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Abstract

It has been hypothesized that, following a reduction in human papillomavirus (HPV) vaccine-
targeted genotypes, an increase in prevalence of other HPV types may occur due to reduced
competition during natural infection. Any apparent post-vaccination increase must be
distinguished from diagnostic artifacts consequent to consensus PCR assays failing to detect HPV
types present in low copy numbers in co-infected specimens (under the assumption that with a
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drop in vaccine-preventable types there may be increased detection of previously “masked” types).
We reanalyzed anogenital specimens to evaluate unmasking of HPV52 that may be caused by
elimination of HPV16. Using highly sensitive type-specific real-time HPV52 PCR, we retested
1,200 anogenital specimens (all HPV/52 negative according to consensus PCR assays) from six
epidemiologic studies (200 specimens/study; 100 HPV16+/study). Multivariate logistic regression,
with adjustment for age and number of sexual partners was used to evaluate the association
between HPV16 positivity and detection of HPV52. In our pooled analysis (n=1,196), presence of
HPV16 was positively associated with HPV52 detection (adjusted OR=1.47, 95% CI 0.76-2.82).
In our separate (study specific) analyses, a statistically significant association was observed in one
study that included HIV infected males (HIPVIRG study; adjusted OR=3.82, 95% CIl 1.19-12.26).
We observed a positive association between HPV16 viral load (tertiles) and detection of HPV52
(P for trend=0.003). These results indicate that diagnostic artifacts, resulting from unmasking of
HPV52, may occur in some settings in the evaluation of HPV type replacement. Additional studies
exploring the extent and severity of unmasking are needed.
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Introduction

Infection with oncogenic human papillomavirus (HPV) types is necessary for cervical
cancer development. Currently, two commercially available vaccines offer protection
against the two major oncogenic HPV types (16 and 18) and associated lesions, but only one
of these vaccines also protects against HPV types 6 and 11, which are responsible for the
majority of anogenital warts (1).

Vaccination has begun to reduce the prevalence and burden of vaccine-targeted HPV types
(2, 3); however, as this occurs, there is concern that abrogation of selective pressure could
lead to an increase in the prevalence of other non-vaccine HPV types. This phenomenon,
referred to as “type replacement”, may occur as a result of one or more HPV types becoming
unrestricted in their ability to occupy the niche originally taken by vaccine-targeted types
during natural infection. However, an apparent rise in non-vaccine HPV types may occur
due to diagnostic artifacts if there is competition between vaccine and non-vaccine HPV
types for reagents (e.g., primers) in consensus-primer polymerase chain reaction (PCR)
assays. In this situation, it is possible that prevalent non-vaccine types may be undetected.
For instance, if a co-infected specimen contains a much higher number of HPV16 genome
copies, then it may overwhelm the minority type(s) during PCR amplification, and as a
result, the specimen may be erroneously labelled as negative for the minority type(s).
Therefore, a reduction in the rate of detection of vaccine types post-vaccination in genital
specimens may lead to an apparent increase in some HPV types that were previously
masked. Such unmasking effect could be mistaken for type replacement. HPV16 is currently
the most common HPV type globally and is often present in high viral load concentrations.
Thus, compared with other genotypes targeted by vaccination (HPVs 6, 11, and 18),
reductions in HPV16 prevalence post-vaccination will likely be most responsible for
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unmasking. Previous International Agency for Research on Cancer (IARC) studies
evaluating HPV type interactions, among specimens from both men and women, suggested
that diagnostic artifacts may explain the apparent clustering of certain HPV infections, e.g.
HPV52 with other types (4, 5).

Recently, unmasking has been cited as a possible explanation for negative vaccine efficacy
observed in one trial for some endpoints involving specific HPV genotypes, particularly
HPV52 (6). In addition, two studies evaluating the population effect of vaccination in the
United States and Scotland recently revealed slight increases in certain HPV types, including
HPV52 (2, 3). PCR does not always amplify different DNA segments with equal efficiency
and reduced sensitivity of consensus primer PCR (compared with type-specific or multiple
primer systems) for detection of certain HPV types in co-infected specimens has been
reported and found to be associated with lower viral DNA load (7-10). Recently, one study
found that in specimens co-infected with HPV16 and either HPV 18, 51, 52, or 58,
consensus PCR often failed to detect the latter types, particularly at lower viral loads and for
HPVs 51 and 52 (9). Therefore, despite lack of evidence of HPV type competition from
most epidemiological studies (11), results from these studies comparing different PCR
assays (7-10), as well as the recent report of negative vaccine efficacy against HPV52
associated cervical neoplasia (6) is what motivated us to focus our evaluation on unmasking
of HPV52. It is important to explore whether increases in the prevalence of HPV52 and
other genotypes observed following vaccination may be the result of true type replacement,
or an artifact of unmasking.

Our objective was to explore the potential for unmasking of HPV52 attributable to a
reduction in HPV16 post-vaccination. We investigated whether detection of HPV52 using a
sensitive type-specific PCR assay varies according to HPV16 positivity and viral load
among specimens originally HPV52 negative.

Materials and Methods

Study design and specimen selection

Specimens were available from the following studies: Ludwig-McGill cohort study (12),
HPV Infection and Transmission among Couples through Heterosexual Activity (HITCH)
study (13), McGill-Concordia cohort study (14), Biomarkers of Cervical Cancer Risk
(BCCR) case-control study (15), Canadian Cervical Cancer Screening Trial (CCCaST) (16),
and the Human Immunodeficiency and Papilloma Virus Research Group (HIPVIRG) study
(17). Each of these studies was approved by their respective institutional review boards.
Informed consent was obtained from all participants prior to enrolment.

In total, 1,200 anogenital specimens from 1,000 women and 200 men were selected for
retesting using HPV52 type-specific PCR on the basis of previous testing done using
consensus-primer PCR. From each of the aforementioned six studies (12-17), an equal
number of specimens (n=200; all HPV/52 negative) were randomly selected based on the
following criteria. Half of the specimens (n=100) were positive for HPV16, and the other
half were negative for HPV16. Because all anogenital HPV types share a common
transmission route, subjects with HPV16 (or any other HPV type) would also be at higher
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risk of HPV52 infection. Thus, to avoid major confounding we selected for retesting only
HPV positive specimens. Among HPV16 negative specimens, half (n=50) were positive for
an HPV type phylogenetically related to HPV16 (a-9 species; except HPVs 16 or 52) and
the other half were positive for some other non a-9 HPV type. This strategy ensured we
could later explore if there was a difference in HPV52 detection between these two HPV16
negative groups.

Laboratory assessments

Self or provider-collected anal, cervical, or cervicovaginal specimens were obtained using
swabs, cytobrush or spatula, according to the parent study's protocol. HPV DNA testing and
genotyping was performed in the original studies with consensus primer assays (L1 PGMY
or MY09/11 and hybridization with oligonucleotide probes and restriction fragment length
polymorphism analysis, linear array, or line blot assay), which detect 27 to 40 different HPV
types. For the present study, specimens were retested (blinded to HPV16 status) using a
type-specific, real-time HPV52 PCR, which is capable of detecting as few as 10 HPV52
copies per assay (18). HPV16 viral load was quantified according to a well-established real
time PCR protocol (19) and expressed as the number of HPV DNA copies per cell.

Statistical analyses

Results

Logistic regression was used to estimate odds ratios (ORs) and associated 95% confidence
intervals (CIs) for the effect of HPV16 positivity on HPV52 detection. Separate analyses
were performed for each study adjusted for age and lifetime number of sexual partners
(multivariate model; covariates based on a priori knowledge), as well as pooled across
studies (with adjustment for study in both crude and adjusted models). The CCCaST trial
included participants from St. John's (Newfoundland) and Montreal (Quebec).
Unfortunately, women from the St. John's site did not provide information on sexual history,
which led to the exclusion of some specimens in our fully adjusted models (n=76). By
eliminating adjustment for sexual history as part of our sensitivity analyses, we were then
able to include all CCCaST specimens in our pooled analysis. Analyses restricted to
cervical/cervicovaginal specimens from female subjects (i.e., excluding anal specimens from
male HIPVIRG participants) were also performed.

Logistic regression was also used to evaluate the effect of HPV16 viral load on HPV52
detection. For each study, HPV16 viral load was categorized into study specific tertiles (low,
medium, high). We estimated ORs for each tertile with the HPV16 negative group as the
reference category. Similar sensitivity analyses as above were performed in our evaluation
of the effect of HPV16 viral load on unmasking of HPV52.

Among the 1,200 specimens selected for HPV52 retesting, 1,196 had sufficient beta-globin
and were evaluable. In total, 49 specimens tested positive for HP\VV52 and the majority
(30/49) were detected among the HPV16 positive group (Table 1). Focusing on HPV16
negative specimens, detection of HPV52 was similar between the group containing a-9 HPV
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types and the group that contained other (non a-9) HPV types (11/300 versus 8/298,
respectively).

Across all studies, the average number of HPV types detected among HPV16 positive and
HPV16 negative specimens was 2.8 and 2.4, respectively. Accounting for age and lifetime
number of sexual partners, additional HPV types present within specimens was associated
with an 18% increase in HPV52 detection. Overall, we observed a pooled adjusted OR of
1.47 (95% CI 0.76, 2.82) for the association between HPV16 status and HPV/52 detection;
however, we also observed substantial heterogeneity across studies (test for heterogeneity:
p-value=0.08). A statistically significant positive association was observed in HIPVIRG, but
not in the other studies (table 1). A negative association between HPV16 status and HPV52
detection was suggested in the CCCaST study; however, this association was not statistically
significant. From the St. John's study site in CCCaST, HPV52 was detected in four of the 76
specimens, all of which were HPV16 negative. Excluding sexual history from our
multivariate model, which allowed all CCCaST specimens to be included, had little impact
on our results (pooled adjusted OR=1.33, 95% CI 0.71, 2.46). However, in our pooled
analysis restricted to female cervicovaginal specimens (HIPVIRG study excluded), a null
association between HPV16 status and HPV52 detection was observed (table 1).

We observed a strong positive association between HPV16 viral load (tertiles) and detection
of HPV52 (Table 2, P for trend=0.003). There was no meaningful change in our viral load
results when we restricted our analysis to cervicovaginal specimens only (i.e., females
without HIV infection), or when we included all CCCaST specimens (adjustment for age
only in our pooled analysis; results not shown).

Discussion

In specimens tested via consensus PCR, HPV16 positivity was associated with masking of
HPV52 positivity in the HIPVIRG and BCCR studies. These two studies, unlike the others,
included participants with HIV infection or high-grade cervical lesions, respectively. In
general, high viral load HPV infections are more common among individuals with low
immunity or cervical neoplasia, which may explain why an effect was observed in
specimens from these studies, but not the others (20). Our interpretation is also supported by
our results revealing a greater unmasking effect in specimens with higher HPV16 viral load.

To our knowledge, this is the first study designed specifically to evaluate the potential for an
HPV type to be masked if in a specimen co-infected with HPV16. Our findings suggest that,
all else being equal, elimination of HPV16 via vaccination may lead to some unmasking of
previously undetectable infections with a type such as HPV52. Important strengths of our
study were its size and the diverse study populations from which specimens were selected.
Had we focused our analysis exclusively on specimens from females or disease free
individuals, we would have missed the opportunity to discover an HPV16 induced masking
effect in the two aforementioned studies. A possible limitation of our study was that the
HPV16 negative group remained positive for other HPV type(s). As a result, masking of
HPV52 may have occurred in this group as well, causing our effect estimates to be biased
towards zero. But since those with HPV16 are at much higher risk of infection with other
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types (including HPV52), this decision was intended to avoid confounding by sexual activity
and other risk factors common to all HPV types. Despite this conservative approach, we still
observed a strong and statistically significant effect in the HIPVIRG study, as well as at
higher HPV16 viral loads. For our pooled analyses (Table 1; all studies and all studies
excluding HIPVIRG), we also performed sensitivity analyses restricted to specimens with
exactly two HPV infections (i.e., the infection on which selection was based, plus one other)
but found that results were not meaningfully different (data not shown), therefore providing
reassurance that confounding by sexual behaviour did not bias our original results.

As investigators begin to evaluate HPV type replacement, they will rely on time point
comparisons of HPV prevalence from surveys before and after vaccination. However, if an
increase in HPV52 (or other HPV types) is observed post-vaccination, unmasking should be
suspected. Based on results from this study, correction formulas for adjustment of baseline
prevalence of HPV52 infection due to masking may not be necessary in all settings and will
likely depend on the risk group being considered. For example, masking of HPV52 may be
less common among specimens from low-risk individuals in North America. Meanwhile, in
parts of sub-Saharan Africa or other high-risk regions where there is high prevalence of HIV
and HPV co-infection, elimination of vaccine target types could lead to larger increases in
the prevalence of HPV52 or other HPV types due to unmasking.

Globally, consensus primer PCR assays are the most common HPV DNA tests used for
research and surveillance. To evaluate whether different assays perform similarly in cases of
multiple HPV infection, the World Health Organization HPV laboratory network has now
assembled blinded “proficiency panels”, and so far results from more than 100 laboratories
indicate that masking is a definite problem for some of these assays (10). In the 2010 HPV
genotyping proficiency panel, samples included 16 HPV types (6, 11, 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 66, and 68a/68b) and across laboratories, 24 different genotyping
methods were used, including Linear Array (most common), line blot assay, and type-
specific real-time PCR. In both single and multiple infections, proficient typing was defined
as: detection of 50 international units (genome equivalents) per 5 pul of HPV16 and HPV18,
detection of 500 genome equivalents per 5 pl for the remaining 14 HPV types, and not more
than one false-positive result (10). In two of our parent studies (Ludwig-McGill and McGill-
Concordia), the MYQ09/11 PCR protocol was used in combination with hybridization using
individual oligonucleotide probes/restriction fragment length polymorphism or reverse line
blot assay, respectively. In the remaining studies, consensus primer PGMY09/11 PCR was
used with either linear array (HITCH and CCCaST) or reverse line blot assay (BCCR and
HIPVIRG). Although linear array, which employs a cross-reactive probe to detect HPVs 33,
35, 52 and 58, is known to have issues in its ability to accurately detect HPV52 (18, 21), this
test was not used in HIPVIRG and therefore issues surrounding this cross-reacting probe
cannot be responsible for unmasking that we observed in this study.

To avoid false reports of type replacement, correction formulas to account for unmasking
may be useful for comparison of pre- and post-vaccination HPV prevalence in certain
settings. For example, focusing on HPV52, if X represents the number of newly detected
HPV coinfections involving HPVs 16 and 52 using type-specific PCR, and Y represents the
original number of HPV16/52 coinfections detected using consensus PCR in the population;
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then the basic formula to calculate type replacement to be expected resulting from
elimination of HPV16, but attributable to unmasking in a specific population/risk group is
[(X)/(X+Y)]*100%, which assumes random sampling and appropriate sampling error
calculations. Future studies evaluating the potential for unmasking of HPV/52 and other
genotypes in low- and high-risk settings will be helpful for determining the extent and
severity of unmasking.

Acknowledgments

We are indebted to Silvaneide Ferreira, José Carlos Prado, Maria C. Costa, Joao S. Sobrinho, Héléne Voyer,
Véronique Legault, and Julie Guénoun for the HPV DNA assays and to Luiza Baggio, Lenice Galan, Gail Kelsall,
Suzanne Dumais, Natalia Morykon, Amelia Rocamora, Nathalie Slavtcheva, and Allita Rodrigues, for patient and
data management in the parent studies.

Financial support: Funding for this study and for the parent investigations was provided by the Society of
Gynecologic Oncology of Canada, the Canadian Institutes of Health Research (grants MOP-53111, MOP-49396,
MOP-68893, MOP-42532, MCT-54063, MOP-67155, CRN-83320), Canadian Cancer Society (grant 12030), the
US National Institutes of Health (grants CA70269, A1073889), and by the Réseau FRSQ SIDA maladies
infectieuses. A.N.B. and A K. are supported by CIHR New Investigator awards.

References

1. Schiller JT, Castellsague X, Garland SM. A review of clinical trials of human papillomavirus
prophylactic vaccines. Vaccine. 2012; 30(Suppl 5):F123-38. [PubMed: 23199956]

2. Markowitz LE, Hariri S, Lin C, Dunne EF, Steinau M, McQuillan G, et al. Reduction in human
papillomavirus (HPV) prevalence among young women following HPV vaccine introduction in the
United States, National Health and Nutrition Examination Surveys, -2010. J Infect Dis. 2013;
208:385-93. [PubMed: 23785124]

3. Kavanagh K, Pollock KG, Potts A, Love J, Cuschieri K, Cubie H, et al. Introduction and sustained
high coverage of the HPV bivalent vaccine leads to a reduction in prevalence of HPV 16/18 and
closely related HPV types. Br J Cancer. 2014

4. Vaccarella S, Franceschi S, Snijders PJ, Herrero R, Meijer CJ, Plummer M. Concurrent infection
with multiple human papillomavirus types: pooled analysis of the IARC HPV Prevalence Surveys.
Cancer Epidemiol Biomarkers Prev. 2010; 19:503-10. [PubMed: 20142247]

5. Vaccarella S, Plummer M, Franceschi S, Gravitt P, Papenfuss M, Smith D, et al. Clustering of
Human Papillomavirus (HPV) Types in the Male Genital Tract: The HPV in Men (HIM) Study. J
Infect Dis. 2011; 204:1500-4. [PubMed: 21908729]

6. Wheeler CM, Castellsague X, Garland SM, Szarewski A, Paavonen J, Naud P, et al. Cross-
protective efficacy of HPV-16/18 AS04-adjuvanted vaccine against cervical infection and precancer
caused by non-vaccine oncogenic HPV types: 4-year end-of-study analysis of the randomised,
double-blind PATRICIA trial. Lancet Oncol. 2012; 13:100-10. [PubMed: 22075170]

7. Gravitt PE, Peyton CL, Alessi TQ, Wheeler CM, Coutlee F, Hildesheim A, et al. Improved
amplification of genital human papillomaviruses. J Clin Microbiol. 2000; 38:357-61. [PubMed:
10618116]

8. Chan PK, Cheung TH, Tam AO, Lo KW, Yim SF, Yu MM, et al. Biases in human papillomavirus
genotype prevalence assessment associated with commonly used consensus primers. Int J Cancer.
2006; 118:243-5. [PubMed: 16032705]

9. Mori S, Nakao S, Kukimoto I, Kusumoto-Matsuo R, Kondo K, Kanda T. Biased amplification of
human papillomavirus DNA in specimens containing multiple human papillomavirus types by PCR
with consensus primers. Cancer Sci. 2011; 102:1223-7. [PubMed: 21388488]

10. Eklund C, Forslund O, Wallin KL, Zhou T, Dillner J. The 2010 global proficiency study of human

papillomavirus genotyping in vaccinology. J Clin Microbiol. 2012; 50:2289-98. [PubMed:
22535980]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Totaetal.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Page 8

Tota JE, Ramanakumar AV, Jiang M, Dillner J, Walter SD, Kaufman JS, et al. Epidemiologic
approaches to evaluating the potential for human papillomavirus type replacement
postvaccination. Am J Epidemiol. 2013; 178:625-34. [PubMed: 23660798]

Franco E, Villa L, Rohan T, Ferenczy A, Petzl-Erler M, Matlashewski G. Design and methods of
the Ludwig-McGill longitudinal study of the natural history of human papillomavirus infection
and cervical neoplasia in Brazil. Ludwig-McGill Study Group. Revista panamericana de salud
publica = Pan American journal of public health. 1999; 6:223-33. [PubMed: 10572472]

Burchell AN, Tellier PP, Hanley J, Coutlee F, Franco EL. Human papillomavirus infections among
couples in new sexual relationships. Epidemiology. 2010; 21:31-7. [PubMed: 19907332]
Richardson H, Kelsall G, Tellier P, Voyer H, Abrahamowicz M, Ferenczy A, et al. The natural
history of type-specific human papillomavirus infections in female university students. Cancer
Epidemiol Biomarkers Prev. 2003; 12:485-90. [PubMed: 12814991]

Koushik A, Ghosh A, Duarte-Franco E, Forest P, Voyer H, Matlashewski G, et al. The p53 codon
72 polymorphism and risk of high-grade cervical intraepithelial neoplasia. Cancer Detect Prev.
2005; 29:307-16. [PubMed: 16122882]

Mayrand MH, Duarte-Franco E, Coutlee F, Rodrigues I, Walter SD, Ratnam S, et al. Randomized
controlled trial of human papillomavirus testing versus Pap cytology in the primary screening for
cervical cancer precursors: design, methods and preliminary accrual results of the Canadian
cervical cancer screening trial (CCCaST). Int J Cancer. 2006; 119:615-23. [PubMed: 16572425]

de Pokomandy A, Rouleau D, Ghattas G, Vezina S, Cote P, Macleod J, et al. Prevalence,
clearance, and incidence of anal human papillomavirus infection in HIV-infected men: the
HIPVIRG cohort study. J Infect Dis. 2009; 199:965-73. [PubMed: 19239366]

Coutlee F, Rouleau D, Ghattas G, Hankins C, Vezina S, Cote P, et al. Confirmatory real-time PCR
assay for human papillomavirus (HPV) type 52 infection in anogenital specimens screened for
HPV infection with the linear array HPV genotyping test. J Clin Microbiol. 2007; 45:3821-3.
[PubMed: 17898159]

Gravitt PE, Peyton C, Wheeler C, Apple R, Higuchi R, Shah KV. Reproducibility of HPV 16 and
HPV 18 viral load quantitation using TagMan real-time PCR assays. J Virol Methods. 2003;
112:23-33. [PubMed: 12951209]

Kovacic MB, Castle PE, Herrero R, Schiffman M, Sherman ME, Wacholder S, et al. Relationships
of human papillomavirus type, qualitative viral load, and age with cytologic abnormality. Cancer
Res. 2006; 66:10112-9. [PubMed: 17047075]

Castle PE, Gravitt PE, Solomon D, Wheeler CM, Schiffman M. Comparison of linear array and
line blot assay for detection of human papillomavirus and diagnosis of cervical precancer and
cancer in the atypical squamous cell of undetermined significance and low-grade squamous
intraepithelial lesion triage study. J Clin Microbiol. 2008; 46:109-17. [PubMed: 17989194]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 January 01.



Page 9

Totaetal.

91BLINSS 0 B|Ce 10U ‘TJ/N ‘USW UM X3S BABY OUM UaW ‘NSIN

‘(Auo

a1Is Apnis s,uyor “1S) s10algns uIeLIad Wouy Palas||02 10U Sem UOIRWIOLUI Sisulted [enxas 4o Jaquinu asneaaq sisAjeue pajood paisnipe wouy papnjoxa aiam (9/=u) Apnls 1 SeDDD Wol) suswioads mEomw

'SUaWI12ads [eIIAIB 10 [euIBeAODIAISD JaYIe Papnjoul SIBUIO0 [[e ‘suawidads [eue papnjoul yeyl Apnis Ajuo ayl sem SHIACIH

p

'SUBWI3ds Pajaa||02-1apIno.d UeY) Jayyel -§|s pue ‘suswidads [eulbenodinIad papnjoul reyl Apnis Ajuo ay) sem Io._._Io

*(Ajuo abe 1oy paisnipe) Apnis 1 SeDDD 104 1dadxa ‘(sisAjeue pajood) Apnis pue ‘siaupred [enxas Jo Jaquinu awiayl] ‘abe oy paisnipy

a

*Bunsal YNQ AdH d9d Jawiid snsussuod 0) BuipI0de saipnis 824n0s 8y Ul aAIeBau ZGAdH Alfeu1Blio aiem suswioads v,

‘80"0=anfen-d :sa1pms usamiag Alsuabolaiay 10y 1581

(€6'T 's€°0) 28°0 (L0'Z'87°0) 00°T 8vz/L 05Z/8 861/ST (Papnjaxa DYIAIH) gS81pPNIs |1V
(28'2'92°0) L¥'T (26'2'06°0) 29°T 86¢/8 00€/TT 865/0€ aS3IpNIs |1
(9z'zT'6T'T) 28°€ (zer'sen vy 0S/T 0S/€ 00T/ST epeue) ‘[eallUON ‘SIA £9-TZ ‘AIH YNM SINSIN ‘80-2002 pOYIAdIH
[P . i T . epeue) ‘s,uyor 1S/|eajuoin
(TL1'110) €10 (g6'T '9T°0) 550 05/5 0s/2 00T/v ‘1 69-0E ‘190UED [EIAII 10} PAUSBIIS S3[EW) 190-2002 1sed20
o e . .0 fnp . epeuUR) ‘[ealiuo|N ‘SIA G/-8T
(156 'L¥70) ¥T'2 (07'8'05°0) ¥0°2 6v/T 0S/2 00T/9 'SUOISB] [E9IAI8D SN0139UE23Id TNOLIIM/LNM SB[EW3} ‘60-T00C d004
epeue)
IN N 05/0 0s/0 00T/E ‘leasjuoN ‘I GZ-8T .‘_wctma 9lew B Yl SJuspnIs ajewsy ‘:€T-5002 oIU._._I
(TT'L'€T°0) L6 (LT'L'vT°0) 66°0 0S/0 0S/2 001/2 epeURD ‘[e3.IUOIN ‘SIA G-/ T ‘SIUSPNIS S[eWa) :Z0-966T  BIPJOOUOD-|I1DIN
ENN 3N 6Y/T 0S/2 86/0 [1Zeig ‘ojned 0gS ‘sIA 09-8T ‘sd[ews} SLI0dUI MO| ‘G0-E66T 1199N-Bimpn
snipy . (edA16-p 10U . (edA16-p
gPeEnP opnio +AdH) -9TAdH +AdH) 9TAdH  TITAdH
uoire|ndod Apnis/(dn-mo|jo) pue JuswIN I3 1) S Jes A Apnis
(eoue BB 1) -9T AdH 'SA +9TAdH (1D %G6) 4O N ‘Suewoads [e10)/SUBWIBRAS +ZGAdH
edDd 014109ds

9dA ] 26 AdH Busnsuswiseds [euy/[edIARD Pa1Iaes Jo Buliseley Uo paeseg uo1elRd ZSAdH pPuesnielsS 9T AdH Usemieg UoITeIooss Y

NIH-PA Author Manuscript

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 January 01.



Page 10

Totaetal.

*(Ajuo aps Apnis s,uyor 1S) $198lgNs UILLIS WO} PaII3]|09 10U SeM UOIRWLIOJUI Siauled [enXas JO Jaquinu asneaaq sisAjeue wolj papnjoxa alam (97=u) Apnis 1SeDDD Wolj suswioads mEomH

*Apnis pue ‘siaupied |enxas Jo Jaquinu awiayl| ‘abe Joy vmums._c,ﬁ

"Bunsal WNQA AdH d0d Jawiid snsuasuod 01 Buipioaoe aAieBau ZGAdH 84am suawiads ||y

'25'0=anjeA-d :sa1pnis usamiag Allsusbolaiay 1oy 1sa ]

(¥T'5'80'T) 9€'C  66T/T ¥€/9 €€/C Vel Ve veE 0€/0 ubIH
(Sr'€'s50) 8E'T  YBT/TT €e/L cele €€/0 €en €en 0€/0 3IPPIN
(Tez've0) €L0  ¥6T/S 214 ¢€/0 €€/ €T €€/0 0€/0 Mo
+9TAdH
8l 865/6T 00T/¥ 00T/L 66/€ 00T/0 00T/¢ 66/€ -9T AdH

$R1PNE IV 0L  OYIAdIH 1SeDDD ¥008 HOLIH EIpIoduoD-[IIDdN (1199 N-Bimpn-
(sa11101) peO| [RIIAQT AdH

(12 %S6) | HO N ‘SUWI0ads [e10)5UBWI9adS +ZGAdH

,40d o1410ds-adA |

ZGAdH Busn suswnads feuy/[eaInRD PeIsfes Jo Bunsey Uo peseq uo19831ed ZGAdH PUe SNIeIS Peo|-fedIA 9T AdH Usemiag Uo1Teidossy
Z oIgelL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 January 01.



