When one depends on the other: The effect of tobacco
smoking on oral human papillomavirus infection in
the presence of human immunodeficiency virus in a

US population.

Babatunde Yusuf Alli

Master of Science, Dental Sciences

The Faculty of Dentistry
McGill University
Montreal, Quebec, Canada
June 2020

A thesis submitted to McGill University in partial fulfilment of the degree of
Master of Science

© Alli B.Y. 2020



DEDICATION

To Oreofe, Omolara, Atanda, and little Adam. In that

order.



ACKNOWLEDGEMENTS

All praise and thanks be to Almighty Allah, the Lord of the Worlds. I would like to open this work
by acknowledging the recently retired student affairs coordinator at the Faculty of Dentistry, Ms.
Maria Palumbo - a great mother to us students. She literally single-handedly brought me to McGill
and to this wonderful city of Montreal. Her emails and timely reminders about funding
opportunities and deadlines were crucial to the successful completion of my program. Indeed, she
was instrumental to my securing of the McGill graduate mobility award to travel to Roswell Park

Comprehensive Cancer Center, Buffalo, NY to work on this project.

Equally important is to thank Dr. Belinda Nicolau, my teacher and supervisor. She is a friend and
a great mentor to me and without her I will be lost. I am glad that | was able to rely on her immense
support throughout my master’s study at the Faculty of Dentistry. She introduced me to the
MuCOSAL study and the international team behind it. Without her, this thesis would not have
come to fruition. More importantly, | thank her for recognizing and understanding my potentials
from the start thereby entrusting me with great responsibilities and opportunities, and for

continuing to show me the ropes of academic research.

I would also like to thank Dr. Nicolas Schlecht, my host at Roswell Park and co-supervisor. My
one-month research stays in his Lab at Buffalo for this project, is one of the highlights of my
master’s studies; and my gratitude goes towards his research staff for making my US sojourn
smoother. I thank him for his time, patience, and mentorship all through the course of this project.
| am also indebted to Dr. Marie-Claude Rousseau, my co-supervisor. My multiple trips to meet
her in Laval and the ensuing discussions at the outset of this project introduced me to a world of

possibilities for the MuCOSAL study.



| am particularly grateful to Dr. Sreenath Madathil for being such an outstanding individual, friend,
colleague, and teacher. Brainstorming and bouncing ideas off him was perhaps my most rewarding
experience of the past 2-years. | thank him for being at the ready to listen to all my odd ideas and
fine-tuning them, and in fact, helping me along the way to initiate and implement some of them —

culminating in a big chunk of this thesis.

My gratitude also goes to all the members of the Faculty of Dentistry, McGill University for
contributing to a lively, conducive, and stimulating environment for oral health research; and to
my colleagues in the Belinda’s Lab, in particular, Amarjot and Radhika for being my pillar of
friendship and support during my first Montreal winter. Also, | would like to acknowledge the
Réseau de recherche en Santé Buccodentaire et Osseuse for awarding me a fellowship funding for

my master’s and McGill University for the International Graduate Mobility Award.

| am eternally grateful to my parents Mr. Nurudeen and Mrs. Afusat Alli for bringing me into this
world and for managing to spark and nurture the intellectual fire in me, despite my early life
academic struggles and growing up in the tough neighbourhoods of Bariga, Lagos, Nigeria. Last
but not the least, my special thanks are in order to my wife, the love of my life, for her enduring

love and rock-solid support — you are the reason | go forth.



TABLE OF CONTENTS

ACKNOWLEDGEMENTS ... e e e e e e e e e e e e e ena s ii
N = 1 3 2 O SRR X
RESUME ...ttt bbb bbbttt xii
INTRODUCTION. ...ttt ettt e e e e e e e et ab e e e e eeeeeennes 1
LITERATURE REVIEW. ... ..ttt e et e e e e e e eeennes 2

2.1 HUMAN PapillOMAVITUSES ......eeiviieieieiieeeecie ettt ettt te et e st e besreessesbesaeessesbaensesseessenbesrnenes 2
211 Brief HIStOIY OF HPV ...ttt st st 3
212 Molecular mechanism of HPV CarCiNOGENICILY .......ccceoveeeieirerenieriesierteeeeee s 5
2.1.3 HPV-TEIAtEA HINCS ...ttt 8
2.14 Epidemiology OF OFal HPV ......cuieiieieeeeceeee ettt 9
2.15 RisK factors for oral HPV ..o 10

N o) o - Vool o IR 1 10 ] ([ 1o TSR 11
2.2.1 Association of tobacco smoking and oral HPV ..o 11

2.3 Human Immunodeficiency Virus (HIV) ..ottt et 12
231 Risk of HPV-related HNCS in PLWH ......co.ooiiiiiieeceeeeseeeee e 12
2.3.2 Association of HIV and oral HPV ..ot 12

2.4 Overview of EffeCt MOGITICAION ......cc.coueieiiiiireeereeee e 13
24.1 Effect MOdifiCation — A PTIMEN .....ccuiiiiiiieieeeee et 13
RATIONALE ...ttt e e e e et e e e e e e e e eaaa s 16



4 HYPOTHESIS AND OBJECTIVES ..ot 18

O IMETHODS ..o ettt e et e e e e e e e e e aa e e era e aaee 19
5.1 STUAY DESION .ttt ettt sttt ettt b e bt bbbt et et a e bt nb e b b e 19
5.2 Study Setting and POPUIALION ........ccoiieiieieieieeeeseee ettt 19
ST I = 1T 11 o1 1§V O 4 (=T - USROS 19
5.4  Ethical Approval and INformed CONSENLS........c.coeriririerierieieieieee et 19
5.5  Data COIBCLION ....cueeuieiieiieiieieetesese ettt sttt ettt sbe b bt 20
55.1 RECTUITMENT ...ttt ettt 20
5.5.2 SEUAY INSLIUMENES ...ttt sttt et et e e e e beebe e st e steesaenbesasensesreennas 20
5.6  Definition of Variables and MeasUIEMENTS ..........ccceverueruereeieieireeeseesiesresee sttt 21
5.6.1 OFal HPV ...ttt sttt et s s et e st et e tesseensesteentensesseensenseenean 21
5.6.2 TODACCO SMOKING ...vevieiicieeeecee ettt st e e st e ae et e sbe e b e steeraenbesaeenes 22
5.6.3 HIV et sttt sttt et s r e nes 22
5.6.4 Covariates and Directed Acyclic Graph (DAG) .....ccveievieieeriecesie et 23
5.7  Overview of StatistiCal ANAIYSIS........eccuiiuiiiiiiciceceee et 26
5.7.1 Modeling of TODACCO SMOKING.......cocvieiiiiiieiecieeeee ettt st 26
5.7.2 Binary Logistic Regression Model with Interaction Term...........cocovveveveveniniernencnennenn 26
5.7.3 Effect Modification ANAIYSIS .........cciiieiiiiieierecee ettt reereens 27
5.74 Handling of MISSING Data........cccecieririeieiieese ettt st ee e 28
575 POSt-NOC POWET CONSIABIALIONS ....c.veveneenieiieiieiireerte sttt 29

6 MANUSCRIPT | it e e e e et e e e e e e e e e eeeanaa s 31

Vi



T MANUSCRIPT T oo e e 51

8 DISCUSSION. ...t e ettt e e ettt e e et et e e e e eaba e e aeenbaaaaeees 63
8.1  SUMMArY OF RESEAICH .....ceeiiiiiirteteteee ettt et naens 63
8.2  Limitations and StrENGLNS .........cccveviieeececeeeeee ettt st b e s re et b eaaes 64

8.2.1 SEALISLICAI POWE ...ttt et sttt et et e s be et e steeaa e besanensesbeeneas 64
8.2.2 INFOIMALTION DIAS ...ttt 65
8.2.3 Other methodolOgiCal ISSUES .......ccuevueiiieieieeierteree et 65
8.3 Implications for PUDIC HEAItN ............ooviiieeeeee ettt 66
8.4  Implications for Epidemiological RESEAICH...........ccviiriiiriiiiiiniereec e 67

O REFERENGCES ...ttt e e e e e e e e e 70

10 APPENDIX L.t 92
10.1  StUAY CONSENT FOIMM.uiiiiiiiiiie ettt ettt e e et e e e e ctre e e e e bt e e e e e bteeeeebteeeessteeeeesteeeeassaseesassenessnnes 92
10.2  StUAY QUESTIONNAITE .ueiiieiiiieiciieee ettt et e e et e e e st e e e e s beeeeessbtaeeessteeeessteeessstaeessnsseeessnes 99

11 APPENDIX Il — Supplementary Materials for Manuscript land Il ............................ 137

Vii



LIST OF TABLES

Table 1: Selected characteristics of study participants by HIV status..................cooeiiininn.. 39

Table 2: Modification of the effect of smoking on oral a-HPV (genus/specie/types) by

Table 4: Sensitivity analyses for the modification of the effect of smoking on oral HPV (a-high

risk, HPV 16, and B-1 specie) by

Table 5: Recommended presentation formats for effect modification and interaction

Y11 | AT P 53

Table 6: Interaction of alcohol and smoking on oral cancers as returned by the

‘interactionR_table()  fUNCHON. ... .. ..ot e 57

Table 7: Interaction of sports participation and smoking on herniation of lumbar disc as returned

by the ‘interactionR _table() fUNCHON. ... .......ooiii i 59
Table S1: Prevalence of oral HPV in oral lesions among HIV-negative............................. 139
Table S2: Prevalence of oral HPV in oral lesionsamong PLWH..................coiiiiiiinnnn. 141

viii



LIST OF FIGURES

Figure 1: Phylogenetic classification of the Papillomaviridae....................cooiiiiiin 3
Figure 2: Circular double-stranded DNA of HPV showing the ORFs.................cooooiiiiinnn. 6
Figure 3: Hypothetical Directed Acyclic Graph............ooiiiiiiiiii e, 23

Figure 4: Directed Acyclic Graph of the smoking-HPV relationship with a priori

CONTOUNAETS . .« e e e e 25

Figure 5: Unadjusted relative prevalence of oral HPV (genus, species and types) by HIV

] 11 40
LIST OF ABBREVIATIONS

HIV Human Immunodeficiency Virus

HPV Human Papillomavirus

PLWH People Living With HIV

HNC Head and Neck Cancer

IARC International Agency for Research on Cancer

RERI Relative Excess Risk due to Interaction



ABSTRACT

Background: Human Papillomavirus (HPV) infection is an established risk factor for a distinct
subset of Head and Neck Cancers (HNCs). People living with HIV (PLWH) are more likely to
smoke and harbor oral HPV infections, putting them at higher risk for HPV-related HNCs.
Whereas previous studies have shown tobacco smoking and HIV as independent risk-factors for
oral HPV, the joint effects (i.e., effect modification/interaction) of these two exposures on the risk
of oral HPV is not yet elucidated. Understanding how the effect of tobacco smoking on oral HPV

is affected in the presence of HIV infection will be important for public health purposes.

Aim: The overarching objective of this master’s project is to evaluate the modification of the effect

of tobacco smoking on oral HPV infection by HIV status.

Methods: Consecutive PLWH (n=169) and at-risk HIV-negative individuals (n=126) were
recruited from two large health centers in the United States. Lifetime smoking history was
collected using questionnaires. Participants provided oral rinse samples for HPV genotyping by
Next-Generation Sequencing. We used multivariable logistic regression models with interaction
terms for HIV to test for smoking effect on oral HPV and reported the Relative Excess Risk due
to Interaction (RERI). Then, we reported this following the recommended guideline for reporting
effect modification/interaction analyses (Manuscript 1). Motivated by the need to meet this
recommended guideline for full reporting of effect modification, we developed a novel and easy

to use package — interactionR — for the R statistical programming environment (Manuscript 11).

Results: HIV infection positively modified the association between smoking and detection of
high-risk oral HPV with odds ratios (OR) for smoking of 3.46 [95% CI: 1.01, 11.94] and 1.59

[95% CI: 0.32, 8.73] among PLWH and HIV-negative individuals, respectively, and an observed



RERI of 3.34 [95% CI: -1.51, 8.18]. The RERI for HPV-16 was 1.79 [95% CI: -2.57, 6.16], and

2.78 for B1-HPV [95% ClI: -0.08, 5.65].

Conclusion: The effect of tobacco smoking on oral HPV is more pronounced among PLWH,

making this population a desirable target for HPV-related HNCs prevention.

xi



RESUME

Contexte : L'infection par le virus du papillome humain (\VPH) est un facteur de risque établi pour un sous-
ensemble distinct de cancers de la téte et du cou (CNH). Les personnes vivant avec le VIH (PVVIH) sont
plus susceptibles de fumer et d'héberger des infections orales par le VPH, ce qui les expose a un risque
accru de CNH liées au VPH. Alors que des études antérieures ont montré que le tabagisme et le VIH étaient
des facteurs de risque indépendants pour I’infection buccale a VPH, les effets conjoints (c'est-a-dire la
modification des effets/I'interaction) de ces deux expositions sur le risque de VPH buccal ne sont pas encore
élucidés. Il sera important pour la santé publique de comprendre comment I'effet du tabagisme sur le VPH

buccal est affecté en présence d'une infection par le VIH.

But : L'objectif principal de ce projet de maitrise est d'évaluer la modification de I'effet du tabagisme sur

I'infection buccale a VVPH en fonction du statut VIH.

Méthodes : Des PVVIH (n=169) et des personnes séronégatives a risque (n=126) ont été recrutées
consécutivement dans deux grands centres de santé aux Etats-Unis. Les antécédents de tabagisme au cours
de la vie ont été recueillis a I'aide de questionnaires. Les participants ont fourni des échantillons de rincage
oral pour le génotypage du VPH par Séquencage ADN haut débit. Nous avons utilisé des modeles de
régression logistique multi-variables avec des termes d'interaction pour le VIH afin de tester I'effet du
tabagisme sur le VPH buccal et avons rapporté I'excés relatif de risque di a l'interaction (RERI). Ensuite,
nous l'avons rapporté en suivant la ligne directrice recommandée pour la déclaration des analyses de
modification des effets/interactions (Manuscrit 1). Motivés par le besoin de respecter la directive
recommandée pour la déclaration compléte de la modification des effets, nous avons mis au point un nouvel

outil facile a utiliser - interactionR - pour I'environnement de programmation statistique R (Manuscrit I1).

Résultats : L'infection par le VIH a modifié de maniére positive I'association entre le tabagisme et la
détection du VVPH buccal a haut risque, avec des rapports de cotes (OR) pour le tabagisme de 3,46 [IC 95%

:1,01,11,94] et 1,59 [IC 95% : 0,32, 8,73] chez les PVVIH et les personnes séronégatives, respectivement,

xii



et un RERI observé de 3,34 [IC 95% : -1,51, 8,18]. Le RERI pour le HPV-16 était de 1,79 [IC 95% : -2,57,

6,16], et de 2,78 pour B1-HPV [IC 95% : -0,08, 5,65].

Conclusion : L'effet du tabagisme sur le VPH buccal est plus prononcé chez les PVVIH, ce qui fait de cette

population une cible souhaitable pour la prévention des CNH liées au VPH.
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PREFACE

This thesis is written in a manuscript-based format. Per McGill University’s thesis guidelines, this
should chronicle a single and logically coherent research program. The two manuscripts included
in this thesis fulfill this requirement. The first manuscript assessed for the effect modification of
tobacco smoking’s relationship with oral HPV by HIV while the second introduced a new tool for
better reporting of effect modification and interaction analyses to the epidemiological research
community. This tool — an R package — was developed during the preparation of the first

manuscript.

The second manuscript is a single-authored article by the candidate; however, the first manuscript

is the effort of multiple authors and their contributions are detailed below.
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1 INTRODUCTION
Human Papillomavirus (HPV) infection is an aetiologic factor for a distinct subset of Head and
Neck Cancers (HNCs) (1). It’s responsible for approximately 25% of all HNCs worldwide (2),
with an ever-increasing responsibility for a larger share of incident HNCs in North America (3, 4),
including in particular cancers originating in the oropharynx, base of the tongue, and palatine and

lingual tonsils.

People living with HIV (PLWH) have a higher prevalence, incidence, and persistence of oral HPV
(Alpha (o) types) (5, 6). Similar to most cancers, they are also at higher risk of HPV-related HNCs
(7). In addition, tobacco smoking — a strong and independent risk factor for HNCs that is highly
prevalent among PLWH (8) — is also an important risk factor for oral HPV (9, 10). Whereas
previous studies have reported differences in risk factors for oral HPV in PLWH compared with
HIV-negative individuals (5, 11), the interaction of tobacco smoking and HIV on the risk of oral
HPV has not been explored (5). Furthermore, most studies often only report interaction on a
multiplicative rather than in an additive scale(12), which is surprising considering that the latter is
more relevant to public health (12, 13). A possible explanation lies on the ready availability of
estimation of multiplicative interaction as the exponentiated coefficient of interaction terms from
the regression outputs of any standard statistical software. The fact that estimation of additive
interaction requires further steps and calculation may deter reporting of estimates necessary for

full evaluation of interaction by the reader.

This thesis investigates the modification of the effect of tobacco smoking on oral HPV outcomes
by HIV seropositivity on the additive scale. To do so, we developed a R statistical software

package for full reporting of effect modification and interaction.



2 LITERATURE REVIEW
This section includes a narrative literature review on HPV, tobacco smoking and HIV. It opens
with a description of the phylogenetic classification of HPV, emphasizing the most relevant types
to head and neck carcinogenesis and some specific anatomic features that especially predisposes
some parts of the head and neck region to its infection and propagation, and finishes with a primer

for effect measure modification.

2.1 Human Papillomaviruses

The papillomaviridae is a family of non-enveloped circular double-stranded DNA viruses of about
8kb in size (14). They exhibit strict species-specific tropism, which means, for example,
papillomavirus (PV) that infects rabbits cannot infect cats (or any other specie for that matter) (15).
This family of viruses is phylogenetically classified into genera, species, and types (Figure 1). For
example, HPV-4 is a type under Gamma-1 specie belonging to the gammapapillomavirus genus
(Figure 1). Three main genera of the papillomaviridae infects humans: alphapapillomavirus (o),
betapapillomavirus () and Gammapapillomavirus (y) (Figure 1) (14). Of these, the a-genus is the
most extensively studied, being responsible for approximately 90% of all HPV-related HNCs (16),
with HPV-16 as the most prominent type. Alongside HPV-16, other carcinogenic a-genus types
include 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59; together these are designated as high-risk
HPV by the International Association for Research on Cancer (IARC) for their high propensity for

anogenital carcinogenicity (17).
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Figure 1: Phylogenetic classification of the Papillomaviridae (14).

Until recently, viruses in the p and y genera were not thought to infect the mucosae (6); in fact,
they were colloquially referred to as the ‘cutaneous HPV types’ (18). However, they are now not
only known to infect the oral mucosae (6), but some of them have been associated with HNCs (17,
19). A recent prospective study conducted in the US reported an association between p1-HPV-5
type, y11- and y12-HPV species and HNCs (19), thus expanding the HPV-related HNCs’ viral
landscape.

Despite all HPVs sharing the same molecular structure, the main difference between the types that
causes cancer and those that do not is in the carcinogenic potential of their oncoproteins (e.g., E6

and E7; to be reviewed later)

2.1.1 Brief History of HPV
Skin and genital warts (papilloma) have been recorded for millennials (20), and even from this
ancient period, it was associated with sexual promiscuity, hence considered potentially infectious.

The first experimental confirmation of the infectious and viral nature (21) — a virus later identified



as an HPV- was provided in Italy in 1907. Subsequently, in 1949, Strauss et al. demonstrated viral

particles in skin papilloma for the first time with electron microscopy (22).

In 1842, the Italian physician Rigoni-Stern made the astute observation of a sexually transmitted-
basis of cervical cancer (23). He observed that compared to a rarity among nuns and virgins,
cervical cancer was highly frequent among prostitutes, widows, and married women. Although the
oncogenic potential of PV was demonstrated in domestic rabbit as early as 1934 (24), and
confirmed in cottontail rabbits in 1944 (25), HPV role in the aetiology of cervical cancer was
largely overlooked in favor of the Herpes Simplex Virus (HSV). The latter was more associated
with ‘promiscuity’ than HPV probably because the progression to cancer of the ubiquitous human
wart was not yet observed at that time. However, the combined lack of evidence from both
molecular and epidemiological studies to support the HSV hypothesis (26, 27), and the anecdotal
reports of malignant transformation of genital warts into squamous cell carcinomas turned the
attention of some researchers to HPV (28, 29). In 1983, zur Hausen and co-workers isolated the
novel HPV from a cervical cancer biopsy and designated it HPV-16 (30). About a year later, they
reported another novel PV, HPV-18 (31), providing the first set of mechanistic evidence for the
oncogenicity of HPV — an achievement that earned zur Hausen a shared Nobel prize in Medicine
in 2008 (32). In short order, this evidence was rapidly corroborated by other mechanistic evidence
such as the demonstration that the E6 and E7 oncoproteins of these high-risk HPV types cooperate

to immortalize human epithelial cells such as cervical keratinocytes (33).

Notwithstanding this overwhelming mechanistic evidence for HPV oncogenicity, the early
epidemiologic evidence was weak at best (34). Franco (35) attributed the disparity in the strength
of evidence between the mechanistic and epidemiologic to severe misclassification bias in the

epidemiologic studies, due to differences in technology employed for HPV DNA testing.



Subsequently, epidemiologic studies testing with more sensitive methods such as the Polymerase
Chain Reaction (PCR) corroborated the overwhelming evidence from laboratory studies (36).
Based on these body of evidence, the IARC classified HPV 16 and 18 as a Group 1 human
carcinogen in 1995; other HPV types was added to the high-risk group in the subsequent
monographs (37). It is now known that HPV is a necessary cause of cervical cancer (i.e., 100%),
and also responsible for about 25% of all HNCs (2). In all, HPV is responsible for 5% of all human

cancers.

2.1.2 Molecular mechanism of HPV carcinogenicity

To understand the carcinogenic pathway of HPV, its important to clarify its molecular structure.
As previously mentioned, HPVs are double-stranded DNA viruses. Contained within a non-
enveloped icosahedral capsid, this DNA encodes 8 open reading frames (ORF) that can be
subdivided into three functional parts: the early (E) region, which contains information for the
production of the early proteins (E1-E7) responsible for the replication of the virus; the late (L)
region, that encodes information for the proteins (L1-L2) necessary for virion assembly; and the
long control region (LCR), a non-coding section containing important elements for the regulation
of viral expression (38-40) (Figure 2). Through these molecular actors (the E and L proteins
especially), HPV exerts its influence on important pathways in the hallmark of carcinogenesis (38,

41).
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Figure 2: Circular double-stranded DNA of HPV showing the ORFs. Image reproduced with

permission from reference (40).

HPV is highly epitheliotropic (i.e., it preferentially infects the mucosa and cutaneous epithelium)
and the human keratinocyte is its primary host (37, 42). In a normal human epithelium, the
population of keratinocytes are arranged in successive compartments from the base to the surface
according to their stage of cellular differentiation: the basal cells are the proliferating pool while
the cells at the surface are terminally differentiated (43). During basal cell proliferation, cells that
lose contact with the basement lamina move to the supra-basal compartment exiting the cell cycle

and becoming committed to terminal differentiation. As the cell moves through the epithelial



layers, it becomes more matured until it reaches the surface as an adult keratinocyte (43, 44). The
HPV life cycle is tightly integrated to this process of epithelial differentiation (45, 46). HPV
infection and propagation require cell division, thus the virus cannot infect a committed
keratinocytes, only basal cells (47). To generate infection, the virus must interact with these basal
cells; first, HPV binds to the epithelial basement membrane through the L1 major capsid protein

(48, 49), which is followed by gaining entry into the basal cells through L2 minor protein.

Once infection is established, the E6 and E7 oncoproteins induces a state of genomic instability,
leading to multiple uncontrolled breaks in the double stranded DNA of both the host and the virus
allowing the integration of these oncoproteins in the host’s genome (50). Once integration is
achieved, the persistent expression of E6 and E7 further interferes with the normal regulators of
the cell cycle. First, E6 binds to p53 degrading this crucial tumour suppressor protein thereby
deregulating the cell cycle and allowing unchecked proliferation of the basal cells (51). In parallel,
E7 binds to the retinoblastoma protein (pRb), another tumour suppressor, dissociating it from the
E2F transcription factor that drives the cell unchecked through the cell cycle (52). In addition, E6
and E7 inhibits the suppressors of the human telomerase reverse transcriptase (hnTRT), an enzyme
that prevents the shortening of the cell telomeres, thereby rendering the cell immortal (53).
Furthermore, these oncoproteins, alongside E5, targets differentially, non-coding small
microRNAs (miRNA) by downregulating the tumour suppressive miRNAs, and upregulating the

tumour promoters (54-57).

Taken together, these viral oncoprotein activities drive the host cells into cancers, and their
persistent expression is required to keep the cells in a carcinogenic state (58). To compound this,
E6, E7 and to some extent E5 proteins, further act to help these immortalized and uncontrollably

dividing cells to evade the immune system, preventing them from destruction. First, E6 and E7



inhibits the interferon immune signalling pathway by binding to the factor-1 and -3 proteins of the
interferon regulatory system. Also, E7 binds to a crucial death receptor on the cell surface, thereby

inhibiting the FAP-mediated cell apoptosis.

The above described pathways are shared by all carcinogenic HPVs, although have been
characterized mainly through the extensive study of HPV-16 and -18. However, recent
investigations show one important difference for beta genus HPV-5 and HPV-8 (See Figure 1).
Whereas persistent infection by alpha high-risk HPV (mainly through the constant expression of
E6 and E7 oncogenes) is required to sustain a cancerous state, beta HPVs appears to act only at
the beginning of the carcinogenic process in the so-called hit-and-run mechanism (58, 59). In fact,
the DNAs of these HPVs are rarely found in skin cancer samples; they achieve this by acting as a
co-factor, potentiator and accumulator of ultraviolet-induced DNA damage in cells by derailing
p53 and Notch genes at the inception of carcinogenesis. Once this is achieved, E6 and E7 becomes
dispensable (58-60). Put simply, they merely facilitate the induction of carcinogenesis, but are not

required for the maintenance of the cancer phenotype.

2.1.3 HPV-related HNCs

HNCs represents approximately 4.8% of all cancer incidence and mortality worldwide (61). The
vast majority of these cancers (>90%) arise from the squamous epithelium that extensively lines
the mucosae of the head and neck region. This includes: (i) the oral cavity, including the lips,
tongue, buccal mucosae and the floor of the mouth; (ii) the oropharynx, including the base of the
tongue, lingual and palatine tonsils, and the back of the throat; and (iii) the larynx, including the
supraglottic, glottic, and subglottic larynx. The epithelial tropism of HPV makes it well suited to
infect these tissues (37, 39). For the remainder of this thesis, HPV that occurs in the oral cavity,

oropharyngeal and laryngeal region is referred to as oral HPV.



Despite the decreasing incidence of tobacco smoking related HNCs in the developed world (due
to the decreasing prevalence of smoking habit), the incidence of HPV-related HNCs is on the rise
(62). As mentioned previously, approximately 25% of these cancers worldwide are now due to
oral HPV infection (2), with HPV-16 and -18 responsible for about 85% of them (2, 63). The
distribution of HPV-related HNCs worldwide varies by anatomical site with the oropharynx
harboring the majority of them (33.6%), followed by oral cavity (22.2%) and larynx (20.2%) (2,
63). However, the proportion of HNCs attributable to oral HPV by anatomical sites differs
markedly from North America. The attributable fraction (AF) for oral HPV in the US (all HPV
types) and Canada (for oral HPV-16 alone) are 70.1%, 32% and 20.9% and 60.2%, 8.2%, and

12.7% for cancers of the oropharynx, oral cavity and larynx, respectively, (64) (65).

2.1.4 Epidemiology of oral HPV

HPV is the most common sexually transmitted infection(67); the majority of individuals will have
at least one incident a-HPV infection of any type in their lifetime (66). The worldwide prevalence
of a-types oral HPV in healthy individuals varies between 4.5%-4.9%, with a prevalence of 2.6%-
3.9% and 1%-1.3% for high-risk types and HPV-16, respectively (68-71). Although estimates for
different oral HPV types varies in different parts of the world, oral HPV-16 is the most prevalent
singular type detected in all regions (68). However, the global prevalence for oral HPV from 8 and
y genus is low with an estimation of 0.7% and 1.8%, respectively (68). It is suggested that the

prevalence is underestimated (6, 19).

The estimate for overall prevalence in the US general population is 6.9% for any a-type oral HPV,
3.7% for all high-risk alpha types, and 1% for HPV-16 (72). This prevalence, apparently low in
the general population, dramatically increases in at-risk populations, especially PLWH, with an

estimated prevalence of 16%-60% for oral a-HPV (6, 11, 73-76). Whereas population prevalence



estimates for and y genus HPV are lacking, evidence to date also suggests detection is also higher

among PLHW (6).

In addition, oral HPV exhibits a bimodal age distribution in the general population, with multiple
studies reporting an initial peak among 30-34 years another peak at 60-64 years (77, 78). The first
peak may represent peak sexual activities, while the second peak potentially represents a
reactivation of latent infection probably due to immunosenescence (79). Finally, there is evidence
for gender difference in this prevalence, with the overall prevalence of oral HPV 2.8 times higher
(10.1% vs 3.6%), high-risk oral HPV prevalence 5.3 times higher (12.7% vs 3.6%) and oral HPV-

16 six times higher (1.8% vs 0.3%) in men than in women (78, 80).

2.1.5 Risk factors for oral HPV

Sexual activity is the primary risk factor for the acquisition of oral alpha HPV (81), with increases
in incidence and prevalence observed with higher lifetime number of sexual partners, oral sexual
experience (ever or never), and lifetime number of oral sexual partners (4, 73, 78, 82, 83). The oral
sexual transmission route is mainly attributed to men performing oral sex on women, which is
supported by the observation of a higher oral HPV infection in heterosexual men compared to men
who have sex with men (MSM) (84). The association between sexual activity and oral HPV may
partly explain why men are at a higher risk of oral HPV compared to women — i.e., men are more
likely to have more lifetime sexual and oral sexual partners (82). Gender differences in immune
responses mounted against an oral HPV infection may also explain the high prevalence of these

viruses among males (85).

Beyond sexual activities and gender, other risk factors for oral HPV include age, race, tobacco

smoking and HIV (9, 75, 78, 80). The latter two risk factors are discussed in the following sections.
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2.2 Tobacco smoking

Used for millennia, tobacco consumption is the preeminent human habit (86). The most common
form of this habit is the smoked tobacco, predominantly, cigarette smoking (87). Globally, over
1.1 billion people are current smokers (942 million men and 175 million women) (88). Although
smoking prevalence is reducing in the developed countries, this is offset by an increasing

prevalence in the developing world (89).

Cigarette smoking was first associated with any form of cancer in 1950 (90, 91), and since then
has been established as the primary aetiology for a wide-range of cancers affecting multiple organs

of the human body, including the head and neck region (92).

2.2.1 Association of tobacco smoking and oral HPV

The evidence in the literature also show tobacco smoking as a risk-factor for oral HPV infection.
Multiple epidemiologic studies have demonstrated an association between smoking and oral HPV,
including a study showing that smoking increases the persistence of incident oral HPV infection

in men after a follow-up period of 7 years (5, 9, 10, 78).

The mechanistic evidence for this is not far-fetched. As mentioned previously, to establish an
infection, HPV requires access to the epithelial basement membrane. Cigarette smoking extracts
have been demonstrated to damage epithelial integrity (93), which will facilitate virus entry. Also,
HPV, unlike most other viruses, has a prolonged replication rate (94). Therefore, it needs to persist
in the epithelium for a long time without being detected by the host’s immune system. The virus
has developed a complex immune signalling inhibition system (briefly reviewed in section 2.1.2)
that helps to achieve this. In addition, the chronic state of immunosuppression and

immunomodulation induced by cigarette smoking may contribute further to this function (95).
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2.3 Human Immunodeficiency Virus (HIV)

HIV is one of the main causes of morbidity and mortality worldwide (96). Approximately 37.9
million people live with the infection globally (97), with 1.7 million incident cases in 2018 (97).
Although the largest burden of this disease is concentrated in low and middle-income countries

(98), developed countries are not spared with an estimated over 1.1 million PLWH in the US (99).

2.3.1 Risk of HPV-related HNCs in PLWH

As with most other malignancies affecting humans, PLWH are at a higher risk of HPV-related
HNCs. This has been attributed to immunodeficiency, immune dysfunction/senescence, chronic
inflammation and some unique behavioral and biological characteristics specific to this population
(100). Compared to the general population, PLWH have a standardized incidence ratios (SIRs) of
1.5 to 4-fold higher risk in HPV-related HNCs (101-104). However, the majority of these SIR
estimates are from registry-based studies where confounding variables other than age and smoking
could not be adjusted for. In a study in which important confounders (e.g., smoking) was adjusted
for, the risk disparity between PLWH and the HIV-negative population was more modest at 1.4-

fold higher (105).

2.3.2 Association of HIV and oral HPV

The prevailing factors that makes PLWH at higher risk of human cancers also makes them
predisposed to oral HPV infections. Indeed, as previously mentioned, PLWH have a remarkably
higher prevalence of oral a-HPV compared to the general population (6, 11, 73-76). In addition, a
study reported that HIV infection increases the risk of incident oral HPV infection (5). However,
results from the same study also showed that HIV does not influence the clearance of incident
infections and postulated that the very high prevalence of oral HPV in PLWH is due more to the

early involvement of HIV in establishing an HPV infection, rather than its persistence. The
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findings that HIV proteins disrupt tight mucosal epithelial junctions thereby facilitating entry and

easy access of HPV to the basement epithelium supports this assertion (106, 107).

In the HAART era, the burden of the vast majority of opportunistic infections in PLWH has been
reduced. However, this ameliorating effect does not extend to oral HPV infections. In fact,
opposite findings have been reported, that is, an increase in oral HPV DNA detection even after
antiviral therapy initiation (108). This suggests that oral HPV infection (and its associated
malignancies) will continue to be a significant public health issue among PLWH even in the

HAART era (7).

2.4 QOverview of Effect Modification

As described above, while tobacco smoking and HIV are strong individual risk-factors for oral
HPV, their effects acting together (or in the presence of one another) on oral HPV might be
stronger (or weaker) than the mere sum of their individual effects: this is known as effect
modification. In this section, we briefly introduce the concept of effect modification and/or

interaction.

2.4.1 Effect Modification — A Primer

Effect modification occurs when the effect of an exposure on an outcome differs within the strata
of another exposure (109); for example, result from the Million Women Study shows that the use
of hormone replacement therapy (the main exposure) reduces the risk of endometrial carcinoma
(the outcome) only in women with a BMI (the second exposure) of > 30 kg/m? and not in non-
obese women (110). Effect Modification is sometimes distinguished from interaction, in which the
joint effect of two independent exposures on an outcome is assessed against their separate

individual effects (111); for example, using data from a case control study, Rothman reported a
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higher joint effect of the combination of alcohol and smoking on oral cancer than their individual

effects (112). However, in practice, both terms are often used interchangeably (111).

Importantly, the assessment of effect modification/interaction is scale dependent: multiplicative or
additive (109). On the multiplicative scale, effect modification is assessed based on how much the
combined effects of the two exposures differs from the product of the exposures considered
separately: this employs ratio measures such as risk ratio (RR) and odds ratio (OR) (113). On the
other hand, the additive scale is when effect modification is based on how much the joint effect

differs from the sum of the individual exposures using risk difference (RD) (113).

In epidemiological practice, effect modification/interaction is assessed by introducing a product
term for the two exposures under study in a statistical model (113). The coefficient of this product
term (also called the ‘interaction’ term) and its confidence interval (CI) is the statistical interaction
(113). For example, let S represent smoking and A represent alcohol and we are to assess the effect
of their interaction on oral cancer (OC). Fitting a linear risk model for RD[1], log-linear model for

RR[2], and a logistic model for OR[3], respectively, we would have:

P(OCIS,A) = Bo+ BiS + B2A + BsS*A [1: RD]

Log (P(OCIS,A)) = o+ P1S + f2A + B3S*A  [2: RR]

Logit (P(OCJS,A)) = Bo+ B1S + B2A + f3S*A  [3: OR]

In model [1], the coefficients B1 and B2 represents the individual absolute risks of smoking and
alcohol on oral cancer respectively, while B3 represents the statistical interaction of these two
exposures. However, because this is an absolute risk model (i.e., RD), then B3 is the statistical
interaction on the additive scale. For model [2] and [3], the exponents of the coefficients 1 and 32

represents the individual effects of smoking and alcohol respectively, while exponentiated Bz is the
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statistical interaction on the multiplicative scale, because the models are based on ratios. Crucially,
the phenomenon of statistical interaction on either of the two scales only represents effect

modification in the absence of bias (109).

Furthermore, it has been suggested that interaction on the additive scale, unlike multiplicative
scale, is more consistent with biological interaction as encoded in the sufficient cause model
proposed by Rothman (109, 113). Also, an important motivation for assessing effect modification
is to identify a high-risk subgroup for public health interventions. This can be achieved on the
additive scale rather than the multiplicative scale (111, 113-115), making the former more

important from the perspective of public health.

However, most statistical modelling in the medical literature is performed by estimating ORs from
logistic regression models (a multiplicative scale) because linear risk and log-linear models often
run into problems with convergence in the presence of covariates (113), making additive
interaction not readily accessible. A way around this is computing the relative excessive risk due
to interaction (RERI) which estimates additive interaction from multiplicative measures (RR or
OR) (116). The RERI — first introduced by Rothman (117) — is now the standard approach in the

literature for the evaluation of additive interaction.
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3 RATIONALE
HPV-related HNCs is a growing public health concern in North America (3, 118). The estimated
incidence and deaths for these cancers in 2020 in the US alone is 53,260 and 10,750 cases,
respectively (119). They are one of the most expensive cancers to manage, imposing a heavy

financial toll on the healthcare system (120).

Secondary prevention through screening by HPV testing has been important in the fight against
cervical cancer (121) — another HPV-related human cancer. However, unlike cervical cancer, HPV
testing is not yet a useful — whether primary or adjunct — screening tool for HPV-related HNCs
(122). This is because of the previously mentioned low prevalence of oral HPV in ‘healthy’
individuals (i.e., people that do not already have a diagnosis of HNCs) (122). For HNC screening
based on oral HPV testing to be viable, a high-risk subgroup for oral HPV needs to be identified

and characterized (122, 123).

PLWH are possibly one such group; as compared to the general population, they have a remarkably
higher prevalence of oral HPV infection. What is more, they also have a disproportionately higher
prevalence of tobacco smoking habits — another risk factor for oral HPV infection — compared to
the general population (124, 125). So, although previous studies have demonstrated that HIV
infection and tobacco smoking are independent risk factors for oral HPV infection, and that there
is a higher prevalence of smoking habits in PLWH, no previous study have investigated how the
presence of these two exposures (smoking and HIV) together in an individual contributes to oral
HPV infection. Manuscript | address this gap in the literature by investigating the effect

modification of the tobacco smoking — oral HPV relationship by HIV infection.

In addition, the reporting of effect modification/interaction analysis is inadequate in the medical

literature (12). For example, among other things, many authors present interaction only on the
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multiplicative scale, despite the fact that additive interaction is more relevant to public health (12,
13, 112). To remedy this, Knol and Vanderweele proposed a set of recommendations for the
reporting of interaction analyses — which was an improvement on previous guidelines — in order
to enable readers to fully evaluate the reported interaction (115). However, to abide by these
recommendations (as was performed in Manuscript I), some additional steps needed to be taken to
compute effect estimates (such as RERI) that are not readily available from the output of regression
models of standard statistical software such as R (126). These additional steps could have deterred
authors from conducting in prior studies (127). Manuscript Il presents a novel and easy to use R
package that enables one to compute and report interactive effect estimates like RERI; this package
was developed in the course of preparing Manuscript I. The package improves on existing R
functions (127, 128) that only allow for computation of measures of additive interaction and do
not provide the remaining estimates to fulfill the aforementioned recommendations. It also, for the
first time, enables the estimation of Cls for additive interaction measures in R using multiple

approaches including alternatives to the delta method (129).
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4 HYPOTHESIS AND OBJECTIVES
We hypothesize that the effect of tobacco smoking on oral HPV infection will be higher in PLWH
compared to HIV-negative individuals, and that the prevalence of all types of oral HPV (not just

a-types) will be higher in PLWH.
The primary objectives of this thesis are:

1. To evaluate the modification of the effect of tobacco smoking on oral HPV infection
by HIV status (Manuscript I).
2. To estimate the prevalence of alpha, beta, and gamma oral HPV types by HIV status in

an at-risk population in New York (Manuscript 1)
The secondary objective is:

1. To develop and test a novel R package for full reporting of interaction (Manuscript I1)
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5 METHODS

5.1 Study Design

Data from the Multicenter Oropharyngeal Squamous Atypical Lesion (MuCOSAL) study was used
for this project. The MuCOSAL project, an international prospective cohort study conducted in
the US, Canada and Brazil, was set up to study the natural history of potentially malignant oral
lesions. Participants with and without oral lesions were recruited from large health centers in cities
in these three countries and followed-up for a year with three visits: baseline, 6 months, and 12
months. However, only the US site recruited PLWH and at-risk HIV-negative individuals,

therefore, the baseline data for this site was used for this project.

5.2 Study Setting and Population

Between 2004 and 2013 inclusive, 177 PLWH and 148 at-risk HIV negative individuals for a total
of 325 people with and without oral lesions were recruited from the Infectious Disease,
Otolaryngology, Dental and Oral Medicine outpatient clinics of the Montefiore Medical Center
(Bronx, NY) and Rutgers School of Dental Medicine (Newark, NJ). Where possible, HIV-negative

participants were matched to PLWH by age (10 years).

5.3 Eligibility Criteria
To be eligible, participants had to be 21 years of age and above with no history of treatment for

cancers nor oral lesions in the preceding year

5.4 Ethical Approval and Informed Consents

The MuCOSAL study protocol was approved by the Institutional Review Boards of the
participating hospitals and all the participants provided written informed consents (Appendix | —

Study Consent Form) when they were recruited into the study.
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5.5 Data Collection

55.1 Recruitment

A research nurse at the participating clinics approached attending patients to perform an initial
eligibility screening based on the inclusion criteria. Those eligible were invited to participate and
those who agreed filled the informed consent forms. The research nurse then carried out a baseline
interview, after which each participant underwent a comprehensive oral examination a follow-up

visit was scheduled.

5.5.2 Study Instruments

5.5.2.1 Interview

The interview questionnaire (Appendix | — Study Questionnaire) was adapted from instruments
used by the IARC. Participants underwent a detailed structured interview that collected
information on socio-demographic characteristics including age, sex, race/ethnicity and
occupation; lifestyle habits including cigarette smoking and alcohol consumption; sexual practices
and history (e.g. lifetime number of sexual partners, practice of oral sex); and history of various

sexual-transmitted diseases.

5.5.2.2 Clinical Oral Examination

Each participant underwent a comprehensive oral examination carried out by the participating
dentists. Presence of oral lesions were noted and described. If oral lesions were present,
participants were then classified based on presentation of the most severe oral lesion, including
benign/papilloma (e.g., oral warts, frictional keratosis), and potentially malignant lesions (e.g.,

lichen planus, leukoplakia and/or erythroplasia).
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5.5.2.3 Oral Rinse
At each visit, each participant provided a 30-second gargle and oral rinse sample with Scope®
mouthwash for HPV genotyping. The samples were kept on ice until stored at -20°C within six

hours of collection and thereafter transferred to the lab for DNA isolation.

5.6 Definition of Variables and Measurements
The following section describes the definition of the outcome and the main exposure variables

alongside the definitions and selection of covariates a priori with directed acyclic graph (DAG).

56.1 Oral HPV

Oral HPV is the outcome for this study. HPV DNA detection and typing was performed using a
next-generation sequencing (NGS) assay developed by the New York research team (130). DNA
extracted from the oral rinse sample and brush biopsy specimens were tested for the presence of
a-, B- and y-HPV types using two different assays; (i) PCR based using primers targeting specific
sequences (or short PCR fragments) within the HPV genome (130), which were published
previously (131); and (ii) NGS which the results were the focus of the current project. These NGS
assay operates similarly to the 16S microbiome assays that amplify a specific fragment using bar-
coded primers. For a-, B- and y-HPV detection, a unique 12 bp Golay DNA barcode was assigned
to each subject and introduced into the PCR amplicons. Barcoded PCR products from multiple
subjects were pooled at approximately equal molar DNA concentrations and sequenced on an
[llumina platform (Illumina, San Diego CA). The millions of reads produced by NGS were de-
multiplexed with individual samples being reconstructed by sorting barcodes into unique files. The
reads were then matched with known or novel HPV sequences using BLAST, and a specialized
HPV database developed by our lab. Positive and negative controls were included with each PCR,

as well as samples previously identified to have a representation of different a-, - and y-HPV
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types. Identification of individual HPV types was based on parameters including total read number,

percent of total HPV reads and distribution of reads for each HPV type.

For the specific outcomes, HPV was classified phylogenetically into a, f and y HPV genera, and
the relevant species corresponding to these genera: a-3, a-9; B-1 , B-2, B-3; y-7, y-8, y-9 (14).
Furthermore, we grouped together a-HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59
as high-risk a-types following the IARC classification (132), and we singled out a-HPV-16 — for
its predominant role in HNCs — as well as the recently implicated -1 species types, HPV-5 and

HPV-8 (17, 19).

5.6.2 Tobacco Smoking

Tobacco smoking was the main exposure variable. Detailed smoking history was collected by
asking participants to divide their lifetime consumption into varying periods of duration and
intensity. For each period, information on age at start, age at cessation, and the number of cigarettes
smoked per day in that period was collected. From this, smoking duration and intensity was
encoded into pack-years computed as the number of cigarettes smoked daily divided by 20 and
multiplied by the total duration smoked in years. One pack-year of tobacco smoking is equivalent
to smoking 20 cigarettes per day for one year or smoking 40 cigarettes daily for half a year and so
on. Ever-smokers were defined as those who smoked tobacco for at least one year at any point in

their lives.

56.3 HIV
HIV infection was the putative effect modifier. Participants were identified by self-report with

history of HIV infection confirmed through their medical records.
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5.6.4 Covariates and Directed Acyclic Graph (DAG)

Covariates to be included in the final statistical model assessing for the relationship between the
variables mentioned above were selected a priori using causal directed acyclic graph (DAG). A
priori model specification with DAGs is widely used in the epidemiological literature to control
for confounding. It has been shown to be superior to other methods such as significant testing in
univariate analysis, step-forward nested model selection and the change-in-estimates approach
when valid a priori assumptions can be formulated (133-135), therefore a brief introduction is in

order.

DAGs use arrows drawn in a timeline that characterize the causal and temporal relationship
between variables (Nodes) (136). They are directed, which means that each line has a single
arrowhead emanating from a variable indicating the variable’s effect on another; for example, ‘X
- Y’ indicates that variable X effects Y. They are acyclic, which means there are no feedback
loops of arrows because a variable cannot be it’s own descendant in time — due to temporality
(136); for example, ‘X 2> Y > A > X’ is not a valid DAG because of the feedback loop from
variable A back to X. From these simple building blocks, we can encode our assumptions of how

variables relate to each other. A hypothetical example (Figure 3) is presented for illustration.
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Figure 3: Hypothetical Directed Acyclic Graph

Figure 3 indicates that X is a cause of Y (or Y is a descendant of X), K and P are common causes
of X and Y (i.e., classic confounders), and though C is a direct cause of X, it’s an indirect cause of
Y through the mediator D. Any path that leaves X through arrows entering it and ends in Y satisfies
the so-called “backdoor” criterion (136). To ensure that the effect of X on Y is not confounded, all
backdoor paths must be blocked through covariates adjustments, leaving the direct path from X to
Y (134, 136). In our example, these backdoor paths are: X-K-Y; X-P-Y; and X-C-D-Y, and each
of these paths will be blocked if variables in the path are controlled or adjusted for. The minimum
set of variables sufficient to completely control for confounding in our example is {K, P, C} or

{K, P, D}.

5.6.4.1 Number of Sexual Partners and History of Oral Sex
As reviewed earlier, lifetime number of sexual partners and oral sexual history is a risk factor for
oral HPV (4, 73, 78, 82, 83). This was collected using the “intimate relationship and marriage”

section of the questionnaire instrument. Self reported lifetime number of sexual partners was
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recorded and categorized into <5, 6-20, and >20. Oral sexual history was recorded as “ever” for

participants that reported performing oral sex at least once in their lifetime, and “never” otherwise.

5.6.4.2 Sex, Age, Race and Oral Lesions
Other important variables of interest included age, sex, black race, and the presence of oral lesions,

all of which are associated with oral HPV in the literature (9, 78, 80).

5.6.4.3 The Directed Acyclic Graph (DAG)

Taken together, these covariates are considered possible confounders of the smoking-oral HPV
relationship in this cross-sectional analysis. This is shown in the causal DAG below (Figure 4)
and represent the minimally sufficient adjustment set of variables required to de-confound the
relationship between smoking and oral HPV detection. In the DAG, HIV is a direct effect

modifier (114).
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Figure 4: Directed Acyclic Graph of the smoking-HPV relationship with a priori confounders.

HIV represents a direct effect modifier (See Vanderweele and Robins (114)).

5.7 Overview of Statistical Analysis
The next section provides details of the statistical strategies employed in Manuscript 1. All
analyses were conducted in R Studio (V 1.2.1335) using the R statistical programming language

(126).

5.7.1 Modeling of Tobacco Smoking

Smoking was modelled following the recommendation by Leffondre et al (137). First, a centered
continuous smoking pack-years variable was created by deducting the mean pack-years from each
‘ever-smoker’ while keeping the value for ‘never-smokers’ at zero. Then an indicator variable for
‘never’ and ‘ever’ smoker was added as previously defined — this is the binary smoking exposure
variable interpretable in the final model. Modelling smoking this way accounted for the
quantitative (duration) and qualitative (intensity) differences between a ‘never’ and ‘ever’ smoker,
while allowing for the interpretation of the coefficient of the indicator variable as the effect of
average smoking pack-years among ‘ever-smokers’ on oral HPV detection compared to ‘never-
smokers’ (137). This transformation and modelling strategy provides a superior model fit (as
compared to modelling duration or intensity alone, smoking pack-years alone, or ever and never

smoking alone), aids interpretation, and does not alter the regression coefficients (137, 138).

5.7.2 Binary Logistic Regression Model with Interaction Term
A binary logistic regression model was fitted to data to model the association between smoking
and the oral HPV outcomes adjusting for confounders as specified in the DAG (Figure 3). A binary

logistic regression is a type of generalized linear model that predicts the probability of an outcome
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variable given a set of exposures. The employed logistic regression model included an interaction
term for smoking and HIV in order to assess for effect modification as follows:

Logit (Pr(HPVi| S, H, C)) = Bo+ P1 X Si + Bz X Hi + B3 X S*Hi + XX, B X C1 [4]
Where Pr represents the probability of oral HPV given smoking (S), HIV (H) and the adjusted
covariates (C), Si represents the binary smoking exposure status (ever vs never), Hi represents the
binary putative effect modifying exposure variable HIV, and C; represents the a priori confounding
variables alongside the re-centered continuous smoking pack-years variable, respectively for the
i" participant. The following important effect measures are estimated from the parameters in model
[4]:

e The effect of smoking on oral HPV = ORg; = ef?
e The effect of HIV on oral HPV = OR1o = eP?

e The joint effect of smoking and HIV on oral HPV = ORy; = eA1+F2+ B3

5.7.3 Effect Modification Analysis
Effect modification by HIV was assessed and reported based on the recommendations by Knol
and Vanderweele (115). This mainly includes reporting the following:
1. ORs with Cls for each stratum of smoking and HIV with the stratum of lowest risk as the
reference category (ORoo, ORo1, OR10,and OR11)
2. ORs and Cls for the effect of smoking on oral HPV within the strata of HIV
3. Measures of additive effect modification such as RERI and attributable proportion due to
Interaction (AP)

4. The confounders for which the association of smoking and oral HPV was adjusted for
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5.7.3.1 Relative Excess Risk due to Interaction (RERI)
RERI is the departure from additivity of the effects of smoking and HIV on oral HPV (109, 113,
139), i.e., the extent to which the combined effects of smoking and HIV exceeds the sum of the
smoking considered alone and HIV considered alone. This was calculated as follows:

RERI = OR11— ORo1 — OR10 + 1 (113)
The RERI will be greater than zero, if and only if additive interaction is positive, less than zero, if

and only if additive interaction is negative, and zero if there is no additive interaction (140).

5.7.3.2 Attributable Proportion due to Interaction (AP)
The AP is the proportion of the oral HPV outcome in those exposed to both smoking and HIV that
is due to the interaction of the two exposures (140), calculated as:

AP = RERI + OR1u1

The Cls for RERI and AP were computed using the delta method (129).

5.7.4 Handling of Missing Data

325 participants were originally recruited into the study. However, oral HPV results were not
available for 30 participants for a missing rate of 9.23% (30/325), due to insufficient DNA for
additional NGS analysis. While the most common rule of thumb is that 5% missingness is
negligible, different analyses have shown that missingness becomes a threat to a study’s validity
only when the proportion of missing data is greater than 10% and the underlying pattern of
missingness is not random (141, 142). The idea being that a complete case analysis after the
removal of missing data represents an unbiased sample of the target data (141, 142). Furthermore,
it has been shown that if only the dependent variable is missing (as is the case here), and auxiliary

variables cannot be identified, then a complete case analysis is also valid; in fact, multiple
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imputation in this case will only lead to an increase in uncertainty around the effect estimates (143,
144).

Since the missing rate is less than 10% in our data, and it is reasonable to assume that this
missingness is not systematic (due to the reason given above), a listwise deletion of missing data
points was conducted, resulting in a complete dataset for 295 participants which was included in

the final analysis.

5.7.5 Post-hoc Power Considerations
In this section, we consider a post-hoc power analysis for the final sample size included in
Manuscript |. There is scant literature on sample size and power calculations for additive
interaction. Here, we use the excel spreadsheet provided as an appendix by Vanderweele in an
article that addressed this topic (145). The article provided two versions of the spreadsheet: cohort
and case-control; we adapt the case-control version of the spreadsheet and applied this to the high-
risk HPV outcome (i.e., high-risk HPV positive as cases and negative as controls). The spreadsheet
was populated with the following required inputs:

e Alpha (significance level) — 0.05

e Number of Cases — 46

e Number of Controls — 249

e ORi—-1.56

e ORo1—1.59

e Multiplicative Interaction — 2.21

e Marginal prevalence of HIV — 0.57

e Marginal prevalence of Ever smokers — 0.71
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e ORrelating HIV and Ever smoker — 1.73
The result of the post-hoc analysis showed that our final sample size of 295 for Manuscript | had

a 2-sided power of 30% to detect a RERIor > or < than 0.
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Abstract

Introduction: People living with HIV (PLWH) are more likely to smoke and harbor oral human
papillomavirus (HPV) infections, putting them at higher risk for head and neck cancer. We sought

to investigate the joint effects of HIV and smoking on risk of oral HPV.

Methods: Consecutive PLWH (n=169) and at-risk HIV-negative individuals (n=126) were
recruited from two large health centers in United States. Lifetime smoking history was collected
using questionnaires. Participants provided oral rinse samples for HPV genotyping by Next-
Generation Sequencing. We used multivariable logistic regression models with interaction terms
for HIV to test for smoking effect on oral HPV and reported the Relative Excess Risk due to

Interaction (RERI).

Results: PLWH were more likely to harbor oral HPV than HIV-negative individuals, including a
(39% vs. 28%), B (73% vs. 63%), and y-types (33% vs. 20%). HIV infection positively modified
the association between smoking and detection of high-risk oral HPV with odds ratios for smoking
of 3.46 [95%CI:1.01, 11.94] and 1.59 [95%CI:0.32, 8.73] among PLWH and HIV-negative
individuals, respectively, and an observed RERI of 3.34 [95%CI:-1.51, 8.18]. The RERI for HPV-

16 was 1.79 [95%Cl:-2.57, 6.16], and 2.78 for B1-HPV [95%CI:-0.08, 5.65].
Conclusion: Our results show tobacco smoking as a risk factor for oral HPV among PLWH.

Key words: HIV, Tobacco, HPV, Smoking
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Introduction

Human Papillomavirus (HPV) infection is an established risk factor for a distinct subset of Head
and Neck Cancers (HNCs), accounting for an increasing share of incident HNCs in North America,
including in particular cancers originating in the oropharyngeal palatine and lingual tonsils (1, 4).
Three species groups of HPV are well-known to infect humans: alpha (a), beta () and gamma (y);
with the a-HPV types being most extensively studied due to their established associations with
cervical and anogenital diseases (14). Although the a-HPV types — overwhelmingly HPV-16 — are
responsible for over 90% of HPV-positive HNCs, recent evidence suggests an etiologic role for
types that were until recently not known to infect the oral cavity (6), including f (HPV-5 and -8)

and y (y-11 and y-12) types (17, 19).

People living with HIVV (PLWH) have a higher prevalence of all types of oral HPV (5, 6), and the
molecular and mechanistic interactions that underpin this relationship have been previously
described (146). As with most cancers, PLWH are also at higher risk of HPV-related HNCs (7).
Tobacco smoking, a strong and independent risk factor for HNCs prevalent among PLWH (8), is
also an important risk factor for oral HPV infection (9, 10, 147). However, this association has
only been demonstrated for the detection of a-HPV types (especially high-risk types) known to
infect the mucosal epithelia of the anogenital tract. Furthermore, whereas differences in prevalence
and risk of oral HPV in PLWH compared to HIV-negative populations have been demonstrated,

the interactive effects of HIV and smoking have not been fully explored (5).

Many studies have suggested that smoking has adverse effects on immunity, both systemic and
mucosal (95, 148). We hypothesized that the synergistic effects of HIV infection and smoking
combined will translate into higher risks of oral HPV infection, and that the risk of all types of oral

HPV will be greater among PLWH compared to HIV-negative individuals.
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Materials and Methods

Study Population

The Multicenter Oro-pharyngeal Squamous Atypical Lesion (MuCOSAL) study was a prospective
study conducted between 2004 and 2013 inclusive of HIV-positive and HIV-negative patients
presenting with and without oral lesions to the Infectious Disease, Dental, Oral Medicine, and
Otolaryngology outpatient clinics at the Montefiore Medical Center (Bronx, NY) and Rutgers
School of Dental Medicine (Newark, NJ). Where possible, HIV-negative participants were
frequency matched to HIV-positive patients on age (10 years) and sex. Exclusion criteria were
minors aged less than 21 years and cancer treatment in the preceding year. Participants were
followed-up for approximately 1 year, with three visits at baseline, 6 months and 12 months. The
study protocol was approved by the Institutional Review Boards at the participating institutions,

and all participants provided written informed consent prior to participating.

Data Collection

The main components of the data collection process for this study have been described previously
(131). Briefly, participants underwent a structured interview administered by trained research
personnel. We collected information on socio-demographic characteristics (such as age, sex,
race/ethnicity and occupation); lifestyle habits (e.g. cigarette smoking and alcohol consumption);
sexual practices and history (e.g. lifetime number of sexual partners, practice of oral sex); and

history of various sexual-transmitted diseases.

In addition, each participant underwent a comprehensive clinical oral examination. Patients were

classified based on presentation of the most severe oral lesion, if detected, including
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benign/papilloma (e.g. oral warts, frictional keratosis), and potentially malignant lesions (e.g.

lichen planus, leukoplakia and/or erythroplasia) (149).

Participants provided a 30-second gargle and rinse sample at each visit using Scope® mouthwash
for HPV genotyping. The samples were kept on ice until stored at -20°C within six hours of
collection and thereafter transferred to the lab for DNA isolation. In the current analyses, baseline
questionnaire, clinical oral examination, and HPV genotyping data were used to test for the effect

of smoking on HPV detection by HIV serostatus.

Smoking history and covariates

Detailed smoking history was collected by asking participants to divide their lifetime consumption
into varying periods of duration and intensity. For each period, information on age at start, age at
cessation, and the number of cigarettes smoked per day in that period was collected. From this,
smoking duration was calculated, and pack-years computed as the number of cigarettes smoked
daily divided by 20 and multiplied by the duration. Ever-smokers were defined as those who

smoked tobacco for at least one year at any point in their lives.

Age, sex, race/ethnicity, lifetime number of sexual partners and oral sexual history are factors that
have been shown to be independently associated with oral HPV detection in the literature (4, 9,
78, 131). Also, HPV is associated with the presence of both benign and potentially malignant
lesions (150). Therefore, we considered these variables as possible confounders in our study. Also,
we considered HIV infection a direct effect modifier of the smoking-HPV relationship. We
represented these factors and their relationships with the exposure (smoking) and outcome (HPV

detection) in our proposed causal directed acyclic graph for the overall smoking-HPV relationship

35



(Figure 3), while estimating the direct effect modification by HIV infection using the approach

proposed by Vanderweele and Robbins (114).

HPV DNA Testing

HPV DNA detection and typing was performed using a next-generation sequencing (NGS) assay
developed in our research group (130). DNAs extracted from the oral rinse sample and brush
biopsy specimens were tested for the presence of beta- and gamma-HPV types using two different
PCR assays, termed “FAP and E1”. These assays are similar to the “SPF” assay, which was
designed to amplify alpha-HPVs recently described in Fonseca et al. (130). These assays operate
similarly to the 16S microbiome assays that amplify a specific fragment using bar-coded primers.
For beta- and gamma-HPV detection, a unique 12 bp Golay DNA barcode was assigned to each
subject and introduced into the PCR amplicons. Barcoded PCR products from multiple subjects
were pooled at approximately equal molar DNA concentrations and sequenced on an Illumina
platform (Illumina, San Diego CA). The millions of reads produced by NGS were de-multiplexed
with individual samples being reconstructed by sorting barcodes into unique files. The reads were
then matched with known or novel HPV sequences using BLAST, and a specialized HPV database
developed by our lab. Positive and negative controls were included with each PCR, as well as
samples previously identified to have a representation of different beta- and gamma-HPV types.
Identification of individual HPV types was based on parameters including total read number,

percent of total HPV reads and distribution of reads for each HPV type.

For the study outcomes, we classified HPV phylogenetically into a, f and y HPV genera, and the
relevant species corresponding to these genera: o-3, a-9; B-1 , B-2, B-3; y-7, y-8, y-9 (14).
Furthermore, we grouped together a-HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59

as high-risk a-types following the IARC classification (132), and we singled out a-HPV-16 — for
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its predominant role in HNCs — as well as the recently implicated -1 species types, HPV-5 and

HPV-8 (17, 19).
Statistical Analyses

Unconditional logistic regression modelling was used to estimate the odds ratio (OR) and
confidence interval (ClI) for the smoking-HPV relationship while adjusting for previously specified
confounders. Smoking was modelled following the recommendation by Leffondre et al (137).
First, we included a centered continuous smoking pack-years variable by deducting the mean pack-
years from each ‘ever-smoker’ while keeping the value for ‘never-smokers’ as zero. Then we
added an indicator variable for ‘never’ and ‘ever’ smoker. Modelling smoking this way accounted
for the quantitative (duration) and qualitative (intensity) differences between a ‘never’ and ‘ever’
smoker, while allowing for the interpretation of the coefficient of the indicator variable as the
effect of average smoking pack-years among ‘ever-smokers’ on oral HPV detection compared to
‘never-smokers’. This transformation and modelling strategy provides a superior model fit, aids

interpretation, and does not alter the regression coefficients (137, 138).

We assessed for effect modification based on an epidemiological definition: that the effect of one
variable (smoking — the exposure) on another (oral HPV — the outcome) varies across the strata of
a third (HIV — the effect modifier) (114), by including an interaction term for HIV in the logistic
model, and reporting this following the four steps recommended by Knol and VVanderweele (115).
This included estimating ORs for each stratum of HIV and smoking and their joint effects,
alongside the effect of smoking on HPV within the strata of HIV and the relative excess risk due

to interaction (RERI).
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RERI represents the difference between the joint OR and the individual contributions by
smoking and HIV, calculated as: OR11 — ORo1— OR10+ 1; whereas a RERI of 0 indicates perfect
additivity (i.e. no effect modification), a value of greater or less than 0 indicates positive or
negative additive effect modification respectively (151). In addition, we estimated the
attributable proportion (AP) of oral HPV risk associated with both smoking and HIV, which was
calculated as: RERI + OR11 (151). For the few outcomes where either of the exposure was
protective (i.e. either ORo1 or OR1o was < 1), the exposure was recoded as a risk factor in order
to estimate the correct RERI and AP (152). Confidence intervals and p-values were computed

from the standard error estimates using the delta method (129).

As sensitivity analyses, we modelled smoking simply as never, past and current, and retested the
effect modification by HIV for high-risk for a-HPV, HPV-16 and B-1. All analyses were conducted

in R Studio (V 1.2.1335) using the R statistical programming language (126).

Results

A total of 325 participants were recruited into the study. HPV genotyping results were missing for
30 subjects, leaving 295 adults as the final sample size in this analysis — 126 HIV-negative and
169 HIV-positive individuals. The mean age of the study participants was 52.1 years (£11.8
standard deviation), with approximately half being male (51.2%) and half identifying as African
American (49.1%). Table 1 further describes the characteristics of the study participants stratified
by HIV serostatus. HIV-positive participants were younger on average, had a higher number of
lifetime sexual partners, smoked more cigarettes, and drank more alcohol across their lifetimes,
but less likely to have oral lesions. Among HIV-negative individuals, prevalence of any a-HPV or

B-1 HPV was associated with the presence of benign/papilloma or precursor/dysplastic lesions
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respectively (Appendix Il — Table S1); there were no significant differences in oral HPV

prevalence by oral lesion status among PLWH (Appendix 111 — Table S2).

Table 1: Selected characteristics of study participants by HIV status

HIV-Negative HIV-Positive
n= 126 n=169
Age (Mean (SD)) 52.25 (14.10) 49.83 (8.76) 0.071
Sex (%0)
Female 65 (51.6) 79 (46.7) 0.481
Male 61 (48.4) 90 (53.3)
Race (%)
Non-Hispanic White 24 (19.0) 15 (8.9) 0.071
Hispanic 39 (31.0) 60 (35.5)
African-American 57 (45.2) 88 (52.1)
Other 6 (4.8) 6 (3.6)
Ever-smoker (%0)
Never 44 (34.9) 40 (23.7) 0.047
Ever 82 (65.1) 129 (76.3)
Smoking Pack-Years (among 20.50 (22.84) 20.17 (20.47) 0.914
ever-smokers)
(Mean (SD))
Smoking History (%)
Never 44 (34.9) 40 (23.7) 0.089
Current 50 (39.7) 84 (49.7)
Past 32 (25.4) 45 (26.6)
Lifetime Ethanol Use in Liters 17 [0.00, 30 [0.00, 0.196
(Median [IQR]) 158.50] 336.00]
Lifetime Ethanol Use Categories
(%)
Up to 10L 61 (48.4) 69 (40.8) 0.422
>10-124L 28 (22.2) 39 (23.1)
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>124 — 369L
>369L

Type of Oral Lesion
None
Benign/Papilloma
Precursor/Dysplastic

Lifetime Number of Sexual
Partners

<5
6-20
>21

NA

Sexual Preferences
WSM
WSMW
MSM
MSWM
NA

Oral Sex History
No
Yes
NA

CD4 Count
500 + T-Cells / mm3
>200 - <500 T-Cells / mm3
<200 T-Cells / mm3
NA

HIV Viral Load
<4000 copies / ml
4000 + copies / ml

NA

15 (11.9)
22 (17.5)

79 (62.7)
19 (15.1)
28 (22.2)

61 (48.4)

45 (35.7)

20 (15.9)
0(0.0)

61 (48.4)
3(2.4)
0(0.0)

57 (45.2)
5 (4.0)

36 (28.6)
90 (71.4)
0(0.0)

19 (11.2)
42 (24.9)

132 (78.1)
18 (10.7)
19 (11.2)

50 (29.6)

54 (32.0)

61 (36.1)
4(2.4)

67 (39.6)
11 (6.5)
22 (13.0)
64 (37.9)
5 (3.0)

27 (16.0)
141 (83.4)
1(0.6)

50 (29.96)
54 (32.0)
17 (10.1)
48 (28.4)

130 (76.9)
13 (7.7)
26 (15.4)

0.011

<0.001

NA

0.024
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Abbreviations: MSM, men who have sex with men only; MSWM, men who have sex with women only or

with women and men; WSM, women who have sex with men only; WSWM, women who have sex with
women only or with women or men; NA, not available.

Figure 5 shows the distribution of oral HPV types and genera detected by HIV status. Consistently,
the prevalence of HPV was higher among HIV-positive participants for all genera and types,

except a-14 types. In addition, no a-11, y-3, or high-risk a-HPV 31 or 45 types, were detected in

oral rinse samples of HIV-negative participants.
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Figure 5: Unadjusted relative prevalence of oral HPV (genus, species and types) by HIV status

Among HIV-positive participants, an ever-smoker with 15.4 pack-years (reflecting an average
number of pack-years in our study population) had 3.46 times higher odds of presenting with a

high-risk a-HPV type [95% CI: 1.01, 11.94] compared to a never-smoker HIV-positive after
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adjusting for confounders. Increased associations were also observed for HPV-16 alone (Table 2)

and -1 HPV species (Table 3).

For a-genus HPV, the joint effect estimates (i.e. ever smoker + HIV positive, OR11) for all the
outcomes were consistently larger than the individual effects (i.e. ever smoker alone, ORo1; and
HIV positive alone OR1o) (Table 2). On the additive scale, HIV positively modified the effect of
smoking on the detection of oral a-HPV types, including HPV-16 — with the strongest measures
of effect modification observed for high-risk a-types (RERI = 3.34, 95CI: 1.51, 8.18]; and AP =
0.61, 95%CI: 0.12, 1.10) (Table 2). The results indicated a negative effect modification for the

detection of -3 and a-9 species types (except HPV-16).

Table 2: Modification of the effect of smoking on oral a-HPV (genus/specie/types) by HIV

Never smoker Ever smoker OR [95% ClI] for
the effect of
OR OR smoking on oral
[95% Cl] [95% CI] HPV within the
strata of HIV
Any a-HPV
HIV 1 1.67 [0.68, 4.32] 1.67 [0.68, 4.32]
negative 1.32[0.47, 3.76] 3.05[1.29, 7.73]
HIV 2.32[0.96, 5.56]
positive
RERI [95% CI] = 1.06 [-0.81, 2.95] p=0.13
AP [95% CI] = 0.35[-0.21, 0.91] p=0.11
a-3
HIV negative 1 1.49 [0.42, 6.23] 1.49 [0.42,
6.23]
HIV positive 1.26 [0.27, 5.93] 1.61[0.48, 6.58] 1.28 [0.36,
4.59]
RERI [95% CI] = -0.14 [-2.50, 2.22] p=0.54
AP [95% CI] = -0.09 [-1.53, 1.36] p=0.45
a-9
HIV negative 1 0.96 [0.24, 4.21] 0.96 [0.24,
4.21]
HIV positive 2.03[0.51, 8.88] 3.32[1.01, 13.54] 1.64 [0.53,
5.03]
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*RERI [95% CI] = -1.40 [-5.71, 2.91] p=0.73
*AP [95% Cl] = -0.66 [-2.58, 1.26] p=0.24

a-high-risk HPV*

HIV 1 1.56 [0.39, 7.86] 1.56 [0.39, 7.86]
negative 1.59[0.32, 8.73] 5.48 [1.58, 26.23]

HIV 3.46 [1.01, 11.94]
positive

RERI [95% CI] = 3.34 [-1.51, 8.18] p=0.08
AP [95% CI] = 0.61 [0.12, 1.10] p=0.007

a-HPV 16

HIV 1 1.60 [0.30, 12.24] 1.60 [0.30, 12.24]
negative 1.75[0.26, 14.41] 4.1410.89, 30.93]

HIV 2.37 [0.53, 10.54]
positive

RERI [95% CI] = 1.79 [-2.57, 6.16] p=0.20
AP [95% CI] = 0.43 [-0.40, 1.26] p=0.15

ORs adjusted for age, sex, race, smoking pack-years, oral sex history and lifetime number of sexual
partners.

*HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59

*At least one exposure was preventive, so it was recoded as a risk factor to correctly estimate RERI and
AP
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Table 3: Modification of the effect of smoking on oral B-HPV (genus/specie/types) by HIV

Never smoker Ever smoker OR [95% ClI] for
the effect of
OR OR smoking on oral
[95% CI] [95% CI] HPV within the
strata of HIV
Any p-HPV
HIV 1 0.87 [ 0.37, 2.02] 0.87 [ 0.37, 2.02]
negative
HIV 1.00 [0.39, 2.55] 2.50 [1.07, 5.83] 2.49[1.04, 5.98]
positive
*RERI [95% CI] = -1.85 [-4.64, 0.93] p=0.90
*AP [95% CI] = -1.62 [-3.92, 0.68] p=0.08
B-1
HIV 1 1.12 [0.49, 2.60] 1.12 [0.49, 2.60]
negative
HIV 1.70[0.67, 4.39] 4.60 [2.03, 10.86] 2.70 [1.16, 6.28]
positive
RERI [95% CI] = 2.78 [-0.08, 5.65] p=0.02
AP [95% CI] = 0.60 [0.24, 0.96] p=0.0005
B-2
HIV 1 0.94[0.42, 2.15] 0.94[0.42, 2.15]
negative
HIV 0.80[0.31, 2.02] 1.27 [0.58, 2.87] 1.60 [0.69, 3.69]
positive
*RERI [95% CI] =-0.67 [-2.31, 0.97] p=0.78
*AP [95% CI] = -0.57 [-1.87, 0.73] p=0.19
B-3
HIV 1 0.31[0.09, 1.08] 0.31[0.09, 1.08]
negative
HIV 0.54 [0.13, 2.05] 0.42[0.13, 1.39] 0.78 [0.21, 2.91]
positive
*RERI [95% CI] =-1.83 [-5.91, 2.25] p=0.81
*AP [95% CI] = -1.05 [-3.34, 1.23] p=0.18
HPV 5
HIV 1 0.75[0.26, 2.32] 0.75[0.26, 2.32]
negative
HIV 1.97 [0.65, 6.30] 1.05 [0.39, 3.09] 0.53[0.20, 1.39]
positive
*RERI [95% CI] = 0.89 [-1.04, 2.83] p=0.18
*AP [95% CI] = 0.34 [-0.35, 1.03] p=0.16
HPV 8
HIV 1 1.14[0.26, 6.03] 1.1410.26, 6.03]
negative
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HIV 1.78 [0.36, 9.95] 2.93[0.79, 14.79] 1.64 [0.46, 5.92]
positive
RERI [95% CI] = 1.00 [-1.93, 3.94] p=0.25
AP [95% CI] = 0.34 [-0.59, 1.28] p=0.23

ORs adjusted for age, sex, race, smoking pack-years, oral sex history and lifetime number of sexual
partners.

*At least one exposure was preventive, so it was recoded as a risk factor to correctly estimate RERI and
AP

HIV also showed super-additive (positive) effect modification on the associations between
smoking and oral B-HPV types HPV-8 and -5, and B-1 species types, but negative effect
modification for B-2 and B-3 types (Table 3), as well as with y-8 and y-10 species types
(Supplemental Table 1). Overall, trend estimates indicated stronger smoking-HPV associations
among PLWH compared to HIV negative individuals (right-most columns of Tables 2, 3 and 4),

consistent with our hypothesis of effect modification by HIV.

In the sensitivity analyses, where smoking history was modelled simply as never, past and current
(Table 4), the joint effect estimates for current smoker PLWH were higher than for HIV-positive
past smokers, for high-risk a-HPV types (including HPV-16) and B-1 species types (Table 4).
These dose-response associations were also reflected by the measures of additive effect

modification (i.e. RERI and AP for each outcome).
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Table 4: Sensitivity analyses for the modification of the effect of smoking on oral HPV (a-high risk, HPV 16, and B-1 specie) by HIV

Smoking

Never

Past

Current

OR [95%Cl]

OR [95%Cl]

OR [95%Cl]

OR [95%CI] for
past smoker on
oral HPV within
strata

of HIV

OR [95%CI] for
current smoker on
oral HPV

within strata

of HIV

1.0
1.58[0.32, 8.72]

RERI [95%ClI]:
AP [95% CI]:

1.52[0.24, 9.69]
4.33[1.05, 22.84]
2.23[-2.53, 6.99] p=0.17
0.51 [-0.25, 1.28] p=0.09

1.53[0.32, 8.53]
6.24 [1.72, 30.76]
4.12 [-2.03, 10.28] p=0.09
0.66 [0.19, 1.13] p=0.002

1.52[0.24, 9.69]
3.33 [0.85, 13.10]

1.530.32, 8.53]
3.55 [0.98, 12.80]

1.0
1.76 [0.26, 14.53]

RERI [95% CI]:
AP [95% ClIJ:

1.45[0.15, 14.19]
3.29 [0.55, 27.48]
1.08 [-3.73, 5.90] p=0.33
0.33 [-0.94, 1.60] p=0.31

1.69 [0.24, 14.70]
4.85 [0.96, 38.10]
2.41[-3.26, 8.07] p=0.20
0.50 [-0.30, 1.29] p=0.11

1.45[0.15, 14.19]
2.12 [0.40, 11.30]

1.69 [0.24, 14.70]
2.54 [0.53, 12.14]

a-high-
risk
HPVT
HIV Negative
HIV Positive
a-HPV 16
HIV Negative
HIV Positive
p-L
HIV Negative
HIV Positive
[95% CI]:

1.0
1.70 [0.67, 4.38]

RERI [95%Cl]:

AP

1.21[0.43, 3.47]
3.85 [1.47, 10.55]
1.95 [-1.44, 5.34] p=0.13
0.51 [-0.11, 1.12] p=0.05

1.06 [0.42, 2.69]
5.03 [2.11, 12.53]
3.27 [-0.24, 6.78] p=0.03
0.65 [0.30, 1.00] p=0.0001

1.21[0.43, 3.47]
2.29[0.86, 6.15]

1.06 [0.42, 2.69]
2.93[1.20, 7.14]

ORs adjusted for age, sex, race, oral sex history and lifetime number of sexual partners.

fHPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59
Includes HPV 5 and
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Discussion

In this study, we examined how the association between smoking and oral HPV is modified by
HIV. We show positive effect modification by HIV on the smoking for high-risk a-HPV types,
including HPV-16 alone, and for -1 species types, with a high attributable proportion for HPV
detection in the oral cavity associated with exposure to both smoking and HIV. In addition, we
found a higher (unadjusted) prevalence for almost all a-HPV types in PLWH compared to HIV-
negative individuals that was consistent with the literature (5, 11, 131, 153). In addition, we found
higher prevalence of - and y-HPV types among PLWH, which was novel. We also report a higher
prevalence of oral lesions among the HIV-negative individuals, despite their lower oral HPV
prevalence. This is likely due to recruiting HIV-negative individuals from dental and oral medicine
clinics at the early stage of the study, which may have oversampled patients with oral lesions;
importantly however, all our reported effect estimates were adjusted for each individual’s lesion

status (none, benign/papilloma or precursor/dysplastic).

The immunosuppressive effects of cigarette smoke have been well described (154, 155), including
adverse effects on both systemic and mucosal immunity (95, 148). The combination of tobacco-
induced and HIV-induced immunosuppression may explain the positive RERI and high AP for
oral HPV detection observed in our study. This suggests that PLWH who smoke may be at higher

risk of HPV-associated head and neck cancer (113).

Deployment of oral HPV testing/screening for HNC prevention will be challenging, due to the low
prevalence of high-risk oral HPV in the general population (122). Consequently, for oral HPV
screening to be viable and useful, there needs to be identification of high-risk subgroups (122,
123); and there is a growing public health interest in identifying these populations (156, 157). Our

study findings suggest that PLWH who smoke may be such a candidate group.
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To the best of our knowledge, our study is the first to show effect modification by HIV of the
smoking-oral HPV relationship. A previous study by Beachler et al. (11) found no relationship
between smoking intensity and duration, and detection of a-type oral HPV in both HIV-positive
and negative individuals. This contrasts with our finding of an association between smoking and
a-high-risk oral HPV among PLWH but HIV-negative individuals, or the observed risk disparity
with B-1 oral HPV. The differing results could be due to how the two studies modelled smoking
history, and/or differences in HPV DNA testing methods; in their study, Beachler et al. tested for
a-types by PGMY09/11 PCR, whereas we employed NGS. However, their smoking modelling

strategy was not described.

There are a few limitations to consider in the interpretation of our results. First, since our analyses
were based on the baseline data (i.e. were cross-sectional), the temporal relationship between
smoking, HPV and HIV infection is unclear. This notwithstanding, our conclusions are plausible,
given that the effects of smoking on oral HPV has been shown prospectively and with increasing
smoking pack-years (10), and smoking has been shown to be associated with a reduced clearance
rate of oral HPV (5). Second, the NGS method we used to test for HPV is a highly sensitive assay
with elevated risk for false positives; this, combined with recall error inherent in measuring
lifetime cigarette smoking and other self-reported covariates, increases the potential for

misclassification bias in our results.

In conclusion, while previous studies have shown an association between smoking and detection
of alpha-HPV in the oral cavity, this was the first to show associations for non-alpha HPV types,
and to provide evidence of effect modification by HIV on the relationship between smoking and
oral HPV, with a significant attributable proportion of high-risk HPV associated with combined

exposure to smoking and HIV. Although we have previously reported a role in HNC risk for
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detection of several - and y-HPV types in the oral cavity (19), further evidence is needed from
studies of HIV-infected populations, who are at higher risk of HNC (7). Also, importantly, we
showed that PLWH, with an average of 15.4 smoking pack-years, are at higher risk of presenting
with oral HPV compared to HIV-positive never-smokers. If our findings are confirmed, this may
have public health implications if high-risk PLWH can be targeted for preferential HNC screening

and smoking cessation interventions.
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Preface to manuscript Il
As described previously, the reporting of effect modification analysis is inadequate in the
literature. A plausible reason for this is the extra work and sample size required to obtain estimates.
This was my experience during the preparation and analysis stage of manuscript I. Clearly, there
is a need to make this task easier for authors — most of whom effect modification analysis is often
a secondary aim rather than a primary one — thereby encouraging and increasing full reporting of

effect modification analysis. In manuscript 11, | presented a new R package that meets this need.
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Abstract

Effect modification and/or Interaction are frequently assessed in epidemiological research.
However, in most cases, authors do not present sufficient information for the readers to fully assess
the extent and significance of interaction on both additive and multiplicative scale. Also, due to
being readily available in most software, the delta method has proliferated in the literature for the
estimation of confidence intervals (Cls) for measures of additive interactions; despite its well

documented poor performance compared to alternative methods.

We introduce interactionR, an open-source R package with user-friendly functions that ensures
full reporting of effect modification or interaction based on recommended guidelines. In addition
to the simple asymptotic delta method, the package also allows for estimation of Cls for additive
interaction measures using the variance recovery and percentile bootstrapping methods. The
package is available from the Comprehensive R Archives Network (CRAN) [https://cran.r-
project.org/package=interactionR] and can be installed from within R using

install. packages(“‘interactionR”).

Key words: Effect modification, Interaction, R, variance recovery, delta method, percentile

bootstrapping.
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Introduction

Although effect modification analysis is ubiquitous in the epidemiologic literature, its reporting is
grossly inadequate (12). For example, whereas departure from additivity is more relevant to
disease prevention and public health intervention (13), most studies only report interaction on the
multiplicative scale because this can be easily extracted from the exponentiated coefficient of the

product term of two exposures in a logistic regression model (12).

To improve this situation, Knol and Vanderweele proposed a set of recommendations for the
reporting of analyses of effect modification (115) — an improvement on earlier proposals such as
STROBE (Strengthening The Reporting of Observational Study) (158). In their recommendation,
they distinguished effect modification from interaction. Effect modification is when the effect of
an exposure on an outcome differs within the strata of a second exposure, while interaction is the
causal effect of two exposures together on an outcome (111). For effect modification analysis with
three dichotomous variables: the effect of exposure A on an outcome Y and a putative modifying

variable M of this effect, they recommended reporting mainly the following (Table 5a):

i) Individual (A on'Y (ORo1) and M on Y (OR10)) and joint effect estimates (A and M on Y
(OR11)) with confidence intervals (Cl), with the stratum of lowest risk (ORgo) as the
reference

i) Estimates and Cls of the effect of A on Y within the strata of M and

i) Measures of additive (e.g., Relative Excess Risk due to Interaction, RERI) and

multiplicative effect modification with Cls.
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If interaction of A and M on Y is of interest, then to report in addition to the above, estimates and
Cl of the effect of M on Y within the strata of A (Table 5b). Presenting the results this way allows

the reader to fully interpret all dimensions of interaction (115).

Table 5: Recommended presentation formats for effect modification and interaction analyses
(Adapted with permission from Tables 1 and 3 in Knol and Vanderweele (115)).

a.
A=0 A=1 A =1vs A =0 within the
strata of M
M=0 ORoo (95% CI) ORo1 (95% CI) ORA=1vs A=0[M = 0]
[Reference] (95% CI)
M=1 OR10(95% CI) ORu11 (95% CI) ORA=1vs A=0 [M = 1]
(95% Cl)

Effect modification measure on additive scale (95% CI);
Effect modification on multiplicative scale (95% CI); ORs adjusted for ...

b”".
A=0 A=1 A =1vs A =0 within the
strata of M
M=0 ORoo (95% CI) ORo1 (95% CI) ORA=1vs A=0[M = 0]
[Reference] (95% CI)
M=1 OR10(95% CI) OR11 (95% CI) ORA=1vs A=0[M = 1]
(95% CI)
M=1vsM=0 ORM=1vs M=0 [A = 0] ORM=1vs M=0 [A = 1]
within the strata (95% CI) (95% CI)

of A

Interaction measure on additive scale (95% CI);
Interaction on multiplicative scale (95% CI); ORs adjusted for ...

“Though OR (odds ratio) is used here, this could also denote risk ratios (RR) or risk difference
(RD)

Fitting a regression model in R (126) will produce some direct estimates required to fill these
tables, however, estimates such as RERI, ORa=1vs A=0 [M = 1], ORm=1vs m=0 [A = 1] and their Cls
are not readily available from the regression model and need to be produced with additional

methods and coding.
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Complicating things further are the competing methods in the literature for the estimation of Cls
around these measures of additive interaction (i.e. RERI, Attributable Proportion (AP) and
Synergy Index (SI)). The first such method was the simple asymptotic delta method proposed by
Hosmer and Lemeshow (159), which is the most widely used in the literature (128, 160-162)
despite its well-documented poor performance (163, 164). To overcome the shortcomings of this
method, Assmann et al. (163) suggested a non-parametric bootstrapping approach for CI of RERI,
where RERI is estimated each time in a specified number (usually 1000) of bootstrap replications
(with replacement) of the original sample. Then the 95% CI of RERI is the 2.5th and 97.5th
percentile of the resulting distribution. However, this method, although has a superior performance
if the sample size is large enough (163, 164), falls apart at typical sample sizes at which most
observational studies are performed at due to the inevitable sparse cells in some of the bootstrap
simulations (165). However, the variance recovery (‘MOVER’) method that was subsequently
proposed by Zou (164) demonstrated better performance to the delta method at typical sample

sizes and a comparable performance to bootstrapping at larger sample sizes.

Although, there are R functions (128, 160) to estimate relevant measures of additive interactions,
they compute Cls using the easily implemented delta method, while the alternative methods are
buried in the appendices of their publications as spreadsheets, Stata and SAS codes (163, 164).
The easy availability of the delta method for estimation of Cls of additive interaction measures
across the major statistical software may explain its prominence in the literature. In this paper, we
introduce ‘interactionR’, an R package that ensures full reporting of interaction (Table 5a or b) in
easy steps. It also allows the option of computing the Cls for measures of additive interaction with

all of the methods described above.

Implementation and Usage
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The interactionR is implemented in the R statistical software environment (126); R is installable
from https://www.r-project.org/. The main user-facing function of the package, interactionR(),

accepts the following arguments:

e model: a regression model fitted by the user with interaction term for the two exposures
under consideration. This may be an object of class glm with a valid link for logistic
regression or approximants of risk ratio, class clogit or class coxph. It can also include
confounders adjustment as is usually the case.

e exposure_names: A character vector of two named binary exposure variables present in the
fitted model.

e ci.type: A character string ("delta” or "mover") specifying the method to use for the
estimation of CI for the measures of additive interaction. Default is "delta".

e ci.level: Magnitude of the returned CI level.

e em: TRUE, for effect modification assessment. FALSE, for interaction.

e recode: If TRUE, recodes the exposures - if at least one of the exposures is protective -
such that the stratum with the lowest risk becomes the new reference category when the

two exposures are considered jointly (See Knol et al. (152)).

Example 1: The joint effect of alcohol and smoking on oral cancer.

Consider the case-control data from Rothman and Keller (112), which studied the joint effect of
alcohol and smoking on oral cancers. This dataset was used previously by Hosmer and Lemeshow
(129), and Zou (164) and its included in our package as ‘OCdata’ for easy replication of our
analysis by the user. It contains the two exposures, alcohol (‘alc’) and smoking (‘smk’), and the

outcome, oral cancer (‘oc’) as dichotomous variables (0 or 1, indicating absence or presence
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respectively). Suppose we are considering interaction and we want to compute the Cls for the
measures of additive interaction using the MOVER method, we will start by fitting the following

logistic regression model with an interaction term for alcohol and smoking on oral cancer:

Logit(Pr(OC;i| Alcohol, Smoking)) = a + B1.Alcohol; + B2.Smokingi + fs.Alcohol*Smoking;

in R as:

» m = glm(oc~alc*smk, family = binomial(link

‘logit’), data =

OCdata)

The fitted ‘m” object is then passed to the ‘interactionR()’ function:

» table object = interactionR(m, exposure_names = c("alc", "smk"),

ci.type = "mover", ci.level = 0.95, em=F, recode = F)

This returns a list object of class interactionR which includes a data frame containing all the effect
estimates that are necessary to fully report effect modification or interaction. This data frame and
other components of the list are accessible to the user for further manipulation, if desired.
Importantly, the output object is formatted in such a way that the data frame can be processed by

the tabling function interactionR_table(). An example is:

» interactionR_table(table_object)

The tabling function will save a publication-ready table as a word document (Table 6) to the user’s
working directory, if desired, which corresponds to Table 5b with Cls for RERI, AP and SI
estimated with the MOVER method (the set of arguments selected in the original interactionR()
call). The returned point estimate and CI for RERI (3.74; 95% CI: -11.43, 21.87) (Table 6) is as

reported by Zou for this data (164) — If the ‘ci.type’ argument in interactionR() had been set to
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“delta”, the Cls for this trio of interaction measures would be as reported by Hosmer and
Lemeshow (129). Following the same steps above, when the package was applied to the data of a
recently published article on the modification of the effect of tobacco smoking on oral HPV by

HIV (166), the results were the same (data not shown).

Table 6: Interaction of alcohol and smoking on oral cancers as returned by the
‘interactionR_table()’ function.

smk absent smk present Effect of smk
within the strata of
alc
OR [95% CI] OR [95% CI] OR [95% Cl]
alc absent 1 [Reference] 2.96 [0.68, 12.91] 2.96 [0.68, 12.91]
alc present 3.33[0.7, 15.86] 9.04 [2.64, 30.91] 2.71[1, 7.37]
Effect of alc within 3.33[0.7, 15.86] 3.05[1.29, 7.18]

the strata of smk

Multiplicative scale 0.91[0.15, 5.42]

RERI 3.74 [-11.43, 21.87]
AP 0.41[-0.38, 0.81]
SI 1.87 [0.65, 5.42]

In addition to the main function described here, the package also provides standalone functions for
each of the CI estimating methods: interactionR_mover(), interactionR_delta(), and
interactionR_boot(). The latter implements the percentile bootstrapping of Cls of additive

interaction measures as described by Assmann et al (163) and its described below.

Example 2: Effect of sports participation and smoking on herniated lumbar disc.
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To illustrate the interactionR_boot() function, consider the case-control data of the effect of sports
participation and smoking on herniated lumbar disc examined by Assmann et al. in their analysis.
The dataset is available in the package as ‘HDiscdata’ and contains three binary variables: i) the
outcome herniated lumbar disc, ‘h’; and i1 & iii) the exposures sports participation, ‘ns’, and

smoking ‘smk’. The function accepts the following arguments:

e model: A fitted model of class glm. Requires the exposures with interaction term to be
listed first before any other covariates/confounders (if applicable).

e ci.level; em; recode: As described for interactionR() above.

e seed: The random number seed to use for generating the bootstrap samples (for
reproducibility). Default is 12345 but can be set to any number.

e s: Number of bootstrap resampling. Default is 1000

Again, first, we fit a regression model:

» m2 = glm(h ~ ns*smk, family = binomial(link = €logit’), data =

HDiscdata)

Then, pass the object to the interactionR_boot() function as follows:

> table_object2 = interactionR_boot(m2, ci.level = ©.95, em = F,

recode = F, seed = 12345, s = 1000)

This runs a non-parametric bootstrap sample 1000 times with replacements and a percentile CI.
The function also returns a list object of class interactionR containing all the desired estimates and
manipulable by the tabling function - interactionR_table() - described earlier. Calling
interactionR_table() on the returned object produces Table 7, with estimates for the Cl of RERI

and AP similar to that reported by Assmann et al. for this data.
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Table 7: Interaction of sports participation and smoking on herniation of lumbar disc as
returned by the ‘interactionR_table()’ function.

smk absent smk present Effect of smk
within the strata of
ns
OR [95% CI] OR [95% CI] OR [95% CI]
ns absent 1 [Reference] 1.88 [1.29, 2.73] 1.88 [1.29, 2.73]
ns present 2.38 [1.27, 4.46] 1.98[1.12, 3.48] 0.83[0.3s9, 1.75]
Effect of ns within 2.38 [1.27, 4.46] 1.05[0.61, 1.83]
the strata of smk
Multiplicative 0.44[0.19, 1.02]
scale
RERI -1.28 [-3.63, 0.54]
AP -0.65 [-2.21, 0.18]
Sl 0.43[0.07, 1.41]

Furthermore, some base R functions are available to the user to further manipulate some parts of

the output object from interactionR_boot(). A simple example is:

» hist(table_object2$bootstrap)

which produces histograms of the distribution of each of the three bootstrapped parameters (RERI,
AP and SI), allowing the user to inspect the overall performance and accuracy of the returned

estimates.

Discussion

60



In this report, we introduce the ‘interactionR’ package in R which provides a suit of user-friendly
functions that makes assessment and full reporting of effect modification and interaction a one-
stop activity. Also, to the best of our knowledge, the package provides the first set of functions in
R that implements alternative techniques for Cls estimation for additive interaction measures other
than the delta method. Future iterations of the package will include implementations of the
likelihood-based CI estimation for RERI from a linear risk model as proposed by Richardson and

Kaufman (165) and updates for any additional robust methods that may be developed.

The examples given in this report computed additive interaction measures from odds ratios
estimated from logistic regression models of case-control datasets used in previous analyses on
the subject matter (129, 163, 164). This has become the fairly standard approach in the literature
(113). However, the resultant RERI and Sl from this approach will be an exaggerated estimate of
any underlying additive interaction if the OR from the study does not closely approximate RR
(167). Therefore, users of this approach must ensure that the conditions (such as — but not limited
to — rare disease assumption) required for ORs to closely approximate RRs are fully satisfied in
their study. Although, models that directly estimate RR are not as stable and versatile especially
in the presence of confounding adjustments as are logistic regression models, RERI, AP, and Sl
that are based on RR are better estimants and should be used if the study design permits (164). We
show how to use the package with RR estimated from a log-binomial model (168) in the

supplementary file (Appendix II).

In conclusion, we provide herein an easily applicable tool to encourage reporting of interaction
with multiple options for estimating Cis in epidemiological studies. The package is available on

the Comprehensive R Archive Network (CRAN) at https://cran.r-
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project.org/package=interactionR and can be installed from within R using

install. packages(“‘interactionR”).
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8 DISCUSSION
This section provides a summary of the two manuscripts included in this project and in addition,
expands on the limitations to the interpretation of our results and finally, provides a discussion on

the public health and epidemiological research implications of our findings.

8.1 Summary of Research

The overarching goal of this thesis was to characterize a high-risk group that will make feasible
any future oral HPV screening for prevention of HNCs. This was achieved in Manuscript | through
effect modification analysis of the effect of smoking on oral HPV by HIV. However, current
statistical programs do not facilitate the sets of analyses necessary to fully report effect
modification showed in Tables 2, 3, and 4. Therefore, to be able to conduct the analysis presented
in Manuscript I, I introduced a novel R package (Manuscript Il). The package allows users to
generate a publication-ready interaction table following easy steps as recommended by the
guidelines. Furthermore, it also implements for the first time in R, alternatives to the delta method

for the estimation of Cls for measures of additive interaction.

While previous studies have shown smoking and HIV are independent risk factors for oral HPV
(a-types), our findings show for the first time that the effect of smoking on oral HPV is more

pronounced in PLWH.

We demonstrated a positive effect modification for most HPV types linked to HPV-related HNCs
including high-risk a-types, HPV-16 (although not as strong) and B-1 species (HPV-5 and -8).
Importantly, when we conducted sensitivity analysis modelling the tobacco smoking variable as
never, past and current smoker, the positive effect modification by HIV indicated a dose-response

relationship between this variable categorization and three outcomes (i.e., high-risk a-types, HPV-
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16, and B-1 species). However, effect modification was not evident for all the assessed oral HPV

outcomes (e.g., y-genus/types).

8.2 Limitations and Strengths
In addition to the limitations already identified in Manuscript I, viz. lack of temporality due to
cross-sectional analysis, and the possibility of increased oral HPV false positives due to the high

sensitivity of the NGS method, other issues deserve attention and they are described below.

8.2.1 Statistical power

The post-hoc power considerations showed that the study had a 30% power to detect additive
interaction due to the relatively small sample size. This probably explains the poor precision
around RERI for most of the oral HPV outcomes assessed. However, the direction of RERI (i.e.,
greater, lesser or equal to zero) is enough to interpret an underlying additive interaction (positive,
negative or none) as shown in the examples in the article by Knol and Vanderweele (115); this is
because unless a study is specifically powered for interaction, relying on lack of statistical

significance is a poor way to exclude differential effects (169).

It’s also important to note that a larger sample size is required for the detection of an interaction
effect (i.e., a sub-group analysis) than for a corresponding overall effect (169). In other words, if
the magnitude of an interaction effect is equal to an overall effect, then a study designed with 80%
power to detect an overall effect will have just 29% power to detect any interaction effect (169,
170). Consequently, although the MuCOSAL study is adequately powered for the pre-planned
cohort design, it is under-powered for an interaction analysis. To achieve adequate statistical
power, the sample size needs to be increased four-fold, and even more if the magnitude of the
interaction effect is less than the overall effect (169, 170). Evidently, this is not the case for most

studies that carries out sub-group analyses in the literature.
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8.2.2 Information bias

Information bias or misclassification bias ensues from incorrect determination or measurement of
exposure or outcome, or both (171). This bias is a threat to the validity of all observational studies
(171) and the MuCOSAL study is no exception. The self-reported HIV status — one of the two
main exposures in Manuscript | — was ascertained from clinical records, therefore, little to no
misclassification was anticipated for this exposure. However, measurement of tobacco smoking,
the other main exposure, was strictly based on the self-reported lifetime smoking history by the
participants, making this exposure susceptible to information bias; especially, since tools that
improve recall, such as the life-grid technique (172) was not employed in the study. However, all
dimensions of adult self-reported smoking history have been shown to have a high reliability (173).
Moreover, the MuCOSAL study was designed as a prospective cohort study, thus any
misclassification of this exposure will be more likely non-differential, in which case the results are
more likely biased towards the null (i.e., conservative estimates) rather than exaggerated (174,
175), this is in contrast to case-control designs that are more susceptible to recall bias, leading to

differential misclassification and an exaggerated effect estimate (175-177).

8.2.3 Other methodological issues

The cross-sectional analysis of the baseline data of a planned cohort study — as was done in
Manuscript | — is susceptible to a couple of methodological challenges. For example, to minimize
selection bias, cross-sectional studies — in particular, those that aim to assess the prevalence of an
exposure or a disease in a population — requires the study sample to be representative of the
underlying population under study (178), this is achieved through strategies such as employing
random sampling techniques, very large sample sizes and ensuring high response rates, among

others (175, 178-180).
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In contrast, representativeness issues are not a threat to the validity of prospective cohort studies
(181), and this has been demonstrated empirically in the literature (182) — the principal source of
selection bias for cohort studies is in differential loss to follow-up (183, 184). Due to this,
techniques that are normally employed to ensure representativeness for cross-sectional studies are
not the focus while establishing a cohort at baseline and this is a potential source of bias for

analysing such data cross-sectionally.

However, the primary aim for Manuscript | was to compare oral HPV by smoking and HIV status
and not to generate population prevalence estimates. Therefore, for internal comparisons to be
valid, individuals needed to come from the same source population, and the selection of exposed
and unexposed individuals should not be done in a way that is systematically related to the outcome

of interest (in this case HPV detection by NGS assay), as was the case with our study.

8.3 Implications for Public Health

There are three levels of prevention in public health: primary, secondary, and tertiary (185, 186).
Primary prevention attempts to prevent a disease before it occurs — e.g., smoking cessation to
prevent lung cancer — while secondary prevention aims to detect a disease in its nascent stage (prior
to the appearance of signs or symptoms) to prevent further morbidities and ensure full recovery —
e.g., mammograms to detect breast cancers (185, 186). Tertiary prevention simply aims to
ameliorate the impact of an ongoing disease (usually chronic diseases) to reduce morbidity,

improve quality of life and prevent mortality.

Furthermore, there are two main paradigms of disease prevention: The high-risk or targeted
approach and the population-based approach (187-189). The high-risk strategy aims to reduce the
burden of a disease by targeting prevention strategies (primary or secondary) to the groups of

individuals that present with risk-factors responsible for that disease (187-189). In contrast, the
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population-based approach considers the entire population as the focus of prevention efforts rather
than just a high-risk group. A more refined variant of this population-wide strategy is the so-called
common risk factor approach, where multiple diseases in the population are prevented by targeting
the risk factors that are common to them (190, 191). For example, because high consumption of
refined sugars is a common risk factor for obesity, diabetes, and dental caries, focusing on this
single risk factor — e.g., through a sugar tax — can reduce the burden of these diseases in the

population (190).

Whereas there are clear advantages and disadvantages to both approaches (i.e., high-risk vs
population-based) (186, 188), the findings reported in this thesis are more aligned with the high-
risk prevention strategy. Results from Manuscript | identify PLWH who smoke as a targetable
group for public health interventions. For example, this group due to their concomitant higher oral
HPV prevalence could be preferentially recruited for HNCs screening based on oral HPV tests
(secondary prevention). In addition, public health strategies such as smoking cessation and

education will be more impactful in this group (primary prevention).

8.4 Implications for Epidemiological Research

It is also anticipated that the tools introduced in Manuscript Il will help authors of epidemiological
research in general to better report all dimensions of assessed interactions. This is not a trivial
matter as shown by a very recent article (192) illustrating the issues solved by the package. On
page 7 of the article, the authors reported two results of exposure interaction on Psoriasis: sex and
HPV, and age and HPV. They only reported p-values for interaction: ‘non-significant’ for the
former and ‘significant’ for the latter. While no statement was given on the scale in which the
interactions were assessed on, an educated guess based on the analytical strategy used (Cox

proportional model) was strongly suggestive of a multiplicative scale. Importantly, if two
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exposures affect an outcome, then the absence of interaction in one scale necessarily implies its
presence in another (109, 113). Therefore, because the authors dismissed interactions between sex
and HPV solely based on a multiplicative scale assessment, they may have missed a more
important interaction on the additive scale — since they did not check on this latter scale. If additive
interaction was assessed, their results might perhaps show that males are more at risk for HPV-
induced Psoriasis than females (indeed, this was suggested by the Table 5 in their article), which
will influence the clinical management of this condition. However, due to lack of full reporting by
the authors, the readers are deprived of the effect estimates necessary to come to this important

conclusion; the R package introduced in Manuscript 11 solves this issue.
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9. CONCLUSIONS
The following conclusions could be made from the manuscripts included in this thesis:

1. PLWH who smoke are a distinct high-risk group targetable for any future oral HPV
screening application for HNC prevention

2. Public health interventions on smoking for oral HPV prevention may be more rewarding
in PLWH

3. PLWH have a higher prevalence of all types of oral HPV (a, B and y ) compared to HIV-
negative individuals

4. The interactionR package confers notable advantages to existing R functions for effect

modification and interaction analyses.
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INFORMATION LETTER AND CONSENT FORM

COMMON LESIONS IN THE MOUTH AND THROAT :
WHAT MAKES THEM MORE OR LESS SERIOUS?

Project title: Natural history of oropharyngeal cancer precursors: A pilot study

Principal Investigators: Drs Marie-Claude Rousseau and Belinda Nicolau, Institut
national de la recherche scientifique (INRS)-Institut Armand-
Frappier

Co-Investigators: Dr Paul Allison and Dr Eduardo Franco, McGill University
Drs Nicolas Schlecht and Thomas Belbin, Albert Einstein College
of Medicine, NY, USA
Dr Frangois Coutlée, Centre hospitalier de I’Université de
Montréal (CHUM)
Drs Martin Black and Michael Hier, Jewish General Hospital

Project sponsored by: Canadian Institutes of Health Research

1. OBJECTIVE

This study, funded by the Canadian Institutes of Health Research, is run by researchers who
work in the medical field at the INRS-Institut Armand-Frappier, McGill University, Université
de Montréal and the Albert Einstein College of Medicine (New York, USA). The principal
investigators of this study are Drs Marie-Claude Rousseau and Belinda Nicolau, at INRS—Institut
Armand-Frappier.

Our research team is studying common lesions in the mouth and throat. We want to determine
what factors influence some of these lesions to eventually become cancerous, since it is not clear
why some lesions progress to cancer and what influences this progression. The factors that we
are studying include genetic changes, viral infections, and lifestyle habits. Knowing which
factors increase the risk will allow us to propose ways to identify the problematic lesions earlier,
and to prevent the development of mouth and throat cancers. Our study will also help doctors
make treatment decisions by informing them about which lesions are the most aggressive ones.
We are asking for your participation in this research project.

2. PROCEDURES

Three (3) research centres are participating in patient recruitment for this research project and are
located in Montreal (Canada), New York (USA) and Sao Paulo (Brazil). In Montreal,
participants will be recruited at the McGill University Health Centre and affiliated teaching
hospitals. The study coordination centre is based at the Epidemiology and Biostatistics Unit at
INRS-Institut Armand-Frappier. You will be one (1) of forty (40) persons from Montreal who
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will be participating in this study. Your participation in the study will last approximately one
year.

At your first visit, a research assistant will determine if you can participate in this research study.
Your eligibility for the study will be confirmed by the doctor at the time of the clinical exam. If
you agree to participate, we will collect a sample of cells from the inside of your cheeks and you
will be asked to answer a questionnaire administered by the research assistant.

The cell samples will be collected by your doctor after you have rinsed your mouth with
mouthwash. He/she will gently scrape the inside of your cheek at the site of any visible plaques
(little red or white spots that can occur on the inside of your mouth or tonsil) with a soft brush,
similar to a toothbrush. This will be done at least twice, as well as once on the side of your cheek
opposite to the lesion. This procedure, rinsing and taking cells from the inside of your cheek, will
last less than one minute. The brush is painless and usually does not cause bleeding. In total we
may perform two (2) to six (6) brushings at each visit. You may be asked by your doctor to
return for additional visits if he/she feels that your medical care requires it. We may also collect
brushings of your lesion at these visits. We will not be conducting a biopsy of the lesion.
However, if your doctor needs to do one for your medical follow-up, we are also seeking access
to the results of that biopsy.

The research assistant will then conduct an interview, recording your smoking, alcohol drinking,
eating habits, sexual behaviour, and oral hygiene habits. The interview will last approximately
between 20 to 60 minutes, and your answers will be kept confidential.

You will be contacted for a repeat visit, six (6) months after the first visit and six (6) months
after the second visit. Cells will be collected by brushing the inside of your cheeks at each visit,
and a shorter interview about your recent social and eating habits will be conducted.

3. GENETIC RESEARCH

Using research laboratory methods, cells from the inside of your cheek will be tested in order to
identify if some genes are activated differently in lesions as compared to normal tissue. Also, we
will test for the presence of human papillomavirus (HPV), a virus that often infects the mouth
without symptoms. The tests conducted under this study will reveal genetic information, but it
will not be directly relevant to your health care or in determining your risk for cancer. All
laboratory specimens and reports will be identified only by a coded number to ensure subject
confidentiality. They will be kept in secured facilities and made accessible only to authorized
study personnel (see section 7).

The genetic results will not be communicated to you. This information will be protected from use
by anyone outside of the research team. Since it is still unknown if the genetic changes studied
will be predictive of cancer development, genetic counselling will not be provided to you either.
4. POSSIBLE BENEFITS

If you agree to take part in this study, there will be no direct medical benefit to you. However,
the information learned from this study may benefit other people in the future.
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5. POSSIBLE RISKS/DISCOMFORTS

The collection of cells from the inside of your cheeks will only pose a minor risk. Sampling with
the brush is painless and should not cause breakdown or cuts on the inside of your cheek. Risks
include the possibility of minor discomfort and bleeding from these sites. If some bleeding
occurs, you will be asked to rinse your mouth with salty water (sterile saline solution), and the
bleeding will stop within minutes. It is important that you report any and all symptoms or
adverse reactions to your doctor. You will be monitored for adverse reactions by the study staff.

Some of the questions that will be asked during the interview are of a personal nature and may
cause you slight embarrassment or discomfort. You may see the questions before deciding
whether or not to participate in this study. They are attached to this consent form.

6. VOLUNTARY PARTICIPATION

Your participation in this study is completely free and voluntary. You may take the time
necessary to reflect on your decision and discuss your participation in the project with persons
close to you before giving us your answer. Y our participation and the results of the research will
not appear in your medical record. You may choose not to participate and continue to receive
standard medical care. If you do not join the study, you will not be penalized. If you join the
study, you may withdraw at any time without affecting your future care at the McGill University
Health Centre or its affiliated hospitals. If you decide to leave the study at any point, all you have
to do is tell the doctor or the nurse/research assistant. No more collection of information or
buccal cells will be conducted for the purpose of the study, and your doctor will continue to offer
you the same medical care.

7. CONFIDENTIALITY (Who May See Your Records)

The study research records will be kept confidential and you will not be identified in any written
or verbal reports. All laboratory specimens and reports will be identified only by a coded number
to maintain subject confidentiality. The research records will be kept in a secured area and
locked in a filing cabinet in the research offices of the Principal Investigators. Only research
personnel authorized by the Principal Investigators will have access to these records.

As all the information in this research project is coded, your personal results cannot be made
available to third parties such as employers, governmental organizations, insurance companies or
educational institutions. This also applies to your spouse, other members of your family and your
physician. However, the members of the research team, the sponsors of this research and other
institutions who participate in this study may inspect your research records. These include:
INRS-Institut Armand-Frappier, McGill University Health Centre and affiliated hospitals,
Centre Hospitalier de I’Université de Montréal and Albert Einstein College of Medicine. All of
these groups have been requested to maintain confidentiality.

Your records may also be inspected by the research ethics committees of INRS—Institut Armand-
Frappier, Institutional Review Board of McGill University, McGill University Health Centre,
Centre Hospitalier de I’Université de Montréal and Albert Einstein College of Medicine.
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Cell samples may be shared with other scientists collaborating with the scientists in this
department for the described study. No identifying information will be shared. Your identity will
remain strictly confidential.

The results of this study may be published or communicated to scientific, clinical and general
audiences. However, only statistics will be presented and it will be impossible to identify you or
any of the other participants.

8. COMPENSATION
There will be no financial compensation for your participation in this study.

9. CONTACTS FOR QUESTIONS/ACCESS TO CONSENT FORM

If you have any questions about the study or any questions about side effects or injury from the
research, you may call Dr. Marie-Claude Rousseau or Dr. Belinda Nicolau at (450) 687-5010.
You can communicate with the research team to obtain information on the general progress or
the results of the research project. Project updates will be sent by mail one year after the
beginning of the recruitment and at the end of the project. However, we will not communicate
any individual results to you.

For questions on your rights as a research subject:

You may call the Office of the Institutional Review Board (the committee that oversees research
at INRS) at (418) 654-3845 or contact the President of this board:

Monsieur Michel Charbonneau

Président du Comité d’éthique en recherche avec des étres humains
Institut national de la recherche scientifique

490, rue de la Couronne

Québec (Québec) GIK 9A9

Téléphone : (418) 654-3845

Courriel: michel.charbonneau@iaf.inrs.ca

You can also contact the ombudsman at the Jewish General Hospital at (514) 340-8222 #5833.
10. USE OF SAMPLES FOR FUTURE RESEARCH

Your specimens may be used for future analyses related to the objectives of this study. These
may involve additional genetic analyses although the exact nature of these future investigations
is not known at this time. We would like to store the samples for future use at INRS—Institut
Armand-Frappier, Centre Hospitalier de 1’Université de Montréal, and Albert Einstein College
of Medicine. These samples will be coded with a unique identification number. The link to the
sample will be maintained in a secure database with access limited to the researchers involved in
this project. We need to ask your permission to store your samples.
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10. USE OF SAMPLES FOR FUTURE RESEARCH (CONTINUING)

Do you give us permission to store your samples for 25 years and use them in future studies that
are directly related to the current study?

Yes No
Please note: If you agreed but change your mind, you may request in writing that any stored
samples be destroyed.

Do you give us permission to have portions of the stored samples distributed to other
investigators at INRS—Institut Armand—Frappier, Centre Hospitalier de I’Université de Montréal,
Albert Einstein College of Medicine or other institutions for use in research related to the
purpose of this study?

Yes No
Please note: If you agreed but change your mind, you may request in writing that any shared
samples be destroyed.

Do you give us permission to re-contact you in the future to obtain additional information in line
with this study?

Yes No

Do you give us permission to re-contact you in the future for possible participation in another
research project?

Yes No
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11. SUMMARY AND SIGNATURES

I have read the above description of the research study. I have been told of the risks and benefits
involved and all my questions have been answered to my satisfaction. Furthermore, I have been
assured that a member of the research team will answer any future questions that I may have. I
voluntarily agree to join this study and know that I can withdraw from the study at any time
without penalty. By signing this form, I have not given up any of my legal rights.

The study has been explained to me and my questions have been answered to my satisfaction.
Upon reflection, I agree to participate in this study.

Name of the Participant

Signature of the Participant Date

Name of the person who explained the consent form

Signature of the person who explained the consent form Date

The research project was approved by the research ethics committee of Institut national de la
Recherche Scientifique (INRS) in December 2009 and McGill Institutional Review Board on

There are three copies of this consent form.
One is for our records, one is for you, and the third one is for the hospital.
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IdENTIfICATION NUIMDET. ... ceet ittt et et ee s eeenseesseessssessnseennasessnseennssennnseennnsens [ I I

Center - Person #

English Questionnaire

Visit #1

Multi-Center Oro-pharyngeal Squamous

Atypical Lesion (MuCOSAL) Study
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Department of Epidemiology and Population Health

Albert Einstein College of Medicine — New York — USA

Epidemiology & Biostatistics Unit

INRS-Institut Armand-Frappier — Laval — Canada

Faculty of Dentistry & Department of Epidemiology

McGill University — Montreal — Canada

Department of Microbiology and Immunology

Centre de recherche du CHUM — Montreal — Canada

Hospital do Cancer-Departamento de Cirurgia de Cabeca e Pesco¢o

Sao Paulo - Brasil

e The identification number is composed of the values for center and person number.
e Person numbers are consecutive numbers within each centre.

1. General guidelines

e The columns should be filled in justified to the right (example: valid | 0 | 1| 2;

notvalid | 1] 2| |)

¢ Avoid missing or unknown codes. Insist to get an answer even if it is only an estimation.
e If you do not succeed in getting an answer or estimation, the columns should be filled in with

999.
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When “specify” is written, note your answer on the uninterrupted line.
For some variables (occupation, ICD code, etc...) a coding method is not provided. They will

be coded by the coordinator after the interview or centrally. Boxes are shaded.

. Local codes

Local code [LC] change from one place to another. Please refer to the local study investigator
(i.e. interviewer, hospital, town and district, etc.).

. During the interview: Noting, observing, questioning

If the question is multiple choice, circle or mark an “X” on the chosen answer.

When “specify” is written and for some variables with “(LC)” (ex: occupation, income, ICD code
etc.), note the verbatim answer on the interrupted line. You will confirm with a List of Codes
afterwards.

Avoid missing data or “don’t know” answers. Insist to get an answer even if it's only an
estimation.

. After the interview: Reviewing, coding and proofreading

Code all the answers by entering their appropriate code in the boxes. EVERY BOX must
contain an entry.

When “specify” is written and for some variables with “LC” (ex: occupation, income, ICD code
etc.), refer to the List of Codes.

If you did not succeed in getting an estimation and remain with missing data, you should fill the
boxes with 99, 999 or 9999 accordingly.

If the question was not asked or not applicable, code 88, 888 or 8888, accordingly.

If you remain unsure as how to code your answer, contact the research coordinator to get help.
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MuCOSAL STUDY

Al Identification NUMDBDET . .....occiiii e e e e e Y
Center - Person #

(Person number = consecutive number, by centre)

A2. Participant’s initials (Name — SUIMAMmMEe) .....ccoeccueeiiiii ettt |||
A3, COUNTIY ottt ettt ettt e e e et e e e ete e e et e e etbe e e tteeeeabeesesseeennsesstbeeenseseeseesesesesnseeas | ]|
USA

Canada

Brazil

A HOSPITAI [LC] ittt sttt et st et e e saeee s sabe e s m b e e s e e sabbeesanbeesaneeas [ 1|
F NI D 1T o =L 1 0 41T o A PSP |||

(01) Otolaryngology

(02) Dentistry

(09) Other (specify)
AB. INTEIVIEWET [LC] cnnriiiiiiee ettt ettt e et e e et e e st e e e ate e e sabae e sataeesabeeentaeennsaeennns |||
A7. Date Of INTEIVIEW ..oceieeiieei ettt et brae e T Y

Day Month Year

A8. Beginning Of INTEIVIEW .....c..viiiiiiiieie ettt et et eeaae e e e [

Hour Min.
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Good morning.

My name iS.......cceeuveereennn. and first of all | would like to thank you for having accepted to participate in
this study. We are conducting a study in and in other countries in order to clarify if
certain characteristics and habits of men and women are related to developing some lesions in the
mouth and throat. For this purpose, we will interview many patients attending this and other hospitals.

If you agree, | will ask you several questions and the answers will be recorded on this form. | understand
that some of these questions may be difficult for you to answer, and exact dates may be hard to
remember. Please take as much time as you need so we can gather information, which is as accurate as
possible.

| would like to reassure you that all that is said during the interview will be strictly confidential and that
the information collected will only be used in scientific reports without any personal name or identifiers
being mentioned.

Any likely benefits of the study for the well-being of the population rely on the accuracy of your answers.
Therefore, if you do not understand the meaning of any of the questions, please don’t be afraid to ask.

At any time you may refuse to continue or to answer specific questions. In addition to the interview, the
study includes an examination of your mouth, and a collection of some cells from your mouth.

Can we start now?
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Identification NUMDET..........oooiei e |-

GENERAL INFORMATION

Female

B2. In this list, which ethnic groups best describes you? .........ccccoeeeeviieiiiieicnee e, | |

Check as many as applicable |||

(00)  White (Caucasian) ancestors from Europe or European-settled countries
such as Argentina, Australia, Brazil, USA, Canada and
Cuba

(01) Hispanic

(02)  African American ancestors from Africa, Haiti, etc.

(03) Arab ancestors from Middle East

(04)  Asian Indian ancestors from Indian subcontinent

(05) East Asian ancestors from China, Japan, Korea, Thailand, etc.
(06)  Pacific Islander ancestors from Hawaii, New Zealand, Polynesia, etc.

(07)  First Nation, Inuit, American Indian,
Alaska or Northwest Territory Native

(08) Mullato White and Black ancestors
(09) Mestizo White and Asian ancestors
(10)  Amazon Indian

(12)  Other, specify:

B3. HOW Old @I YOU? ....veeiiieeciiee ettt ettt e et e et e e te e e sabae e sebbeesabeeesabaeesabaeesabaeesreeenns ||
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B4. What is your date of birth? .......c.cccceoeeiiiiiiiee e, T Y T O Y T I I

Day Month Year

B5. In which town or district and in which country were you born? [LC] .......... Y P I I
Specify:
Town and district Postal code Country
B6. In which town or district do you live Now? [LC] ...c.coevvveviviiecieieeiee e I
Specify:
B7. For how many years have you been living there? .........cccceeiveiieeiiiceee e | |

(If less than a year code 00)

B8. Do you live in a rural (farm) or an urban (city) area? ......ccccceecieieeeciiiee e |||
Urban
Rural
Identification NUMbDEN.........coooie e e T

EDUCATION AND OCCUPATION

C1. Did you ever attend SChOOI? .........ooiiiiiiceee et | 1|
No (GO TO C3)

No, but | can read and write (GO TO C3)

Yes

C2. What is the highest level of education you have completed? .........ccccceevvveviereecieennnnn. |||
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For USA:

Only nursery school
Elementary school

Middle school

High school or GED
Vocational or trade school
Community college
University

Don’t know

For Canada:

Only nursery school
Elementary school
Secondary school
Vocational or trade school
CEGEP or college
University

Don’t know

For Brazil:

Only nursery school
Fundamental school
Intermediate school
Vocational or trade school
University

Don’t know

C3. What was your longest occupation? [LC]




Specify:

From age To age

C4. What was your age when you started and when you ended thisjob .... | | | |

C5. Please describe your job at that time (main task description) ..........ccceeveeeeuenes | ||

C6. What was the specialty of the company you worked for? [LC] ....cccceeveevvieeiiiiieennnns

Specify:
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Identification NUMDET..........oooiei e |-

ORAL HEALTH

D1. Do you wear COMPIete deNTUIES? ......cccueiievieeiieeeciee ettt e et et e eetreeeetee e esteeeeeaaeens |||

No (GO TO D4)

Yes, bottom only (GO TO D3)

Yes, top only

Yes, top AND bottom

D2. At what age did you start wearing complete top dentures? (Years) ....cccceeeeevveennen. .

D3. At what age did you start wearing complete bottom dentures? (Years) ..................

Interviewer reminder:

if the answer at D1 = (02), do not answer D3 and code 888

D4. Do you wear partial dentUIES? ....cceecciieecieee e eeceee e ere et sre e s ree s ebe e e s rae e eraeenans |||
No

Yes, bottom only

Yes, top only

Yes, top AND bottom

D5. How often do you clean your teeth? .........c..ooviieiiiiiiciie e [ 1|
Never (GO TO D9)

Less than once a week

1-2 times a week

Every other day

Once a day
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Twice or more a day

Not applicable (GO TO D9)

D6. Do you use any kind of substance to clean your teeth? .......ccccoeoveiiiviviiiiiiccieni e, ||
No
Toothpaste

Other, specify

D7. How often do you usually use MouthWash? ..........ccccoeciiiiiiiieciecceeccree e |||
Never

| used mouthwash only in the past

Less than once a week

1-2 times a week

Every other day

Once a day

Twice or more a day

D8. Do your gums bleed when you clean your teeth? ...........cccoeeiieiiiiiieccciee e, ||
No

Sometimes

Always or almost always

Not applicable

D9. Have you ever had pain or discomfort due to gum inflammation or periodontitis? ....... |||
No

Yes

Don’t know

Not applicable
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D10. Has any dentist/hygienist told you that you have gum diseases/periodontal disease?

No
Yes
Don’t know

Not applicable

D11. Has any dentist/hygienist told you that you have deep pockets (underneath your gums)?

No
Yes
Don’t know

Not applicable

D12. How often do you see @ dentiSt? .......ccceeeeeeeiecienieceeceee ettt ettt ||
(00) Never

(01) Every 6 months

(02) Every year

(03)  Every 2-5 years

(04)  Once every 5 years

D13. Have you ever had an oral biopsy? (excluding within this project) .........cccccccvveeenneee. |||

No (GO TO NEXT SECTION)

Yes

D14. At what age did you have your [ast DIOPSY? ....cccueeeciieeiieieiiee e ||

D15. What did it SNOW? ......uoeeeieiiieeeee ettt e [ .
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Specify:
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Identification NUMDET..........oooiei e |-

SMOKING AND CHEWING HABITS

E1l. Have you ever smoked in your life? (or chewed, any product, any amount) ......c...... | _|__|
Never (GO TO NEXT SECTION)
Yes, | still do

Yes, but only in the past

Think of the periods in your life during which you smoked cigarettes, cigars, pipe, chewed tobacco
products and/or marijuana, the amount you smoked/chewed/took and other details about the products.
Please try to summarize the most important changes in the amount and type of product.

E2. Do you or did you SMOKE CIZArettes? ........cccveiivireeeiiiiiee e cciieee e seieee e ssveee s e (@) | __|__|
No (GO TO E4)

Yes

Please describe the periods in your life in which you smoke cigarettes and the amounts. Please try to
summarize the most important changes in your life regarding the amount and type of product.

From To Brand or “hand-rolled” | Number Tobacco type (f) | Filter (g)
age() |age(@ | per day (e)

1

2

3

4

5

(f) (g)
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(01) Blond (01) Filter
(02) Black (02) Non filter

(99) Don’t know  (99) Don’t know

E3. How deeply do you usually inhale when you smoke cigarettes? ........c.cccccceeeviiienrnnenns ||
I don’t inhale

Just into my mouth

Back into my throat

Into my lungs shallow

Into my lungs deep

Don’t know (I smoke so little)

E4. Do you or did YOU SMOKE CIZAIS? ..ccveeieiieiieieeiieeieeiieeteesteeteeseeessreesreesneennesnneas @ I
No (GO TO E5)

Yes

Please describe the periods in your life in which you smoke cigars and the amounts. Please try to
summarize the most important changes in your life regarding the amount and type of product.

From To Brand (d) Number
age (b) age (c) per day (e)
1
2
3
ES. DO you of did yOU SMOKE PIPE? .....veeeeeiececteeeteieeeeeeeeae ettt es s saeae et s es s @1 _|_|
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No (GO TO E6)

Yes

Please describe the periods in your life in which you smoke pipe and the amounts. Please try to
summarize the most important changes in your life regarding the amount and type of product.

To

age (c)

Brand (d)

Number
per day (e)

From
age (b)
1
2
3
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E6. Have you ever chewed tobacco, betel quid, areca nut, or pan massala every day

for at least one

VLT L SRR (@) | _|__|I

Never (GO TO E7)
Yes, | still do

Only in the past

Please describe the periods in your life in which you chewed and the amounts. Please try to summarize
the most important changes in your life regarding the amount and type of product.

From To Product (d) Number of times
age (b) age (c) per day (€]
1
2
3
4
5
(d)
(00) Tobacco
(01) Areca nut with tobacco
(02) Betel quid with tobacco
(03) Areca nut without tobacco
(04) Betel quid without tobacco
(05) Pan massala
(06) Other, specify
E7. Have you ever snuffed tobacco daily for at least one year? ........cccceeeveevieeecrreeennee. @ |||

Never (GO TO E8)

Yes, | still do
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Only in the past

Please describe the periods in your life in which you snuffed tobacco and the amounts. Please try to
summarize the most important changes in your life regarding the amount.

To

age (c)

Number
per day (d)

From
age (b)
1
2
3
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E8. Do/did you ever smoke marijuana (marijuana = hashish = cannabis)? .................. (@) | _|__|

Never (GO TO E10)
Yes, | still do

Only in the past

Please describe the periods in your life in which you smoked marijuana and the amounts. Please try to
summarize the most important changes in your life regarding the amount.

From To

age (b) age (c)

2

3

Mixed with tobacco

(d)

Method (e) Unit (f)

Number per
day (g)

If still smoking, write age
at time of interview.

If less than one year, write
same age in (b) and (c)

(00) No
(01) Yes

(99) Not applicable

(00) Joints (00) Grams
(01) Pipe (01) Joints
(02) Bong

(03) Other,
specify :

If less than daily,
provide an
average

E9. How deeply do you usually inhale when you smoke marijuana? ........ccccccecevveeeeennnenn. |||

I don’t inhale

Just into my mouth
Back into my throat
Into my lungs shallow
Into my lungs deep

Don’t know (I smoke so little)
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E10. Do/did you ever smoke or inhale drugs (other than marijuana)? .........ccccceveeeverenneens |||
Never (GO TO NEXT SECTION)
Yes, | still do

Only in the past

If yes or in past, please list which drug:
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Identification NUMDET..........ooeiieeeeece e et [

EATING HABITS & BEVERAGES

Coffee /Tea Consumption

F1. Have you ever consumed coffee or tea at least once a month for at least 1 year? ...... |||
No (GO TO F3)
Yes

Don’t know (GO TO F3)

F2. Please describe the periods in your life when you consumed coffee or tea.

Try and summarize the most important changes in your life regarding your consumption of coffee, and
black or green tea while specifying the quantities. Please tell us about any interruptions lasting 1 year or
longer.

Avoid overlapping years for the same beverage, i.e., enter 30-40, 41-45 instead of 30-40, 40-45 years old.
Unit of measurement: average cup (8 oz / 250 ml).

Exclude herbal teas

a) Coffee c) Black tea
From To Nb. of | Per day, week From | To Nb. of | Per day, week
(age) (age) | cups or month (age) | (age) | cups or month
O day O week O day O week
O month O month
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O day O week O day O week
O month O month
O day O week O day O week
O month O month
O day O week O day O week
O month O month
O day O week O day O week
O month O month
b) Decaffeinated coffee d) Green Tea
O day O week O day O week
O month O month
O day O week O day O week
O month O month
O day O week O day O week
O month O month
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Consumption of beer, wine and spirits

F3. Have you ever consumed beer, wine, or spirits at least once a month for at least 1 year?

No (GO TO G1)
Yes

Don’t know (GO TO G1)

FA. When do YOU AFiNK? ..ooocueiiiiee ettt ettt ee e e et e teeeeeaaeseeaaeeeenbesesaneeens || |
With meals (including appetizer)

Between meals

Both

Only in social events

F5. Please describe the periods in your life when you consumed these beverages.

Try and summarize the most important changes in your life regarding your consumption of beer, wine,
and spirits while specifying the quantities. Please tell us about any interruptions lasting 1 year or longer.

Avoid overlapping years for the same beverage, i.e., enter 30-40, 41-45 instead of 30-40, 40-45 years old.

Unit of measurement: bottle of beer (12 oz / 375 ml), glass of wine (4 oz / 125 ml), bottle of wine (6
glasses), spirits, i.e. hard liquor or aperitifs (1.5 oz / 45 ml).

Beer Wine
From | To Nb. of Per day, week From | To Nb. of Per day, week
(age) | (age) | beers or month (age) | (age) | glasses or month

O day O week O day O week
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O month O month
O day O week O day O week
O month O month
O day O week O day O week
O month O month
O day O week O day O week
O month O month
O day O week O day O week
O month O month
O day O week O day O week
O month O month
O day O week O day O week
O month O month
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Spirits, hard liquors (>35%) Aperitif (<35%)

From | To Nb. of Per day, week From

(age) | (age) | glasses | or month (age)

To

(age)

Nb. of

glasses

Per day, week

or month

O day O week

O month

O day O week

O month

O day O week

O month

O day O week

O month

O day O week

O month

O day O week

O month

O day O week

O month

O day O week

O month

O day O week

O month

O day O week

O month

O day O week

O month

O day O week

O month

O day O week

O month

O day O week

O month

Spirits: whisky, cognac, vodka, cachaga, grappa,... Aperitif: martini, Porto, sherry, vermouth
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Identification NUMDET..........oooiei e |-

INTIMATE RELATIONSHIP & MARRIAGE

Now, | would like to ask you some questions about marriage and living as a couple.

G1. Have you ever been married or living in common [aw? .......ccccvvvieeeeiniivieiincieeee e ||
No (GO TO G3)

Yes

G2. Are you still married or living as Married? .........ccviiiiiiiiiieiiiie e esare e |1 |
No, separated / divorced
No, widowed

Yes

The next section of the questionnaire deals with issues regarding sexual behaviour and lifestyle. As you
know, our study is being conducted in many different countries and human behaviour in this regard can
vary markedly from country to country. However, we have learned how important sexual behaviour is in
the origin of many diseases. That is why it is considered an important topic to study.

We would be grateful if you would respond to this part of the questionnaire or as much of it as you feel
comfortable doing. Remember that results of the study will be anonymised and your responses will be
dealt with in strictest confidence.

Thanks again for your help.

G3. How many sexual partners (regular and casual) have you had in total in your life? ..... |||

Please think of when you first became sexually active and of the periods in your life in which you may
have been more sexually active or changed your sexual behaviour. For example from having more than
one concurrent partner to a monogamous relationship, or from a monogamous relationship to more
than one concurrent partner, or changed monogamous partners.
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G4. Please try to summarize the most important changes in your life regarding your sexual partners

From

age (a)

To

age (b)

Number

(c)

If difficult to
answer (d)

(d) If difficult to answer:

None

One

2-5

6-10

11-20

21-50

51-100

G5. How many of these were prostitute?

More than 100

Prefer not to say / Don’t know

From

age (a)

To

age (b)

Number

()

If difficult to
answer (d)

(d) If difficult to answer:

None

One

2-5

6-10

11-20

21-50

51-100

More than 100

Prefer not to say / Don’t know

G6. How would you describe your sexual relationships? .........ccoeeeieieeiciieiecceieee e, |||

With men only

With women only

With both men and women
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G7. Have you ever performed oral sex? (your mouth on your partner’s genitals) ............. | |

No (GO TO NEXT SECTION)

Yes

G8. How old were you when you performed oral sex for the first time? (your mouth on your partner’s
oL AT L= £ S ||

Prefer not to say / Don’t know

G9. How many partners did you have oral sex with in total in your lifetime? (your mouth on your

partner’s genitals)

G10. How often have you had oral sex? (your mouth on your partner’s genitals). Please try to summarize

the most important changes in your life regarding your sexual partners

From

age (a)

To

age (b)

Numbers of
times (c)

Frequency (d)

In your sexual encounters, how
often have you had oral sex? (e)

O day O week O month
O day O week O month
O day O week O month
O day O week O month
O day O week O month

O day O week O month

(e)

(00) Rarely (almost never)

(01)Occasionally (less than half the time)

(02) Often (more than half the time)

(03) Most of the time (almost every time)

(99) Prefer not to say / Don’t know
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Identification NUMDET..........oooiei e |-

HISTORY OF VARIOUS DISEASES

H1. Have you ever had SKin WartS? ......c..ecccieieiiieiiiie ettt ettt et e eeaee e eeane e |||
No (GO TO H3)
Yes

Prefer not to say / Don’t know (GO TO H3)

H2. If yes, where were they on your body?

Where?
Hands | 1__|
Feet ||
Head and Neck 1|
Other, specify |__|__|
(00) No
(01) Yes

(99) Prefer not to say / Don’t know

H3. Since you started you sexual life, have you ever had a yeast infection (Candida Albicans)?

No (GO TO H5)
Yes

Prefer not to say / Don’t know (GO TO H5)




H4. If yes, on what part of your body?

Where?

Genitals [ 1__|
Mouth |||

Other, specify [

(00) No
(01) Yes

(99) Prefer not to say / Don’t know

H5. Since you started you sexual life, have you ever had herpetic lesions (cold sore)? .. |

No (GO TO H7)

Yes

Prefer not to say / Don’t know (GO TO H7)

H6. If yes, on what part of your body?

Where?

Genitals | | |

Lip |||
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Other, specify [ 1__|

(00) No
(01) Yes

(99) Prefer not to say / Don’t know

H7. Have you ever had a sexually transmitted disease? ..........ccceeeeveeeiieeecieeiceiieeeeeee e |||
No (GO TO NEXT SECTION)
Yes

Prefer not to say / Don’t know (GO TO NEXT SECTION)

H8. If yes, which one(s)?

Gonorrhea (discharge) ||
Syphilis (ulcer) |__|__|
Condyloma (warts) [ ]|
Chlamydia (N

HIV / AIDS |||

(00) No
(01) Yes

(99) Prefer not to say / Don’t know
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Identification NUMDEI ... ... e

FAMILY HISTORY OF CANCER

Interviewer Reminder:

e Family includes these biological relatives: father, mother, brother, sister, son, daughter,
aunt, uncle, grand-mother, and grand-father.

I1. How many biological brothers do you have? ...........ccoeciiiiiiiiiiiie e |1 |

I2. How many biological sisters do you have? .........occviiiiiiiiiie e | ]

I3. How many biological daughters do you have? .........cccveeeiiiecciee e ||

14. How many biological sons do you have? ...........ccccviveiiieiiiiiceccee e |||

I5. Has any member of your family (blood relatives) ever had cancer, including yourself? . |

No (GO TO NEXT SECTION)

Yes

Don’t know (GO TO NEXT SECTION)

I6. Please describe ...

Relationship (a) | Status (b)

Current /
last age (c)

Type of cancer (d)

Type of tumor
(e) [LC]

Age at diagnosis
(f)
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6

Mother
Father

Sister

Brother
Daughter

Son
Grand-mother
Grand-father
Aunt/uncle

Yourself

(00) Deceased

(01) Alive

If alive, give present age.
If deceased, give age at death

(99) Don’t know
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16. Continue as needed ...

Relationship (a) | Status (b)

10

12

14

16

18

20

22

24

Mother (00) Deceased
Father (01) Alive
Sister

Brother

Daughter

Current / Type of cancer (d)
last age (c)

If alive, give present age.
If deceased, give age at death

(99) Don’t know
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Type of tumor

(e) [LC]

Age at diagnosis

(f)

(99) Don’t know




Son
Grand-mother
Grand-father

Aunt/uncle
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Identification NUMDET........cociiiiee e e Y T Y P
THANK YOU FOR HAVING AGREED TO ANSWER THIS QUESTIONNAIRE.
A9. ENd OF INEEIVIEW ...ttt ettt e st e s bnee s I Y |

Hour Min.

A10. Quality of interview (to be established by interviewer) ........cccccecvviecieeccieeeciee e | ] |
Unsatisfactory
Questionable
Reliable

High quality

Comments (use additional pages if necessary)
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Manuscript | - Supplementary Materials

Table S1: Prevalence of oral HPV in oral lesions among HIV-negative

level None Benign/Papill Precursor/Dys p
oma plastic

n 79 19 28

Any alpha (%) 0 60 (75.9) 8(42.1) 23(82.1) 0.005
1 19 (24.1) 11 (57.9) 5 (17.9)

alpha3 (%) 0 72 (91.1) 16 (84.2) 25 (89.3) 0.670
1 7(8.9) 3 (15.8) 3 (10.7)

Highrisk hpv (0 74 (93.7) 16 (84.2) 25 (89.3) 0.387

%)
1 5(6.3) 3(15.8) 3(10.7)

hpv16 (%) 0 76 (96.2) 17 (89.5) 26 (92.9) 0.474
1 3(3.9) 2 (10.5) 2(7.1)

Any beta (%) 0 31(39.2) 7 (36.8) 9(32.1) 0.800
1 48 (60.8) 12 (63.2) 19 (67.9)

betal (%) 0 49 (62.0) 12 (63.2) 11 (39.3) 0.096
1 30 (38.0) 7 (36.8) 17 (60.7)

beta2 (%) 0 47 (59.5) 11 (57.9) 19 (67.9) 0.703
1 32 (40.5) 8 (42.1) 9 (32.1)

beta3 (%) 0 69 (87.3) 18 (94.7) 25 (89.3) 0.653
1 10 (12.7) 1(5.3) 3(10.7)

hpv5 (%) 0 68 (86.1) 16 (84.2) 21 (75.0) 0.399
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1
hpv8 (%) 0

1
Anygamma( O
%)

1
gamma8 (%) O

1
gammall (%) O

1

11 (13.9)

76 (96.2)
3(3.8)

66 (83.5)

13 (16.5)

75 (94.9)

4(5.1)

75 (94.9)

4(5.1)

3 (15.8)

17 (89.5)
2 (10.5)

12 (63.2)

7 (36.8)

16 (84.2)

3 (15.8)

16 (84.2)

3(15.8)

7 (25.0)

24 (85.7)
4 (14.3)

23 (82.1)

5 (17.9)

27 (96.4)

1(3.6)

27 (96.4)

1(3.6)

0.148

0.129

0.180

0.180

Level: 0 = Negative, 1=Positive
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Table S2: Prevalence of oral HPV in oral lesions among PLWH

level None Benign/Papill Precursor/Dy p
oma splastic

n 132 18 19

Any alpha (%) 0 80 (60.6) 9 (50.0) 14 (73.7) 0.332
1 52 (39.4) 9 (50.0) 5(26.3)

alpha3 (%) 0 116 (87.9) 15 (83.3) 18 (94.7) 0.549
1 16 (12.1) 3(16.7) 1(5.3)

Highrisk hpv (0 103 (78.0) 13(72.2) 18 (94.7) 0.179

%)
1 29 (22.0) 5(27.8) 1( 5.3)

hpv16 (%) 0 116 (87.9) 15 ( 83.3) 19 (100.0) 0.219
1 16 (12.1) 3(16.7) 0 ( 0.0)

Any beta (%) O 38 (28.8) 4(22.2) 4(21.1) 0.685
1 94 (71.2) 14 (77.8) 15 (78.9)

betal (%) 0 49 (37.1) 6 (33.3) 7 (36.8) 0.952
1 83 (62.9) 12 (66.7) 12 (63.2)

beta2 (%) 0 79 (59.8) 11 (61.1) 11 (57.9) 0.979
1 53 (40.2) 7 (38.9) 8 (42.1)

beta3 (%) 0 116 (87.9) 17 (94.4) 17 (89.5) 0.706
1 16 (12.1) 1( 5.6) 2 (10.5)
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hpv5 (%)

hpv8 (%)

Any gamma (

%)

gamma8 (%)

gammal0 (%)

o

o

97 (73.5)

35 (26.5)

112 (84.8)

20 (15.2)

91 (68.9)

41 (31.1)
124 (93.9)
8 (6.1)
122 (92.4)
10 (7.6)

15 (83.3)

3(16.7)

15 ( 83.3)

3(16.7)

11 (61.1)

7(38.9)
17 (94.4)
1( 5.6)
18 (100.0)
0( 0.0)

15 (78.9)

4(21.1)

19 (100.0)

0( 0.0)

11 (57.9)

8 (42.1)
18 (94.7)
1(5.3)
18 (94.7)
1(5.3)

0.610

0.182

0.545

0.988

0.461
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To illustrate using the package with RRs, we consider data from a cohort study examined in Zou
(164). The study evaluated the effect of age and BMI on hypertension (193).

d1 = data.frame(age = rep(1,1021),
bmi = rep(1, 1021),
hypertension = rep(c(1,0), ¢(278,743)))

d2 = data.frame(age = rep(1,681),
bmi = rep(0, 681),
hypertension = rep(c(1,0), ¢(100,581)))

d3 = data.frame(age = rep(0,1385),
bmi = rep(1, 1385),
hypertension = rep(c(1,0), ¢(153,1232)))

d4 = data.frame(age = rep(0,1810),

bmi = rep(0, 1810),

hypertension = rep(c(1,0), ¢(79,1731)))
hypdata = rbind(d1,d2,d3,d4) #study data

Next, we fit a log-binomial regression with interaction term for age and BMI, and hypertension
as the outcome.

RRmodel = gim(hypertension ~ age*bmi, family = binomial(link = "log"), data = hypdata)
Then, we call the interactionR() function and generate the table:

library(interactionR)
v = interactionR(RRmodel, exposure_names = c("age", "bmi"), ci.type = "mover"”, em = F)
interactionR_table(v) #returns a publication-ready table.

Do you want to save a Microsoft Word copy of the em/interaction table to your working director
y? (yes/No/cancel)
Interaction of age and bmi
bmi absent bmi present Effect of bmi
within the
strata of age

RR [95% CI] RR [95% Cl] RR [95% CI]

age absent 1 [Reference]  2.53 [1.95, 2.53[1.95,
3.29] 3.29]

age present 3.36 [2.54, 6.24 [4.92, 1.85[1.51,

4.46] 7.91] 2.28]

Effect of age  3.36 [2.54, 2.46 [2.06,

within the 4.46] 2.95]

strata of bmi
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Multiplicative 0.73 [0.52,

scale 1.02]

RERI 1.34[0.31,
2.37]

AP 0.22 [0.06,
0.35]

Sl 1.34 [1.07,
1.69]

Column names: c1, c2, c3, c4

Notice that the tabling function recognizes the model as RR, and updates the effect measure
accordingly (instead of outputting “OR”). The returned point estimates and CI for RERI and AP
is as reported in Zou (Figure 5) for this data (164).
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