;0.56) 0.000 0.47 (0.30;0.73) 0.001 0.40 (0.27;0.60) 0.000 
       
7 month buffer       
   1 vs. 0 doses 0.41 (0.32;0.54) 0.000 0.33 (0.22;0.51) 0.000 0.49 (0.35;0.68) 0.000 
   2 vs. 0 doses 0.26 (0.21;0.34) 0.000 0.23 (0.16;0.33) 0.000 0.30 (0.22;0.43) 0.000 
   3 vs. 0 doses 0.19 (0.16;0.23) 0.000 0.18 (0.14;0.22) 0.000 0.21 (0.16;0.27) 0.000 
   2 vs. 1 dose 0.64 (0.44;0.91) 0.014 0.68 (0.39;1.18) 0.171 0.63 (0.39;1.00) 0.052 
   3 vs. 2 doses 0.72 (0.53;0.97) 0.033 0.79 (0.51;1.21) 0.276 0.68 (0.44;1.04) 0.078 
   3 vs. 1 dose 0.46 (0.34;0.63) 0.000 0.53 (0.33;0.86) 0.009 0.43 (0.28;0.65) 0.000 
       
8 month buffer       
   1 vs. 0 doses 0.41 (0.32;0.53) 0.000 0.32 (0.21;0.48) 0.000 0.50 (0.36;0.70) 0.000 
   2 vs. 0 doses 0.24 (0.18;0.31) 0.000 0.20 (0.14;0.30) 0.000 0.28 (0.19;0.40) 0.000 
   3 vs. 0 doses 0.19 (0.16;0.22) 0.000 0.18 (0.14;0.23) 0.000 0.20 (0.15;0.27) 0.000 
   2 vs. 1 dose 0.58 (0.40;0.84) 0.004 0.64 (0.36;1.14) 0.129 0.55 (0.34;0.90) 0.018 
   3 vs. 2 doses 0.79 (0.57;1.09) 0.146 0.88 (0.56;1.39) 0.586 0.73 (0.46;1.14) 0.166 
   3 vs. 1 dose 0.46 (0.33;0.63) 0.000 0.56 (0.34;0.92) 0.021 0.40 (0.26;0.62) 0.000 
       
9 month buffer       
   1 vs. 0 doses 0.46 (0.36;0.59) 0.000 0.40 (0.28;0.59) 0.000 0.52 (0.37;0.72) 0.000 
   2 vs. 0 doses 0.20 (0.15;0.27) 0.000 0.15 (0.10;0.24) 0.000 0.26 (0.18;0.38) 0.000 
   3 vs. 0 doses 0.19 (0.16;0.23) 0.000 0.18 (0.14;0.23) 0.000 0.20 (0.15;0.27) 0.000 
   2 vs. 1 dose 0.44 (0.30;0.64) 0.000 0.38 (0.21;0.68) 0.001 0.50 (0.30;0.82) 0.007 
   3 vs. 2 doses 0.93 (0.66;1.31) 0.689 1.18 (0.71;1.96) 0.533 0.77 (0.48;1.24) 0.283 
   3 vs. 1 dose 0.41 (0.30;0.56) 0.000 0.45 (0.29;0.70) 0.000 0.39 (0.25;0.60) 0.000 
       
10 month buffer       
   1 vs. 0 doses 0.41 (0.31;0.53) 0.000 0.34 (0.23;0.52) 0.000 0.47 (0.33;0.67) 0.000 
   2 vs. 0 doses 0.23 (0.17;0.30) 0.000 0.20 (0.14;0.30) 0.000 0.26 (0.18;0.38) 0.000 
   3 vs. 0 doses 0.18 (0.15;0.22) 0.000 0.17 (0.13;0.22) 0.000 0.19 (0.14;0.25) 0.000 
   2 vs. 1 dose 0.56 (0.38;0.82) 0.003 0.59 (0.34;1.04) 0.069 0.54 (0.32;0.91) 0.022 
   3 vs. 2 doses 0.78 (0.56;1.10) 0.154 0.85 (0.53;1.36) 0.493 0.73 (0.44;1.19) 0.201 
   3 vs. 1 dose 0.44 (0.31;0.61) 0.000 0.50 (0.31;0.81) 0.005 0.39 (0.25;0.63) 0.000 
       
11 month buffer       
   1 vs. 0 doses 0.35 (0.26;0.47) 0.000 0.27 (0.17;0.43) 0.000 0.44 (0.31;0.64) 0.000 
   2 vs. 0 doses 0.21 (0.16;0.28) 0.000 0.19 (0.13;0.28) 0.000 0.24 (0.16;0.35) 0.000 
   3 vs. 0 doses 0.18 (0.15;0.22) 0.000 0.18 (0.13;0.23) 0.000 0.19 (0.14;0.26) 0.000 
   2 vs. 1 dose 0.60 (0.40;0.90) 0.013 0.71 (0.38;1.31) 0.266 0.53 (0.31;0.93) 0.026 
   3 vs. 2 doses 0.87 (0.61;1.23) 0.424 0.93 (0.57;1.51) 0.768 0.81 (0.48;1.36) 0.428 
   3 vs. 1 dose 0.52 (0.36;0.73) 0.000 0.65 (0.39;1.12) 0.119 0.43 (0.27;0.71) 0.001 
       
12 month buffer       
   1 vs. 0 doses 0.33 (0.24;0.44) 0.000 0.24 (0.15;0.39) 0.000 0.42 (0.29;0.62) 0.000 
   2 vs. 0 doses 0.19 (0.14;0.26) 0.000 0.19 (0.13;0.29) 0.000 0.19 (0.12;0.30) 0.000 
   3 vs. 0 doses 0.19 (0.16;0.24) 0.000 0.19 (0.14;0.24) 0.000 0.21 (0.15;0.28) 0.000 
   2 vs. 1 dose 0.59 (0.38;0.91) 0.016 0.81 (0.43;1.53) 0.513 0.45 (0.25;0.83) 0.010 
   3 vs. 2 doses 1.01 (0.70;1.46) 0.955 0.97 (0.59;1.58) 0.894 1.08 (0.62;1.89) 0.789 
   3 vs. 1 dose 0.60 (0.41;0.86) 0.005 0.78 (0.45;1.37) 0.386 0.49 (0.30;0.81) 0.005 
Abbreviation: IRR, incidence rate ratio; 95% CI, 95% confidences limit. 
a IRR were adjusted for attained age and parental education level.   
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eResults 2: Goodness of fit 
 
The data underlying the Poisson regression model is sparse, with no condyloma events in 36 out of 79 observed 
cells of the dose x age x parental education table. While this is not prima facie evidence against a satisfying fit of 
the Poisson model, it makes the usual tests for goodness of fit via the deviance or Pearson’s X2 difficult, because 
the assumptions required for a chisquared distribution under the null hypothesis of a valid Poisson model are 
violated. We have therefore fit additional models that extend the Poisson model, to check whether their larger 
complexity can significantly improve model fit, or whether the simpler special case of the Poisson model is 
parsimonious. 
 
The extra models are the negative-binomial model, which allows for an extra variance parameter capturing extra 
person-to-person variability, and the zero-inflated Poisson model, which allows for a sub-class of non-
susceptible persons modeling excess sparsity. Both types of models can account for overdispersion in the data.  
 
eTable2 summarizes the results comparing the three models in terms of a likelihood ratio test (LRT) and through 
the Akaike information criterion (AIC). 
 
We find that there is no significant difference in model fit between the Poisson model and the other models. The 
Poisson model has the lowest AIC, indicating a more parsimonious fit. For both extended models, the additional 
parameters were estimated close to zero, with large standard errors (not shown). In both cases, the estimated  
IRRs at different doses were extremely close to the IRRs estimated in the Possion model (not shown). We 
conclude that these models do not provide evidence for lack of fit. 
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eTable 2. Goodness of fit Poisson regression model, Negative-binomial model, 
and zere-inflated Poisson regression model. 
Model Log-likelihood df LRT statistic LRT p-value AIC 
Poisson -124723.68 11 - - 249469.4 
Negative binomial -124723.68 12 0 1 249471.4 
Zero-inflated Poisson -124723.7 12   249471.4 
Abbreviations: df, degrees of freedom;  LRT, likelihood ratio test; AIC, Akaike information criterion. 

  



 

© 2014 American Medical Association. All rights reserved. 

eResults 3: Post-hoc comparison completers/non-completers 
 

As part of a post-hoc analysis aiming to find evidence for self-selection bias between subjects who completed the 
recommended vaccination schedule of three doses  (completers) and those that stopped after one or two doses 
(non-completers), all subjects were classified based on having received all three shots by or before December 31, 
2010.  
 
We performed two types of analysis based on completion status: 

1. A comparison of incidence rates between completers and non-completers while having received two 
doses. This analysis only includes subjects who have received at least two doses. Follow-up time starts 
at the second dose and stops when (1) a subject suffers an event, (2) the study finishes (for non-
completers only) or (3) the subject receives the third dose (completers only).  

 
Person time and crude incidence rates for both completers and non-completers are shown in eTable 3. We find 
that while the crude IR for non-completers is higher than for completers (IR non-completers: 239, 95%CI 163-
351, IR completers: 153, 95%CI 117-201, all IRs per 100,000), the confidence intervals are very wide, and the 
two groups differ in their age-composition. When fitting a Poisson model with completion status as exposure and 
adjusting for attained age and parental education, we found that the adjusted IRR for completers vs non-
completers is not significantly different from one (IRR=0.88, 95% CI 0.53-1.44, p=0.601) 
 

2. Re-fitting the Poisson model from the manuscript, but separately for completers and non-completers. 
This means that person time at all dose levels, from unvaccinated to fully vaccinated, is contributed 
only by completers and non-completers, respectively.  

 
eTable 4 shows the resulting IRR at different dose levels for completers and non-completers. We find that the 
adjusted IRRs comparing unvaccinated with those vaccinated twice, were comparable between vaccination 
completers and non-completers (IRR completers =0.38, 95%CI 0.28-0.50; IRR non-completers=0.32, 95%CI 
0.21-0.49). When comparing 1-dose vaccination, IRRs where slightly higher for non-completers (IRR=0.67, 
95%CI 0.48-0.95) compared to the completers (IRR=0.52, 95%CI 0.37-0.74). However, the confidence intervals 
are wide and show overlap.    
 
While we thus fail to find evidence for a large or significant systematic self-selection bias in either analysis, this 
kind of post-hoc approach must be understood to require strong assumptions in order to be interpretable in that 
sense: specifically that the event "condyloma” does not affect the decision to start/continue the vaccination 
schedule; in a sense this requires that the decision to adhere to the schedule is a baseline characteristic of a 
subject, determined by socio-economic factors beforehand. 
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eTable 3. Number of events, person time, and crude incidence rates (IR) with 
95% confidence limits by vaccination completion.  
 Completera Non-completera 

 Failures Person 
timeb 

Crude IRc, 95%CI Failures Person 
timeb 

Crude IRc, 95%CI

Unvaccinated       
10-13 2 39771 5 (1;20) 24 133258 18 (12;27) 
14-16 57 33100 172 (133;223) 185 156079 119 (103;137)
17-19 79 8420 938 (753;1170) 228 28696 795 (698;905) 
20-21 22 1855 1186 (781;1801) 81 3514 2305 (1854;2866)
22-24 28 1661 1686 (1164;2442) 34 2559 1329 (949;1859)
All ages 188 84807 222 (192;256) 552 324106 170 (157;185) 

       
1 dose    

10-13 0 408 - 0 1578 - 
14-16 3 3475 86 (28;268) 6 10308 58 (26;130) 
17-19 31 4876 636 (447;904) 27 6063 445 (305;649)
20-21 9 911 988 (514;1899) 0 117 - 
22-24 0 72 - 0 0 - 
All ages 43 9742 441 (327;595) 33 18068 183 (130;257)

       
2 doses       

10-13 0 144 - 0 1774 - 
14-16 2 3066 65 (16;261) 17 18599 91 (57;147) 
17-19 21 6238 337 (219;516) 33 13799 239 (170;336) 
20-21 2 1298 154 (39;616) 3 422 710 (229;2202) 
22-24 1 129 775 (109;5504) 0 0 - 
All ages 26 10874 239 (163;351) 53 34595 153 (117;201) 

Abbreviations: IR, incidence rate; 95% CI, 95% confidence interval.  
a Completer: individuals that completed the vaccination schedules by December 31, 2010 or before. Non-completer: individuals 
that did not completed the vaccination schedules by December 31, 2010.  
a Person time was reported per year. 
b Crude IR were reported per 100 000 person-years. 
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eTable 4. Incidence rate ratios comparing vaccinated individuals with those 
unvaccinated for vaccination completers and non-completers.  
 Complete vaccination Incomplete vaccination 
 IRR a,  

(95%CI) 
p-value IRR a,  

(95%CI) 
p-value 

Unvaccinated Reference  Reference  
   1 dose 0.52 (0.37;0.74) 0.000 0.67 (0.48;0.95) 0.024      
   2 doses 0.38 (0.28;0.50) 0.000 0.32 (0.21;0.49) 0.000
   3 doses 0.21 (0.18;0.25) 0.000 - - 
Abbreviations: IRR, incidence rate ratio; 95% CI, 95% confidence interval. 
aIRRs were adjusted for age and parental education level. 
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eResults 4: Age-at-first-vaccination strata 
 
The use of finer age-at-first-vaccination categories was further explored by re-fitting the Poisson regression 
model adjusting for attained age and highest parental education from the manuscript using three strata (age-at-
first-vaccination 10-13, 14-16, 17-19). The results are shown in eTable 5. Due to limited person time and events 
in those first vaccinated between ages 10 and 13, IRRs could not be estimated for the 1 versus 0 and 2 versus 0 
dose comparisons. The results for the 14-16 year old age-at-first-vaccination group were similar to those first-
vaccinated at ages 10-16 as presented in the manuscript.  
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eTable 5. Incidence rate ratios comparing vaccinated individuals with unvaccinated 
individuals by three age-at-first-vaccination categories. 
 3-month buffer period 
Age at 1st vaccination 
(years) 

IRR a,  
(95%CI) 

p-value 

Age 10-13   
   3 vs. 0 doses 0.08 (0.02;0.30) <0.001 
   2 vs. 0 doses - 0.989
   1 vs. 0 doses - 0.989 
   
Age 14-16  
   3 vs. 0 doses 0.19 (0.15;0.23) <0.001 
   2 vs. 0 doses 0.31 (0.22;0.43) <0.001 
   1 vs. 0 doses 0.33 (0.21;0.52) <0.001
   
Age 17-19   
   3 vs. 0 doses 0.23 (0.18;0.29) <0.001
   2 vs. 0 doses 0.35 (0.26;0.47) <0.001 
   1 vs. 0 doses 0.71 (0.55;0.92) 0.010 
Abbreviation: IRR, incidence rate ratio;  95% CI, 95% confidences interval. 
a IRR were adjusted for attained age and parental education level. 
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eResults 5: Poisson regression analysis with cumulative vaccination status as exposure.  
 
Additional analyses were carried out to calculate IRRs per dose-level in those that received only 1, 2, or 3 doses 
before the end of study follow-up (December 31, 2010) where exposure was fixed over time. IRRs were 
calculated corrected for age, parental education level, and stratified on age-at-first-vaccination categories 10-16 
and 17-19 years. The date of entry in those vaccinated was defined as the date of last vaccination within study 
follow-up, and the date of entry in those that remained unvaccinated during the study follow-up was defined as 
the start of follow-up (January 1, 2006) or the individual’s 10th birthday, whatever came last. Case counting 
started 3 months after receipt of the last vaccine dose. Women were excluded if one of the following applied: (1) 
age-at-first-vaccination outside age range 10-19 (2) Case of condyloma before the start of follow-up (cases 
occurring after dose 1 but before the last vaccine dose were also excluded) (3) last vaccination date occurred 
within 3 months before end of study follow-up (December 31, 2010) (4) emigration before the start of individual 
follow-up (5) date of death before the start of individual follow-up (6) vaccinated with a dose of the bivalent 
vaccine before the start of individual follow-up. Women were censored if one of the following occurred: (1) 
emigration within individual follow-up (there was no data available after 2002, hence no women were censored 
due to emigration) (2) date of death within individual follow-up (3) vaccinated with a dose of the bivalent 
vaccine within of individual follow-up (4) if the age of 25 was reached within study-follow up (5) case of 
condyloma within individual follow-up (event). 

 
When comparing the results to the results of the main analysis presented in the manuscript, the results indicate 
that the effects of 2-dose and 3-dose comparisons in both age-at-first-vaccination categories remain unchanged. 
More specifically, the effect estimate comparing 3 versus 2 doses was similar to the effect estimate in the main 
analysis. However, the CI was wide and this association was not statistically significant as a result of limited 
power. The effect of 1 dose seemed to be weaker in those that do not go on with the vaccination schedule, which 
could suggest a selection bias in this group (eTable 6).  
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eTable 6. Incidence rate ratios comparing vaccinated individuals with unvaccinated 
individuals by age-at-first-vaccination categories with cumulative vaccination status 
as exposure. 
 

 3-month buffer period 
Age at 1st 
vaccination 
(years) 

IRRa,  
(95%CI) 

p-value 

   
Age 10-16   
   3 vs. 0 doses 0.18 (0.14;0.22) <.001 
   2 vs. 0 doses 0.27 (0.15;0.51) <.001 
   1 vs. 0 doses 0.44 (0.22;0.88) 0.021 
   
   3 vs. 2 doses 0.65 (0.34;1.24) 0.189 
   3 vs. 1 dose 0.40 (0.19;0.82) 0.012 
   2 vs. 1 dose 0.62 (0.24;1.56) 0.307 
   
Age 17-19   
   3 vs. 0 doses 0.23 (0.18;0.28) <.001 
   2 vs. 0 doses 0.36 (0.22;0.59) <.001 
   1 vs. 0 doses 0.94 (0.65;1.38) 0.764 
   
   3 vs. 2 doses 0.63 (0.37;1.07) 0.089 
   3 vs. 1 dose 0.24 (0.16;0.37) <.001 
   2 vs. 1 dose 0.38 (0.21;0.71) 0.002 
   
Age 10-19   
   3 vs. 0 doses 0.20 (0.17;0.23) <.001 
   2 vs. 0 doses 0.32 (0.22;0.47) <.001 
   1 vs. 0 doses 0.75 (0.54;1.05) 0.089 
   
   3 vs. 2 doses 0.61 (0.40;0.92) 0.019 
   3 vs. 1 dose 0.26 (0.18;0.38) <.001 
   2 vs. 1 dose 0.43 (0.26;0.71) 0.001 
Abbreviation: IRR, incidence rate ratio; 95% CI, 95% confidences interval. 
a IRR were adjusted for attained age and highest parental education level. 
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