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Abstract

Globally, an estimated 36.9 million persons are living with HIV/IAIDS, and approximately 291 million women
worldwide are carriers of human papillomavirus (HPV). A large humber of women currently infected with
either or both viruses constitute a large burden on the national health care system. Women with HIV have
significantly higher rates of HPV infections than women without HIV. Approximately 77% of women with
HIV are carriers of HPV. While research has established a linkage between HIV and progression to cervical
cancer in general, there are currently no review articles exploring the role HIV has in the progression from
HPV to each stage of carcinogenesis that leads to cervical cancer. The objective of this review is to exam-
ine the relationship between HIV and progression from HPV to each stage of carcinogenesis related to
cervical cancer. The findings of the review support the conclusion that HIV infection increases the likelihood

of progression to each stage of the HPV to cervical cancer pathway. (AIDS Rev. 2018;20:94-103)
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women compared with the general population with
standardized incidence ratio of 4.3 (95% confidence
interval [Cl]: 3.3-5.6, p < 0.05)°. This trend is exacer-
bated in low- to middle-income countries. For example,
Céte d'lvoire, where cervical cancer is the leading
cause of cancer death, HIV-infected women were
3 times more likely than uninfected women to develop
cervical cancer®. This trend persists in developed na-

|ntroduction

Cervical cancer is a leading cause of death among
women worldwide'. Globally, cervical cancer has been
estimated to have been responsible for 265,700 deaths
annually, and 86% of these deaths occurred in
developing countries’. Women with HIV are particularly
affected by the burden of cervical cancer. Population-
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based matched registry studies provide the best epi-
demiological estimates of the increased risk of cervical
cancer as result of HIV. Recent studies have reported
increased cervical cancer rate among HIV-positive
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tions as well. Clifford et al. conducted a study using
involving North American AIDS Cohort Collaboration on
Research and Design (NA-ACCORD), in which they
assessed the odds of incident cervical cancer among
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HIV positive (13,690) and HIV negative women (12,021)%.
The findings indicated that HIV-infected women with
baseline CD4+ T-cells of > 350, 200-349 and
< 200 cells/uL had a 2.3 (95% CI: 1.3-4.1, p < 0.05)
times, 3.0 (95% CI: 1.1-8.6, p < 0.05) - times, and
7.7 (95% Cl: 4.7-12.6, p < 0.05) times increase in
invasive cervical cancer (ICC) incidence, respectively,
compared with HIV-uninfected women*. This study
suggests that HIV-induced immunosuppression is a
potential mechanism through which HIV increases pro-
gression from human papillomavirus (HPV) to cervical
cancer. It is well established that HPV infection is the
main contributor to cervical cancer and that it pro-
gresses to squamous intraepithelial neoplasia more
frequently and rapidly in HIV-infected women than in
the general populations. The prevailing hypothesis is
that HIV-mediated immune dysfunction leads to longer
and more persistent cervical HPV infections®. These
infections then lead to oncogenic transformations that
lead to cancer’. Supporting this hypothesis, a study
conducted in Brazil of 151 women found HIV-positive
women took a significantly longer time (7.0 + 3.8 months)
to clear HPV, compared to those not infected by HIV
(5.9 + 3.0 months) (p < 0.05)8. While both HIV and HPV
are both considerable burdens on public health glob-
ally, they HIV and HPV interact causing a more rapid
progression from HPV to cervical cancer®''. In ex vivo
models of cervical epithelial cells in tissue explants from
HIV-uninfected patients, the adjunction of HIV proteins
(tat and gp120) with cytokines produced by HIV-infect-
ed cells (tumor necrosis factor alpha [TNF-a] and inter-
feron-gamma [IFN-y]) has induced the separation of
epithelial tight junctions and increased HPV penetration
into the basal epithelial cells''. Basal epithelial cells are
HPV targeted cells'". Immunology also plays an impor-
tant role as HIV positive women with lower CD4 counts
are more likely to harbor high-risk HPV types that in-
crease progression from high-grade squamous intraep-
ithelial lesions (HSIL) to cervical cancer'. The objective
of this review is to examine the relationship between
HIV and progression from HPV to each stage of carci-
nogenesis related to cervical cancer. The findings of
the narrative review support the conclusion that HIV
infection increases the likelihood of progression to each
stage of the HPV to Cervical Cancer Pathway.

HIV and HPV acquisition

HIV is transmitted through sexual contact across muco-
sal surfaces, by maternal-infant exposure, and by percu-
taneous inoculation™. The most common transmission

route identified worldwide is through the female genital
tract’®. The transmission probability per event varies from
1in 200 to 1 in 2000%. Heterosexual transmission is re-
sponsible for nearly 70% of HIV-1 infections worldwide;
the remainder is mainly attributable to male to male trans-
mission, injection drug use, and maternal-infant infec-
tion'3. Persons with HIV are considered to have pro-
gressed to AIDS if their CD4 count has been reduced to
< 200 cells/mL™. This is indicative of immunosuppression.
Persons who are immunosuppressed most commonly die
due to opportunistic infections™. Studies have suggested
that females with HIV are particularly vulnerable to HPV
infection as they have an increased likelihood of immuno-
suppression, and thus an increased probability of acquir-
ing opportunistic infections such as HPV'". In a prospec-
tive study conducted by Konopnicki et al. involving 652
women, researchers determined through multivariate re-
gression thata CD4 count > 500 cells per mL for 18 months
among HIV positive women was significantly associated
with reduced risk of HR-HPV acquisition (odds ratio [OR],
0.88; 95% Cl: 82-0.94; p = 0.0002)".

The potential molecular mechanism through which
HIV-induced immunosuppression can increase the
likelihood of HPV acquisition is the CD4 level. Low
CD4+ counts (< 200 cells/uL) have been shown to be
the strongest independent predictor of infection with
HPV'. Furthermore, in HIV-infected individuals, the
probabilities of HPV acquisition and the development
of intraepithelial neoplasia increase in proportion to the
loss of CD4 T cells'”. Persons with reduced CD4 counts
are unable to produce effective CD4+ T cell responses
or to make immunoglobulins in response to a potential
infection'®. This impaired T-cell function causes a
greater susceptibility to HPV infection’®,

Another molecular mechanism regarding the method
in which HIV increases HPV susceptibility has been pro-
posed. In ex vivo models of cervical epithelial cells in
tissue explants from HIV-uninfected patients, the adjunc-
tion of HIV proteins (tat and gp120) with cytokines pro-
duced by HIV-infected cells (TNF-oe and IFN-y) has in-
duced the separation of epithelial tight junctions and
increased HPV penetration into the basal epithelial
cells'. Basal epithelial cells are HPV targeted cells™.
During HPV replication, HIV tat protein was shown to
significantly enhance HPV transcription and thus the ex-
pression of the HPV E oncogenes and L capsid proteins
in cell cultures™. This suggests that HIV can reduce the
cohesion of epithelial junctions and allow for penetration
of HPV into the targeted basal epithelial cells.

HPV is the most common sexually transmitted virus
and is often present in the cervical epithelia of women
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who have no cytological abnormalities’®. HPVs are
generally recognized to be the central causative agent
of cervical cancer'®. HPV can be transmitted through
vaginal, anal, or oral intercourse with someone who has
the virus. It is most commonly spread during vaginal
or anal sex®. HPV can be passed even when an in-
fected person has no signs or symptoms®. If left un-
treated HPV can progress to lesions, which are major
risk factor for cervical cancer®'-?,

HPV has been indicated to increase the likelihood of
HIV acquisition. It has been demonstrated that the E7
protein of HPV type-16 downregulates an epithelial
adhesion molecule called E-Cadherin which increases
the susceptibility of the genital lining to HIV23. Another
method in which HPV can increase the likelihood of HIV
is through the T-cell response. The host immune re-
sponse to HPV is conducted by T-lymphocytes, this
increase in lymphocyte production may increase HIV
susceptibility as T-lymphocytes is primary target cells
for HIV?4%5 An increased presence of these cells has
been seen in HPV-infected cervical tissue.

Progression from HPV to cervical cancer

To understand the progression from HPV to cervical
cancer, the nomenclature of the individual stages must
first be understood. Over the past few decades, re-
searchers have named the stages using histological
and cytological methods of nomenclature. A previous
literature review outlined the current understanding of
cervical cancer precursors and the nomenclature of
stages that progress to cervical cancer?!. Histological
nomenclature is based on the underlying neoplastic
process and guides treatment?®!. Cytological nomen-
clature is used to assess the underlying histologic
state®’. The histological stages of progression are:
negative, squamous atypia, cervical intraepithelial neo-
plasms 1 (CIN1), CIN2, and CIN 32'. The cytological
stages of nomenclature are: negative for intraepithelial
lesion or malignancy (NILM), atypical squamous cells
of undetermined significance (ASCUS), low-grade
squamous intraepithelial lesion (LSIL), and HSIL?".

The literature has established a moderate correlation
between histological and cytological detection of pre-
cursors to cervical cancer; however, these two systems
of nomenclature are not equivalent in a definition or
medical standard?®. Histology is used to decide the
treatment of cancer and precancer through categoriza-
tion of the patterns of microscopic organization of cells
in tissue sections from biopsy to surgical specimens?’.
In comparison, cytology assesses the exfoliated cells

removed from the surface of the cervix?’. Histology is
the “gold standard” in modern medicine in determining
the degree of progression in cervical disease?®. These
terms are often used interchangeably during assess-
ments of progression from HPV to cervical cancer in
the literature; therefore in this review, we begin with a
description of the correspondence between the cyto-
logical and histological nomenclature.

Negative (NILM) is a cytological stage that is defined
as having no cervical abnormalities or lesions. Squa-
mous atypia is defined as microscopic abnormalities
in cervical cells in which the significance of the abnor-
mality is undetermined as it relates to cervical can-
cer?!. This histological stage includes the cytological
stage ASCUS?". For the purposes of this manuscript,
ASCUS will not be included as a step in the pathway
of HPV to cervical cancer as ASCUS is a cytological
stage that is generally not the result of HPV, but rather
inflammation caused by bacteria, fungi, or viruses
other than HPV2, ASCUS will be included merely as a
risk factor that is associated with prevalent HPV. CIN
is the pre-malignant abnormal growth of squamous
cells on the surface of the cervix?'. CIN is a stage in
which abnormal cells are found on the surface of the
cervix. CIN has three substages stages: CIN1, CIN2,
and CIN 3%'. CIN 1 is defined as low-grade lesion. It
refers to mildly atypical cellular changes in the lower
third of the epithelium (basal 1/3), this stage includes
the cytological stage LSIL?'2?°. CIN2 is considered a
high-grade lesion; it refers to moderately atypical cel-
lular changes confined to the basal two-thirds of the
epithelium??°. CIN3 is also considered a high-grade
lesion and is used to identify severe dysplasia®"®. It
refers to severely atypical cellular changes encom-
passing greater than two-thirds of the epithelial
thickness and includes full-thickness lesions?!?%. Both
histological stages (CIN 2 and CIN 3) include the cy-
tological stage HSIL?"?°. Although none of the afore-
mentioned stages constitute cervical cancer; each
grade of lesion or neoplasm is a precursor to cervical
cancer?!?,

Prevalence of abnormal cytology among
those with HPV

Few studies have assessed the association between
HIV and HPV coinfection and abnormal cytology. How-
ever, some studies suggest that HIV positive women
have a higher prevalence of HPV, and as a result, they
have atypical cytology more often than HIV negative
women with HPV only. In one study researchers
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attempted to determine the association of HIV infection
with the prevalence of HPV/DNA. This study also de-
termined the association of HIV/HPV coinfection and
prevalence ASCUS®. Researchers assessed a total of
333 (163 HIV-1 seropositive and 170 HIV seronegative)
women who were recruited between July and Decem-
ber 2014%. Researchers determined that among the
HIV positive women the HPV DNA prevalence was
75.0% versus 42.6% among HIV seronegative women
(p < 0.0001)%°. It was also determined that among the
HIV positive group, with a significantly higher preva-
lence of HPV DNA, ASCUS was more common (7.4%).
However, among the HIV negative group with a small-
er prevalence of HPV DNA, ACSUS was less common
(0.6%); the difference between the two percentages
was significant, p < 0.001%, This study concluded that
women with HIV have a higher prevalence of HPV and
ACSUS.

Another study confirmed the findings of the Obiri-
Yeboah et al. study. A study conducted by Luchters
et al. assessed the association between HIV infection
with distribution and viral load of HPV types among 803
Kenyan sex workers®'. The researchers found that sig-
nificantly more (73.3%) HIV-infected women were likely
to have high-risk HPV as compared to HIV negative
women (35.5%) (p < 0.01)%". The study also indicates
that the HIV-infected group of women with a signifi-
cantly higher prevalence of HPV have a significantly
higher proportion of women with abnormal cervical cy-
tology when compared to women without HIV and lower
prevalence of HPV (27% vs. 8%, p < 0.001)3". The cur-
rent research suggests that HIV increases the likelihood
of HPV acquisition. This increase in HPV acquisition is
accompanied by an increase in abnormal cytology®'.

The scientific basis for increased prevalence abnor-
mal cytology among women with HIV/HPV coinfection
as compared to HIV negative women with HPV has
been well established in the literature'®. The reason for
this increased likelihood of prevalence is the persis-
tence of HPV infection. The persistence of HPV infec-
tion is a crucial factor in the development of abnormal
cytology and cancer'. HIV- and HPV-coinfected indi-
viduals are at an increased risk for persistent HPV in-
fection mainly because of their reduced ability to clear
HPV 17 and18, which are the two types largely respon-
sible for the development of abnormal cytology and
cancer'?. While ASCUS is not a step in the HPV to
cervical cancer pathway, ASCUS prevalence repre-
sents an increased likelihood of HPV infection and
therefore must be discussed in this review®?,

Prevalence of lesions among those with
abnormal cytology

Few recent studies exist that assess the prevalence
of lesions among both HIV positive and negative wom-
en with ASCUS. One study was conducted by Duerr
and colleagues, in which they utilized participants from
the HIV Epidemiology Research Study. The study in-
volved 1310 women (871 HIV infected and 439 at-risk,
HIV-uninfected women) from 4 US cities®. The re-
searchers found that among women with ASCUS, 60%
of HIV infected and 25% of HIV-uninfected women
developed squamous intraepithelial lesions (SILs) (p <
0.01)%, Visits in which HR-HPV was detected were
more prevalent among HIV-positive women (23%) than
among HIV negative women (14%) (p < 0.05)%. Visits
in which intermediate risk HPV was detected were also
significantly more prevalent among HIV positive wom-
en than among HIV negative women (24% vs. 12%,
respectively, p < 0.01). The researchers subseguently
conducted a multivariate logistic regression and found
that among women with ASCUS at baseline, HIV-infect-
ed women had 2.4 times the risk of developing SIL,
when compared with HIV-uninfected women (adjusted
hazard ratio [AHR] = 2.4, 95% 1.2-4.9, p < 0.05). The
researchers also determined that immunosuppressed
HIV-infected women (CD4 < 200 cells/ml) were sig-
nificantly more likely to develop SILs when compared
to women with CD4 > 500 cells/ml (AHR = 1.9, 95%
Cl: 1.2-2.9, p < 0.05).

The immunosuppressive mechanism involved here
are cytokines secreted by CD4 cells. They are divided
into two types (Th1 and Th2). Th1 are inflammatory
cytokines while Th2 are anti-inflammatory cytokines. As
CD4 increases so do Th 1 secretion. Th2 secretion is
inversely correlated with CD4 count®*. At the beginning
of HPV infection, there is an increase in the immuno-
suppressive cytokine interleukin (IL)-10 (Th2) at the
cervical level, and this increases according with the
grade of the lesion, being the highest concentration at
cancer stage®®. An increase in IL-10 is associated with
progression in the severity of HPV-induced lesions®.
Since HIV infection is associated with a reduction in
the CD4 count, HIV-induced immunosuppression in-
creases the likelihood of Th2 secretion and ultimately
cervical lesions®-34, Not all HIV-infected women with
ASCUS develop lesions, a likely factor reducing pro-
gressing from ASCUS to lesions among these women
may be immunocompetence or immune health. Higher
CD4 counts would mean that women could avoid the
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cytokine imbalance and therefore avoid progression to
lesions. As noted in the current study, the research
also determined that HIV positive women with interme-
diate or high-risk HPV were more likely to develop SlLs
(AHR = 3.1, 95% CI. 2.2-4.3, p < 0.05) when compared
to their HIV negative counterparts®. The biological
mechanism by which the HIV virus increases the likeli-
hood of progression of ASCUS to lesions occurs
through the E6 and E7 proteins produced by high-risk
HPV. The viral E6 and E7 oncoproteins are necessary
for malignant conversion®®. The abilities of oncogenic
HPV E6 and E7 proteins to associate with the tumor
suppressors p53 and pRB, respectively, have been
suggested as a mechanism by which these viral pro-
teins induce tumors and lesions among women with
HPV3839 Women infected with HIV have the highest
risk for more rapid progression of HPV-induced CIN,;
this occurs as a result of HIV-induced immune sup-
pression??. The HIV Epidemiology Research Study con-
firms this finding as among women with ASCUS at
baseline who developed SIL during the follow-up pe-
riod had a median time to SIL of 12 months among
HIV-infected women and 18 months among HIV-unin-
fected women®. The immunosuppression that affects
HIV-infected women results in the inability to control
the expression of oncogenic types of HPV that are as-
sociated with the proliferation of atypical cellular forma-
tion“®, These atypical cellular types are associated with
a higher prevalence of HR-HPV®. A higher likelihood
of high-risk HPV infection among women with HIV re-
sults in a higher prevalence of HPV-induced lesions.

Progression from LSILs to HSILs

The rate of progression from low-grade neoplastic
lesions to higher grade neoplastic lesions is higher
among HIV positive women than among HIV negative
women. The frequency of progression from LSIL to HSIL
is approximately 11%*'. In the Women'’s Interagency
HIV Study, the largest U.S. multicenter cohort study of
women with HIV, researchers assessed the association
of progression of LSIL to HSIL among HIV positive and
HIV negative women*?. All women included in the inci-
dence calculation either had normal cytology, ASCUS
or LSIL at baseline®?. These women were observed over
the course of 10 years. Among the 2477 women (1,931
HIV seropositive, 533 HIV seronegative, and 13 sero-
converting), the incidence rate for HSIL was 5.3 per
1000 person-years among HIV positive women, (95%
Cl: 8.7-7.6, p < 0.05) and 1.3 per 1000 for HIV sero-
negative women, IR (95% CI: 1.2-9.5, p < 0.05)*. This

study concluded that HIV positive women progress to
HSIL at a significantly higher rate than do their HIV
negative counterparts®. Later studies have consistent-
ly shown increased progression rates of LSIL to HSIL
in HIV positive women compared with HIV negative
women'2. Researchers determined that a potential
mechanism linked with this increased progression from
LSIL to HSIL among patients with HIV is related to the
fact that the inflammatory (e.g., cytotoxic) response to
CIN lesions is suppressed in HIV-seropositive women,
this would result in a reduced ability of the host to stop
progression from HPV to advanced abnormal cytology
(HSIL)™. Studies suggest that particular HR-HPV types
are associated with progression from LSIL to HSIL. In
a prospective cohort study in which researchers deter-
mined the natural history of HPV to cervical cancer,
researchers determined that high-risk HPV types are
associated with progression from LSIL to HSIL. In this
study, 400 HIV-infected women underwent HPV DNA
testing, cytology, histology, colposcopy, and CD4 count
testing every 6 months for 3 years*. Researchers de-
termined that 4% of cases progressed from LSIL to
HSIL*. When progression of LSIL and HSIL was ana-
lyzed jointly, the only significant predictor of cytologic
progression was positive high-risk HPV status at the
start of the study interval (OR = 4.29; 95% Cl: 2.51-7.33,
p < 0.05), HR-HPV-positive women compared with HR-
HPV-negative women. High-risk HPV types in this study
included: HPV 16, 52, 53, 15, and 18. High-risk HPV is
a major role in developing cervical cancer as high-risk
types of HPV have specific oncoproteins (E6 and E7)
that bind and to degrade p53 and pRb, proteins that
regulate cells division and increase the likelihood of
unregulated replication and tumor formation®. Low-risk
HPV types have these proteins; however, proteins from
low-risk HPV types weakly bind and do not degrade
these regulatory proteins*.

Immunology also plays an important role as HIV
positive women with lower CD4 counts is more likely to
harbor high-risk HPV types that increase progression
from HSIL to cervical cancer?. HIV immune-sup-
pressed women do not have an adequate CD4 re-
sponse to lesions (which are infiltrated by CD4, CDS8,
and macrophages in an immunocompetent person)?*.
This reduced response allows the malignancies to
progress®.

HSIL to ICC

The final stage from HPV infection to cervical cancer
is the progression from lesions to cervical cancer
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among HIV positive women. Although most pre-can-
cerous lesions resolve without treatment, there is a risk
for all women that HPV infection may progress to
chronic and pre-cancerous lesions and subsequently
lead to invasive cervical cancer?®. It takes 15-20 years
for HPV to progress to cervical cancer among women
with normal immune systems?®. This progression is re-
duced to 5-10 years among immunosuppressed wom-
en, such as those with untreated HIV/AIDS infection?®.
Although there is scarce literature relating progression
from HSIL to cervical cancer, studies have been con-
ducted to assess the association between HIV infection
and progression to cervical cancer. Since the develop-
ment of HSIL is necessary part of the natural progres-
sion of HPV to cervical cancer, we can assess the
progression from HSIL to cervical cancer among wom-
en with HIV indirectly by reviewing the literature related
to progression to cervical cancer among HIV positive
women.

In a study conducted by Abraham et al., researchers
assessed the risk of cervical cancer among both HIV
positive and negative women using data from the NA-
ACCORD study from 1996 to 2010*. Among the 25,711
women involved in the study, 13,690 were HIV-infect-
ed, and 12,021 were HIV-uninfected*. The regression
analysis revealed that at every CD4 count category
women with HIV progressed to cervical cancer at a
higher rate than did women without HIV. The incidence
rates from this study illustrated a trend indicating that
incidence rates for cervical cancer increased with the
decrease of the CD4 counts. The incidence rates for
HIV-infected women were as follows: 47 (95% CI: 25-
91, p<0.05), 18 (95% CI. 6-57, p < 0.05), and 14 (95%
Cl: 6-33, p < 0.05) for the following CD4 groups: < 200,
200-349, and > 350 cells/uL, respectively*. Among HIV
negative women the incidence rate for cervical cancer
was 6 (95% Cl: 2-16, p < 0.05)* All incidence rates
were reported as cases per 1000 person-years. This
research concluded that women with HIV have a high-
er rate of progression to cervical cancer than the rate
in HIV negative women. These findings have been
supported by later studies'®. The scientific mechanism
related to this association is reduced immune function
as a result of HIV/AIDS, leading to a more persistent
HPV infection. This persistence of HPV infection in-
creases the likelihood of developing HSIL, and thus
increases the likelihood of developing cervical can-
cer. It is important to note that not all persons with
HSIL will progress to cervical cancer*. One study con-
ducted by Vink et al. conducted a cross-sectional
study to estimate the time-span from detection of HSIL

to cervical cancer. Although one cannot directly
observe this time span, as the duration of longitudinal
studies is not permitted, and CIN2/3 should be treated
when detected, researchers developed a statistical
model for estimating this duration. Researchers found
that approximately 1.6% of lesions developed into cer-
vical cancer over the span of 10 years overall*®. How-
ever, when the results are stratified by HPV infection,
0.6% of HPV negative women develop cancer as com-
pared to 2.4% with HPV infection.

Progression to cancer among women with HSIL de-
veloped through HPV is associated with high-risk HPV.
The WHO has identified 12 high-risk types (16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, and 59)*°. Women with
HIV are at an increased risk for high-risk HPV than
women without HIV#. These high-risk types of HPV
have specific oncoproteins (E6 and E7) that bind and
to and degrade p53 and pRDb, proteins that regulate
cells division and increase the likelihood of unregu-
lated replication and tumor formation**. As previously
mentioned, low-risk HPV types have these proteins;
however, these types weakly bind and do not degrade
these regulatory proteins*. Immunology also plays an
important role as HIV positive women with lower CD4
counts is more likely to harbor high-risk HPV types that
increase progression from HSIL to cervical cancer?.

A phenomenon known as spontaneous regression oc-
curs in about 70% of HSIL lesions®. As previously men-
tioned, during the time of spontaneous regression of
HPV-infected genital warts, the lesions are infiltrated with
CD8+ cytotoxic T cells, CD4+ T cells, and macrophages
in immunocompetent individuals®. One needs healthy
T-cell reactivity for the occurrence of regression of HPV-
induced premalignant lesions. HIV is associated with a
loss of CD4 cells. This loss of CD4+ T-cells is associated
with an increased prevalence of HPV infections, type-
specific persistence and an increase of HPV-associated
malignancies®. This would indicate that women with HIV,
who are at a greater risk of immunosuppression, have a
reduced chance of spontaneous regression.

While there is no study that directly assesses the role
of immune-reconstitution with antiretroviral therapy on
disease progression among women with HIV, there are
articles that assess the association of ART use with the
progression of lesions while assessing the impact of
CD4 count. A prospective cohort study conducted by
Adler et al. determined the impact of highly active an-
tiretroviral therapy (HAART) on incidence, regression,
and progression of cytopathological abnormalities in
HIV-infected women. Researchers assessed the
association between HAART use and likelihood of
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regression/progression in consecutive smears using
multivariate marginal models®!. Researchers found that
HIV positive women on HAART had a significant in-
crease in the likelihood of regression of cervical lesions
than did their untreated counterparts (OR = 2.61; ClI:
1.75-3.89; p < 0.0001)°". Furthermore, researchers de-
termined that immunosuppression is associated with
progression of lesions to higher grade lesions
(OR = 2.50, 95% CI: 1.67-3.73, p < 0.05), when com-
pared to immunocompetent HIV positive women. These
odds were reduced when assessing progression
among women with higher CD4 counts: for CD4 be-
tween 201-350 cells/mL and 351-500, the odds for
progression were (OR = 1.89, Cl: 1.36-2.62, p < 0.05)
and (OR = 1.84, Cl: 1.31-2.59), respectively®'. This
suggests decreased odds of progression as the CD4
count increases and provides support for the impor-
tance of immune reconstitution among women coin-
fected with HIV and HPV. This study also suggests that
women who develop improved CD4 counts (immune
reconstitution) after HIV infection as a result of HAART
may be at better odds of regression and a reduced
odds of progression to a higher grade of neoplasia.
Another method in which HIV and HPV interact as it
relates to the progression of lesions to cervical cancer
is through superinfection or the infection of multiple HPV
types at once. Women with HIV are at increased risk of
superinfection with multiple HPV types®?. In a study con-
ducted by Maranga et al., researchers determined the
range of HPV genotypes found in cervical smears and
carcinomas from HIV positive to negative Kenyan women.
Researchers determined that HIV infection was decid-
edly associated with multiple HPV infections and infec-
tion with high-risk genotypes (p < 0.006, p < 0.01)%%.
Furthermore, the odds of development of both HSIL
and cervical cancer are increased among women with
multiple HPV infections. In a study conducted by Murdi-
yarso et al., researchers evaluated the prevalence, age-
adjusted distribution, and impact of single and multiple
high- and low-risk HPV subtypes and their associations
with cervical lesions. Researchers assessed cervical
swabs from 11,224 women who had samples taken at a
testing laboratory (Kalbe genomics laboratory). Re-
searchers determined that among women with 1 high-
risk HPV infection, the risk of HSIL was 63.9 (95% CI:
45.8-89.1, p < 0.05), and risk of SCC was 157.9 (95%
Cl: 46.7-534, p < 0.05) when compared cells from wom-
en with no HPV infection. Among women with multiple
HPV infections risk of HSIL was 79.9 (95% CI: 49.2-
129.7, p < 0.05) and risk of cervical cancer was
40.4 (95% Cl: 4.2-392, p < 0.05)%. This indicates that

women with multiple HPV infections have higher rates of
HSIL, however lower rates of cervical cancer. It should
be noted that the “multiple infection” category included
low-risk types of HPV as well; therefore, further research
should assess the association between multiple high-risk
types and progression to cervical cancer as compared
to women with only one high-risk type HPV®. Table 1
summarizes the findings of key studies related to the
progression from HPV to cervical cancer.

Discussion

In the literature, we find that a large majority of wom-
en with HIV are also carriers of HPV DNA%. An expla-
nation for the high percentage of HIV positive. women
with HPV DNA is immunosuppression and interaction
between HIV and HPV. Women with HIV-induced im-
munosuppression lack the ability to develop effective
CD4+ T cell responses or to make immunoglobulins in
response to a potential infection. This impaired T-cell
function causes greater susceptibility to HPV- infec-
tion™®. HIV also affects HPV acquisition through the
molecular interaction of the two viruses. HIV proteins
(tat and gp120) interact with cytokines produced by
HIV-infected cells (TNF-a and IFN-y) and induces the
separation of epithelial tight junctions and increased
HPV penetration into the basal epithelial cells. A pos-
sible clinical implication for this finding would be to
ensure women with HIV maintain a CD4 cell count
adequate to respond to the exposure of HPV. Another
implication related to the interaction of HPV and HIV
would be further research related to increasing the
cohesion of epithelial junctions among women with HIV
to reduce the likelihood of HPV infections.

We also determined that groups of women with HIV
were more likely to acquire ASCUS®. An explanation
for this higher prevalence of ASCUS among HIV-infect-
ed women is that HIV-infected women are at increased
risk for persistent HPV infection'. A clinical implication
resulting from this knowledge should lead to-an in-
crease in mandatory screening among HIV- and HPV-
coinfected women. The literature indicates that women
with HIV are more likely to progress from ASCUS to
lesions of various severity?®. The scientific explanation
for the pattern is that immunosuppression is associated
with an inability to control the expression of oncogenic
types of HPV that are associated with the proliferation
of atypical cellular formation. Immunosuppression is
also associated with an increase in (IL-10) secretion at
the cervical level® An increase in IL-10 is associated
with progression in the severity of HPV-induced
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Table 1. Selected studies that examined the progression of HPV cervical infection to cancer

Stage in HPV to cervical
cancer

Author Name,
Year

Finding

Lesions among women
with ASCUS

LSIL to HSIL

HSIL to cervical cancer

Duerr et al. 2006

Massad et al.
2008

Denny et al.
2008

Abraham et al.
2013

Vink et al. 2013

Adler et al., 2012

Maranga et al.,
2013

Murdiyarso et al.
2016

Adler et al., 2012

Among women with ASCUS, 60% of HIV infected and 25% of
HIV-uninfected women developed SlILs (squamous intraepithelial
lesions) (p < 0.01)3°

Among the 2477 women (1931 HIV seropositive, 533 HIV
seronegative, and 13 seroconverting), the incidence rate for HSIL
was 5.3 per 1000 person-years among HIV positive women,

(95% ClI: 3.7-7.6, P < 0.05) and 1.3 per 1,000 for HIV seronegative
women, IR (95% ClI: 1.2-9.5, P < 0.05)%

When progression of LSIL and HSIL was analyzed jointly, the only
significant predictor of cytologic progression was positive high-risk
HPV status at the start of the study interval (OR = 4.29;

95% Cl: 2.51-7.33, P < 0.05), HR-HPV-positive women compared with
HR-HPV-negative women

The incidence rates for cervical cancer were HIV-infected women
were as follows: 47 (95% CI: 25-91, P < 0.05), 18 (95% Cl: 6-57,
P <0.05), and 14 (95%Cl: 6-33, P < 0.05) for the following CD4
groups: < 200, 200-349, and > 350 cells/uL, respectively*. Among
HIV negative women the incidence rate for cervical cancer was

6 (95% Cl: 2-16, P < 0.05)*.

Researchers found that approximately 1.6% of lesions developed into
cervical cancer over the span of 10 years overall*®. However, when
the results are stratified by HPV infection, 0.6% of HPV negative
women develop cancer as compared to 2.4% with HPV infection

Researchers found that HIV positive women on HAART had a
significant increase in the likelihood of regression of cervical lesions
than did their untreated counterparts (OR = 2.61; Cl: 1.75-3.89;

P < 0.0001)

Researchers determined that HIV infection was decidedly associated
with multiple HPV infections and infection with high-risk
genotypes (p < 0.006, P < 0.01)%?

Among women with multiple HPV infections risk of HSIL were
79.9 (95% Cl: 49.2-129.7, P < 0.05) and risk of cervical cancer was
40.4 (95% ClI: 4.2-392, P < 0.05)%

Researchers determined that immunosuppression is associated

with progression of lesions to higher grade lesions (OR = 2.50,

95% Cl: 1.67-3.73, P < 0.05), when compared to immunocompetent
HIV positive women. Odds were reduced when assessing progression
among women with higher CD4 counts: for CD4 between 201-350
cells/mL and 351-500, the odds for progression were (OR = 1.89,

Cl: 1.36-2.62, P < 0.05) and (OR = 1.84, Cl: 1.31-2.59), respectively®’

HPV: human papillomavirus, ASCUS: atypical squamous cells of undetermined significance, SILs: squamous intraepithelial lesions, HSIL: high-grade squamous

intraepithelial lesions, Cl: confidence interval, LSIL: low-grade squamous intraepithelial lesions, OR: odds ratio, HAART: highly active antiretroviral therapy

lesions®. IL-10 increases according to the grade of
lesion, being the highest concentration at cancer
stage. A clinical recommendation would be to ensure
that with women with HPV-induced ASCUS are main-
taining a healthy CD4 cell count to reduce the likeli-
hood of ASCUS progression to a cervical lesion.

The literature also provided evidence that women
with HIV are more likely to progress from low-grade
lesions to lesions of increased severity*. A potential
reason for this increase in progression to higher grade
cervical lesions is the inflammatory (e.g., cytotoxic) re-
sponse to CIN lesions is suppressed in HIV-seropositive
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women; this would result in a reduced ability of the host
to stop progression from HPV to advanced abnormal
cytology (HSIL)'. A clinical improvement would be to
assess HIV- and HPV-coinfected women’s immuno-
logical status more regularly as a timely cytotoxic re-
sponse is dependent on the presence of functioning
T-cells®. The literature also provided evidence that
progression from LSIL to HSIL among women with HIV
is related to HIV-infected women having a greater like-
lihood of HR-HPV infection*. High-risk types of HPV
have specific oncoproteins (E6 and E7) that bind and
to degrade p53 and pRb, proteins that regulate cells
division and increase the likelihood of unregulated rep-
lication and tumor formation®*,

Finally, HPV is more likely to develop into cervical
cancer among HIV-infected women as a result of HPV
persistence®. A clinical improvement, in this case,
would be to ensure any HIV-infected women maintain
a healthy CD4 level so that they are immunocompetent.
Immunocompetent women or women with normal im-
munological responses have the ability to clear infec-
tions or avoid being infected with a persistent strain of
HPV.

Conclusion

HIV increases the likelihood of progression to multi-
ple stages of cytology that results in cervical cancer.
Women who were infected with HIV were more likely to
have acquired an HPV infection. HIV positive women
with a higher prevalence of HPV had a greater occur-
rence of ASCUS. Women with HIV had a higher risk for
rapid progression of HPV-induced CIN and invasive
cervical cancer, which occurs because of HIV-induced
immune suppression. The hypothesis that we devel-
oped from this review is that HIV is a significant driving
force in the rapid progression of HPV to cervical can-
cer. Vaccines to combat the progression of HPV among
HIV positive women have been determined to be
safe®. Recent studies have suggested that the HPV
vaccine provides significant increases in CD4 cell
count and anti-HPV 16 and 18 antibodies®. This sug-
gests that the progression of HPV to cervical cancer
among women with HIV can be moderated through
vaccine.
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