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 HPV-associated cancer epidemiology

e Virus-like particle (VLP) HPV vaccines
* Vaccine strain coverage and mechanisms of protection

e Key issues for HIV-infected populations
* Cross protection against non-vaccine strains
e Secondary prevention among those with prevalent HPV infections

e HPV-vaccine trials in HIV-infected populations
e Second generation VLP vaccines
 HPV therapeutic vaccines?



Lines divida

HPY COMES IN MANY FORMS

Tens of different papillomavirus types infect
hurnans, but only 2 handful are harmful,

Mapping HPV types by genus (right) reveals
that certain species often cause simlar warts and

lesions, with most of the HPV types that cause Nonilhumarj a
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shared pathology doesn't always indicate close
family ties; HPV types 1, 2 and 4, which all cause
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Prevalence of HPV-associated Cancers:
Global & U.S.
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Papillomavirus Virion-related Structures
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Mechanism of HPV Mucosal Infection
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2 Mechanisms of Neutralizing Antibody-
mediated Protection
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Natural History of Cervical HPV Infection in
Immunocompetent Women
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High and Low Risk Human HPV Types

e Low Risk
e 6,11, 40, 42,43, 44,53,54,61, 72,73 and 81
e High Risk
« 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68




Characteristics of Current
L1-expressing VLP Vaccines

Table 1| Characteristics of commercial human papillomavirus virus-like particle-based vaccines

Cervarix
Manufacturer GlaxoSmithKline Biclogicals

VLP typesincluded HPV16andHPV18
Dose of L1 protein 20pg from both types

Producer cells Trichoplusiani(Hi5) cell line infected with
L1-recombinant baculovirus

Adjuvant 500 1g aluminium hydroxide and 50 g
3-0-deacylated-4"-monophosphoryl lipid A

Injection schedule 0,1 and 6 months

HPY, hurman papillomeavirus, VLE virus-like particle.

Schiller JT, Lowy DR. Nat Rev Microbiol. 2012 Oct;10(10):681-92

Gardasil
Merck
HPVE, HPV 11, HPY 16 and HPWV18

20pg (HPVE), 40png (HPV11), 40pg (HPV16)
and 20pg (HPV18)

Saccharomyces cerevisiae expressing L1

225 pg aluminium hydroxyphosphate
sulphate

0, 2 and & maonths



Efficacy of Current L1-expressing VLP Vaccines

Table 2 | Efficacy of human papillomavirus virus-like particle-based vaccines™

End point’

CIN

CIN I
Cenital warts
AlN

Lenital warts

Sex of individuals Age ofindividuals Vaccine

Female
Female

Female
Male
Male

{years)
1525
15-26
15-26
1626
16-26

Cervarix
Cardasil
Cardasil
Cardasil
Cardasil

Schiller JT, Lowy DR. Nat Rev Microbiol. 2012 Oct;10(10):681-92

Trial requirement Efficacy’ (95% CI)

[TT-naivel 100% (90.5-100)
[TT-naive 100% (85.5-100)
[TT-naive 96.4% (91.4-98.3)
PPE" 775% (32.6-93.3)
PPE 89.4% (65.5-97.9)



Do VLP HPV Vaccines have a role in secondary
orevention?

e gHPV vaccine did not clear pre-existing HPV infection or SIL in randomized
controlled. (Hildesheim et al, JAMA 2007)

e HIV-infected MSM are infected with multiple strains of HPV, including
oncogenic strains (Machalek et al, Lancet Oncol 2012)

e But 2 retrospective studies suggest VLP HPV vaccines may prevent
recurrent cervical and anal disease after treatment

e Joura BMJ 2012
 Swedish CID 2012

e Not clear if patients with low levels of vaccine strain HPV antibodies who
?|r§ ;Opl\él)DNA negative may derive protection from HPV vaccines (Sadlier

e Clinical trials are needed




Effect of Quadrivalent HPV Vaccine

on Pre-existing HPV Infection

Table 2. Viral Clearance and Vaccine Efficacy for Viral Clearance for HPY-16 and HPW-18 by

Study Croup at € Months and 12 Months of Followe-up

MNo. Cleared/Total Infections (%)

[
HPV Vaccine

Vaccine Efficacy

Conclusion In women positive for HPV DNA,

HPV-16/18 vaccination does not accelerate

clearance of the virus and

should not be used to treat prevalent infections.
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Follow-up Time, mo Group Control Group % (969 CI)
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Prevalence of PCR-detected Anal HPV among
MSM, by

Presd arvce (%)
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Prevalence of PCR-detected Anal HPV 16/18
among MSM, by HIV-status
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Effect of Quadrivalent HPV Vaccine in Women
Treated for Cervical or Vulvar HPV-related Disease

e Retrospective analysis of FUTURE | and FUTURE 2 Gardisil trials

e 2054 of 17 622 women underwent cervical surgery or were diagnosed with
vaginal or vulvar intraepithelial neoplasia

e Of those who underwent cervical surgery, 587 received vaccine & 763
placebo

 The incidence of any subsequent HPV related disease was 6.6 and 12.2 in
vaccine and placebo recipients respectively

e 46.2% reduction (95% Cl: 22.5% to 63.2% with vaccination)

e Vaccination was associated with a significant reduction in risk of any
subsequent high grade disease of the cervix by 64.9% (20.1% to 86.3%).

Joura et al. BMJ 2012 Mar 27;344:e1401. 16



Prevention of recurrent HGAIN with gHPV
vaccination of MSM: a nonconcurrent cohort study

e 202 patients with a history of previously treated HGAIN.
e One-third HIV-infected
e 84 were vaccinated, and 114 were unvaccinated

e During 340.4 person-years follow-up, 12 (13.6%) vaccinated patients and
35 (30.7%) unvaccinated patients developed recurrent HGAIN.

e Testing positive for oncogenic HPV genotypes within 8 months before study
entry was associated with increased risk of recurrent HGAIN at 2 years
after study entry

* HR 4.06; 95% CI: 1.58-10.40

e gHPV was associated with decreased risk of recurrent HGAIN
e HR .50; 95% Cl: 0.26—-0.98

Swedish K A et al. Clin Infect Dis. 2012;54:891-898



Time to recurrence of high-grade anal neoplasia amo  ng vaccinated and unvaccinated oncogenic
fected men who have sex with men with a history of high-grade anal
neoplasia, New York City, April 2007—April 2011 (n = 105).
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Why would VLP HPV vaccination be effective
in preventing recurrent HPV-related disease?

e VLP vaccine does not clear pre-existing HPV infection or treat pre-existing
SIL (Hildesheim JAMA 2007)

e Possible mechanism of secondary preventive effect (Swedish CID 2012)

e Antibody levels, much higher after vaccination than natural infection, prevent viral
binding to the basement membrane and entry into basal cells

 Mutated epithelial cells with integrated virus in the primary disease were removed at
treatment,

* but cells with free nuclear HPV were left behind.
e gHPV antibodies prevent host reinfection.
e Reinfection would increase risk of integration and neoplasia, but antibody response

stops the cascade, reducing the risk of recurrent high-grade cervical and anal
neoplasia.



s there cross-protection against non-vaccine
strains with current VLP HPV vaccines?

e HPV type distribution in squamous cell cervical cancer,

e HPV 16/18: 70%
e HPV 16/18/45: 75%
e HPV 31/33/35/52/58: 15%
* HPV type distribution in squamous cell anal cancer,
e HPV 16: 73.4%

* HPV 18: 5.2%
e HPV 33: 4.8%

e So existing VLP HPV vaccines cover about 70% (cervical) and 79%

(anal) strains associated with invasive SCC

1. De Vincenzo et al. Gyn Oncol 2013; 130:642-651
2. De Vuyst et al. Int. J. Cancer 2009; 124: 1626-1636
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s there cross-protection against non-vaccine
strains with current VLP HPV vaccines?

B De Vincenzoe et al f Gyrecolegic Oneology 130 (2013) B42-651
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Focus on L1 homology
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HEAD to HEAD immunogenicity trial
of gHPV & bHPV vaccines

=  No difference between vaccine effects
on nAb at 24 mo

= Higher T cell responses for bHPV vaccine
= Highest nAb titers for youngest age group
= Higher nAb titers for HPV-31 than HPV-45
= Titers peak at 6-8 mo and then plateau

=  Non-vaccine titers 100-fold lower than vaccine
strain titers
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Malagon et al. Lancet Infect Dis 2012;12: 781-89

Meta-analysis examining vaccine efficacy for
non-vaccine types (31, 33, 45, 52, 58) in HPV-naive
populations

e (HPV efficacious for outcomes against HPV 31

* DbHPV efficacious for outcomes vs. HPV 31/33/45

* bHPV higher point estimates of vaccine efficacy
vs. HPV 31/33/45, but not statistically significant

* \Very little cross protection with either vaccine vs.
HPV 31/45

e Possible waning of cross-protection vs. HPV 31/45
with bHPV in longer followup trials
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What explains observed cross-protective
effects?

 Differences in cross-protection between gHPV & bHPV vaccines

 Could be due to differences in clinical trial characteristics

e Type distributions, end points, assays, multiple infections, patient characteristics, post-
hoc analysis, etc.

e Could be due to different vaccine adjuvants (Schiller & Lowy, 2012)

e Gardasil (quadrivalent)
e Aluminium
* Induces T,2 response
e Cervarix (bivalent)
* Aluminium + MPL A
* Induces T,,1 response
* TLR4 agonist activates innate immune response



Clinical Trials of VLP HPV Vaccines in HIV-
infected Patients

e Safety and immunogenicity of gHPV vaccine in HIV-infected children
ages 7-12 [IMPAACT trial] (Levin et al, JAIDS 2010)

e Safety and immunogenicity of gHPV vaccine in HIV-infected men
([AMC 052] (Wilkin et al, JID 2010)

e Safety and immunogenicity of bHPV vaccine in HIV-infected women in
South Africa (Denny et al, Vaccine 2013)



Quadrivalent VLP HPV Vaccine in HIV+
Pre-Adolescent Children

e HIV-infected children (N = 126)—age >7 to <12 years
e with a CD4% > 15—and on stable antiretroviral therapy if CD4% was < 25

 Blindly assigned to receive a dose of QHPV or placebo (3:1 ratio) at 0, 8,
and 24 weeks.

e QHPV did not alter the CD4% or plasma HIV RNA.

e Seroconversion to all 4 antigens occurred in > 96% of QHPV recipients and
in no placebo recipients.

e Geometric mean titer was >27 to 262 times more seropositivity cutoff
value, depending on the antigen (6,11,16,18)

e but was 30%—-50% lower against types 6 and 18 than those of age-similar historical
controls.

Levin et al. J Acquir Immune Defic Syndr 2010;55:197-204



Safety and Immunogenicity of the QHPV Vaccine in
HIV-1—Infected Men: Baseline Characteristics

* N=112 HIV+ men

e Median cells/mL (IQR) 517 (423-680)
e Nadir Median cells/mL (IQR) 226 (143-337)
e On ART: 84%

e Plasma HIV-1 RNA levela
e <200 copies/mL 83%
e 200-9,999 copies/mL 9%
e >10,000 copies/mL 8%

Wilkin et al. J Infect Dis 2010 Oct 15;202(8):1246-53.



Safety and Immunogenicity of the QHPV
Vaccine in HIV-1-Infected Men: Summary

 No grade 3 or greater adverse events attributable to vaccination

e Seroconversion was observed for all 4 types:
e type 6: 59 [98%] of 60
e type 11: 67 [99%] of 68
e type 16: 62 [100%)] of 62
e type 18: 74 [95%] of 78

* No adverse effects on CD4 counts and plasma HIV-1 RNA levels were
observed.
* Induced antibody levels 40-50% lower than in non-HIV+ vaccine trial
participants
e But still much higher than levels observed after natural HPV infection

Wilkin et al. J Infect Dis 2010 Oct 15;202(8):1246-53.



Bivalent HPV Vaccine in HIV+ Women

Table 1
Baseline demographics and HIV diseaze characteristics (TVC),

HIV+HFY (W =61) HIV+/ALTT (¥ =59
Iviean age, years( 30) 21.6(2.21) 22.7101.70
Ivlean weight, leg{ 5D) 67.9(13.53) 67.61(15.36)
Ethnicity, n (%) African 61 (100) Sa0100)
(D4 T-rell count distribution, i (%)
mms) <200 cellsjimm? .@
200-500 cells/mm® 35(57.4) S7TRZ7)
>500 cellsfmm?® 24(39,3) 21(35.6)
D 4* T-cell count, cell s/mm?
Iedian 431 45E
Eange 170-1314 156-1253
HIV viralload, copies/mil
Median 23,310 23,100
Eange 1-436316 136-531098
WHO Clinical Stage 1, n (%) 61 (100) 5901007
m—) /RT, 1 (%) @ﬁ@ 1(1.7)

L. Denny et al. Vaccine 31 (2013) 5745— 5753



Bivalent HPV Vaccine in HIV+ Women: HPV-16 Response

HPV-16
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Bivalent HPV Vaccine in HIV+ Women

e The HPV-16/18 vaccine induced sustained anti-HPV-16/18 CD4+T-cell
responses in both HIV-positive and HIV-negative women.

* No impact of baseline CD4+T-cell count or HIV viral load was
observed on the magnitude of the immune response in HIV-positive
women.

* In HIV-positive women,CD4+T-cell count, HIV viral load and HIV
clinical stage were unaffected by HPV-16/18 vaccine administration.

e NOTE: <3% of participants had CD4<200 on enrollment although
median CD4~450 cells/mm?3

L. Denny et al. Vaccine 31 (2013) 5745— 5753



HPV Vaccine Coverage: USA and Spain

FIGURE. Estimatad vaccination coverage with selected vaccines and
doses among adolascants agad 13-17 years, by survey year —
National Immunization Survey-Teen, United States, 2006-2012

100
— Tdap*
- e AW
a0 e =] dose HPY (females)
= = 3 doses HPY (farmalas)
mm e =1 dose HPY (males)
% 50 w3 doses HPY (males)
L T L
= at?® L
i "y ] L
N N R
& 40 .
20 ‘/
7
.
.- -
0 - -
1 1 1 1 1 1 1
2006 2007 2008 2009 2070 2011 2012

Year

MMWR 2014,63:69-72

* On the basis of the available
data, the Spanish Ministry of
Health estimated that coverage

e for the first dose was 87.2%
(range: 73.9-98.9%)

e and 77.3% (range: 62.2-97.4%) for
the third dose.

Limia et al. Euro Surveill. 2011;16(21):pii=19873



Second Generation Preventive HPV Vaccines

 Nonavalent VLP vaccine (Gardasil 9)
e Phase Il efficacy trial completed (Merck)

* |n addition to the four types in Gardasil, contains L1 VLPs of types 31, 33, 45,
52 and 58.

e Even if the vaccine is entirely type-specific (no cross-protection)

* would have the potential to prevent approximately 90% of cervical, vulvar, vaginal and
anal cancer-associated HPV infections

 Licensed by FDA in Dec 2014 for females (ages 9-26) & males (ages 9-15)

e L2 HPV vaccines
e L2 contains broad cross-neutralizing epitopes

e Antibody titers to L2 epitopes lower than homologous titers to VLP-based
immunogens

Schiller JT, Lowy DR. Nat Rev Microbiol. 2012 Oct;10(10):681-92
Drolet et al. International journal of cancer. 2014;134(9):2264-2268.



IDSA Guideline Recommendations for HPV
Vaccination of HIV-infected Patients

e Quadrivalent human papillomavirus (HPV4) vaccine in females and
males aged 11-26 years (strong recommendation, very low quality
evidence)

e HPV4 vaccine is recommended over bivalent human papillomavirus
(HPV2) vaccine because HPV4 vaccine prevents genital warts (strong
recommendation, low evidence)

e although there are no data on differences between the vaccines for
preventing cervical dysplasia in HIV-infected women.

Rubin et al. CID 2013 (available at: http://www.idsociety.org/Templates/Content.aspx?id=32212256011)



JCVI Recommendation to NHS UK (Nov 2014)

“The Committee has therefore concluded that a programme for the
vaccination of MSM aged 16 to 40 years should be implemented in
GUM and HIV clinics in the UK using the quadrivalent HPV vaccine,
subject to the programme being commissioned and implemented at a
cost-effective price.”

https://www.gov.uk/government/publications/interim-statement-on-hpv-vaccination-of-men-who-have-sex-with-men



European AIDS Clinical Society (EACS)
Statement on HPV Vaccine

Vaccination rationale in HIV+ Comment
persons

Human Papilloma Virus (HPV) Shared risk with HIV of contracting | If HPV infection is established,

infection. efficacy of vaccine is questionable
Higher rate of cervical and anal
cancer

EACS 7.1, Nov. 2014. Available at: http://www.eacsociety.org/files/guidelines_english_71 141204.pdf
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Key unanswered questions re HPV vaccination
of HIV infected adults

e Although HPV vaccination does not clear existing HPV infection or clear
existing cancer precursors (Hildesheim JAMA 2007)
* |s there a benefit in preventing new endogenous or exogenous re-infection?
* |s there a benefit in preventing new or recurrent cancer precursors?
* Is there a benefit in preventing invasive cancer?

 |f there is a benefit in preventing re-infection, cancer precursors, or
invasive cancer

 |s vaccination with existing vaccines cost-effective given the high prevalence of pre-
existing multiple HPV infections in HIV-infected adults (especially MSM)?

e Can diagnostic modalities (serology and site-specific PCR or antigen assays)
play a role in identifying HIV-infected adults who could benefit from HPV
vaccination?



What about HPV Therapeutic Vaccine Development?
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Figure 1. A summary of the innate and adaptive immune responses. APC, antigen-presenting cell.

Meyer et al. Acta Obstet Gynecol Scand 2014; DOI: 10.1111/a0gs.12480
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MHC-restriction of T-cell Responses
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What about HPV Therapeutic Vaccine Development?

 The HPV nonstructural early proteins E6 and E7 are expressed in HPV-
transformed neoplastic cells as well as throughout the life cycle of the
virus in contrast to the structural capsid late proteins (L1 and L2) of
HPV.

e L1 and L2 are expressed only in fully differentiated keratinocytes of
the epithelium.

e Spontaneous regression of high grade CIN has been consistently
associated with cellular immune responses to E-6 & E-7 peptides

* Hence, therapeutic vaccines targeting the early proteins E6 and E7
may provide the best opportunity to control HPV-associated
premalignancies and malignancies already present.

Meyer et al. Acta Obstet Gynecol Scand 2014; DOI: 10.1111/a0gs.12480 40
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Quadrivalent VLP HPV Vaccine in HIV+
Children: Baseline Characteristics

ATl Groups

Farameters {Categorical Levek} QHFPY #5% CI} Flacebo [35% LT}
h o8 K11
Age y) 1% {37 o 10.3} 2804 1 104}
{04 count 368 {794 to 342} 1013 {343 to 1183}
{h4% 33.9 {323 1o 35.53} 33.8 {32.68 to 3%)
Ethnicity {%}

Whits, hon-Hispatic 4 {4} 2{N

Black, non-Hispanic 34 {36} 11 {37}

Hispanic 37 (3%} 14 {47}

Othars 1{1} 3 {1
Gendear {¥}

Mlals 43 {45} 12 {4}

Fenale 33 {33} 13 {64}
Ly g {RINA} 2725125 26{253tc2.5)
BIN4 proup {6}

<4iH} opiesinl 83 {58} 22 {73}

4} to =5HH copisstnl 16 {17} 5 {17}

= 5HH} copicgitnl 15 {16} 3 {10}

Levin et al. J Acquir Immune Defic Syndr 2010;55:197-204



Quadrivalent VLP HPV Vaccine in HIV+
Children: Seroconversion Results

TABLE 4. HPV Type-Specific Seroconversion: GHPV Vs Placebo*

Group 1 Group 2 Group 3 Al Groupst
Serotype QHPV Placebo QHPYV Placebo QHPV Placebo QHPV Placebo
6 100% (29/29) 0% (0/9) 100% (29/29) 0% (0/10) 100% (29/29) 0% (0/8) 100% (87/87) 0% (027
11 100% (30/30) 0% (0/9) 100% (30/30) 0% (0/100 100% (30/30) 0% {(0/8) 100% (90/90) 0% (027
16 100% (2929) 0% (0/9) 100% (30/30) 10% (17100 100% (31/31) 0% (0/8) 100% (90/90) 4% (1/27)
18 Q0% (27/30) 0% (0/9) 100% (30/30) 0% (07100 100% (30/30) 0% (0/8) Q7% (87/90) 0% (0/27)

*Seroconversion was measured af weelt 28 after beginning the vaccination series.

$The type-specific results shown in Table 4 represent the remaining subjects after exclusion of those with protocel vislafions, unevaluable specimens, or the presence of type-specific
antibody at baseline.

Group 1: CD4% nadir <15 and CD4% > 15 at screening;
Group 2: CD4% nadir > 15 and CD4% between 2 15 and <25 at screening
Group 3: CD4% nadir > 25 and CD4% = 25 at screening

Levin et al. J Acquir Immune Defic Syndr 2010;55:197-204



Immunogenicity Results of the QHPV Vaccine in HIV + Men

Table 2. Geometric Mean Antibody Concentrations according to Baseline Seropositivity and Anal
Human Papillomavirus (HPY) DHA Detection

M. 1% of
Anal participants

HFY type, HF DA, Mia, of seropositive Bazeline GMC, Week 28 GhC,
antibHPY serology detection  participants  at week 28 rmkLLmL mkALLAL 55% C1)
Type &

Megative Megative G0 50 (58] 5] 3BT (2h6-45T)

M egative Positive 2 2 (100 7 47

Positive Megative 3z 30 (54 75 1080 (B14-2143)

Positive Positive G 6 (100) 86 531 (351-804)
Type 11

Megative Megative 58 57 (99] a] A25 41 2569

Megative Positive 3 2 167) 5 1777

Positive Megative 24 2 0o 46 1804 (12632576

Pozitive Positive ] 5 (100) S0 G17 (154-2472)
Type 14

Megative Megative 52 G52 (100 5] 1135 (B845-1520)

egative Positive 13 12 (52) 5] A04 (17714340

Pozitive Megative 15 19 (100] 14 2067 (11453733

Positive Positive G 6 (100) 17 1480 (280-7831)
Type 18

egative Megative Ta F4 (56) ] 181 136-241)

Megative Positive ] 5 (1000 ] 183 (27-1248)

Positive Megative 14 14 (100 ] 815 413-1623)

Pozitive Positive 3 30100 63 a40?

Wilkin et al. J Infect Dis 2010 Oct 15;202(8):1246-53.



Bivalent HPV Vaccine in HIV+ Women: HPV-18 Response
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