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University of Alabama at Objectives: Prophylactic vaccines against high-risk human papillomaviruses (HR-HPVs)

Birmingham (UAB), Webb 326, hold promise to prevent the development of higher grade cervical intraepithelial neoplasia
1675 University Blvd, (CIN 2+) and cervical cancer (CC) that develop due to HR-HPV genotypes that are included
Birmingham, AL 35294, USA in HPV vaccines, but women will continue to develop CIN 2+ and CC due to HR-HPV
genotypes that are not included in the quadrivalent HPV vaccine (QHPV) and 9-valent HPV
Phone: +1-205-975-5398 vaccine (9VHPV). Thus, the current vaccines are likely to decrease but not entirely prevent
Fax: +1-205-934-7049 the development of CIN 2+ or CC. The purpose of the study was to determine the
Email: piyathic@uab.edu prevalence and determinants of CIN 2+ that develop due to HR-HPVs not included in
vaccines.
Rece.ived: February 1, 2023 Methods: Study population consisted of 1476 women tested for 37 HPVs and known to be
Revised: February 16, 2023 negative for qHPVs (6/11/16/18, group A, n=S811) or 9VHPVs (6/11/16/18/31/33/45/52/58,

Accepted: February 18, 2023 group B, n=331), but positive for other HR-HPVs. Regression models were used to

determine the association between plasma concentrations of micronutrients, socio-demographic,
lifestyle factors and risk of CIN 2+ due to HR-HPVs that are not included in vaccines.

Results: The prevalence of infections with HPV 31, 33, 35 and 58 that contributed to CIN
2+ differed by race. In group A, African American (AA) women and current smokers were
more likely to have CIN 2 (OR=1.76, P=0.032 and 1.79, P=0.016, respectively) while
in both groups of A and B, those with higher vitamin B12 were less likely to have similar
lesions (OR =0.62, P=0.036 and 0.45, P=0.035, respectively).

Conclusions: We identified vitamin B12 status and smoking as independent modifiable
factors and ethnicity as a factor that needs attention to reduce the risk of developing CIN
2+ in the post vaccination era. Continuation of tailored screening programs combined with
non-vaccine-based approaches are needed to manage the residual risk of developing HPV-
related CIN 2+ and CC in vaccinated women.
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Introduction

Infection with carcinogenic or high-risk human papillomaviruses (HR-HPVs) is the main causative factor for developing
cervical intraepithelial neoplasia (CIN), precursor lesions for cervical cancer (CC). CC is the first or second leading cause of
cancer deaths in developing countries compared to 14" in the US [1]. Over 400,000 annual deaths occur due to CC in
developing countries compared to approximately 4000/year in the US [2, 3]. In the US, 50% and 10% of CCs occur among
never screened and in women who are not screened within the past 5 years, respectively, indicating a clear benefit of an
organized CC screening program [4]. However, in the US, approximately 79 million women get infected with HPVs, and every
year there is an estimated 14 million new cases of HPV infections [5] and approximately, 412,000 women are diagnosed with
CIN annually, with an associated cost of $570 million [6]. Prevention of CIN is not only important because of the cost associated
with medical care, but also because treatment of the disease has several reproductive and obstetrical related adverse outcomes [7, 8].

Quadrivalent HPV vaccine (QHPV) against HPV 16 and 18 has the ability to prevent CIN 2+ lesions or CC associated with
those HPV genotypes [9, 10]. However, the fact that a substantial proportion of CIN 2+ lesions are caused by HR-HPV types
other than HPV 16 or 18 has begun to be appreciated [11]. The inclusion of additional HR-HPV genotypes (31, 33, 45, 52, and
58) in the 9-valent HPV vaccine (9VHPYV) is expected to have better CIN preventive effects, but even this vaccine does not
include six HR-HPV genotypes (35, 39, 51, 56, 59, 68). Previous studies have shown that these non-vaccine HPV genotypes are
associated with CC risk [12]. Our studies have shown that non-vaccine HPV genotype associated CIN 2+ lesions may have
similar malignant potential compared to such lesions that are associated with HPV genotypes that are included in vaccines [13].
No previous studies, however, have reported the determinants of CIN 2+ lesions that are unlikely to be preventable by HPV
vaccines. We previously reported that among women who tested positive for any one of the 13 HR-HPVs, those with supra-
physiologic concentrations of plasma folate (> 19.8 ng/ml) and sufficient plasma vitamin B,, (> 200.6 pg/ml) had 70% reduced
risk of developing CIN 2+ due to their known cancer protective functions [14]. Carotenes are thought to play a role in reducing
the risk of cancer in the head and neck, another HR-HPV associated cancer [15].

Based on this background, the purpose of this study was to: 1) identify the most prevalent non-vaccine HPV genotypes
detected in CIN 2+ lesions (cases) compared to < CIN 1 (non-cases); and 2) determine whether plasma concentrations of folate,
vitamin B,, and carotene and socio-demographic, lifestyle related CIN risk factors alter the risk of being diagnosed with non-
vaccine HPV related CIN 2+.

Methods

Ethics statement

The Institutional Review Board at the UAB approved all study protocols in accordance with the ethical standards laid down in
the 1964 Declaration of Helsinki and its later amendments. All women had given their informed consent prior to their inclusion
in the study (IRB approval number 040126002).

1. Study population

1) HPV and CIN status

The study population consisted of 1,476 women who had not received HPV vaccines who were enrolled between 2004-2011
by two studies funded by the National Cancer Institute (NCI) (RO1CA105448 and RO1CA102489). The details of the study
population, inclusion and exclusion criteria have been previously described [14]. All women were tested for 37 anogenital HPV
genotypes [13 HR-HPV genotypes, namely, HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 and 24 LR-HPV
genotypes, namely, HPV 6, 11, 26, 40, 42, 53, 54, 55, 61, 62, 64, 66, 67, 69, 70, 71, 72, 73 (MMD9), 81, 82 (MM4), 83 (MM7),
84 (MMS), IS39 and CP6108] using Roche Diagnostics Linear array following manufacturer's instructions as reported in our
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previous studies [14]. Eight hundred and eleven women were negative for HPV genotypes included in the qHPV vaccine, but
positive for other HR-HPV genotypes, 31, 33, 35, 39, 45, 51,52, 56, 58, 59, 68 (Group A) and 331 women were negative for
HPV genotypes included in the 9VHPV vaccine, but positive for other HR-HPV genotypes, 35, 39, 51, 56, 59, 68 (Group B)
and those two groups of women were assumed to have being vaccinated and had 100% efficacy and therefore negative for given
vaccine HPV genotypes. Among the 811 women in group A, 178 women were diagnosed with CIN 2+ (CIN 2 [n = 124], CIN 3
[n = 54]) and 633 women were diagnosed with < CIN 1 (normal cervical epithelium [n = 53], HPV cytopathic effect [HCE, n =
89], reactive nuclear enlargement [RNE, n = 76] or CIN 1 [n = 415]). Among the 331 women in group B, 59 were diagnosed
with CIN 2+ (CIN 2 [n = 43], CIN 3 [n = 16]) and 272 women were diagnosed with < CIN 1 (normal cervical epithelium [n =
19], HCE [n = 36], RNE [n = 32], CIN 1 [n = 185]. Pelvic examinations and collection of cervical cells and biopsies were

carried out following the standard operating protocols of the UAB colposcopy clinic.

2) Socio-demographic variables, lifestyle risk factors and sexual behavioral factors
Information on socio-demographic variables, lifestyle risk factors and sexual behavioral factors were obtained through a study

coordinator administered questionnaire.

3) Assessment of micronutrient status

Circulating concentrations of folate, vitamin B,, and total carotene were determined using protocols previously established and
validated in the Molecular Epidemiology Laboratory of Piyathilake at UAB [16]. Briefly, plasma folate concentrations were
determined using the L. casei microbiological assay, plasma vitamin B, concentrations using a competitive radio-binding assay
(SimulTRAC-SNB; MP Biomedicals), and total carotene by spectrophotometry.

2. Data Analysis

To be clinically relevant, we considered any non-vaccine HR-HPV genotype with a prevalence of at least 10% as a
requirement to be included in the analysis provided that this prevalence rate was found in any subgroup of race or CIN status.
Women infected with HPV genotypes 31, 33, 35, 39, 45, 51, 52, and 58 met this cut point as types not included in the gHPV.
HPV genotypes 35, 39 and 51 met this cut point as types not included in the 9VHPV. Differences between non-cases and cases
(i.e. between < CIN 1 and CIN 2 and between < CIN 1 and CIN 3) in Group A and in Group B with regard to demographic
variables [age (< 25 vs > 25) , race (African American [AA] vs Caucasian American [CA]), education (< high school education
vs > high school education)], lifestyle-related risk factors [current smokers vs non-current smokers], sexual behavioral factors
[parity (> 1 vs 0 live births), lifetime number of sexual partners (< 2 vs > 2), use of hormonal contraceptives (yes vs no)], plasma
concentrations of folate, vitamin B,, and total carotene (categorized based on the lowest tertile of the population < lower tertile
and > lower tertile) were assessed by Pearson i’ tests. Unconditional logistic regression models were used to determine the
association between socio-demographic, lifestyle related CIN risk factors, sexual behavioral factors, and plasma concentrations
of folate, vitamin B,, and total carotene and the risk of being diagnosed with non-vaccine HPV related CIN 2 or CIN 3. All
analyses were performed using JMP® Pro 16, RRID:SCR-014242 (SAS Institute Inc. Cary, NC, USA).

Results

1. Prevalence of specific HR-HPV genotypes and CIN lesions
Group A and B comprised of 55% and 22% of the 1476 HR-HPV positive women in our population, respectively. Seventy-

eight percent of women in group A were non-cases and 22% were cases (15% CIN 2 and 7% CIN 3) and 82% of women in
group B were non-cases and 18% were cases (13% CIN 2 and 5% CIN 3). The prevalence of CIN 2 was higher in the AA
(17%) compared to the CA (12%) and the prevalence of CIN 3 was higher in CA (9%) compared to the AA (5%) women (P =

https://kjcn.or.kr/ 63



Micronutrients and prevention of cervical pre-cancer in HPV vaccinated women

0.046). The prevalence of different grades of CIN lesions in group B was similar by race. HR-HPV genotypes with > 10%
prevalence in group A were HPV 31, 33, 35, 39, 45, 51 and 52 (Table 1) and in group B, HPV genotypes 35, 39 and 51 (Table
2). We observed that only among AAs, the prevalence of HPV 58 was higher in CIN 2 compared to CIN 1 (17% vs 26%) (P =
0.046) in group A (Table 1) while the prevalence of HPV 35 was higher in CIN 2 compared to CIN 1 (30% vs 67%) (P <0.001)
in group B. We did not observe a significant difference in the prevalence of HR-HPV genotypes between CIN 1 and CIN 2 in
group A or B among CA. HR-HPV genotypes that significantly differed in prevalence between CIN 1 and CIN 3 among AA
were HPV 31 (11% vs 25%) (P = 0.031) and 35 (19% vs 36%) (P = 0.033) in group A (Table 1) and HPV 35 (30% vs 75%) (P
=0.013) in group B (Table 2) and among CA HPV 33 (6% vs 19%) (P = 0.014) in group A (Table 1) and none in group B.

2. Demographic, lifestyle, sexual behavioral factors and micronutrient status of women by lesion diagnoses
The univariant analysis that tested the differences in the demographic, lifestyle-related risk factors, sexual behavioral factors,

and plasma concentrations of folate, vitamin B,, and total carotene between < CIN 1 and CIN 2 in group A and group B are
shown in Table 3. In groups A and B, we observed that higher proportions of women diagnosed with CIN 2 compared to women
diagnosed with < CIN 1 (85% vs 73% and 88% vs 74%, respectively) had > 2 lifetime number of partners (P = 0.008 and P =
0.039, respectively). In group B, we also observed that a higher proportion of women diagnosed with < CIN 1 compared to
women diagnosed with CIN 2 (70% vs 50%) had plasma vitamin B, concentrations greater than the lower tertile of the
population (P = 0.014). None of the other variables significantly differed between < CIN 1 and CIN 2.

The univariant analysis that tested the differences in demographic, lifestyle-related risk factors, sexual behavioral factors and
plasma concentrations of folate, vitamin B,, and total carotene between < CIN 1 and CIN 3 in group A and group B are shown

in Table 4. In group A, a higher proportion of women diagnosed with CIN 3 were current smokers (48% vs 35%) and had a

Table 1. HR-HPV genotypes not included in gHPV vaccine with = 10% prevalence in at least one lesion category by race in group A

women
Race Race

HR-HPV genotype AA (N = 488) CINT(%) CIN2(%)  Pvalue AA(N=428) CINT1(%) CIN3(%) Pvalue
CA (n = 269) CA (n = 259)

HPV 31 AA (N = 59) 1 16 0.225 AA (N = 52) 1 25 0.031
CA (n =39 14 17 0.620 CA(n =239 14 23 0.228

HPV 33 AA (N = 29) 5 9 0.168 AA (N = 25) 5 14 0.071
CA(h =15 6 3 0.701 CAN =19 6 19 0.014

HPV 35 AA (N = 99) 19 26 0.132 AA (N = 86) 19 36 0.033
CA(n = 34) 12 17 0.435 CA(n = 30) 12 8 0.749

HPV 39 AA (N = 34) 8 5 0.324 AA (N = 31) 8 4 0.710
CA(n=251) 18 25 0.320 CA (n = 46) 18 15 0.999

HPV 45 AA (n = 52) 11 9 0.599 AA (N = 45) 1 4 0.215
CA(nN=19) 7 8 0.749 CA(n=18) 7 8 0.875

HPV 51 AA (N = 74) 16 14 0.659 AA (N = 64) 16 23 0.407
CA(nh = 39) 13 22 0.157 CA(n =37 13 23 0.177

HPV 52 AA(n = 103) 21 20 0.869 AA (N = 88) 21 1 0.231
CA(n = 60) 22 28 0.397 CA(n =55 22 19 0.792

HPV 58 AA (N = 91) 17 26 0.046 AA (N = 74) 17 21 0.549
CA(h =27 10 8 0.715 CA(n = 25) 10 4 0.291

HPV 56, 59, 68 did not qualify to be included in this table because of < 10% prevalence in any subgroup of race or CIN status.
1) Negative for HPV genotypes included in the gHPV vaccine but positive for other HR-HPV genotypes.

HR-HPV: High-risk human papillomavirus, gHPV: Quadrivalent HPV vaccine, CIN: Cervical infraepithelial neoplasia, AA: Afican Amer-
ican, CA: Caucasian American
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Table 2. HR-HPV genotypes not included in 9vHPV vaccine with = 10% prevalence in at least one lesion category by race in group B

women
Race Race

HR-HPV genotype AA (N =192 CINT (%) CIN2 (%) P-value AA(N=173) CINT (%) CIN 3 P-value (%)
CA(n=123) CAn=119)

HPV 35 AA (N = 67) 30 67 < 0.001 AA (n = 55) 30 75 0.013
CA(n = 25) 21 19 0.999 CA(n=24) 21 25 0.766

HPV 39 A (N=19) 12 0 0.081 AA (n = 20) 12 13 0.999
CA(n = 38) 31 31 0.999 CA(n = 35) 31 25 0.999

HPV 51 AA (N = 45) 24 19 0.515 AA(n = 41) 24 13 0.682
CA(n =32 23 44 0.123 CA(n =29 23 50 0.109

HPV 56, 59, 68 did not qudlify to be included in this fable because of <

10% prevalence in any subgroup of race or CIN status.

1) Negative for HPV genotypes included in the 9VHPV vaccine but positive for other HR-HPV genotypes.
HR-HPV: High-risk human papillomavirus, gHPV: Quadrivalent HPV vaccine, CIN: Cervical intraepithelial neoplasia, AA: Afican Amer-

ican, CA: Caucasian American

Table 3. Univariate comparison of demographic, lifestyle, sexual behavioral factors and micronutrient status of women diagnosed with
< CIN 1 (non-cases) and CIN 2 (cases) in Group A" and in Group B?

Group A Group B
Variables =<CIN1 CIN 2 Pyalue =<CIN1 CIN2 Pvalue
n =633 n=124 n =272 n=43

Age (years)
<25 353 (56) 67 (54) 0.722 175 (64) 26 (60) 0.623
=25 280 (44) 57 (46) 97 (36) 17 (40)

Race
Caucasian American 233(37) 36 (29) 0.098 107 (39) 16 (37) 0.790
African American 400 (63) 88 (71) 165 (61) 27 (63)

Educational status
> high school education 477 (80) 100 (81) 0.877 207 (81) 39191 0.118
< high school education 119 (20) 24(19) 49(19) 4(9)

BMI (kg/m?)
<25 214 (34) 51 (41) 0.117 91 (34) 13(31) 0.725
=25 414 (66) 72 (59) 179 (66) 29 (69)

Current smoking status
Non-current smokers 407 (65) 73 (59) 0.171 173 (65) 27 (63) 0.823
Current smokers 216 (35) 51(41) 95 (35) 16 (37)

Parity
0 live births 212 (33) 31 (25) 0.064 92 (34) 10(23) 0.169
= 1 live births 421 (67) 93 (75) 180 (66) 33(77)

Lifetime numibber of sexual partners
<2 168 (27) 19 (15) 0.008 71 (26) 5(12) 0.039
>2 465 (73) 105 (85) 201 (74) 38 (88)

Use of hormonal contraceptive
No 92 (16) 22(18) 0.611 39 (16) 9(21) 0.390
Yes 473 (84) 163 (82) 204 (84) 33(79)

Plasma folate (ng/mi)¥
< low terfile 199 (33) 39 (33) 0.983 86 (33) 12 (29) 0.596
= low terfile 405 (67) 79 (67) 171 (67) 29 (71)

Vitamin B, (pg/mi)®
< low tertile 172 (32) 46 (40) 0.095 70 (30) 20 (50) 0.014
= low terfile 372 (68) 70 (60) 162 (70) 20 (50)

Total plasma carotene (ug%)°
< low tertile 203 (34) 59 (31) 0.595 86 (34) 11 (27) 0.366
> low terfile 391 (66) 129 (69) 167 (66) 30(73)

n (%).

1) Negative for HPV genotypes included in the gHPV vaccine but positive for other HR-HPV genotypes.
2) Negative for HPV genotypes included in the 9VHPV vaccine but positive for other HR-HPV genotypes.
3) Group A plasma folate low terfile = 10.39, Group B plasma folate low tertle = 10.58

4) Group A vitamin B,, low tertile = 341.44, Group B vitamin B,, low ferfle = 335.20

5) Group A total plasma carotene = 73.56, Group B total plasma carotene = 72.94

CIN: Cervical infraepithelial neoplasia, HR-HPV: High-risk human papillomavirus
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Table 4. Univariate comparison of demographic, lifestyle, sexual behavioral factors and micronutrient status of women diagnosed with
< CIN 1 (non-cases) and CIN 3 (cases) in Group A" and in Group B?

Group A Group B
Variables <CIN1 CIN 3 Pyalue <CIN1 CIN 3 Pvalue
n =633 n=>54 n =272 n=16
Age (years)
<25 353 (56) 30 (56) 0.976 175 (64) 7 (44) 0.623
=25 280 (44) 24 (44) 97 (36) 9 (56)
Race
Caucasian American 233(37) 26 (52) 0.099 107 (39) 8 (50) 0.397
African American 400 (63) 28 (48) 165 (61) 8 (50)
Educational status
> high school education 477 (80) 45 (83) 0.559 207 (81) 13(81) 0.999
< high school education 119 (20) 9(17) 49(19) 3(19)
BMI (kg/m?)
<25 214 (34) 24 (44) 0.131 91 (34) 7 (44) 0.411
=25 414 (66) 30 (56) 179 (66) 9 (56)
Current smoking stafus
Non-current smnokers 407 (65) 28 (52) 0.047 173 (65) 9 (56) 0.501
Current smokers 216 (35) 26 (48) 95 (35) 7 (44)
Parity
0 live births 212 (33) 11 (20) 0.048 92 (34) 4 (25) 0.591
> 1 live births 421 (67) 43 (80) 180 (66) 12 (75)
Lifetime numiboer of sexual partners
<2 168 (27) 9(17) 0.111 71 (26) 6(37) 0.317
=2 465 (73) 45 (83) 201 (74) 10 (63)
Use of hormonal contraceptive
No 92 (16) 5(9) 0.190 39 (16) 2(13) 0.706
Yes 473 (84) 48 (91) 204 (84) 14 (87)
Plasma folate (ng/mi)?
< low tertile 199 (33) 22 (42) 0.171 86 (33) 12 (75) 0.592
= low tertile 405 (67) 31 (58) 171 (67) 4 (25)
Vitamin B,, (pg/mi)¥
< low tertile 172 (32) 23 (43) 0.092 78 (34) 4 (25) 0.590
> low tertile 372 (68) 30 (57) 154 (66) 12 (75)
Total plasma carotene (ug%)®
< low tertile 203 (34) 19 (36) 0.618 84 (33) 531 0.872
> low terfile 391 (66) 34 (64) 169 (67) 11 (69)
n (%).

1) Negative for HPV genotypes included in the gHPV vaccine but positive for other HR-HPV genotypes.
2) Negative for HPV genotypes included in the 9VHPV vaccine but positive for other HR-HPV genotypes.
3) Group A plasma folate low terfile = 10.20, Group B plasma folate low tertle = 10.56

4) Group A vitamin B,, low fertle = 342.23, Group B vitamin B,, low ferfle = 344.73

B) Group A total plasma carofene = 73.27, Group B total plasma carotene = 71.97

CIN: Cervical infraepithelial neoplasia, HR-HPV: High-risk human papillomavirus

higher number of live births (80% vs 67%) compared to women who were diagnosed with < CIN1 (P = 0.047 and 0.048,
respectively). We did not observe any significant differences in other variables between < CIN 1 and CIN 3 in group B.

3. Regression model results
Unconditional logistic regression models that tested the relationships between demographic, lifestyle-related risk factors,
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sexual behavioral factors and plasma concentrations of folate, vitamin B, and total carotene and risk of being diagnosed with

CIN 2 are shown in Table 5. In group A, we observed that AA women and current smokers were 1.76 and 1.79 times,

respectively, were more likely to be diagnosed with CIN 2 compared to CA women and nonsmokers (OR = 1.76, 95% CI =
1.05-2.95, P = 0.032; OR = 1.79, 95% CI = 1.11-2.89, P = 0.016, respectively). In group A, women with plasma vitamin B,
concentration higher than the lower tertile of the population were 38% less likely to be diagnosed with CIN 2 compared to

Table 5. Relationship between demographic, lifestyle, sexual behavioral factors and micronutrient status and risk of being diagnosed
with CIN 2 among group A" and group B women

CIN2vs =CIN 1
Variables Group A Group B
95% Cl P-value 95% Cl P-value

Age (years)
<25 1.00 0.861 1.00 0.854
=25 0.95(0.61-1.47) 1.08 (0.43-2.03)

Race
Caucasion American 1.00 0.032 1.00 0.804
African American 1.76 (1.05-2.95) 1.12(0.47-2.68)

Educational status
Higher than high school education 1.00 0.289 1.00 0.075
Less than high school education 0.73(0.41-1.30) 0.31(0.08-1.12)

BMI (kg/m?)
<25 1.00 0.111 1.00 0.714
=25 0.70(0.45-1.09) 1.16 (0.563-2.53)

Current smoking status
Non-current ssokers 1.00 0.016 1.00 0.334
Current smokers 1.79(1.11-2.89) 1.51 (0.65-3.51)

Parity
0 live births 1.00 0.165 1.00 0.380
> 1 live births 1.42 (0.87-2.34) 1.47 (0.62-3.45)

Lifetime numiber of sexual partners
<2 1.00 0.473 1.00 0.379
=2 1.24 (0.69-2.22) 1.47 (0.62-3.45)

Use of hormonal contraceptive
No 1.00 0.607 1.00 0.712
Yes 0.86 (0.49-1.51) 0.84(0.33-2.12)

Plasma folate (ng/mL)®
< low tertile 1.00 0.662 1.00 0.876
= low terfile 1.11(0.70-1.77) 1.07 (0.47-2.40)

Plasma vifamin B, , (pg/mL)*
< low tertile 1.00 0.036 1.00 0.035
> |low terfile 0.62 (0.40-0.97) 0.45(0.21-0.94)

Plasma total carotene (ug%)®
< low terfile 1.00 0.135 1.00 0.268
> |low tertile 1.44 (0.89-2.33) 1.60 (0.70-3.64)

1) Negative for HPV genotypes included in the gHPV vaccine but positive for other HR-HPV genotypes.

2) Negative for HPV genotypes included in the 9VHPV vaccine but positive for other HR-HPV genotypes.

3) Group A plasma folate low terfile = 10.39, Group B plasma folate low tertle = 10.58

4) Group A vitamin B,, low tertile = 341.44, Group B vitamin B,, low fertle = 335.20

5) Group A total plasma carotene 73.56, Group B total plasma carotene = 72.937

CIN: Cervical infraepithelial neoplasia, HR-HPV: High-risk human papillomavirus
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women with plasma vitamin B,, below the lower tertile concentration (OR = 0.62, 95% CI = 0.40-0.97, P = 0.036). In group B,
women with plasma vitamin B,, concentrations higher than the lower tertile concentration were 55% less likely to be diagnosed
with CIN 2 compared to women with plasma vitamin B,, below the lower tertile concentration (OR = 0.45, 95% CI = 0.21-0.94,
P =0.035).

Unconditional logistic regression models that tested the relationships between demographic, lifestyle-related risk factors,

Table 6. Relationship between demographic, lifestyle, sexual behavioral factors and micronutrient status and risk of being diognosed
with CIN 3 among group A" and group B? women

CIN3vs <CIN1
Variables Group A Group B
95% Cl P~alue 95% Cl P~alue

Age (years)
<25 1.00 0.654 1.00 0.158
=25 0.87 (0.47-1.61) 2.24(0.73-6.82)

Race
Caucasion American 1.00 0.120 1.00 0.582
African American 0.60(0.31-1.14) 0.71 (0.20-2.45)

Educational status
Higher than high school education 1.00 0.051 1.00 0.764
Less than high school education 0.43 (0.19-1.00) 0.80(0.19-3.34)

BMI (kg/m?)
<25 1.00 0.294 1.00 0.626
> 25 0.72 (0.40-1.32) 0.76 (0.25-2.30)

Current smoking status
Non-current smokers 1.00 0.156 1.00 0.698
Current smokers 1.60 (0.84-3.05) 1.27(0.38-4.30)

Parity
0 live births 1.00 0.093 1.00 0.625
> 1 live births 1.88 (0.90-3.94) 1.37 (0.38-4.91)

Lifetime numiloer of sexual partners
<2 1.00 0.552 1.00 0.086
=2 1.28 (0.57-2.90) 0.37(0.12-1.15)

Use of hormonal contraceptive
No 1.00 0.355 1.00 0.438
Yes 1.59 (0.60-4.21) 1.89 (0.38-9.36)

Plasma folate (ng/mL)®
< low tertile 1.00 0.207 1.00 0.589
> low terfile 0.67 (0.36-1.25) 1.41 (0.40-4.93)

Plasma vitarmin B, (pg/mL)*
< low tertile 1.00 0.342 1.00 0.379
> low terfile 0.74 (0.40-1.37) 1.76 (0.50-6.23)

Plasma total carotene (ug%)®
< low tertile 1.00 0.859 1.00 0.757
> low terfile 0.95(0.51-1.76) 1.21 (0.36-4.01)

1) Negative for HPV genotypes included in the gHPV vaccine but positive for other HR-HPV genotypes.
2) Negative for HPV genotypes included in the 9VHPV vaccine but positive for other HR-HPV genotypes.

3) Group A plasma folate low tertile

4) Group A vitamin B,, low tertile

10.20, Group B plasma folate low tertile
342.23, Group B vitamin B,, low terfile = 344.73

= 10.56

5) Group A total plasma carotene = 73.27, Group B total plasma carotene = 71.97

CIN: Cervical infraepithelial neoplasia, HR-HPV: High-risk human papillomavirus
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sexual behavioral factors and plasma concentrations of folate, vitamin B, and total carotene and risk of being diagnosed with
CIN 3 are shown in Table 6. Although in the univariate analysis, we observed that the proportion of current smokers and women
with higher number of live births were significantly different between < CIN 1 and CIN 3, after adjusting for all other variables

there were no significant associations between these variables and risk of CIN 3.

Discussion

Prophylactic HPV vaccines hold promise to prevent the development of CIN 2+ due to HPV genotypes that are included in
vaccines, but a demonstrable reduction of the burden of CC, the main goal of prophylactic HPV vaccines, is expected to take
several decades. In addition, women will continue to develop CIN 2+ lesions due to HR-HPV genotypes that are not included in
such vaccines and those lesions will continue to progress to CC. Therefore, vaccine approach is likely to decrease but not
entirely prevent the development of HPV-related CCs for the foreseeable future. Therefore, we envision that a continuation of
tailored screening programs combined with lifestyle changes and other non-vaccine-based approaches will be necessary to
manage the risk of developing HPV-related cancers in the post-vaccine era.

Thirteen HPV genotypes are considered to be high risk, namely, HPV genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
and 68. It is generally accepted that HPV 16 and 18 are the most carcinogenic, but studies report that HPV genotypes such as
HPYV 33, 35 and 45 have similar carcinogenic potential to that of HPV 16 and 18 via producing similar concentrations of mRNA
of E6/E7 oncoproteins [17-19] and those interfere with the normal growth regulatory functions of the host cellular proteins P53
and RB that favor malignant transformation [20-22]. Even though these observations indicate that women infected with other
HR-HPV genotypes, even in the absence of HPV genotypes included in HPV vaccines may develop lesions with similar
malignant potential, no studies have identified factors that alter the risk of being diagnosed with non-vaccine HPV related CIN
2+ or the most prevalent non-vaccine HPV genotypes detected in such lesions.

Studies in the US and in other countries have demonstrated reductions in CIN 2+ lesions attributable to HR-HPV genotypes
targeted by qHPV vaccine [23-25]. Studies have also estimated that if 9VHPV vaccination programs are effectively
implemented, the majority of CIN 2+ due to those HPV genotypes could be prevented [26, 27]. However, the 9VHPV vaccine
failed to prevent infection or the development of precancerous lesions in the cervix, vulvar or vagina related to HPV types
beyond the nine types covered by this vaccine [31]. Since the magnitude of CIN burden related to non-vaccine HPV genotypes
or their determinants is largely unknown, in this study, we addressed these concerns by utilizing a population of women who
were are characterized for demographic, lifestyle related CIN risk factors, plasma concentrations of folate, vitamin B, and
carotene, HPV status and histologically confirmed CIN diagnoses.

We observed that > 50% of our study population tested positive for HPV genotypes that are not included in qHPV and 15%
and 7% of them had CIN 2 or CIN 3, respectively. The percentage of women who tested positive for HR-HPV genotypes that
are not included in the 9VHPV vaccine was lower (22%), but 13% and 5% of them had CIN 2 and CIN 3, respectively. These
observations indicate that CC risk in women vaccinated with current vaccines cannot be ignored. Further, the cumulative
incidence of such lesions could be higher in this population over time since 78% and 82% of women diagnosed with < CIN 1
who are at risk of progressing to CIN 2+ are also positive for HR-HPV genotypes that are not included in qHPV and 9VHPV
vaccines, respectively. Further, the prevalence of some of these HPV genotypes such as HPV 35 was higher than 60% and the
prevalence was significantly higher in CIN 2 or 3 compared to CIN 1 lesions, especially in AA women. Since AAs and CAs are
the most prevalent racial groups in the USA and there are cultural differences with regard to dietary factors between these racial
groups, it is important to document racial differences in CIN 2+ risk related to specific HPV genotypes.

We observed that women who receive gHPV or 9VHPV vaccines are more likely to develop CIN 2 rather than CIN 3. Even
though the severity is lower, CIN 2 lesions left under observation without treatment according to the current American College

of Obstetricians and Gynecologists (ACOG) guidelines in women < 25 years of age may transform to CIN 3 by the time they
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reached screening age. Treatment of CIN 2 in older women results in adverse reproductive and gynecological outcomes
indicating the importance of their prevention in vaccinated women, irrespective of their age. We observed that improving
vitamin B,, status or its supplementation could serve as a non-vaccine-based approach to reduce the risk of developing such
lesions. In contrast to our previous findings reported with women enrolled during at the beginning of the US folic acid
fortification period (1996-1998), we did not observe a significant association between lower folate status and higher risk of CIN
2+ [28]. This could be due to the fact that plasma folate concentrations had continued to increase in US over time due to the
folate fortification program. We previously reported that in a cohort of women enrolled after 2004, a few years of exposure to
folate fortified food, having sufficient vitamin B,, plays a significant role in altering the risk of developing CIN 2+ [14]. Since
there was no vitamin B, fortification program in the US, approximately, one third of women who are at risk for CIN 2+ have
inadequate concentrations of vitamin B, (< 350 pg/mL). In developing countries such as India, however, both folate and vitamin
B,, could play a role in reducing CIN 2+ risk as only 2% achieve supra-physiologic concentrations of folate and 66% of women
have inadequate vitamin B,, concentrations [29]. These observations suggest that improving the status of both folate and vitamin
B,, by dietary means or their supplementation could serve as an effective non-vaccine-based approach to reduce the risk of
developing such lesions.

Mechanistically, folate is likely to be associated with a lower risk of CIN 2+ in several ways. Folate deficiency leads to DNA
instability (DNA and chromosomal damage), risk factors for cancer, by several mechanisms including uracil misincorporation,
impaired DNA excision repair, and suboptimal cellular DNA repair capacity [30. 31]. Higher folate minimizes these DNA and
chromosomal changes [32]. Intervention studies in humans taking folate supplements have shown that DNA damage in
peripheral blood cells is minimized when plasma concentrations of folate is high [30]. Further, DNA instability (strand breakage,
uracil misincorporation, and defective repair) is increased by folic acid depletion in human lymphocytes in vitro [29]. Folate
deficiency also modulates DNA repair, DNA strand breakage, and uracil misincorporation in immortalized human colonocytes
[33]. Folate’s influence on HPV integration is also a possible explanation since common chromosomal fragile sites that are
sensitive to folate deficiency have been shown to coincide with sites of HPV integration, a key event in HPV carcinogenesis
[34]. Further, our previous studies have showed that a lower degree of HPV methylation in the presence of lower plasma
concentrations of folate and vitamin B,, influence the biology of specific HPV genotypes and the likelihood of being diagnosed
with CIN 2+ [35], indicating the importance of both folate and vitamin B,, to prevent the development of CIN 2+.

We also observed that AA women and smokers who will be given qHPV vaccine may need regular follow up and advice on
smoking cessation suggesting that tailored preventive measures based on ethnicity and adverse health habits are important. In
this study, we noted that none of the known risk factors evaluated was significantly associated with the risk of developing CIN 3.
However, since the magnitude of the association was similar for some risk factors such as smoking, the smaller sample size may
explain these non-significant results. It is also possible that other factors that are not examined such as methylation of HPV or
their integration status could be contributing to the development of such CIN lesions.

Collectively, our results demonstrated the importance of continuation of tailored screening programs combined with lifestyle
changes/other non-vaccines-based approaches to manage the residual risk of developing HPV related cancers in the post-HPV
vaccination era as the prevalence of some HPV genotypes that are not included are frequently found in this population. Further,
since the incidence of HPV-associated pre-cancers and cancers also continues to increase at several anatomical sites other than
the cervix (oropharynx, anus, vagina, vulva) [36] in the post-HPV vaccination era, it is important to study and extend similar
preventive approaches to control the risk of developing cancers in those organs. Our study approach will form the foundation for
such studies.

In this study, we assumed that women who tested negative for qHPV or 9VHPV genotypes could have received those
vaccines and had 100% efficacy in preventing infections with those vaccine HPV genotypes. Even though this assumption can
be viewed as a limitation, it is important to acknowledge that HPV vaccine studies are in general are conducted in younger

females who are naive to HPV infections and therefore cervical cells to test for HPV infections or biopsies to evaluate CIN
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diagnoses are rarely collected in these studies and therefore it is not possible to test the aims of our study in those populations.
Our approach will form the foundation to design post vaccination era studies in the future to test the significance of tailored
screening programs combined with lifestyle changes/other non-vaccines-based approaches to manage the residual risk of
developing HPV related cancers in vaccinated women.

Since 2016, only 9VHPV vaccine is used in the US. However, there is no Advisory Committee on Immunization Practices
(ACIP) recommendation regarding additional 9VHPV vaccine doses for people who have completed the vaccine series with the
qHPV vaccine other than 9VHPV vaccine may be used to continue or complete a vaccination series started with qHPV vaccine
[37-40]. Therefore, both groups of women, negative for qgHPV and 9V HPV genotypes will exist in the US post HPV
vaccination era. Since in developing countries only the qHPV vaccine is used currently, vaccinated women will only be negative

for qHPV genotypes.

Conclusions

The current HPV vaccine approach is likely to decrease but not prevent the development of cervical precancerous lesions
entirely in a significant proportion of women. Continuation of screening programs combined with lifestyle changes and other
non-vaccine-based approaches are needed to manage the risk of developing HPV-related cancers in vaccinated women. We
identify vitamin B, status and smoking as independent modifiable factors and ethnicity as a factor that needs attention to reduce
the risk of developing CIN 2+ in the post vaccination era. Larger studies are needed to confirm the significance of other factors
such as educational status, parity and the number of lifetime partners that reached borderline significance in relation to CIN 2 or
3 in our study. Since the current study is a cross-sectional study where risk factors and plasma concentrations micronutrients
were assessed at a single time point, the temporality of the associations or causal relations cannot be assessed in our study.
Verification of our results in longitudinal studies and their reproducibility in other populations exposed to HPV infections and/

vaccines will increase the scientific validity of our findings.
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