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Abstract

Human papillomavirus (HPV) proteins may elicit antibody responses in the process
toward HPV-related malignancy. However, HPV seroepidemiology in noncervical
HPV-related cancers remains poorly understood, particularly in populations with a
high prevalence of human immunodeficiency virus (HIV). Using a glutathione
S-transferase-based multiplex serology assay, antibodies against E6, E7 and L1 pro-
teins of HPV16 and HPV18 were measured in sera of 535 cases of noncervical HPV-
related cancers (anal (n = 104), vulval (n = 211), vaginal (n = 49), penile (h = 37) and
oropharyngeal (n = 134)) and 6651 non-infection-related cancer controls, from the
Johannesburg Cancer Study that recruited Black South African with newly diagnosed
cancer between 1995 and 2016. Logistic and Poisson regression models were used
to calculate adjusted odds ratios (aOR) and prevalence ratios (aPR) and 95% confi-
dence intervals (Cl) in cases versus controls. HPV16 E6 was more strongly associated
with noncervical HPV-related cancers than HPV16 L1 or E7, or HPV18 proteins: anal
(females (HPV16 E6 aOR = 11.50;95%Cl:6.0-22.2), males (aOR = 10.12;95%Cl:4.9-
20.8), vulval (aOR = 11.69;95%Cl:7.9-17.2), vaginal (aOR = 10.26;95%CI:5.0-21),
penile (aOR = 18.95;95%Cl:8.9-40), and oropharyngeal (females (aOR = 8.95;95%
Cl:2.9-27.5), males (aOR = 3.49;95%Cl:1.8-7.0)) cancers. HPV16-E6 seropositivity
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ranged from 24.0% to 35.1% in anal, vulval, vaginal and penile cancer but was signifi-
cantly lower (11.2%) in oropharyngeal cancer. After adjustment for HIV, prevalence
of which increased from 22.2% in 1995-2005 to 54.1% in 2010-2016, HPV16 E6
seropositivity increased by period of diagnosis (aPR for 2010-2016 vs. 1995-
2006 = 1.84;95%Cl:1.1-3.0). Assuming HPV16 E6 seroprevalence reflects HPV
attributable fraction, the proportion of certain noncervical-HPV-related cancers
caused by HPV is increasing over time in South Africa. This is expected to be driven

by the increasing influence of HIV.

KEYWORDS
Black South African, HIV status, human papillomavirus, noncervical HPV-related cancers,
proteins

What's new?

Human papillomavirus seroepidemiology in non-cervical HPV-related cancers is still poorly
understood, particularly in populations with a high prevalence of HIV. Here, the authors investi-
gated seropositivity for HPV16 and HPV18 antibodies in non-cervical HPV-related cancer cases
and cancer controls, according to HIV status. The data suggested that the proportion of non-
cervical HPV-related cancers caused by HPV, particularly vulval cancer, is raising in South Africa,
a trend likely driven by the increasing influence of HIV. The findings may inform prevention

strategies through HPV vaccination and early detection in populations with a high prevalence of

both HPV and HIV.

1 | INTRODUCTION

While cervical cancer is the most common human papillomavirus
(HPV)-related cancer, with HPV as a necessary cause (690,000 attrib-
utable cancers annually), a variable proportion of cancer at noncervical
sites, including the anus (29,000 HPV-attributable cases diagnosed
annually), penis (18,000), vulva (11,000), vagina (14,000), and orophar-
ynx (42,000), (total of 114,000 cancers worldwide) are also caused by
HPV.! HPV16 is by far the most oncogenic type, responsible for the
large majority of all HPV-related cancers, particularly those arising
outside the cervix.2 Human immunodeficiency virus (HIV) coinfection
increases the risk of all HPV-related cancers,® through immunosup-
pression.® It can also influence the proportion of noncervical cancers
attributable to HPV,”~® but it may also influence the immune response
to HPV proteins.’

Different HPV proteins are expressed during the development pro-
cess toward HPV-related malignancy and can produce antibody
responses. The late protein L1 forms the virus capsid, and antibodies
against HPV L1 are considered markers of cumulative exposure to the
virus, even though many HPV-infected women are known to not sero-
convert.!° Early HPV oncoproteins E6 and E7 interact with cellular pro-
teins involved in cell cycle control and DNA repair, most notably p53
and pRb, and are implicated in malignant cellular transformation.
Indeed, antibodies against E6 of HPV16 and HPV18 have been found
to be highly specific markers of cervical cancer in comparison to
controls,”’ 2 as well as of oropharyngeal cancer.2*~*® However, there
remains a limited understanding of E6 and E7 antibodies as potential

19-23

biomarkers for other HPV-related cancers, which were performed

in European or North American populations only.

Little is known about HPV Eé serology in noncervical HPV-
related cancers in sub-Saharan Africa, where the fraction of these can-
cers attributable to HPV may differ®* due to the higher population
burden of both HPV and HIV. In South Africa, where HIV is common,
noncervical HPV-related cancers are emerging as a significant health
burden, particularly among Black populations.?>2% Unlike cervical can-
cer, for which effective screening methods exist, noncervical HPV-
related cancers lack early detection measures. Therefore, identifying
potential biomarkers for HPV-related cancers would facilitate early
detection and help to develop targeted prevention and treatment
strategies.

Leveraging data from the Johannesburg Cancer Study (JCS),
which collected serum samples and demographic information from
newly diagnosed cancer patients in the Black South African popula-
tion between 1995 and 2016,2 we investigated the seropositivity of
HPV16 and HPV18 antibodies, most notably HPV16 E6, in noncervi-
cal HPV-related cancers cases and cancer controls, according to HIV
status and other predictors. We were particularly interested in using
HPV16 E6 seroprevalence as a surrogate for changes in HPV attribut-

able fraction.

2 | MATERIALS AND METHODS

21 | Datasource

For our analysis, we used data from the JCS, the details of which have
been described previously.>?7?® From 1995 to 2016, the JCS col-
lected information from ~25,000 Black South African patients (male

85U8017 SUOWILLIOD A1) 3|qeol [dde au Aq peueAob 8 Sapoie YO ‘8sh JO Sa|n 10} AIq18UlUO AB]IM UO (SUORIPUOD-PUR-SWBIAL0O" AB|IM"Ae.q 1 |Bu1 [UO//:SdNL) SUORIPUOD pUe SWie | 38U 89S *[1202/S0/2T] Uo ARiqiTaulluO A8|IM ‘4osessay [e9IPeN UeoLljy Uinos AQ 6T6YE 2(1/200T 0T/10p/L0o A8 |IM AseIq Ul |uoy/Sdny WOy pepeojumod ‘Z ‘v20Z ‘STZ0.60T



SINGINI ET AL.

INTERNATIONAL 253
JOURNAL of CANCER | cuicc J—

and female). Eligibility criteria included being 18 years and above, hav-
ing a newly diagnosed cancer and being referred to medical oncology
and radiation therapy wards at hospitals and clinics in Johannesburg.
Trained nurses conducted one-off interviews in English or the
patient's preferred South African language, at the time of cancer diag-
nosis. Patients provided self-reported demographic and key lifestyle
risk factor information. Blood samples were collected in serum separa-
tor tubes and EDTA (for DNA analyses-not reported here) before
receiving chemo- or radiation therapy. Sera were separated from

whole blood on the same day of collection and divided into up to four

aliquots. HIV testing was performed using the Vironostika (HIV Uni-
form Il plus O) micro-enzyme-linked immunosorbent assay (ELISA)
antibody test. Since histological confirmation is a requirement before
cancer treatment at the medical oncology and radiation therapy
department (where recruitment took place), we had access to the
pathology forms, of which >90% of HPV-related cancer cases were
histologically verified as squamous cell carcinoma or adenocarcinoma
(Supplementary Table S1). All cancer types were classified based on
the International Classification for Diseases for Oncology (Third
Edition).

Study participants
included in the JCS

N = 26,260
Age>=75 years (n = 556)
Non-cancer controls
> (n=1,239)
Non-South African (n = 1,771)
, Unknown HIV results
(n=1,201)
" Primary site unknown
Ellglble (n - 1,446)
participants
(n=20,047)
v v
Noncervical
HPV-related Cancer
cancer controls
cases (n=19,342)
(n = 705) other infection
related cancers
» (n=4,639)
v Cervical cancer
Infection- (n=4,306)
Untested serology unrelated
samples cancer
(Anus = 18) controls
(Vulva =71) < (n=10,397)
(Vagina = 10)
(Penis = 12) Untested
(Oropharanx = 59) | serology
samples
(n = 3,746)
Y Y
Noncervical Infection-
HPV-related unrelated
cancer cases cancer controls
(n=535) (n=6,651)

HIV: human immunodeficiency virus, HPV: human papillomavirus, JCS: Johannesburg Cancer Study

FIGURE 1 Selection of cancer cases and cancer controls.
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2.2 | Cancer cases and cancer controls
Over a period of 21 years, JCS enrolled 705 individuals with noncervi-
cal HPV-related cancers, comprising cancers of the anus (C21)
(n = 122), vulva (C51) (n = 282), vagina (C52) (n = 59), penis (C60)
(n = 49),?” and oropharynx (n = 193) (C01.9, C02.4, C05.1, C05.2,
C09.0-10.9).%°

For our study, and after excluding cancers without serum sam-
ples, we included a total of 535 noncervical HPV-related cases, con-
sisting of anal (C21) (n = 104, [HIV+ =33, HIV— = 71]), vulval (C51)
(n =211, [HIV + =105, HIV— = 106]), vaginal (C52) (n =49, HIV
+ = 26, HIV— = 23), penile (C60) (n = 37, HIV+ = 18, HIV— = 19),

and oropharyngeal (C01.9, C02.4, CO05.1, C05.2, C09.0-10.9)
(nh = 134, HIV+ = 28, HIV— = 106) cancers.

The JCS is amenable to a case-control study design and analysis,
where the selection of cancer controls can be used to examine expo-
sures of interest.” During the same period, after excluding other
infection-related cancers (including 4306 cervical cancers for which
HPV serology results have been reported previously),’ 10,397 partici-
pants with non-infection-related cancers were recruited in the JCS
(the distribution of the cancers are in Supplementary Table S2). Of
these 10,397 participants with non-infection-related cancers, 6651
(males (n = 2308) and females (n = 4343) had their serology samples
tested (Figure 1).

TABLE 1 Characteristics of Johannesburg cancer study participants in the analytic population.
Noncervical HPV-related cases
Anus Vulva Vagina Penis Oropharynx Controls
(N = 104) (N =211) (N =49) (N =37) (N =134) (N = 6651)
Characteristics n (%) n (%) n (%) n (%) n (%) n (%)
Age (years)
<45 39 (37.5) 82 (38.9) 18 (36.7) 10 (27.0) 10(7.5) 1911 (28.7)
45-54 30(28.8) 71(33.6) 9 (18.4) 14 (37.8) 51(30.1) 1997 (30.0)
55-74 35(33.7) 58 (27.5) 22 (44.9) 13(35.1) 73 (54.5) 2743 (41.2)
Age (years)-median (IQR) 48.5 (39-57) 47.0 (40-56) 54.0 (40-63) 51.0 (43-57) 55 (50-61) 52 (43-60)
Gender
Males 50 (48.1) 0(0.0) 0(0.0) 37 (100.0) 115 (85.8) 2303 (34.7)
Females 54 (51.9) 211 (100.0) 49 (100.0) 0(0.0) 19 (14.2) 4343 (65.3)
Period of diagnosis
1995-2004 28(26.9) 85 (40.3) 11 (22.4) 12 (32.4) 8(6.0) 1764 (26.5)
2005-2009 30(28.8) 40 (19.0) 8(16.3) 12 (32.4) 59 (44.0) 2115 (31.8)
2010-2016 46 (44.2) 86 (40.8) 30(61.2) 13(35.1) 67 (50.0) 2772 (41.7)
Marital status
Never married 25(24.0) 74 (35.1) 13 (26.5) 7 (18.9) 19 (14.2) 1256 (19.0)
Married 51 (49.0) 66 (31.3) 15 (30.6) 20 (54.1) 72 (53.7) 3450 (52.1)
Ever married 27 (26.0) 71 (33.6) 21 (42.9) 10 (27.0) 43(32.1) 1922 (29.0)
Missing 1(1.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Education level
No education/primary 38 (36.5) 118 (55.9) 17 (34.7) 19 (51.4) 60 (44.8) 2676 (40.3)
Secondary and above 66 (63.5) 93 (44.1) 32 (65.3) 17 (45.9) 73(54.5) 3965 (59.7)
Missing 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.8) 0(0.0)
HIV-status
Negative 71 (68.3) 106 (50.2) 23 (46.9) 19 (51.4) 106 (79.1) 5457 (82.0)
Positive 33(31.7) 105 (49.8) 26(53.1) 18 (48.6) 28 (20.9) 1194 (18.0)
“ART use
Never 6(20.7) 38 (39.6) 5(27.8) 4(36.4) 7 (36.4) 353 (46.9)
Ever 23(79.3) 58 (60.4) 13 (72.2) 7 (63.6) 13 (63.6) 399 (53.1)
Missing 4 9 8 7 8 442

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; IQR, interquartile range.

2ART self-reported use among HIV-positive cancer cases only.
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2.3 | HPV serology testing

Serum aliquots were preserved at a temperature of —80°C. One of
the aliquots was transported on dry ice to the German Cancer
Research Center (Deutsches Krebsforschungszentrum (DKFZ)) in
Heidelberg. At DKFZ, sera were tested for HPV16 and HPV18 (L1, E6
and E7) antibodies using a multiplex serological assay based on a
glutathione S-transferase capture immunoassay in combination with
fluorescent beads on a Luminex platform.3° After subtracting bead
and GST backgrounds, Median Fluorescence Intensity (MFI) values
were analyzed for all samples at a dilution ratio of 1:1000. Standard
cut-offs previously established at a 1:100 serum dilution level**3!
were not applicable in this study. Instead, the Visual Infection Point
(VIP) method®?°2 was used to define net MFI cut-offs for HPV16 and
HPV18 L1 at 175, HPV16 and HPV18 E6 at 75, HPV16 E7 at
120, and HPV18 E7 at 70. HPV protein serology results were
presented as binary (positive or negative).

2.4 | Statistical analysis

Unconditional logistic regression models were used to calculate
adjusted odds ratios (aOR) and 95% confidence intervals (Cl) for HPV
seropositivity in cases versus controls. We adjusted for age, HIV sta-
tus and period the interview took place (1995-2016). HPV seroposi-
tivity was compared among cancer cases using adjusted prevalence
ratios (aPR). A 95% Cl was calculated using a Poisson regression
model with robust standard errors. Venn diagrams were used to
depict the relationship between HPV seropositivity for distinct anti-
gens. All statistical analyses were conducted in STATA version 17
(StataCorp LP College Station, Texas) and R version 4.2.2.3%

3 | RESULTS

3.1 | Study participants and demographic
characteristics

The distribution of 535 noncervical HPV-related cancer cases (anal
(n = 104), vulval (n = 211), vaginal (n = 49), penile (n = 37), oropharyn-
geal (n = 134)) and 6651 non-infection-related cancer controls in the
final analytic dataset are presented by their demographic characteristics
in Table 1. Among cases, the median age ranged from 47.0 years (inter-
quartile range ([IQR]: 40-56) for vulval cancer to 55.0 years (IQR: 50-
61) for oropharyngeal cancer, compared to 52.0 years (IQR: 43-60) for
non-infection-related cancer controls. Most cancer cases (anal (44.2%),
vulva (40.8%), vagina (61.2%), penis (35.1%) and oropharynx (50.0%))
and cancer controls (41.7%) were diagnosed during 2010-2016. HIV
prevalence in cases ranged from 20.9% in oropharyngeal cancer, 31.7%
in anal cancer, to 53.1% in vaginal cancer, compared to 18% in non-
infection-related cancer controls (Table 1). However, for almost all can-
cers, HIV prevalence and antiretroviral therapy (ART) use tended to

increase by period of diagnosis (Supplementary Tables S3 and S4).

TABLE 2 Association of HPV16 antibodies between noncervical HPV-related cancer cases and cancer controls.

Noncervical HPV-related cancer cases

= 134)

Oropharynx (N

= 37)

Penis (N

— 49)

Vagina (N

211)

Vulva (N

= 104)

Anus (N

6651)

Controls (N

1JC

Males

Females

Males

Males Females

Females
(N

(N = 115)

(N=19)

Females Males

(N = 50) Females

= 54)

4343) (N =2308) (N

aOR

aOR

aOR

aOR

aOR

aOR

aOR

HPV16

[95%Cl]

n (%)

[95%Cl]

n (%) [95%Cl] n (%) [95%Cl] n (%) [95%Cl] n (%) [95%CI]  n (%)

[95%Cl]

n (%)

n (%)

seropositive n (%)

15(30.0) 6.44 79 (37.4) 3.48 13(26.5) 1.97 9 (24.3) 4.68 2(10.5) 0.70 7(6.1) 1.01

15(27.8) 2.29

143 (6.2)

602 (13.9)

L1
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[2.1-10] [0.16-3.1] [0.5-2.2]
4(21.1) 8.95 11(9.6) 3.49

13 (35.1) 18.95

[1.0-3.8]

11 (22.5) 10.26

[1.3-4.2] [3.4-12.3] [2.6-4.7]
12 (24.0) 10.12 50(23.7) 11.69

13 (24.1) 11.50

124 (2.9) 65 (2.8)

E6

[8.9-40] [2.9-27.5] [1.8-7.0]
4(21.1) 5.74 9(7.8) 1.24

8(21.6) 4.66

[6.0-22.2] [4.9-20.8] [7.9-17.2] [5.0-21]
1.03 35(16.6) 4.67 9(18.4) 5.32

9(16.7) 454

3(6.0)

158 (6.9)

190 (4.4)

E7

[0.6-2.5]

[1.9-17.6]

[2.2-12]

[0.31-3.4] [3.1-7.0] [2.5-11.3]

[2.2-9.5]

Note: Odds Ratios adjusted for age, HIV status, and period of diagnosis. The bold values of aPR and aOR are signifcantly different from the reference group.

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; HIV, human immunodeficiency virus; HPV, human papillomavirus.
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3.2 | HPV16 protein seropositivity among
noncervical HPV-related cases and non-
infection-related cancer controls

In non-infection-related cancer controls, HPV16 protein seroposi-
tivity was 13.9% and 6.2% for L1, 2.9% and 2.8% for E6, and 6.4%
and 4.9% for E7, among females and males respectively (Table 2).
Compared to the non-infection-related cancer controls, there was a
strong association between HPV16 E6 seropositivity and the risk of
noncervical HPV-related cancers. In anal cancer, HPV16 E6 sero-
positivity in both females (24.1%) and males (24.0%) was signifi-
cantly elevated versus controls, [aOR = 11.50 (95% Cl: 5.96-22.2)
and 10.12 (95% Cl: 4.91-20.8), respectively]. Similarly, HPV16 E6
seropositivity was significantly associated with vulval (23.7%;
aOR = 11.69, 95% Cl: 7.92-17.2), vaginal (22.5%; aOR = 10.26,
95% Cl: 4.98-21.3), penile (35.1%; aOR = 18.95, 95% CI. 8.87-
40.5), and oropharyngeal cancer, both among females (21.1%;

aOR = 8.95, 95% CI: 2.91-27.5) and males (9.6%; aOR = 3.49, 95%
Cl: 1.76-6.95). Among oropharyngeal cancers, there were no differ-
ences in E6 seropositivity between tonsillar (n =71, 11.3%) and
non-tonsillar (n = 63, 11.1%) sites (data not shown). There were no
HPV16 E6 seropositivity associations with variables among control
cancers (Supplementary Table S5).

Associations for HPV16 L1 and E7 were weaker than for HPV16
E6. HPV16 E7 seropositivity was associated with anal (aOR = 4.54,
95% Cl: 2.17-9.48) and oropharyngeal cancer (aOR = 5.74, 95% Cl:
1.87-17.6) among females but not among males, as well as with vulval
(aOR = 4.67, 95% Cl: 3.11-7.04), vaginal (aOR = 5.32, 95% CI: 2.50-
11.3), and penile cancer (aOR = 4.66, 95% Cl: 2.22-12.1). HPV16 L1
seropositivity was associated with anal cancer in females (aOR = 2.29,
95% Cl: 1.25-4.19) and males (aOR = 6.44, 95% Cl: 3.36-12.3), with
vulval (aOR = 3.48, 95% Cl: 2.57-4.69), vaginal (aOR = 1.97, 95% C:
1.03-3.78) and penile cancer (aOR = 4.68, 95% Cl:2.11-10.3), but
not with oropharyngeal cancer (Table 2).

TABLE 3 Factors associated with HPV16 antibody seropositivity among noncervical HPV-related cancers.
HPV16
L1 E6 E7
aPR aPR aPR
Characteristics N =535 Seropositive n (%) [95% Cl] Seropositive n (%)  [95% Cl] Seropositive n (%)  [95% Cl]
Cancer types
Anal 104 30(28.9) 1.00 25 (24.0) 1.00 12 (11.5) 1.00
Vulval 211 79 (37.4) 1.19 50 (23.7) 1.17 35(16.6) 1.08
[0.78-1.85] [0.72-1.95] [0.98-1.17]
Vaginal 49 13 (26.5) 0.81 11 (22.5) 1.05 9(18.4) 1.09
[0.41-1.54] [0.49-2.11] [0.97-1.23]
Penile 37 9(24.3) 0.77 13(35.1) 1.75 8(21.6) 1.12
[0.34-1.58] [0.86-3.43] [0.98-1.28]
Oropharyngeal 134 9(6.7) 0.26 15(11.2) 0.40 13(9.7) 0.96
[0.11-0.53] [0.21-0.77] [0.87-1.05]
Age (years)
<45 159 63 (39.6) 1.00 29 (18.2) 1.00 19 (12.0) 1.00
45-54 175 38(21.7) 0.79 45 (25.7) 1.31 27 (15.4) 1.03
[0.51-1.20] [0.80-2.19] [0.95-1.11]
55-74 201 39 (19.4) 0.92 40 (19.9) 0.90 31(15.4) 1.01
[0.57-1.46] [0.52-1.57] [0.93-1.10]
Year of diagnosis
1995-2004 144 39(27.1) 1.00 30 (20.8) 1.00 21 (14.6) 1.00
2005-2009 149 35(23.5) 1.12 27 (18.1) 1.29 24 (16.1) 1.07
[0.69-1.80] [0.74-2.22] [0.98-1.16]
2010-2016 242 66 (27.3) 0.98 57 (23.6) 1.84 32(13.2) 1.04
[0.64-1.52] [1.14-3.01] [0.96-1.13]
HIV-status
Negative 325 58(17.9) 1.00 80 (24.6) 1.00 54 (16.6) 1.00
Positive 210 82 (39.5) 1.76 34 (16.2) 0.45 23(11.0) 0.92
[1.16-2.69] [0.27-0.74] [0.85-0.99]

Note: Prevalence ratios adjusted for noncervical HPV-related cancers, Age, HIV status, and year of diagnosis. The bold values of aPR and aOR are

signifcantly different from the reference group.

Abbreviations: aPR, adjusted prevalence ratio; Cl, confidence interval; HIV, human immunodeficiency virus; HPV, human papillomavirus.
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TABLE 4 HPV16 E6 seroprevalence by cancer site and period of cancer diagnosis.

Anus Vulva Vagina Penis Oropharynx
HPV16 E6+ HPV16 E6+ HPV16 E6+ HPV16 E6+ HPV16 E6+
Year of diagnosis N n (%) N n (%) N n (%) N n (%) N n (%)
1995-2004 28 9(32.1) 85 14 (16.5) 11 1(9.1) 12 6 (50.0) 8 0(0.0)
2005-2009 30 5(16.7) 40 10 (25.0) 8 3(37.5) 12 3(25.0) 59 6(10.2)
2010-2016 46 11(23.9) 86 26(30.2) 30 7(23.3) 13 4(30.8) 69 9(13.4)

Abbreviation: HPV, human papillomavirus.

Similar patterns but generally weaker associations were observed
in L1, E6 and E7 for HPV18 and HPV16/18 combined (Supplementary
Tables S6 and S7). The correlation of seropositivity for L1, E6 and E7
antibodies against HPV16 and HPV18 is shown in Supplementary
Figure S1.

3.3 | Factors associated with HPV16 antibody
seropositivity in noncervical HPV-related cancers

HPV16 L1 seroprevalence was comparable across anal, vulval, vaginal
and penile cancer sites but was significantly lower in oropharyngeal
cancer (aPR vs. anal cancer =0.26, 95% Cl: 0.11-0.53) and was
higher in PLWH than HIV-negative cancers (aPR = 1.76, 95% ClI:
1.16-2.69) (Table 3). HPV16 E6 seroprevalence was also comparable
across anal, vulval, vaginal and penile cancer sites but significantly
lower in oropharyngeal cancer (aPR vs. anal cancer = 0.40, 95% ClI:
0.21-0.77). Conversely to HPV16 L1, however, HPV16 E6 seropreva-
lence was lower in PLWH than in HIV-negative cancers (aPR = 0.45,
95% Cl: 0.27-0.74). There was also a significant increase in HPV16
E6 seroprevalence by period of cancer diagnosis (aPR for 2010-2016
vs. <2005 = 1.84, 95% Cl: 1.14-3.01). (Table 3). Among PLWH and
cancer for whom there was information on ART use, seroprevalence
of HPV16 L1 (aPR = 0.31, 95% CI: 0.14-0.61) and E6 (aPR = 0.34,
95% Cl: 0.09-0.92) was lower among never ART users (data not
shown).

HPV16 E6 seropositivity is shown for individual noncervical HPV-
related cancer sites by period of cancer diagnosis in Table 4; increases
in E6 seroprevalence by period were particularly apparent for vulval
cancer (Table 4), even when restricted to cases of PLWH only (0/23
(0%) for <2005 vs. 16/64 (25%) for 2010/2016; data not shown). No
significant differences were observed for E7 seroprevalence in noncer-
vical HPV-related cancers, nor were any significant differences
observed in L1, E6 or E7 seroprevalence by age (Table 3). Similar pat-
terns of associations were observed in L1, E6 and E7 seropositivity for
HPV18 and HPV16/18 combined (Supplementary Tables S8 and S9).

4 | DISCUSSION

This study contributes to the understanding of HPV seroepidemiology
in noncervical HPV-related cancers in a Black South African

population. Our findings show a significant association between sero-
positivity of HPV16 and HPV18 antibodies and anal, vulval, vaginal,
penile and oropharyngeal cancers, confirming the role of HPV16/18
in the etiology of these cancers in high HIV prevalence settings.
For all cancer types tested for the immune marker, positivity for
HPV16 E6 antibodies best distinguished noncervical HPV-related can-
cers from cancer controls. Interestingly, HPV16 E6 seropositivity was
significantly lower in noncervical HPV-related cancers diagnosed
among PLWH than among HIV-negative persons (and particularly
among those who never used ART), even if the fraction of cancers
attributable to HPV is expected to be higher among PLWH. This phe-
nomenon may be due to HPV16 E6 immune response impairment due
to severe immunodeficiency from HIV. Furthermore, HPV16 E6 sero-
positivity increased with period of cancer diagnosis over time, particu-
larly for vulval cancer. This suggests relative increases in the fraction
of these noncervical cancers, particularly vulval cancer that are attrib-
utable to HPV over time in this setting. However, E6 seropositivity is
still expected to underestimate the absolute fraction attributable to
HPV due to lack of sensitivity for some of these cancer sites.

Relatively few studies have evaluated HPV16 antibodies in non-
cervical HPV-related cancers, and there are no studies to date in a
high HIV prevalence setting such as sub-Saharan Africa. Our finding
of HPV16 E6 seropositivity in anal cancer (~24% in both men and
women) is similar to findings from a European prospective study in
HIV-negative persons (29.2%),'° a case-control study from the
United States (29.3%),>® and in PLWH in the Swiss HIV cohort
(23.3%),%° which all confirmed significant associations in cases versus
controls. This consistency in HPV seropositivity across studies may be
partly due to the expected consistency in HPV attributable fraction in
anal cancer, for which HPV is considered an almost necessary cause,
irrespective of HIV status®. These findings confirm a lack of sensitivity
of HPV16 Eé6 antibodies to detect HPV-related anal cancer, even at
the time of cancer diagnosis. This is similar to the lack of sensitivity
for cervical cancer in which HPV16 is also considered a cause of the
majority of cases’ Of note, in South Africa, a significant upward trend
in anal cancer incidence has been reported between the period 2005-
2012.%

For other noncervical HPV-related cancer sites, HPV is known to
cause only a fraction of cancers, and this fraction may vary geographi-
cally, given the balance with other risk factors. Most previous data
have been generated for oropharyngeal cancer, observing a strong

association with HPV16 E6 seropositivity.'#1671835 | these studies,
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HPV16 Eé6 seropositivity in oropharyngeal cancer, which was per-
formed in high- and low-income countries, ranged from 2.5%¢ to
63.5%.2 In studies that were able to confirm HPV16 DNA in the
tumor, E6 seropositivity was shown to show very high sensitivity for
HPV-related oropharyngeal cancer,¢ so HPV16 E6 seropositivity in
oropharyngeal cancer can be considered a good surrogate of HPV16
attributable fraction. Our finding of 11.2% HPV16 E6 seropositivity in
oropharyngeal cancer would thus suggest only a relatively small HPV-
attributable fraction in South Africa, with the majority of oropharyn-
geal cancers in this setting being caused by other risk factors. Indeed,
this confirms evidence from a number of studies of HPV DNA in oro-
pharyngeal tumor series in South Africa.3”*® No significant change in
oropharyngeal cancer incidence have been reported in South Africa.?®
However, assuming people in South Africa are diagnosed at a later
stage than in high-income countries, some oropharyngeal cancers may
be cancers of adjoining tissues, thus diluting the true relationship.

With respect to penile cancer, significant associations between
HPV16 E6 seropositivity and penile cancer have been found in the
Netherlands,?? for which HPV16 E6 seropositivity was 15%, and in a
prospective European cohort study (14% within 5 years of cancer
diagnosis).19 While we confirmed this association in South Africa, our
study showed that HPV16 E6 seropositivity in penile cancer was con-
siderably higher (35.1%), suggesting a higher HPV-attributable frac-
tion in penile cancer in South Africa than in Europe, where incidence
is reported to be significantly increasing from 1994 to 2012.2°> How-
ever, HPV16 E6 seropositivity in penile cancer is still expected to be
an under-representation of the fraction of tumors that are truly
HPV16-related.??

Few studies have reported on HPV16 Eé seropositivity in vulval
and vaginal cancer.?”? A prospective European cohort study on
HPV16 E6 seropositivity and anogenital cancers showed that HPV16
E6 seropositivity for anogenital cancers was 8.3% for 12 vaginal can-
cers and 1.5% for 67 vulval cancers.'® A case-control study that used
radioimmunoprecipitation assay for serology testing showed that
HPV16 E6 seropositivity for vulval cancer was 14.3%.2* Our findings
on 211 cases of vulval cancers and 49 cases of vaginal cancer, which
are relatively more common in South Africa than elsewhere in the
world,% thus add considerably to the evidence base, and the higher
HPV16 E6 seropositivity (23.7% and 22.5%, respectively), suggests a
higher HPV attributable fraction in this South African population with
high HIV prevalence than in Europe.*°

Our study showed an increase in E6 seroprevalence in vulval can-
cer over time in South Africa. Assuming HPV16 E6 seroprevalence to
be a reflection of HPV causality, our data suggest that the proportion
of vulval cancer related to HPV16 is increasing. Additionally, the
increase in E6 seroprevalence could be due to increasing HIV, and
improved immunocompetency due to wider use of ART. Chikandiwa
et al. observed important increases in the incidence of vulval cancer in
South Africa from the period 1994-2012 with an annual period
change of 16.1%, p-value = .01.2° This is expected to reflect increases
in HIV prevalence.*!

With respect to HIV status, HPV16 L1 seropositivity was signifi-
cantly higher in PLWH than in HIV-negative noncervical HPV-related

cancers, suggesting increased exposure to HPV in PLWH with these
cancers.*2 HPV16 E6 seropositivity, however, was significantly lower
in (particularly vulva) cancers diagnosed among PLWH than among
HIV-negative persons, even though the fraction of cancers attribut-
able to HPV was expected to be higher among PLWH. This phenome-
non was also observed for HPV18 Eé and is similar to that seen
previously for cervical cancer in this same population.” It may be due
to E6 immune response impairment in the presence of HIV infection.
This was further supported by the observation that E6 seroprevalence
was lower among never-than-ever ART users, which may be a surro-
gate for the degree of HIV-related immunodeficiency.

Our study has several limitations. First of all, we lacked HPV DNA
results in tumor samples to estimate the sensitivity of HPV seroposi-
tivity for the HPV-related fraction of these noncervical anogenital
cancers. We also lacked information on tumor staging. We did not
have a sufficient sample size to analyze determinants of HPV seropos-
itivity by individual cancer site, so we relied on a multivariate model
adjusted for cancer sites. The odds ratios for HPV16 E6 seropositivity
in noncervical HPV-related cancers tended to be lower than that
reported in the EPIC study.'® This is partly explained by a higher prev-
alence of antibodies against HPV16 E6 (2.8%;189/6651) and E7
(5.2%; 348/6651) observed in controls compared to other large case-
control studies®?*® However, similar findings were seen in the
United States among anal cancer patients.?®

In our study, we focused on HPV16 as by far the most important
HPV type in noncervical HPV-related cancers. However, similar
results were seen for HPV18 (albeit with lower power due to lower
seropositivity) or HPV16/18 combined. In addition, HPV16 E6 was
the most discriminant marker over E7 and L1, as shown in previous
studies of HPV-related cancers.?%1444

The strengths of our study include using the multiplex serology
assay,® which assesses different antigens simultaneously at the same
laboratory, a large sample size for cases and cancer controls, the rep-
resentativeness of the JCS of cancers among a Black sub-Saharan
African population, and the ability to assess HIV-positive and HIV-
negative cancer patients simultaneously. The study also used a strin-
gent oropharyngeal cancer definition by state-of-the-art international
classification of diseases coding.

In conclusion, HIV infection appears to influence HPV antibody
response in noncervical HPV-related cancers. Assuming HPV16 E6
seroprevalence to be a reflection of HPV causality, our data suggests
that the proportion of noncervical-HPV-related cancer caused by
HPYV, particularly vulval cancer, is increasing over time in South Africa,
expected to be driven by increasing influence of HIV. These findings
can inform prevention strategies, most notably through HPV vaccina-
tion and early detection, in populations with a high prevalence of both
HPV and HIV, to reduce the burden of HPV-related cancers and pre-
vent comorbidity amongPLWH.
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