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eMethods 

 

Study sample 

The combined Surveillance, Epidemiology, and End Results (SEER) and National 

Program of Cancer Registries (NPCR) database collect cancer incidence information for all 50 

states and Washington D.C. Data were accessed via SEER*Stat software. The National Center 

for Health Statistics (NCHS) collects cancer mortality data for all recorded cancer deaths in the 

50 states and Washington D.C. Cause of death for the purposes of the NCHS is based on ICD 

codes on death certificates. Data were also accessed via SEER*Stat software. 

The rates of receiving ≥ 3 doses of the HPV vaccine in 2011 were 34.8%, 20.5%, 8.7%, 

and 0.74% in 13-17, 18-24, 25-29, and 30-39 year old females, respectively. The rates for 18-39 

year olds are based on the first author’s (JMB) analysis of the National Health Interview Survey 

(NHIS) 2011 data, and the rates in 13-17 year olds were previously published, based on NHIS-

Teen data.1  

Due to data suppression for event counts < 10, analyses adjusted for regional covariates 

were not feasible. 

 

Estimation of confidence intervals and P-values in primary analyses 

The confidence intervals (CIs) and P-values are based on standard errors that were 

computed using simulation studies. To account for the variance of the rates and correlation 

between observations over time in the same age group, we conducted simulation studies using 

1,000,000 random draws from bivariate normal distributions for age groups k (15-24, 25-29, 

30-39) with vector of means = (RateAge group k, pre-vaccination period, RateAge group k, post-vaccination period) and 
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covariance matrix = S * R * S. R was the correlation matrix and S is the vector of standard 

deviations = standard errors = (SEAge group k, pre-vaccination period, SEAge group k, post-vaccination period). While 

the normal distribution may be a good approximation (as the rate can be viewed as a mean, 

which is asymptomatically normally distributed), there is some degree of right skew, most 

apparent with small numbers of events / low rates. To avoid using standard error estimates that 

were too small, we estimated the standard error based on the skewed right side of the 

distribution, defining SE = (95% CI upper bound – rate)/ 1.95996. Note that there was some 

concern that the normal distribution may not be appropriate since there is no lower bound of 0; 

however, the probability of the distribution density being <0 was extremely small (e.g. 0.00063 

for the 2016-18 mortality rate for 15-24 year olds, 5e-17 for the 2010-17 mortality rate for 15-24 

year olds, and effectively 0 for every other distribution in the above analyses). The correlation 

(RateAge group k, pre-vaccination, RateAge group k, post-vaccination) was estimated in a simulation study, 

calculating the correlation between vectors Ratepre, age group k and Ratepost, age group k, with element 

Ratepre, age group k,i and Ratepost, age group k,i equal to two randomly selected single-year rates from age 

group k (with replacement), defining the earlier year as the “pre-“ year and the later year as the 

“post-“ year, for i  (1,2,…,500). After the draws were obtained, the following calculations were 

performed: % ChangeAge group k = (RateAge group k, post-vaccination period - RateAge group k, pre-vaccination period)/ 

RateAge group k, pre-vaccination period; Relative change = % ChangeAge group 15-24 - % ChangeAge group k. The 

distributions of the resultant estimates were utilized to obtain the corresponding confidence 

intervals (2.5% and 97.5% percentiles of resultant distribution) and P-values (smallest value  

such that a (1-)*100% confidence interval contains 0).  

 

Testing of the parallel trends assumption 
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A fundamental assumption of difference-in-differences analyses is the parallel trends 

assumption. While we do not perform a traditional difference-in-differences analysis since we 

use % change rather than absolute percentage point changes, we still performed tests to ensure 

that the percent changes in cervical cancer incidence in the period prior to HPV vaccine 

introduction were similar between the age groups studied. We gathered yearly incidence and 

mortality rates. We then compared the year-to-year percent changes in 15-24 and 25-29 or 30-39 

year old females from 2001-2005 (e.g. 2001 to 2002, 2002 to 2003, etc.), the pre-vaccine period, 

as well as from 2001-05 to 2006-09, where we would not expect any differential changes in rates 

between the age groups. Note that the calculations, including variances, for these year-to-year 

changes are identical to the primary analyses, except that the “pre“ and “post” periods are 

different. However, note that the formal tests of parallel trends are underpowered since they are 

based on testing the null hypothesis that the changes in mortality were the same between state 

groups rather than a test that the differential change was less than a pre-specified margin (see 

articles by Bilinski and Hatfield, Khan-Lang and Lang, and Roth for additional insights and 

discussion).2–4 

Parallel trends testing revealed that the relative difference in the percent change in 

cervical cancer incidence differed for 15-24 and 25-29 year old females from 2001-2002  (27.44, 

95% CI = 1.96 to 57.94, p=.034), but otherwise there were no relative differences in the percent 

change from 2002-2003 (-7.07, 95% CI = -27.21 to 15.34, p=.52), 2003-2004 (5.27, 95% CI = -

16.71 to 30.38, p=.65), 2004-2005 (12.91, 95% CI = -11.38 to 40.91, p=.31), 2001-05 to 2006-09 

(-2.0, 95% CI = -10.42 to 6.68, p=.65), and 2004-05 to 2006-09 (-10.83, 95% CI = -22.2 to 1.3, 

p=.079). Similarly, the relative difference in the percent change in cervical cancer incidence was 

significantly different for 15-24 and 30-39 year-old females from 2001-2002 (23.94, 95% CI = 
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0.45 to 53.26, p=.045) and from 2001-05 to 2006-09 (-8.54, 95% CI = -16.26 to -0.36, p=.041), 

though a revised pre-vaccine time period showed no differences in the percent change (2004-05 

to 2006-09; -8.87, 95% CI = -18.34 to 1.98, p=.10). There were no relative differences in the 

percent change in cervical cancer incidence between 15-24 and 30-39 year-old females from 

2002-2003 (-12.4, 95% CI = -29.7 to 8.17, p=.22), 2003-2004 (-2.41, 95% CI = -21.84 to 21.13, 

p=.83), or 2004-2005 (9.78, 95% CI = -11.71 to 36.08, p=.40). There were no relative 

differences in the percent change in cervical cancer mortality between 15-24 and 25-29 year-old 

females from 2001-2002 (46.18, 95% CI = -42.97 to 251.64, p=.35), 2002-2003 (-32.2, 95% CI 

= -111.55 to 77.3, p=.46), 2003-2004 (1.47, 95% CI = -77.34 to 139.05, p=.97), 2004-2005 

(18.79, 95% CI = -29.57 to 98.56, p=.48), or 2001-05 to 2006-09 (-10.2, 95% CI = -42.41 to 

26.81, p=.56). There were also no relative differences in the percent change in cervical cancer 

mortality between 15-24 and 30-39 year-old females from 2001-2002 (40.52, 95% CI = -36.4 to 

245.54, p=.37), 2002-2003 (1.01, 95% CI = -50.73 to 105.01, p=.98), 2003-2004 (20.72, 95% CI 

= -41.52 to 155.8, p=.58), 2004-2005 (-25.07, 95% CI = -69.05 to 53.83, p=.41), or 2001-05 to 

2006-09 (-18.99, 95% CI = -45.83 to 15.46, p=.24). 

In summary, the parallel trends assumption was met for all incidence and mortality rate 

analyses with the exception of divergent incidence rate trends from 2001-02. However, this was 

not considered an issue given similar incidence trends over other years and similar results in a 

sensitivity analysis with a revised pre-vaccine period (2004-05) using 2010-17 as the post-

vaccine period: % change for 15-24 years, -37.58 (95% CI = -43.40 to -30.65, p<.001); % 

change for 25-29 years, -7.92 (95% CI = -13.44 to -1.74, p=.013; Prelative change<.001); % change 

for 30-39 years, -7.57 (95% CI = -10.23 to -4.77, p<.001); Prelative change <.001). Note that the 
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parallel trends assumption was satisfied for comparisons of incidence rates from 2004-05 to 

2005-09.   
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