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ABSTRACT

The 4-valent human papillomavirus (HPV) vaccine (4vHPV vaccine), Gardasil®, is indicated for the preven-
tion of several HPV-related diseases. The objective was to assess the safety of 4vHPV vaccine administered
to males as part of routine care. The study used a US health insurance claims database, and included
males, age 9 to 26 years, who initiated 4vHPV between October 2009 and December 2016. General safety
outcomes were identified using ICD diagnosis codes associated with emergency room visits and hospi-
talizations in the claims database in risk periods (Days 1-60 and Days 1-14 following vaccine administra-
tion) and self-comparison periods (Days 91-150 and 91-104 for the Days 1-60 and Days 1-14 analysis,
respectively). Incidence rates (IRs) and relative rates (RRs) with 95% confidence intervals (Cls) were
calculated comparing the risk and self-comparison periods. In this study, 114,035 males initiated 4vHPV
vaccine and received 202,737 doses. Using the 60-day time window, 5 outcomes had significantly elevated
RRs after accounting for multiple comparisons: ear conditions (RR 1.28, 95% Cl 1.03-1.59); otitis media and
related conditions (RR 1.65, 95% Cl 1.09-2.54); cellulitis and abscess of arm (RR 2.17, 95% Cl 1.06-4.72);
intracranial injury (RR 1.23, 95% Cl 1.01-1.50); and concussion (RR 1.29, 95% Cl 1.05-1.59). A higher rate of
allergic reactions was noted on the day of 4vHPV vaccine receipt compared to other vaccines (21.07
events per 10,000 doses, 95% Cl 18.89-23.44 versus 11.44 per 10,000 doses, 95% Cl 9.84-13.22). A higher
incidence rate of VTE was observed following vaccination but this association was not significant (RR 2.17,
95% Cl 0.35-22.74). The 4vHPV vaccine was associated with same-day allergic reactions as well as ear
infections, intracranial injury, cellulitis, and concussion within 2 months after vaccination. While allergic
reaction and cellulitis are consistent with the known safety profile of 4vHPV vaccine, the association of the
other outcomes were determined by an independent Safety Review Committee to be most likely a result
of activities common in adolescent males that coincide with the timing of vaccination and not directly
related to vaccination itself.

Implications and Contributions: The study results support the general safety of routine immunization
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with 4vHPV vaccine among males to prevent HPV-related diseases and cancers.

Introduction

Human Papillomavirus (HPV) infection is responsible for
nearly all cervical cancers among women as well as
a significant fraction of anogenital and oropharyngeal cancers
in both men and women resulting in >500,000 annual cancer
cases globally. Among men globally, HPV has been attributed
to nearly 70,000 cases of penile, anal, oropharyngeal, and other
head and neck cancers."”? In the United States (US), the most
common HPV-related cancer between 2008-2012 was HPV-
related oropharyngeal cancer, with 80% of cases occurring in
men.” Projections from the US Surveillance, Epidemiology,
and End Results Program (SEER) registry have estimated that
the annual burden of oropharyngeal cancer will increase from
20,000 cases in 2016 to 30,000 in 2029, with the majority of this
increase driven by men.*

The 4-valent human papillomavirus (HPV) vaccine (4vHPV
vaccine), Gardasil®, was first approved in the US by the Food
and Drug Administration (FDA) for use in females ages 9 to 26
years in June 2006 as a 3-dose vaccine, with an expansion of the
indication to include males of the same ages in October 2009

for the prevention of HPV-related external genital warts.
However, while the US Advisory Committee on
Immunization Practices (ACIP) provided guidance that
4vHPV vaccine may be given to males it did not add the
vaccine to the male routine immunization schedule.” An addi-
tional indication was approved for the 4vHPV vaccine in
December 2010: use in males and females, ages 9-26 years,
for the prevention of anal intraepithelial neoplasia (AIN) and
anal cancer caused by HPV.® In October 2011, ACIP revised
their recommendation to include routine use in males aged 11
to 12 years, along with routine use in older males (13 to 21
years) to initiate or complete the regimen.” A 9-valent HPV
(9vHPV) vaccine was approved by the FDA in December 2014,
and has been the only vaccine available in the US since
May 2017, but remains available in other countries.
Information on the safety profile of 4vHPV vaccination
among males is somewhat limited with most data generated
from pre-licensure trials, post-licensure safety surveillance, and
specific post-marketing studies conducted among females.* "
These studies have identified primarily injection-site pain as
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well as syncope as the main safety events following
vaccination.'" A pre-licensure clinical efficacy trial of 4vHPV
vaccine among over 4,000 males 16 to 26 years of age demon-
strated a similar safety profile."> The current study was initiated
following the approval of the 4vHPV vaccine among males in
the US. We undertook the current study of 4vHPV with the
primary aim to evaluate the safety of 4vHPV administered to
males as part of routine healthcare.

Methods
Data source

This study utilized the Optum Research Database (ORD),
which includes patient demographics, insurance enrollment
dates, reimbursement claims for physician and hospital ser-
vices, and pharmacy records for members of a US commercial
health insurer. For 2017, there were approximately 14.6 million
individuals within the database for whom both medical and
pharmacy benefit coverage were available. The patient popula-
tion in the database is geographically diverse across the US and
corresponds well to the US population with respect to gender,
age distribution less than 65 years of age, and census region.
Reimbursement claims include diagnoses recorded using the
International Classification of Diseases, Ninth Revision (ICD-
9) (through September 2015) and Tenth Revision (ICD-10)
(since October 2015) along with procedures coded using
ICD-9/ICD-10 procedure, Common Procedural Terminology
(CPT), and the Healthcare Common Procedure Coding
Systems. The database is geographically diverse across the US
and corresponds well to the US population with respect to
gender, age (for those less than 65 years), and census region.

Source population

In this self-controlled risk interval cohort study, we identified
male recipients of the 4vHPV vaccine using the specific procedure
code (CPT 90,649) for this vaccine. Accrual of patients began on
16 October 2009 (day of US approval in males) and continued
through 31 December 2016, with follow-up extending through
31 May 2017. The first dose of 4vHPV vaccine administration
observed in the data source defined initiation. The regimen com-
plete cohort was a subset of the regimen initiator cohort of males
who received 3 doses of 4vHPV vaccine and were 9 to 26 years old
at the date of first dose of and received the 3 doses according to the
recommended schedule (0, 2, and 6 months).

Safety outcomes

General safety outcomes were identified by claims correspond-
ing to an ER visit or hospitalization to identify serious events
and the associated ICD-9 (prior to 1 October 2015) and ICD-
10 diagnosis codes (starting on 1 October 2015). The specific
diagnosis codes from these claims were grouped according to
hierarchically organized, clinically meaningful categories
developed by the Healthcare Cost Utilization Project
(HCUP)." The ICD-9 and ICD-10 codes from ER visit and
hospitalization claims were mapped to 139 pre-specified

HCUP categories. Health outcomes in level 4 are the most
specific, whereas levels 3, 2, and 1 are increasingly less specific;
health outcomes represented in level 4 are also represented in
levels 3, 2, and 1. Analyses were conducted using all level 1 and
2 (i.e., high level) HCUP categories, and the following select
lower level categories: ‘otitis media and related conditions’
(HCUP 6.8.1); ‘cellulitis and abscess of arm’ (HCUP 12.1.1.3);
and ‘concussion’ (HCUP 16.4.1).

The occurrence of venous thromboembolism (VTE),
including deep vein and superficial thrombosis as well as pul-
monary embolism, was identified using diagnosis codes asso-
ciated with a hospitalization, ER visit, or outpatient visit.
Medical chart review by physician internists was conducted
to confirm case status and timing of event onset.

Pre-specified events (syncope, epilepsy/convulsions, head
trauma, and allergic events) that occurred on the day of vaccina-
tion (referred to as Day 0) were identified by specific diagnosis
codes associated with an outpatient visit, ER visit, or
hospitalization.

Death outcomes among vaccinated males were identified in
the study databases as well as through external sources, includ-
ing the National Death Index.

Statistical methods

General safety and VTE

The study used a self-controlled risk-interval design to assess
differences in the incidence of general safety and VTE outcomes
in the time period immediately following vaccination (risk per-
iod) relative to a later time period (self-comparison period)
(Figure 1). For each HCUP category and VTE outcome, the
incidence of events occurring in the risk period was compared
to that in the self-comparison period. Risk periods were defined
as Days 1-60 and 1-14 following vaccination. There was a 30-
day washout period (time during which outcomes are not iden-
tified) following the risk period, and the self-comparison period
began 91 days following vaccination with a similar duration to
the risk period. For the 3-dose population, the self-comparison
period was 180-day period that began 91 days after the last
4vHPV dose. The 180-day self-comparison period was selected,
because it is equivalent to the sum of the 3 postvaccination 60-
day risk intervals. The self-comparison period was 60 days for
males who received one 4vHPV vaccine, 120 days for those who
received 2 doses, and 180 days for those who received 3 doses. In
the Dose 1 analysis the risk period was 60 days in length and the
self-comparison periods started 91 days following Dose 1.
Censoring of risk periods and comparison periods were inde-
pendent of each other. The censor date for these periods was the
earliest of death, disenrollment from the health plan,
calendar day before receipt of subsequent dose, calendar day
before receipt of 9vHPV vaccine, or the end of the risk period or
self- comparison period.

For VTE outcomes, the first code within the risk or self-
comparison period was selected as a potential event. Repeat
occurrences of VTE codes within 7 days of one another were
assumed to represent continuing care for the same event. VTE
codes occurring more than 7 days apart were considered to
represent potentially separate events.
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a Figure includes possible scenarios where recipient received 3 doses as indicated at 0, 2 and 6 months.

b The washout periods represent time during which outcomes are not identified.
¢ The self-control window could be 30-120 days prior to the third dose depending upon when Dose 3 is received.

Figure 1. Day 1-60 male following the dosing schedule™.

Incidence rates (IRs) and 95% confidence intervals (CIs) for
each general safety and VTE outcome were based on first
occurrence of the event in the risk and self-comparison periods
and calculated as the number of events divided by the person-
time in the period in which the event occurred. Analyses were
conducted after combining risk periods for all doses received
by an individual (all dose analysis) and for the 1" dose only
(Dose 1 analysis). Separate analyses were conducted excluding
males with codes for the same HCUP category up to 12 months
prior to receipt of their first dose in any healthcare setting
(outpatient, ER, or hospitalization) (no prior codes analysis).
For VTE outcomes, chart-confirmed cases were used in the
calculation of IRs (events divided by person-time). Potential
VTE cases with insufficient medical chart information to con-
firm the event were excluded from analyses.

Relative rates (RRs) were calculated as the ratio of the
incidence of the health outcome in the risk and self-
comparison periods for each general safety HCUP category
and VTE outcome. For general safety outcomes, RRs were
adjusted for multiple-comparisons using the double false dis-
covery rate (DFDR) method."”> Groupings for application of
the DFDR were made at HCUP levels 1 and 2.

Day 0 outcomes

For the Day 0 analysis, counts of the pre-specified events of
interest were assessed in contrast to a concurrent, matched (age
within 1.5 years and calendar time within 1.5 months) compar-
ison cohort of males with a physician office visit during which
a different vaccine (Td/Tdap, meningococcal, or influenza
(injectable)) was administered. Analyses were repeated after
excluding from each outcome category (syncope, epilepsy/con-
vulsions, head trauma, and allergic reactions) those individuals
who had codes for the same outcome in the 30 days prior to
Day 0. Incidence was calculated as the number of events per
10,000 doses.

Death outcomes

Death outcomes among all males vaccinated with 4vHPV vac-
cine were identified using patient discharge status codes, ICD-9
and ICD-10 diagnosis codes, as well as the Death Master File

(DMF) from the Social Security Administration (SSA) from the
date of receipt of Dose 1 of 4vHPV vaccine through 60 days
after the last vaccine dose.'® Medical records associated with
death outcomes were reviewed by a clinician to identify date
and cause of death. Searches were conducted in the National
Death Index (NDI) to identify potential additional deaths and
to confirm deaths identified through other means.'”
All data analyses were performed using SAS version 9.4.

Safety review committee

An external Safety Review Committee (SRC) comprised of 4
experts in adolescent medicine, vaccine safety, autoimmune
conditions, and pharmacoepidemiology was established prior
to the start of the study. The SRC’s primary responsibility was
to review and evaluate the safety data emerging from the study.
The SRC also reviewed and approved the study protocol, the
data analysis plan, and the methods used to conduct the study.

Privacy and confidentiality

This study was conducted in a manner consistent with the
Guidelines for Good Pharmacoepidemiology Practices,'® and
was approved by the New England Institutional Review Board
(IRB) and Privacy Board.

Results

Between 16 October 2009 and 31 December 2016, a total of
114,035 males received at least one dose, 58,552 males received
at least 2 doses, and 30,150 males received 3 doses of 4vHPV
vaccine (Table 1). Ninety-nine percent (99%) of the regimen
initiators were in the age range of 9 to 26 years, and 83% of those
initiators received the vaccine between age 9-17 years of age.
Vaccination rates were much higher in the July-September per-
iod than in other calendar periods (Figure A1)."® General Safety

Nine HCUP categories had significantly elevated RRs (lower
bound of the 95% CI for the RR > 1.00) associated with an ER
visit or hospitalization in at least one of the analyses, i.e., one
risk interval or dose level, and/or without prior codes for the
event (Table 2). These HCUP categories included: ear condi-
tions; otitis media and related conditions; skin and
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Table 1. Summary of the age distribution of 4vhpv vaccine recipients,
October 2009 to December 2016.

Regimen Completer

Regimen Initiator Cohort® Cohort®
(3 Doses per
Dose 1 Dose 2 Dose 3 Protocol)
Age at First Gardasil (N= (N= (N=
Dose (Years) 114,035) 58,552) 30,150) (N =20,693)
9 454 254 128 87
10 1,019 551 298 180
1 14,591 7,908 4,001 2,759
12 14,445 7,352 3,717 2,529
13 13,275 7,027 3,730 2,473
14 14,156 7,735 4,098 2,684
15 12,633 6,931 3,809 2,521
16 12,195 6,453 3,398 2,291
17 11,324 5,774 2,965 2,243
18 8,310 3,728 1,761 1,320
19 3,061 1,263 591 422
20 1,980 785 395 303
21 1,262 537 245 184
22 953 413 188 138
23 857 421 207 172
24 815 415 197 163
25 832 371 147 117
26 622 288 130 107
<9 202 22 10 0
>26 1,049 324 135 0
Total 114,035 58,552 30,150 20,693

?Regimen Initiators include males any age with at least one dose of 4vHPV vaccine

PRegimen Completers include males 9-26 years old, completing the 3 dose regi-
men of 4vHPV vaccine within 12 months with at least (per recommendations)
28 days between doses 1 and 2, 12 weeks between doses 2 and 3, and 24 weeks
between doses 1 and 3.

subcutaneous tissue infections; cellulitis and abscess of arm;
other inflammatory condition of skin; injury and poisoning;
intracranial injury; concussion; and external causes of injury.

Following multiple-comparison adjustment, 5 HCUP category
elevations remained statistically significant in the Days 1 to 60
analysis all doses combined: ear conditions (RR 1.28, 95% CI
1.03-1.59); otitis media and related conditions (RR 1.65, 95% CI
1.09-2.54); cellulitis and abscess of arm (RR 2.17, 95% CI 1.06-
4.72); intracranial injury (RR 1.23, 95% CI 1.01-1.50); and con-
cussion (RR 1.29, 95% CI 1.05-1.59). All outcomes remained
significant in the no prior codes analysis except for ear conditions.

To investigate the observed seasonal pattern of 4vHPV
administration may be responsible for these observed associa-
tions, additional analyses were performed to create visual dis-
plays of the number of 4vHPV vaccine administrations by
month, which demonstrated a substantial increase in vaccine
administration in the summer months (June through
September) for both first and second doses (Figure Al). This
pattern of vaccine administration was accompanied by
a similar distribution of follow-up time by calendar month
for the risk and self-comparison period. Subsequently, given
the self-controlled design of the study, follow-up time in the
risk period showed a clustering in the summer months while
a cluster of follow-up time for the self-comparison period was
observed in the late fall/early winter.

In Dose 1 analysis, one HCUP category, skin and subcuta-
neous tissue infections, remained statistically significant, only
in the Days 1 to 14 (RR 2.35 95% CI 1.15-5.11). (Table 3) There
were no HCUP categories that had significantly elevated RRs
after multiple-comparison adjustment in Days 1 to 60 and
Days 1 to 14 risk intervals.

Three HCUP categories had RRs that were significantly
decreased after multiple-comparison adjustment: mental ill-
ness, diseases of musculoskeletal system and connective
tissue, and concussion (Table Al). These 3 HCUP cate-
gories remained statistically significant in the no prior
codes analysis.

In analyses looking at hospitalization only, there were no
outcomes with a significantly increased RR after multiple-
comparison adjustment in any risk interval or dose level
(Table A2). One HCUP category had a significantly
decreased RR associated with a hospitalization: mental ill-
ness in the Days 1-14 and 1-60 all doses, no prior codes
analysis (RR [Day 1-14] 0.41, 95% CI 0.24-0.70; RR [Day
1-60] 0.62, 95% CI 0.47-0.81). The incidence of general
safety outcomes within Days 1-14 post-vaccination as com-
pared to the self-comparison period did not differ by vac-
cine dose number (Dose 1 vs. Dose 2+).

VTE

There were 33 and 17 potential VTE events identified within
the 60-day period following vaccination (risk period) and in
the self-comparison period, respectively. Among these poten-
tial events in the risk period, medical charts were obtained for
18 and 12 were confirmed. In the self-comparison period,
medical charts were obtained for 9 and 4 were confirmed.
The incidence of VTE was 1.6 (95% CI: 0.5-3.7) and 0.7 (95%
CI: 0.1-2.6) per 10,000 person-years among the risk and self-
comparison periods (Table 4). The unadjusted RR was 2.17
(0.35-22.74).

Day 0

Among 4vHPV vaccine recipients (n = 160,867 doses) with all
doses combined (Table 5), the incidence of emergent allergic
reaction outcomes was higher than in the comparison cohort
that received another vaccine (21.07 per 10,000 doses, 95% CI
18.89-23.44 versus 11.44 per 10,000 doses, 95% CI 9.84-13.22).
Conversely, the incidence of emergent epilepsy/convulsion
outcomes was lower among 4vHPV vaccine recipients than in
the comparison cohort (5.66 per 10,000 doses, 95% CI 4.55-
6.95 versus 7.58 per 10,000 doses, 95% CI 6.30-9.06). The
incidence of syncope (5.47 per 10,000 doses, 95% CI 4.39-
6.74 versus 5.41 per 10,000 doses, 95% CI 4.33-6.67) and
head trauma (7.83 per 10,000 doses, 95% CI 6.52-9.33 versus
7.71 per 10,000 doses, 95% CI 6.41-9.19) were similar among
4vHPYV vaccine recipients and comparators.

Deaths

There were 10 deaths confirmed by medical record review and/
or the NDI and/or the SSA DMF. The causes of death included
heart failure (n=1), motor vehicle collision (n=1), suicide/
self-inflicted injury (n =7), and unknown cause of death (n=
1). The 10 confirmed deaths were compared to the expected
number of deaths based on age-, sex-, and race-specific mor-
tality rates from the US National Vital Statistics Report applied
to the person-time available among the 4vHPV male vacci-
nated study cohort, which was 9.8 deaths.*



Table 2. Summary of the Incidence Rates (IR) and Relative Rates (RR) for health outcomes significantly increased among 4vhpv vaccine recipients (N = 114,035) (All

doses combined).

HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2073750-5

Days 1-60 Day 1-14
Self- Risk vs. Self- Self- Risk vs. Self-
HCUP Category and L Risk Period Comparison Comparison Risk Period Comparison Comparison
Lo, Number of vaccinations . N A B
Description Period Period Period Period
N . N . RR® N . N . RR®
Events IR Events IR (95% CI) Events IR Events IR 95% CI)

HCUP 6.8 Total (N=114,035) 205 6.4 139 50 | 1.28(1.03-1.59) 51 6.6 30 44 | 1.51(0.97-2.40)
Ear conditions No prior codes (N=100,900) 160 5.0 111 40 | 1.25(0.98-1.59) 37 48 24 35 | 1.37(0.82-2.32)
HCUP 6.8.1 Total (N=114,035) 63 2.0 33 12 | 1.65(1.09-2.54) 16 2.1 7 1.0 | 2.03(0.85-5.29)
g:ésit?;i‘j‘a andrrelated |\ or codes (N=108,263) 50 1.6 25 09 | 1.7301.08284) | 11 14 6 09 | 1.63(0.60-4.76)
HCUP 12.1 Total (N=114,035) 143 45 108 | 3.9 | 1.15(0.89-1.47) 42 55 25 37 | 1.49(0.91-2.48)
Skin and subeutaneous |\ o codes (N=109,059) 119 3.7 94 34 | 1.10(0.84-144) | 29 38 24 35 | 1.07(0.62-1.86)
tissue infections
HCUP 12.1.1.3 Total (N=114,035) 25 0.8 10 04 | 2.17(1.06-4.72) 4 0.5 0 0.00 NC
Sgg”"“s and abscess of |\ ior codes (N=113,863) 25 0.8 9 03 | 2.41(1.15-5.43) 4 0.5 0 | 000 NC
HCUP 12.2 Total (N=114,035) 26 0.8 17 0.6 | 1.32(0.72-2.49) 5 0.7 2 0.3 | 2.22(0.44-16.54)
Other inflammatory |\ i codes (N=112,199) | 26 038 17 | 06 | 132072249 | 5 0.7 2 | 03 | 222(044-16.54)
condition of skin
HCUP 16 Total (N=114,035) 3202 | 1024 | 2,601 | 959 | 1.07(1.01-1.12) | 833 109 | 722 126' 1.03(0.93-1.13)
Injury and poisoning - =g e N=o1.42T) 2,062 | 688 | 1,713 | 664 | 1.040.97-1.11) | 499 | 684 | 471 | 73.0 | 0.94(0.83-1.06)
HCUP 16.4 Total (N=114,035) 240 7.6 169 | 6.13 | 1.23(1.01-1.50) 37 43 43 6.3 | 0.76(0.49-1.19)
Intracranial injury No prior codes (N=112,003) 229 7.2 160 5.81 1.24(1.01-1.52) 36 4.7 40 59 0.80(0.51-1.26)
HCUP 16.4.1 Total (N=114,035) 220 6.9 148 | 537 | 1.29(1.05-1.59) 32 42 41 6.0 | 0.69(0.43-1.10)
Concussion No prior codes(N=112,154) 210 6.6 143 5.19 1.27(1.03-1.58) 32 4.2 39 5.7 0.73(0.45-1.16)
HCUP 18.2 Total (N=114,035) 1242 | 393 986 | 36.0 | 1.09(1.00-1.19) | 310 | 404 | 252 | 37.0 | 1.09(0.93-1.29)
External causes of
injury No prior codes(N=108,839) | 1,079 | 343 859 | 31.6 | 1.0900.99-1.19) | 263 | 345 | 219 | 324 | 1.07(0.89-1.28)
(E code)

Abbreviations: ER, emergency room; HCUP, Healthcare Cost and Utilization Project; IR, incidence rate; RR, relative rate; Cl, confidence interval; NC, Not calculated

“Incidence rates per 1,000 person-years.

bOnly HCUP categories with at least one increased RR (lower confidence limit >1.0) are presented. Results for HCUP categories with a significant decrease are located in
Appendix Table A1. Bolded relative rate and confidence interval indicates the interval excludes 1.00. Bolded and highlighted relative rate and confidence interval
indicates the double false-discovery rate adjusted p-value remains significant. Multiplicity adjustment limited to HCUP levels 1 and 2.

Discussion

Using a US commercial claims database, we assessed the safety
of 202,737 4vHPV vaccine doses administered during routine
clinical care to 114,035 males. We evaluated all post-
vaccination ER and hospitalization events and identified sig-
nificantly elevated RRs in 9 HCUP categories. Five categories
(intracranial injury, concussion, ear conditions, otitis media
and related conditions, cellulitis and abscess of arm) remained
significantly elevated after multiple-comparison adjustment in
the Days 1 to 60 analysis. Abscess of the arm and cellulitis have
been reported previously in studies of 4vHPV vaccine in males
and females.*® Additional analyses of the timing of intracranial
injury, concussion, ear conditions, otitis media and related
conditions relative to calendar time and time since vaccination
seem to suggest that these outcomes are related to activities and
behaviors among adolescent males that coincide with vaccina-
tion and not related to the 4vHPV vaccination itself. A higher
incidence of nonspecific allergic reactions on the day of vacci-
nation was observed among 4vHPV vaccines as compared to
individuals receiving other vaccines. This health outcome has
been observed in both pre- and post-licensure studies of the
4vHPV vaccine primarily conducted among females. Overall,
the study’s independent safety review committee determined
that the results from this study do not raise any new safety
concerns among males receiving the 4vHPV vaccine.

The associations of 4vHPV vaccine administration with intra-
cranial injuries and concussion may be due to confounding by
calendar time. Upon assessment of these findings by the study’s
independent safety review committee, additional analyses were
conducted to assess the distribution of follow-up time and the
timing of the occurrence of these outcomes by calendar time and
time since vaccination. Given the observed seasonal pattern of
increased vaccine administration in the summer months (June
through September), a similar increase in follow-up time in the
risk period was observed in these specific months. The increase in
vaccine administration during the summer months (July to
September) among adolescent males in the US coincides with
summer activities such as summer camp/school attendance and/
or participation in school or collegiate sports which may put these
healthy individuals at risk for such outcomes. Lastly, the distribu-
tion of the reported occurrence of these specific health outcomes
in the 14- and 60-day time period following vaccination was
generally uniform with no evidence of clustering closer to the
time of vaccination. These additional analyses led to the determi-
nation by the study’s independent safety review committee that the
observed associations are most likely a result of confounding by
calendar time in this self-controlled study.

The association between ear conditions, including otitis
media, and 4vHPV vaccination has been reported previously.
A safety study of 4vHPV vaccine among females initially iden-
tified an association of vaccination with ear conditions but this
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Table 3. Summary of the Incidence Rates (IR) and Relative Rates (RR) for health outcomes significantly increased among 4vhpv vaccine recipients (N = 114,035) (Dose 1
only).

Days 1-60 Day 1-14
Self- Risk vs. Self- Self- Risk vs. Self-
HCUP Category and L. Risk Period Comparison Comparison Risk Period Comparison Comparison
.o, Number of vaccinations . N A A
Description Period Period Period Period
N . N . RR® N . N . RR"
Events| X | Events | ® ©5%Ch | Events | ™ | Events| R (95% CI)

HCUP 6.8 Total (N=114,035) 120 6.6 92 56 | 1.18(0.90-155) | 31 72 20 51 | 1.40(0.80-2.50)
Ear conditions No prior codes (N=100,900) | 92 5.1 77 47 | 1.08(0.80-1.46) | 21 49 16 41 | 1.19(0.62-2.32)
HCUP 6.8.1 Total (N=114,035) 38 21 18 11 | 1.911.10-3.41) 9 2.1 5 13 | 1.63(0.55-5.37)
g:f:it'i‘;i‘i'a andrelated |\ ior codes (N=108.263) | 29 1.6 16 1.0 | 1.64(0.89-3.08) 5 12 4 1.0 | 1.13(0.29-4.74)
HCUP 12.1 Total (N=114,035) 91 5.0 64 39 | 1.28(0.93-1.77) | 26 6.0 10 2.6 | 2.35(1.15-5.11)
Skin and subcutaneous |\ rior codes (N=109.959) | 73 4.0 56 | 34 | 118(0.83-1.67) | 16 | 37 9 23 | L61(0.71-3.81)
tissue infections

HCUP 12.1.1.3 Total (N=114,035) 17 0.9 4 02 | 3.84(1.37-1330) | 2 0.5 1 03 | 1.81(0.14-53.42)
aC;lll“l‘“s and abscess Of | Ny prior codes (N=113,863) | 17 0.9 4 0.2 | 3.84(1.37-1330) | 2 0.5 1 03 | 1.81(0.14-53.42)
HCUP 122 Total (N=114,035) 20 1.1 8 05 | 2.26(1.01-5.44) 4 0.9 1 03 | 3.62(0.46-89.63)
Other inflammatory No prior codes (N=112,199) | 20 11 8 05 | 226(1.01-5.44) | 4 0.9 1 03 | 3.62(0.46-89.63)
condition of skin

HCUP 16 Total (N=114,035) 1,882 | 1048 | 1,663 | 102.5 | 1.02(0.96-1.09) | 482 | 111.4 | 468 | 119.5 | 0.93(0.82-1.06)
Injury and poisoning | No prior codes (N=01,421) | 1,204 | 69.7 | 1,083 | 69.7 | 1.000.92-1.09) | 276 | 664 | 292 | 77.9 | 0.85(0.72-1.00)
HCUP 164 Total (N=114,035) 133 74 115 | 7.0 | 1.04(0.81-1.34) 19 44 29 74 | 0.59(0.33-1.06)
Intracranial injury No prior codes (N=112,003) 124 6.9 109 6.7 1.03(0.79-1.33) 19 4.4 27 6.9 0.64(0.35-1.15)
HCUP 164.1 Total (N=114,035) 121 6.7 107 | 65 | 1.02(0.79-1.33) 14 32 28 7.1 | 0.45(0.23-0.85)
Concussion No prior codes (N=112,154) | 112 6.2 104 | 64 | 0.97(0.74-1.27) 14 32 28 7.1 | 0.45(0.23-0.85)
HCUP 18.2 Total (N=114,035) 712 | 394 | 608 | 373 | 1.06(0.95-1.18) | 174 | 402 | 152 | 38.8 | 1.04(0.83-1.29)
External causes of No prior codes (N=108,839) | 620 | 345 | 538 | 332 | 1.04093-1.17) | 146 | 339 | 133 | 341 | 0.99(0.79-1.26)
injury (E code)

Abbreviations: ER, emergency room; HCUP, Healthcare Cost and Utilization Project; IR, incidence rate; RR, relative rate; Cl, confidence interval; NC, Not calculated *
Incidence rates per 1,000 person-years.

bOnly HCUP categories with at least one increased RR (lower confidence limit >1.0) are presented. Results for HCUP categories with a significant decrease are located in
Appendix Table 1. Bolded relative rate and confidence interval indicates the interval excludes 1.00. Bolded and highlighted relative rate and confidence interval
indicates the double false-discovery rate adjusted p-value remains significant. Multiplicity adjustment limited to HCUP levels 1 and 2.

Table 4. Rate of Venous Thromboembolism (VTE) Outcomes (per 10,000 Person-Years) among 4vhpv vaccine recipients in Risk Period versus Post-Vaccination Self-
Control Period by Follow-up Window: All Doses Combined.

Risk Period Self-Comparison Period Relative Rate
VTE Outcome N Events Person-Years Rate N Events Person-Years Rate (95% Cl)
Day 1-14 1 7,679 13 0 6,824 0.00 .
Day 1-60 5 31,839 1.6 2 27,574 0.7 2.17(0.35-22.74)

association. Two studies conducted in the US Vaccine Safety
Data link and the Danish national registers among a large
group adolescent males vaccinated with the 4vHPV vaccine
observed RRs for VTE within 60-180 days post-vaccination of
0.92 (95% CIL: 0.54-1.57) and 0.88 (95% CI: 0.33-2.35),
respectively.”>* The small number of confirmed VTE cases
identified in our study limits the generalizability of our
findings.

association did not remain significant after adjustment for
multiple comparisons and outcome confirmation by medical
record review.® Given this prior work, the association observed
in this study is most likely explained by unmeasured potential
confounding.

The associations between 4vHPV vaccine administration
and skin infections, cellulitis and abscess of the arm and
other inflammatory conditions of the skin are consistent with

clinical trial and other observational studies. These may repre-
sent local skin reactions at the vaccine site that are misdiag-
nosed as cellulitis or abscess of the arm. Local injection site
reactions are known adverse events following the vaccine
observed in clinical trials in both males and females.® Our
findings are consistent with a previous post-licensure safety
study of 4vHPV vaccine among over 150,000 US adolescent
females that found vaccination to be associated with skin
infections during the two weeks following vaccination.®

The absence of association of VTE following vaccination
observed in this study is in agreement with other studies of
VTE risk among male vaccine recipients that did not find an

The elevated incidence of allergic reactions, including
anaphylaxis, on the day of vaccination among 4vHPV vaccine
recipients observed in this study is consistent with other
studies. An Institute of Medicine (IOM) report in 2011 iden-
tified adverse events, including anaphylaxis, associated with
4vHPV vaccine.”” The incidence of these allergic outcomes
among 4vHPV vaccines in our study using claims data is
higher than what has been reported previously in another
study conducted among women 12 to 26 years of age from
Australia, in which allergic reactions were identified and
evaluated using expert panel reviews.”* A post-licensure
safety study conducted among more than 189,000 females
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Table 5. Rates of Emergent Outpatient, Emergency Room Visit, and Hospitalization Day 0 Outcomes among 4vhpv vaccine recipients and Concurrent Controls with Td/

Tdap, Meningococcal, or Influenza Vaccine.

Dose sub-group Gardasil Concurrent controls
(N doses) Acute Event N Event Rate?(95%Cl) N Event Rate?(95%Cl)
All doses Syncope 88 5.47(4.39-6.74) 87 5.41(4.33-6.67)
(N= 160,867)b Epilepsy, Convulsions 91 5.66(4.55-6.95) 122 7.58(6.30-9.06)
Head Trauma 126 7.83(6.52-9.33) 124 7.71(6.41-9.19)
Allergic Reactions 339 21.07(18.89-23.44) 184 11.44(9.84-13.22)
Total 644 40.03(37.00-43.25) 517 32.14(29.43-35.03)
Dose 1 Syncope 85 7.74(6.18-9.57) 61 5.55(4.25-7.13)
(N = 109,864%) Epilepsy, Convulsions 68 6.19(4.81-7.85) 75 6.83(5.37-8.56)
Head Trauma 104 9.47(7.73-11.47) 87 7.92(6.34-9.77)
Allergic Reactions 242 22.03(19.34-24.98) 116 10.56(8.72-12.66)
Total 499 45.42(41.52-49.59) 339 30.86(27.66-34.32)

a.Rate = Number of events per 10,000 doses.
b.Number of doses matched per comparison group.

aged 9 to 26 from the United States who received the 4vHPV
vaccine initially identified an elevated incidence rate of aller-
gic/anaphylactic reactions on the day of vaccination.
However, upon review of medical records of the 3 allergic/
anaphylactic events, the study’s independent safety review
committee determined that these events were not associated
with 4vHPV vaccination.® Similar, medical record review of
select Day 0 outcomes in this study was conducted to confirm
the occurrence, timing, and nature of the Day 0 events iden-
tified using claims data. A majority of the day 0 events iden-
tified were events that occurred prior to the day of vaccination
and were recorded in the database on that day. This chart
review also demonstrated that the codes identifying Day 0
outcomes in this claims-based study lack the specificity avail-
able from other data sources. Therefore, similar to prior
studies, the elevated incidence of allergic reactions in this
study of males is most likely not associated with 4vHPV
vaccination.

The identification of study exposures and outcomes was
based on health insurer claims and primarily reflects inter-
actions related to billing. Therefore, some of the study
information may have been influenced by the nature of
these interactions. The described diagnoses were based on
claims that could include a combination of actual indivi-
dual characteristics, billing diagnoses that were submitted
to the insurer in order to justify a service, and other
uncertainties about what aspects of a healthcare service
are coded when a claim for reimbursement is submitted.
While the administrative capture of routine healthcare from
a broad-based population provides a level of external valid-
ity to health outcomes related to the routine use of 4vHPV
vaccine among males, it does result in challenges, such as
ascertaining the certainty of the accuracy and timing of
health outcomes based on diagnostic codes as well as
incomplete recording of medical services.>> >’ These uncer-
tainties were addressed in several ways, including confirma-
tion of both the diagnosis and timing of study outcomes
through select profile review and medical record confirma-
tion (e.g., for VTE and select Day 0 events) and a mix of
self-controlled and concurrent matched cohort designs.

Conclusions

The safety findings of this large database study of males who
received 4vHPV vaccine as part of routine care were consistent
with the known safety profile of this vaccine developed based
on a large number pre- and post-licensure studies of both the
4vHPV and 9vHPV vaccine conducted among females. The
observed association of vaccination with ear infection, intra-
cranial injury, and concussion may be a result of activities
common in adolescent males, especially in the time period
(summer and early fall) that follows the majority of 4vHPV
vaccinations. The use of healthcare data from a large number of
geographically dispersed males who received routine care from
many different healthcare settings across the US, combined
with the use of self-controlled matched study designs, helped
reduce bias and contributed to the generalizability of the study
findings. These results support the safety profile of routine
vaccination with 4vHPV vaccine among males.
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Appendix
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Figure A1. 4vhpv doses by month* (2009-2016). *Each month'’s total represents the sum of years 2009-2016.
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Table A1. Summary of the Incidence Rates (IR) and Relative Rates (RR) that are significantly decreased among regimen initiators (N = 114,035)*° in a risk period
compared to a post-vaccination self-comparison period for potential combined ER/Hospital general safety outcomes by analysis category©.

Days 1-14 Day 1-60
Self- Risk vs. Self- Self- Risk vs. Self-
HCUP Description Analysis Catego Risk Period Comparison Comparison Risk Period Comparison Comparison
Category serip alysis egory Period Period Period Period
Ev‘;"ts IRY Ev‘;"ts R? | RR® | 95% cI° Ev%"ts IR? Evi‘"ts RY | RR® | 95% cI°
Immunizations and
1.5 |screening for infectious |All Doses (N=114,035)| 12 1.56 8 1.17 | 1.33 [ (0.54-3.42)| 30 0.94 30 1.09 | 0.87 |(0.52-1.44)
di
Immunizations and -
; > k All Doses, no prior (0.45-
1.5 zf:reemng for infectious codes' (N=47,053) 4 0.52 1 0.15 | 3.55 87.94) 6 0.19 8 0.29 | 0.65 |(0.21-1.91)
Immunizations and
1.5 screening for infectious [Dose 1 (N=114,035) 9 2.08 9 229 | 0.91 |(0.35-2.35) 25 1.38 26 1.59 | 0.87 |(0.50-1.51)
di
Immunizations and :
. . ) Dose 1, no prior
1.5 Z;;Sr::;\éng for infectious codes' (N=47,053) 2 0.46 3 0.77 | 0.60 | (0.07-4.06) 3 0.17 10 0.61 | 0.27 | (0.06-0.93)
4.1 Anemia All Doses (N=114,035)] 4 0.52 8 1.17 | 0.44 [(0.12-1.47)| 18 0.57 29 1.05 | 0.54 |(0.29-0.97)
X All Doses, no prior
4.1 Anemia codes’ (N=113,654) 1 0.13 5 0.73 | 0.18 [ (0.01-1.28) 13 0.41 22 0.80 | 0.51 |(0.25-1.01)
4.1 Anemia Dose 1 (N=114,035) 2 0.46 2 0.51 | 0.91 [(0.09-8.70) 13 0.72 10 0.61 | 1.17 |(0.51-2.77)
Dose 1, no prior
4.1 Anemi 1 2 0 .0 N NC 1 . 4 24 | 2.26 .73-8.31
nemia codes' (N=113,654) 0.23 0.00 C 0 0.55 0 (0.73-8.31)
5 Mental illness All Doses (N=114,035)| 252 | 32.87 | 263 |38.61| 0.85 [(0.72-1.01)| 798 |25.17| 718 | 26.16 | 0.96 |(0.87-1.06)
. All Doses, no prior
5 Mental illness codes' (N=91,579) 67 8.88 109 | 16.29 | 0.55 | (0.40-0.74) | 286 9.15 330 | 12.23 | 0.75 | (0.64-0.88)
5 Mental illness Dose 1 (N=114,035) 165 |[38.10 | 149 |[37.99| 1.00 |(0.80-1.25)| 499 |27.62| 461 |28.24| 0.98 |(0.86-1.11)
. Dose 1, no prior
M il 2 .7 1 13.22 .51 .32-0.81 . . . .56-0.
5 ental iliness codes’ (N=91,579) 9 6.79 5 3 0.51 |(0.32-0.81) | 147 8.25 191 | 11.88 | 0.69 | (0.56-0.86)
5.2 |Anxiety disorders All Doses (N=114,035)| 86 11.21 77 11.29 | 0.99 |(0.73-1.35) | 247 7.77 220 7.99 | 0.97 |(0.81-1.17)
i . All Doses, no prior
2 |A 4 .62 2 7.64 7 49-1.1 1 4.2 1 .7 .74 .59-0.
5 nxiety disorders codes' (N=109,606) 3 5.6. 5! 6 0.73 | (0.49-1.10) 36 9 59 579 | 0 (0.59-0.93)
5.2 |Anxiety disorders Dose 1 (N=114,035) 54 12.46 46 11.72 | 1.06 |(0.72-1.58)| 158 8.73 130 7.95 | 1.10 |(0.87-1.39)
. . Dose 1, no prior
5.2  |Anxiety disorders codes’ (N=109,606) 22 5.09 30 7.66 | 0.66 [(0.38-1.15) 75 4.15 88 5.39 | 0.77 |(0.56-1.05)
Attention deficit,
5.3  |conduct, and disruptive |All Doses (N=114,035)] 67 8.73 58 8.50 | 1.03 |(0.72-1.46)| 219 6.89 181 6.57 | 1.05 |(0.86-1.28)
behavior disorders
Attention deficit .
’ All Di
5.3 |conduct, and disruptive | _ Ofe,j’_:g Opgg; 14 | 183 | 25 | 369 | 050 |(0.25-095) | 65 | 205 | 74 | 270 | 0.76 |(0.54-1.06)
behavior disorders codes (N=100,650)
Attention deficit,
5.3  |conduct, and disruptive |Dose 1 (N=114,035) 46 10.61 38 9.68 | 1.10 |(0.71-1.69)| 140 7.73 123 7.52 | 1.03 |(0.81-1.31)
behavior disorders
Attention deficit .
’ D 1
53  [conduct, and disruptive O:e ; ’h';:%r(')oéso 7 | 162 | 13 | 333 | 049 |(018121)| 40 | 222 | 50 | 307 | 072 |(0.47-1.10)
behavior disorders codes' (N=100,650)

(Continued)



Table A1. (Continued).

HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2073750-11

Days 1-14 Day 1-60
Self- Risk vs. Self- Self- Risk vs. Self-
HCUP Description Analysis Catego Risk Period Comparison Comparison Risk Period Comparison Comparison
Category P Y gory Period Period Period Period
Events IR¢ Events IR? RRS*® 95% CI° Events IR¢ Events IR? RRS*® 95% CI°
N N N N
58 |Mood disorders All Doses (N=114,035)| 163 |21.25| 162 |23.77| 0.89 | (0.72-1.11)| 423 |13.32| 390 | 14.18 | 0.94 | (0.82-1.08)
. All Doses, no prior
8 [m 4 2 75 |11, 57 |(0.39-0.81) | 1 94 | 210 | 7.67 | 0.77 | (0.64-0.94
58 ood disorders codes' (N-110.148) 8 | 6.28 5 06 | 0.57 |(0.39-0.81)| 188 | 5.9 0 67 | 0 (0.64-0.94)
58 |Mood disorders Dose 1 (N=114,035) | 110 |25.39| 101 |[25.75| 0.99 [(0.75-1.29) | 278 | 1537 | 258 [ 1579 0.97 [(0.82-1.15)
Dose 1, no prior
58  |Mood disord 19 | 440 | 39 | 9.99 | 0.44 | (0.25-0.76)| 93 | 516 | 123 | 7.56 | 0.68 [(0.52-0.89
ood disorders codes' (N=110,148) ( ) ( )
59 |Personality disorders |All Doses (N=114,035)| 2 | 026 | 8 | 117 | 0.22 | (0.03-0.96)| 15 | 047 | 20 | 0.73 | 0.65 [(0.33-1.27)
L All Doses, no prior
9 |p lit 1 A . A 01-1. 14 44 | 1 . 67 | (0.33-1.
5.9 [Personalty disorders | e o6) 013 | 6 | 088 | 0.15 |(0.01-1.00) 0 8 | 065 | 067 |(0.33-1.36)
59 |Personality disorders |Dose 1 (N=114,035) 2 |o46| 6 | 153|030 |(0.04143)| 10 [055| 15 | 092 | 060 |(0.26-1.34)
L Dose 1, no prior
9 |p | 1 2 7 . 01-2. . 11 67 | 0.74 |(0.30-1.81
5.9 |Personaliy disorders | 00 07 one) 023 | 3 | 076|030 |(001-283)| 9 | 050 067 | 0 (0.30-1.81)
5.11 ’;'ggg‘:;;e'ated All Doses (N=114,035)] 17 | 221 | 31 | 454 | 0.49 |(0.26-0.88)| 115 | 361 | 119 | 432 | 0.84 | (0.65-1.08)
Alcohol-related All Doses, no prior
511 | eordors codes' (N113.671) 15 | 195 | 28 | 411 | 0.48 |(0.25-0.89)| 107 | 3.36 | 112 | 4.07 | 0.83 [(0.63-1.08)
511 |Alcoholrelated Dose 1 (N=114,035) 5 | 115 | 12 | 3.06 | 0.38 |(0.12-1.05)| 54 | 298 | 65 | 3.97 | 0.75 | (0.52-1.08)
disorders
Alcohol-related Dose 1, no prior
511 oo codes’ (N=113.671) 5 | 115 | 12 | 3.06 | 0.38 [(0.12-1.05)| 50 | 276 | 62 | 3.79 | 0.73 | (0.50-1.06)
543 |Suicide andintentional |\, oo (N=114,035)| 20 | 378 | 41 | 601 | 063 |(0.39-1.01)| 131 | 412 | 138 | 501 | 082 |(0.65-1.04)
self-inflicted injury
Suicide and intentional |All Doses, no prior
513 | inflcted injury codes’ (N=113.743) 24 | 343 | 37 | 543 | 058 |(0.34-0.96)| 113 | 355 | 130 | 472 | 0.75 |(0.58-0.97)
543 |Suicide andintentional 15 4 \_114 035) 17 | 392 | 27 | 688 | 057 |(0.30-1.04)| 82 | 453 | 84 | 514 | 0.88 |(0.65-1.20)
self-inflicted injury
Suicide and intentional [Dose 1, no prior
513 | itinflicted injory codes' (N=113.743) 13 | 300 | 24 | 612 | 0.49 | (0.24-0.96)| 69 | 381 | 76 | 465 | 0.82 [(0.59-1.14)
6.5 :?;‘;a::e; including | A poses (N=114,035)] 78 |10.16 | 78 |[11.44| 089 |(0.65-1.22)| 201 | 915 | 257 | 933 | 0.98 | (0.83-1.16)
Headache; including All Doses, no prior
6.5 eac 48 | 627 | 58 | 852 | 074 [(050-1.08)| 217 | 684 | 208 | 7.57 | 0.90 |(0.75-1.09
migraine codes' (N=109,556) ( ) ( :
6.5 :’f;‘;?::e; including | oo 1 (N=114,035) | 48 |11.08| 55 |[14.01| 079 |(0.53-1.16)| 182 | 1006 | 177 | 1083 | 0.93 |(0.76-1.14)
~includi Dose 1, no pri
6.5 |Headache;including |Dose 1, no prior 28 | 647 | 43 |1098| 0.59 |(0.36-0.95| 128 | 7.08 | 138 | 846 | 0.84 |(0.66-1.07)
migraine codes' (N=109,556)

(Continued)
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Table A1. (Continued).

Days 1-14 Day 1-60
Self- Risk vs. Self- Self- Risk vs. Self-
HCUP Description Analysis Catego Risk Period Comparison Comparison Risk Period Comparison Comparison
Category P Y gory Period Period Period Period
Events IR¢ Events R | RR* | 95% cr° Events IR? Events R | RR** | o5% cre
N N N N
71 Hypertension All Doses (N=114,035) 8 1.04 9 1.32 | 0.79 |(0.29-2.10) 24 0.75 36 1.31 0.58 | (0.34-0.97)
All Doses, no prior
71 Hypertensi 6 0.78 4 0.59 1.33 |(0.36-5.36 15 0.47 23 0.83 | 0.56 | (0.29-1.08
ypertension codes' (N=113,337) ( ) ( )
71 Hypertension Dose 1 (N=114,035) 6 1.38 8 2.04 | 0.68 |(0.22-2.00) 13 0.72 20 1.22 | 0.59 |(0.28-1.18)
. Dose 1, no prior
7.1 |Hypertension codes’ (N=113,337) 4 0.92 5 127 | 072 [(0.17-286)| 6 033 | 10 | 061 | 0.54 |(0.18-1.50)
7.2 Diseases of the heart |All Doses (N=114,035)| 64 8.34 65 9.53 | 0.87 |(0.62-1.24)| 240 7.55 233 8.46 | 0.89 |(0.74-1.07)
All D s i
72  |Diseases of the heart 0ses, o prior 51 | 665 | 57 | 837 | 079 |(0.54-1.16)| 200 | 630 | 211 | 7.67 | 0.82 |(0.68-1.00)
codes' (N=111,134)
7.2 Diseases of the heart |Dose 1 (N=114,035) 41 9.46 40 10.19 | 0.93 | (0.60-1.44)( 124 6.85 136 8.32 | 0.82 |(0.65-1.05)
) Dose 1, no prior
7.2 Diseases of the heart codes’ (N=111,134) 29 6.70 34 8.68 | 0.77 |(0.47-1.27) 929 5.47 120 7.35 | 0.75 | (0.57-0.97)
8.1 Respiratory infections |All Doses (N=114,035)| 86 11.21 108 15.84 | 0.71 | (0.53-0.94) | 396 1246 | 356 12.94 | 0.96 |(0.83-1.11)
. . . All Doses, no prior
8.1 R t fect 43 5.66 61 9.05 | 0.63 | (0.42-0.92 224 712 201 7.39 | 0.96 |(0.80-1.17
espiratory infections codesf(N=83,518) ( ) ( )
8.1 Respiratory infections |Dose 1 (N=114,035) 53 12.23 62 15.80 | 0.77 [ (0.53-1.12) | 233 12.87 | 220 13.46 | 0.96 | (0.80-1.15)
. ) ) Dose 1, no prior
A R f 2 .82 1 7. .7 43-1.24 1 7.41 122 7. . 77-1.2
8 espiratory infections codes' (N=83,518) 5 5.8 3 98 | 0.73 |(0.43 ) 33 53 | 0.98 | (0 6)
Pleurisy;
8.5 pneumothorax; All Doses (N=114,035) 10 1.30 21 3.08 | 0.42 |(0.19-0.89) 31 0.97 40 1.45 | 0.67 |(0.42-1.07)
pulmonary collapse
Pleurisy; .
i All D
85 |pneumothorax; 08€s, No prior 10 | 130 | 19 | 278 | 0.47 [(021-1.00)| 30 | 094 | 38 | 1.38 | 0.68 [(0.42-1.10)
codes' (N=113,908)
pulmonary collapse
Pleurisy;
85  [pneumothorax; Dose 1 (N=114,035) 8 1.85 9 229 | 0.80 |(0.30-2.14)[ 17 [ 094 | 26 | 159 | 0.59 |(0.31-1.09)
pulmonary collapse
Pleurisy; .
’ . Dose 1, no prior
85  [pneumothorax; codes’ (N=113.908) 8 1.85 8 2.04 | 091 |(0.33-250)| 16 | 0.88 | 25 | 1.53 | 0.58 |(0.30-1.08)
pulmonary collapse
g [|Dlseasesofthe All Doses (N=114,035)| 140 |18.24 | 142 |20.83| 0.88 | (0.69-1.11)| 561 |17.67| 515 | 18.74 | 0.94 | (0.84-1.06)
digestive system
Diseases of the All Doses, no prior
9 . X 97 12.71 114 16.82 | 0.76 | (0.58-0.99 406 12.85 | 412 15.08 | 0.85 | (0.74-0.98
digestive system codes’ (N=105,976) ( ) ( )
g  |Diseasesof the Dose 1 (N=114,035) 80 |[1846| 81 |2064| 089 |(066-122)| 323 |17.86| 327 |20.01| 0.89 |(0.76-1.04)
digestive system
Diseases of the Dose 1, no prior
9 ; . 52 12.06 63 16.14 | 0.75 | (0.52-1.08 225 | 12.50 | 254 | 15.63 | 0.80 | (0.67-0.96
digestive system codes’ (N=105,976) ( ) ( )

(Continued)



Table A1. (Continued).

HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2073750-13

Days 1-14 Day 1-60
Self- Risk vs. Self- Self- Risk vs. Self-
HCUP Description Analysis Catedo Risk Period Comparison Comparison Risk Period Comparison Comparison
Category P Y gory Period Period Period Period
Evi‘"ts IR? Evi‘"ts IR? | RR®® | 95% cI° EV:"ts IRY EV:"ts IR? | RR®® | 95% cI°
Disorders of teeth and
02 | All Doses (N=114,035)] 9 | 117 | 16 | 234 | 050 [(021-1.13)| 37 | 116 | 49 | 1.78 | 0.65 | (0.42-1.00)
Disorders of teeth and |All Doses, no prior
2 | 7 91 | 1 2. : 15-0. 4 | 107 | 4 1. . 42-1.02
02 | codes' (N<113.258) 0.9 6 35 | 0.39 |(0.15-093) 3 0 5 63 | 0.65 |(0.42-1.02)
9.2 jZ'stmders ofteethand |1y o 1 (N=114,035) 6 | 138 | 8 | 204|068 (0222000 26 | 144 | 25 | 153 | 0.94 |(0.54-1.64)
Disorders of teeth and |Dose 1, no prior
92 | 4 |o92| 8 |204](045 0121150 23 [ 127 | 21 | 128 | 0.99 |(0.54-1.81
jaw codes’ (N=113,258) ( ) ( )
98 |Liver disease All Doses (N=114,035)] 3 [ 039 | 8 [ 117 [ 033 [(0.07-122)] 21 [ose6 | 19 | 069 | 0.96 |(0.51-1.80)
. . All Doses, no prior
9.8 |Liver disease codes’ (N=113.731) 3 |o039| 8 |117 | 033 [007-122)| 20 |o063 | 18 | 065 | 0.96 |(0.51-1.84)
9.8 |Liver disease Dose 1 (N=114,035) o [o000o[ 4 [ 102/ 000000070 7 [o039| 16 | 098 | 0.40 |(0.15-0.95)
. i Dose 1, no prior
8 | ) 4 | 1020 .00-0.7 7 ) 1 } 4 15-0.
9.8 |Liver disease codes! (N=113.731) o | 000 02 | 0.00 |(0.00-0.70) 0.39 6 | 098 | 0.40 |(0.15-0.95)
9.9 ;fa’zcg;iget)s"rders All Doses (N=114,035)] 2 | 026 | 2 | 029 | 089 [(009854)| 5 |o016| 8 | 029 | 054 |(0.16-1.67)
Pancreatic disorders  |All Doses, no prior (0.14-
99 | ot diabotes) codes' (N-114.002) 2 | o026 | 1 015 | 178 | o 3 | 009| 6 | 022]| 043 |(0.09-1.74)
9.9 ;i?ﬂ;iﬁet)sorders Dose 1 (N=114,035) o |ooo| o |oo00]| NC NC 2 |o11| 4 | o024 045 |(0.06-2.55)
Pancreatic disorders Dose 1, no prior
99 | o1 diabotos) codes' (N=114.002) o |ooo| o |[oo00]| NC NC o |000| 4 | o024]| 000 |(0.00-0.70)
Diseases of the
13 |musculoskeletal system |[All Doses (N=114,035)| 774 |101.24| 676 |[99.50 | 1.02 |(0.92-1.13)| 1,989 [ 63.20 | 1,742 | 63.95 | 0.99 | (0.93-1.05)
and connective tissue
Diseases of the .
AIlD
13 [musculoskeletal system | " _ Ofe,j’_gg sggr 285 | 3822 332 |50.24 | 0.76 |(0.65:0.89)| 913 |[20.64 | 949 |3572| 0.83 [(0.76-0.91)
and connective tissue  |°°9®S (N=95,733)
Diseases of the
13 |musculoskeletal system [Dose 1 (N=114,035) | 452 |104.50| 439 [112.11| 0.93 |(0.82-1.06)| 1,253 | 69.61 | 1,151 | 70.81 | 0.98 |(0.91-1.07)
and connective tissue
Diseases of the D .
ose 1, no prior
13 musculoskeletal system des’ (N=95.733 113 | 26.73 | 193 | 50.55 | 0.53 | (0.42-0.67) ( 466 | 26.44 | 566 | 35.65 | 0.74 | (0.66-0.84)
and connective tissue codes (N=95, )

13.2 Z:g;g::‘smat'c Joint 1A Doses (N=114,035)| 140 | 1825 | 141 | 2068 | 0.88 | (0.70-1.12)| 428 |1347| 309 | 1451 | 0.93 |(0.81-1.06)
132 |Non-traumaticjoint  |All Doses, no prior 79 |1033| 95 |13.99| 074 |(0.55-1.000| 304 | 960 | 207 |10.84 | 0.89 |(0.75-1.04)
"~ |disorders codes’ (N=106,300) ’ ) ) R ) ) ) S
13.2 (’;‘i‘s’g;g:r“sma“c foint i pose 1 (N=114.035) | 74 |17.08| 76 |1937| 0.88 |(0.64-1.22)| 246 |1360| 246 | 15.05| 0.90 | (0.76-1.08)

Non-traumatic joint Dose 1, no prior
132 | 27 2 43 |11 57 |(0.35-092) | 1 ) 178 | 10. 7
32 | ot codes' (N=106,300) 6.25 3 00 | 0.57 |(0.35-0.92)| 155 | 8.59 8 |10.93 | 0.79 | (0.63-0.98)

(Continued)
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Table A1. (Continued).

Days 1-14 Day 1-60
Self- Risk vs. Self- Self- Risk vs. Self-
HCUP Descrition Analysis Catego Risk Period Comparison Comparison Risk Period Comparison Comparison
Category P Y gory Period Period Period Period
Events IR¢ Events RY | Rree | 95% cr° Events IR¢ Events RY | Rree | 95% cr°
N N N N
Spondylosis;
133 [mervenebraldise - |a poses (N=114,035)| 407 | 5312 | 368 |54.05| 0.98 |(0.85-1.13)| o75 |30.80 | 921 |3362 | 092 |(0.84-1.00)
disorders; other back
problems
Spondylosis;
intervertebral disc All Doses, no prior
133 | isorders: other back  |codes’ (N~109,865) 190 |24.98 | 230 |34.06 | 0.73 | (0.60-0.89) | 537 |17.06 | 616 |22.64 | 0.75 [(0.67-0.85)
problems
Spondylosis;
133 |Mntervertebral disc Dose 1 (N=114,035) | 237 |54.74| 225 |57.39 | 095 | (0.79-1.14)| 622 [34.45| 570 [34.95| 0.99 (0.88-1.10)
disorders; other back
problems
Spondylosis;
intervertebral disc Dose 1, no prior
133 | isorders; other back  |codes' (N=109,865) 72 [16.74| 128 |32.90 | 0.51 | (0.38-0.68) | 269 |[14.98| 341 |21.05| 0.71 |(0.61-0.83)
problems
13.8 g;l‘zrs?””ec""et'ss“e All Doses (N=114,035)| 335 |43.71| 285 |41.85| 1.04 |(0.89-1.22)| 859 |27.12| 734 |26.75| 1.01 | (0.92-1.12)
Other connective tissue |All Doses, no prior
138 | 157 | 2062 | 191 |28.26 | 0.73 | (0.59-0.90) | 502 |[15.94| 518 |19.01 | 0.84 |(0.74-0.95
disease codes’ (N=106,721) ( ) ( )
13.8 gijsce°“"e°""e"ssue Dose 1 (N=114,035) | 196 |45.26| 197 |50.25| 0.90 | (0.74-1.10)| 516 | 2856 | 498 |30.52| 0.94 [(0.83-1.06)
Other connective tissue [Dose 1, no prior
138 |- 72 |16.73| 125 |[3211| 0.52 |(0.39-0.70)| 248 |[13.80 | 328 |20.23 | 0.68 |(0.58-0.80
disease codes’ (N=106,721) ( ) ( )
Other bone disease
13.9 |and musculoskeletal  |All Doses (N=114,035)| 464 |60.59 | 399 |58.63 | 1.03 |(0.90-1.18)| 1,086 | 34.34 | 939 |[34.28 | 1.00 |(0.92-1.09)
deformities
Other bone disease .
All Doses,
13.9  |and musculoskeletal 0s€s, o prior 210 |27.63| 239 |35.42| 0.78 | (0.65-0.94)| 559 |[17.78 | 603 |22.18 | 0.80 |(0.71-0.90)
o codes' (N=109,423)
deformities
Other bone disease
13.9 |and musculoskeletal  |Dose 1 (N=114,035) | 272 |62.83 | 278 |[70.93| 0.89 |(0.75-1.05)| 715 [39.62| 645 |39.57 | 1.00 | (0.90-1.11)
deformities
Other bone disease .
Dose 1,
13.9 |and musculoskeletal |~ oo 1 1O Pror 84 |1955| 141 |36.27 | 0.54 | (0.41-0.71)| 207 |[16.56 | 355 |21.94| 0.75 |(0.65-0.88)
- codes’ (N=109,423)
deformities
16.4.1 |Concussion All Doses (N=114,035)] 32 [ 417 | 41 [ 6.01 | 0.69 [(043-1.10)| 220 [ 692 | 148 | 537 | 1.29 [ (1.05-1.59)
All Doses, no prior
16.4.1 |C i 32 | 417 | 39 | 572 | 073 |(045-1.16)| 210 | 661 | 143 | 519 | 1.27 | (1.03-1.58
oneussion codes’ (N=112,154) ( ) ( )
16.4.1 |Concussion Dose 1 (N=114,035) 14 | 323 | 28 | 743 | 045 [(0.23-0.85)| 121 | 668 | 107 | 654 | 1.02 [(0.79-1.33)
. Dose 1, no prior
16.4.1 [Concussion codes' (N=112.154) 14 | 323 | 28 | 714 | 0.45 | (0.23-0.85)| 112 | 6.19 | 104 | 636 [ 0.97 [(0.74-1.27)

(Continued)
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HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2073750-15

Days 1-14 Day 1-60
Self- Risk vs. Self- Self- Risk vs. Self-
HCUP Description Analysis Catego Risk Period Comparison Comparison Risk Period Comparison Comparison
Category P 4 gory Period Period Period Period
Events IRY Events Re | rre® | 959 cr° Events IRY Events Re | rre® | 95% cr°
N N N N
16.7 |Sprains and strains  |All Doses (N=114,035)] 261 | 34.04 | 218 [31.99| 1.06 [(0.89-1.27)| 947 [29.90| 750 [27.33] 1.09 |(0.99-1.20)
) ) All Doses, no prior
167 [Sprains and strains | e o g1y 159 [20.89 | 160 |23.68| 0.88 |(0.71-1.10)| 694 |2206| 579 |21.27| 1.04 |(0.93-1.16)
16.7 |Sprains and strains  |Dose 1 (N=114,035) | 157 | 36.24 | 152 |38.75| 0.94 [(0.75-1.17)] 575 [31.82| 485 [20.71 | 1.07 [(0.95-1.21)
. . Dose 1, no prior
167 |Sprainsandstrains | 00 o o0 80 |18.59 | 102 |[26.19 | 0.71 |(0.53-0.95)| 403 |[2244| 353 |21.77| 1.03 | (0.89-1.19)
17.1 jy(’j‘;‘f’lt:::fmf;%:‘jo::d All Doses (N=114,035)| 221 [28.81| 219 |3213| 090 | (0.74-1.08)| 923 |20.13| 854 |31.13| 0.94 |(0.85-1.03)
Symptoms; signs; and [All Doses, no prior
171 [\ efined conditions |codes' (N<96.175) 153 [ 2022 | 155 |23.08| 0.88 |(0.70-1.10)| 629 |20.10| 611 |22.50 | 0.89 |(0.80-0.99)
17.1 iyggt::fc;%?:o::d Dose 1 (N=114,035) | 128 |29.55| 134 |34.16 | 0.86 | (0.68-1.10)| 550 |30.44 | 527 |32.29| 0.94 |(0.84-1.06)
Symptoms; signs; and [Dose 1, no prior . i
171 | defined conditions _|codes’ (N=86,175) 91 |21.26| 100 |25.83| 0.82 |(0.62-1.09)| 373 |[20.88| 365 |22:65| 0.92 |(0.80-1.07)
17.2 ::::&'i;g“e"‘:'”g All Doses (N=114,035)] 50 | 651 | 66 | 9.68 | 0.67 |(0.46-0.97)| 224 | 7.04 | 208 | 7.55 | 0.93 | (0.77-1.13)
Factors influencing All Doses, no prior
17.2 8 | 106 | 12 | 178 | 059 |(0.23-145)| 38 | 121 | 39 | 144 | 0.84 |(0.54-1.32
health care codes’ (N=17,330) ( ) ( :
17.2 E:::;ri;?zuenC|ng Dose 1 (N=114,035) 33 | 761 | 45 |1147| 066 |(042-1.04)| 123 | 679 | 137 | 8.38 | 0.81 |(0.64-1.03)
Factors influencing Dose 1, no prior
17.2 4 |o093| 10 | 258|036 [0101.13)| 24 | 134| 25 | 155 | 0.87 |(0.49-1.53
health care codes’ (N=17,330) ( ) ( :

Abbreviations: ER, emergency room; HCUP, Healthcare Cost and Utilization Project; IR, incidence rate; RR, relative rate; Cl, confidence interval.
Patient accrual 16-OCT-2009 through 31-DEC-2016.
PRegimen Initiators include males any age with at least one dose of Gardasil.
“Only HCUP categories with at least one increased RR (lower confidence limit >1.0) are presented. Results for all HCUP categories are located in Table Sets 12-15.
9Incidence rates per 1,000 person-years
Bolded relative rate and confidence interval indicates the interval excludes 1.00. Bolded and highlighted relative rate and confidence interval indicates the double false

discovery rate adjusted p-value remains significant.Multiplicity adjustment limited to HCUP levels 1 and 2.
fMales with codes for the same HCUP category up to 12 months prior to and including the day of first vaccination in any health care setting (ER, hospitalization or

physician office/outpatient) were excluded from the analysis for that HCUP category.
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Table A2. Summary of the Incidence Rates (IR) and Relative Rates (RR) that are significantly decreased among regimen initiators (N = 114,035)* in a risk period
compared to a post-vaccination self-comparison period for combined potential hospital only general safety outcomes by analysis category*.

Day 1-14 Day 1-60
Self- Risk vs. Self- Self- Risk vs. Self-
HCUP Descriotion Analysis Catego Risk Period Comparison Comparison Risk Period Comparison Comparison
Category P v gory Period Period Period Period
Event Event Event Event
o R T R [RRee | eswcre [FYRTL e [TYRT | IRY | RROS | 9s% e
All Doses
2 Neoplasms (N=114.035) 2 |o2| 6 | 088 030](004140)| 15 | 047 | 24 | 087 | 054 |(0.28-1.03)
'All Doses, no pri
2 Neoplasms code:ff;_:ggpggé) 1 |o13| 5 | 073|018 |©01-128)| 11 | 035 | 21 | 076 | 0.45 | (0.21-0.93)
2 Neoplasms Dose 1 (N=114,035) 2 [o046 | 2 [o51]o091 0098700 11 [o061 | 9o [ o055/ 110 [(045276)
- T
2 Neoplasms ('::\T_Sfogg‘;g)”m codes| 0.23 1 0.25 | 0.91 {(0.02-3532)| 7 | 039 | 8 | 049 | 079 |(0.27-2.25)
. All Doses
216 [Benignneoplasms [\ PP 0 [o0oo| 2 |o02|o000]|©00192)| 1 [o003]| 8 | o020/ 011 |(0.00-0.68)
All Doses,no pri
246 [Benign neoplasms  |” decs’ff;_n:: grg)sr 0 o |ooo| 2 |o020|o000]|©00192| 1 |003| 7 |o025]| 012 |0.01-0.80)
216  |Benign neoplasms  |Dose 1 (N=114,035) o [o0o0] o ]ooo]| NC NC 1 o006 | 2 |o012] 045 [(0.02594)
Dose 1, no pri
216  |Benign neoplasms ose 1, no prior o |ooo| o |oo00]| N NC 1 |oos| 2 |o012] 045 (0025094
codes' (N=110,581)
. All Doses
4.1 Anemia (N=114.035) 3 o039 | 7 | 103|038 | (008145 | 16 | 050 | 26 | 0.94 | 0.53 |(0.28-0.99)
All D i
41 |Anemia Coder?Ns'_nﬂ grg’5r4) 1 |o013| 4 |o059 |02 |©01177)| 12 | 038 | 20 | 073 | 052 |(0.25-1.06)
4.1 Anemia Dose 1 (N=114,035) 2 |o046| 2 | o051 [o091]| 098700 11 [o061| 7 [ o043 142 [(0.55-3.89)
: Dose 1,no prior codes' (0.77-
4.1 A 1 |o23| o |o000]| NC NC 9 o5 | 3 |o018] 271
nemia (N=113 654) 12.41)
5 Mental illness 3\"'31015;%35) 74 | 964 | 94 |13.79| 0.70 | (0.51-0.95) | 282 | 8.87 | 281 |10.21| 0.87 |(0.74-1.03)
Al D i
5 Mental illness codeZ,S?Ns'_”; psrg) 20 | 263 | 43 | 636 | 0.41 | (0.24070) | 90 | 2.85 | 126 | 4.62 | 0.62 | (0.47-0.81)
5 Mental illness Dose 1 (N=114,035) | 48 |11.08| 61 |[1555| 0.71 | (0.49-1.04) | 174 | 961 [ 175 [10.70| 0.90 [(0.73-1.11)
- T
5 Mental illness (D,\‘°_S§ 115%)"”” codes| 44 | 256 | 27 | 6.94 | 037 | (0.18-073) | 51 | 284 | 77 | 475 | 0.60 |(0.42-0.85)
. . All Doses
52 |Anxiety disorders N=114.035) 32 | 417 | 35 | 513 | 081 | (050-1.32) | 114 | 3558 | 123 | 4.46 | 0.80 | (0.62-1.04)
All Doses,no pri
52 |Anxiety disorders . de‘;ff;_”fogrg 6 19 | 248 | 26 | 382 | 065035117 70 | 220 | 91 | 3.31 | 0.67 |(0.49-0.91)
52 |Anxiety disorders Dose 1 (N=114,035) | 20 | 461 | 24 | 612 | 075 | (041-137) | 68 | 375 | 72 | 440 | 0.85 [ (0.61-1.19)
Ny T
5.2 Anxiety disorders &C’ffog'é%g)”‘” codes| 41 | 254 | 17 | 434 | 059 | (0.27-125) | 41 | 227 | 50 | 306 | 0.74 |(0.49-1.12)
- ArDOSES
5.8 Mood disorders N 55 | 747 | 71 |10.41] 0.69 | (0.48-0.98) | 200 | 620 | 210 | 7.63 | 0.82 | (0.68-1.00)
Il Dosés.nG pri
58  |Mood disorders code‘;f?;_”ﬂ grﬂg) 25 | 327 | 41 | 603|054 (033089 | 103 | 3.25 | 125 | 455 | 0.71 | (0.55-0.93)
58 Mood disorders Dose 1 (N=114,035) | 38 | 8.77 | 45 |[11.47] 076 | (0.49-1.18) | 126 | 6.96 | 127 | 7.77 | 0.90 [(0.70-1.15)
- T
5.8 Mood disorders (D,\‘°_Sf 13:‘;5)““ codes| 45 | 347 | 26 | 6.65 | 0.52 | (0.27-098) | 57 | 316 | 75 | 4.60 | 0.69 |(0.48-0.97)

(Continued)
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Day 1-14 Day 1-60
Self- Risk vs. Self- Self- Risk vs. Self-
HCUP Description Analysis Category Risk Period Compe.mson Compe_mson Risk Period Compe_mson Compe_mson
Category Period Period Period Period
Events Events Events Events
IR? IR® [ RR™ | 95%CI° IR IR® [ RR™ | 95%CI
N N N N
Suicide and intentional |All Doses
513 | Sitinflicted injury (N= 114.035) 22 | 287 | 36 | 528 | 054 | (0.32092) | 96 | 3.02 | 123 | 4.46 | 0.68 |(0.52-0.88)
Suicide and intentional |All Doses,no prior
513 | oitinflicted injury codes' (N=113.743) 18 | 235 | 32 | 469 | 050 | (0.28-0.89) | 80 | 2.51 | 115 | 4.17 | 0.60 |(0.45-0.80)
543  |Suicideandintentional | o4 N_114035) | 13 | 300 | 25 | 637 | 047 | 0.23-001) | 62 | 342 | 72 | 440 | 078 |(0.55-1.09)
self-inflicted injury
Suicide and intentional |Dose 1,no prior codes’
513 | oitinflicted injury (No1 13,745 10 | 231 | 22 | 561|041 | (019086 | 51 | 282 | 65 | 398 | 0.71 |(0.49-1.02)
7.1 Hypertension All Doses 5 |o65| 6 | 088|074 ]|021254)| 16 | 050 | 30 | 1.09 | 0.46 |(0.25-0.84)
(N= 114,035)
. All Doses,no prior
7.1 Hypert 3 |039]| 3 | 044|089 ](0.15517 8 |o025| 19 | 0.69 | 0.36 |(0.15-0.82
ypertension codes (N=113,337) ( ) ( )
7.1 Hypertension Dose 1 (N=114,035) 4 |o92| 5 |[127] 072017288 | 11 | 061 | 15 | 092 | 0.66 |(0.30-1.45)
. f
7.1 Hypertension Dose 1,nopriorcodes’| 5 | g45 [ 3 | 076 | 060 | (0.07406) | 4 |o022| 7 | 043|052 |(0.13-178)
(N=113,337)
. . . All Doses
8.1 Respiratory infections |\ 2" 9 |[117 | 14 | 205 | 057 [(024132)| 34 | 107 | 38 | 1.38 | 0.77 | (0.49-1.23)
8.1 Respiratory infections |/ 0SSN0 prior 5 |o65| 9 | 132|049 |©15147)| 18 | 057 | 30 | 1.09 | 0.52 |(0.28-0.93)
: piratory codes' (N=83,518) : : : Ao . | . 280
8.1 Respiratory infections [Dose 1 (N=114,035) 5 | 115 | 8 | 204 | 057 | (017-1.75) | 18 | 099 | 25 | 153 | 0.65 [(0.35-1.19)
. f
8.1 Respiratory infections (D’\?_Sg;éq%)p”m codes| 4 | g9 | 6 153 | 060 | (0.152.20) | 11 | 061 [ 18 | 1.10 | 0.55 | (0.25-1.17)
Diseases of the All Doses
9 digastive systomn (N=114,035) 32 | 417 | 42 | 6.16 | 068 | (042-1.07) | 135 | 424 | 136 | 4.94 | 0.86 |(0.68-1.09)
Diseases of the All Doses,no prior
9 digestive system sodes’ (N<105.976) 24 | 313 | 31 | 455 | 069 | (040-1.17) | 98 | 3.08 | 102 | 3.71 | 0.83 |(0.63-1.10)
9 Diseases of the Dose 1 (N=114,035) | 18 | 415 | 25 | 637 | 065 | (0.35-1.20) | 72 | 3.98 | 96 | 587 | 0.68 |(0.50-0.92)
digestive system
Diseases of the Dose 1,no prior codes’
9 digestive system (Nat05.976) 13 | 300 | 18 | 459 | 065 | (0.31-1.34) | 50 | 276 | 70 | 4.29 | 0.65 | (0.45-0.93)
Lower gastrointestinal |All Doses
96 T (N= 114,035) 14 | 182 | 20 | 293|062 | (031123 | 49 | 154 | &1 | 221 | 0.70 | (0.48-1.01)
Lower gastrointestinal |All Doses,no prior
9.6 ‘ 13 | 169 | 17 | 249 | 068 | (0.32-141) | 46 | 145 | 55 | 2,00 | 0.72 | (0.49-1.07
disorders codes’ (N=113,324) ( ) ( )
96 ';’S";’f(;egrzs"°'”tes“”a' Dose 1 (N=114,035) 6 | 138 | 12 | 3.06 | 045 | (0.16-1.20) | 24 | 132 | 42 | 257 | 0.52 |(0.31-0.85)
Lower gastrointestinal |Dose 1,no prior codes’
96 ¢ 6 | 138 | 11 | 280 | 049 | (017-1.33) | 23 | 1.27 | 37 | 226 | 0.56 |(0.33-0.94)
disorders (N=113,324)
Nervous system All Doses
144 | genital anomalies |(N= 114.035) 1 013 | 3 | 044 | 030 | (0.01-2.78) | 1 003 | 3 | 011|029 |(0.01-271)
Nervous system All Doses,no prior
144 | gonital anomalies |codes’ (N=113,838) o |o000]| 1 0.15 | 0.00 | (0.00-8.00)| o | 000 | 1 0.04 | 0.00 [(0.00-7.79)
144  [Nervoussystem - ip o4 (N=114,035) o |ooo| 3 | o076 000]00105| o |[o000| 5 | 031 0.00 |(0.000.53)
congenital anomalies
. f
144  [Nervoussystem  Dose 1.nopriorcodes’| 5 | 909 | 1 | 025 | 0.00 | (000815 | o |o000| 2 | o042 | 0.00 |(0.00-1.95)
congenital anomalies  |(N=113,939)

(Continued)
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Table A2. (Continued).

Day 1-14 Day 1-60
Self- Risk vs. Self- Self- Risk vs. Self-
HCUP Descriotion Analysis Catego Risk Period Comparison Comparison Risk Period Comparison Comparison
Category P 4 gory Period Period Period Period
Events RY Events RY | RRo® | 95%cr Events IR Events RY | rRre® | 95%cr
N N N N
Symptoms; signs; and
ill-defined conditions  |All Doses
17 and factors influencing |(N=114,035) 61 795 | 88 |1290| 0.62 | (0.44-0.85) | 277 | 8.71 | 277 |10.06 | 0.87 |(0.73-1.02)
health status
Symptoms; signs; and
ill-defined conditions  |All Doses,no prior
17 and factors influencing |codes' (N=15,293) 7 0.93 10 149 | 0.62 | (0.22-1.65) | 34 1.08 | 35 | 129 | 0.84 |(0.52-1.35)
health status
Symptoms; signs; and
17 il-defined conditions  |py o 4 (N=114,035) | 43 | 992 | 54 |1376| 0.72 | (0.48-1.08) | 165 | 942 | 178 |10.89 | 084 |(0.68-1.03)
and factors influencing
health status
Symptoms; signs; and
ill-defined conditions  |Dose 1,no prior codes’ . i
17 and factors influencing |(N=15.293) 5 1.17 9 2.33 | 0.50 | (0.15-1.50) | 24 134 | 20 1.24 | 1.08 | (0.60-1.98)
health status
Symptoms; signs; and |All Doses
17.1 il-defined conditions | (N=114,035) 36 469 | 50 | 7.33 | 0.64 | (0.41-0.98) | 164 | 515 | 169 | 6.13 | 0.84 |(0.68-1.04)
Symptoms; signs; and |All Doses,no prior
17.1 il-defined conditions | codes! (N=96,175) 22 | 287 | 39 | 573 | 0.50 | (0.29-0.84) | 107 | 3.37 | 122 | 4.44 | 0.76 | (0.58-0.98)
174 [Symptoms;signsiand | ooy (Noq14035) | 24 | 554 | 31 | 7.90 | 070 | (041-120) | 98 | 541 | 108 | 660 | 0.82 | (0.62-1.08)
ill-defined conditions
174 |Symptoms; signs; and |Dose 1,no prior codes’| 15 | 370 | 25 | 630 | 0.58 (0.30-1.08) | 65 | 360 | 73 | 447 | 0.80 | (0.57-1.12)
’ ill-defined conditions  [(N=96,175) ’ ’ ’ ' ’ ’ ’ ’ ’ '
172  |Factors influencing Al Doses 38 | 495 | 55 | 8.06 | 0.61 | (0.40-093) | 170 | 534 | 160 | 5.81 | 0.92 | (0.74-1.14)
) health care (N=114,035) i i ) i i ) ) ) ) )
Factors influencing All Doses,no prior
17.2 6 0.79 8 1.18 | 0.67 | (0.22-1.96 28 | 089 | 28 1.03 | 0.87 |(0.51-1.47
health care codes’ (N=17,330) ¢ ) ( :
17  |Fectorsinfluencing 15004 (N=114035) | 28 | 646 | 36 | 947 | 070 | (043-1.15) | 99 | 547 | 105 | 642 | 0.85 |(0.65-1.12)
health care
Factors influencing Dose 1,no prior codes’
17.2 health care (N=17.330) 4 0.93 8 2.06 | 045 | (0.12-1.50) [ 20 1.11 16 | 0.99 | 1.13 |(0.58-2.21)

Abbreviations: ER, emergency room; HCUP, Healthcare Cost and Utilization Project; IR, incidence rate; RR, relative rate; Cl, confidence interval.
Patient Accrual 16-0OCT-2009 through 31-DEC-2016.
PRegimen Initiators include males any age with at least one dose of Gardasil.
“Only HCUP categories with at least one decreased RR (lower confidence limit > 1.0) are presented. Results for all HCUP categories are located in Table Sets 16-19.
9YIncidence rates per 1,000 person-years.
Bolded RR and Cl indicates the interval excludes 1.00. Bolded and highlighted RR and Cl indicates the double false-discovery rate adjusted p-value remains significant.

DFDR adjustment was at level 1 and 2.
Males with codes for the same HCUP category up to 12 months prior to and including the day of first vaccination in any healthcare setting (ER, hospitalization or

physician office/outpatient) were excluded from the analysis for that HCUP category.
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