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Abstract: Antiretroviral therapy (ART) has significantly reduced the incidence and mortality of AIDS-related diseases, bringing the
life expectancy of human immunodeficiency virus (HIV)-infected individuals close to that of uninfected individuals. However, the
incidence and mortality rates of tumors associated with human papillomavirus (HPV) have not decreased. Persistent infection with
high-risk HPV is a major cause of cervical cancer and other related malignancies, and the risk of HPV infection and the incidence of
related diseases are higher among HIV-infected individuals. Although the World Health Organization provides screening recommen-
dations for the general population, there is a lack of guidelines for cervical and anal cancer screening specifically in HIV-positive
patients. Further research is urgently needed to develop effective preventive measures. This article reviews the epidemiological
characteristics and associations of HPV infections and related cancers in HIV-infected women, providing reference for prevention and
treatment.
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Introduction

As of the end of 2023, it is estimated that there are 39.9 million individuals infected with the human immunodeficiency
virus (HIV) worldwide. In 2023, 630,000 people died from HIV-related diseases, and 1.3 million people new HIV
infections were reported. Currently, 30.7 million HIV-positive individuals are receiving antiretroviral therapy (ART).'
With the advent of highly effective antiretroviral therapies, the incidence and mortality of HIV-related diseases have
significantly decreased, and the life expectancy of HIV-infected individuals has increased to nearly that of uninfected
individuals.> However, the incidence and mortality of human papilloma virus (HPV)-related tumors in individuals with
AIDS have not decreased. This may be due to the prolonged lifespan of AIDS patients post-treatment, allowing more
time for precancerous lesions to progress to invasive cancer.’ Persistent infection with high-risk human papillomavirus
(HR-HPV) is the primary cause of cervical precancerous lesions and cervical cancer. While most HPV infections are self-
limiting, persistent HR-HPV infection can lead to cervical cancer, other anogenital cancers, head and neck cancers.”
Studies have shown that the prevalence of anal high-risk HPV infection and the rate of anal cytological abnormalities are
elevated in cervical cancer patients,” and the risk of anal HR-HPV infection is higher in the context of ongoing HIV
infection and cellular immunosuppression. HIV can increase the risk of HPV infection and promote the occurrence and
progression of related diseases.® Although the World Health Organization (WHO) has provided screening recommenda-
tions for the general population, there is currently a lack of relevant guidelines and expert consensus regarding cervical
and anal cancer screening for HIV-positive patients. Further research and practice in this area are needed to comprehen-
sively understand the disease burden of HPV infection, cervical cancer, and anal cancer in HIV-positive women and to

develop appropriate preventive measures. This article reviews and synthesizes relevant literature on HPV infection in the
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cervix and anus of women with HIV, highlighting the epidemiological characteristics and correlations, to provide
references for the prevention and treatment of HPV-related cervical and anal tumors in HIV-infected patients.

HPYV Infection in HIV-Infected Individuals

Correlation Between HIV Infection and HPV Infection

The relationship between HIV and HPV is complex, as both viruses share similar transmission routes, primarily through
unprotected sexual contact with infected partners. Studies indicate that approximately 50% of young women will acquire
HPV within three years of initiating sexual activity, with over 80% of infections being cleared by the immune system
within 6 to 24 months. However, about 10% of women will experience persistent HR-HPV infections.” A multicenter
study revealed that the risk of HPV infection approximately doubles in the presence of HIV, while the clearance rate of
HPV is halved.® HIV promotes HPV infection by disrupting epithelial tight junctions.” Conversely, HPV infection can
induce genital inflammation, compromise the vaginal barrier, and activate T cell influx, all of which are associated with
an increased risk of HIV infection. HPV can also establish a latent state and reactivate, complicating HIV prevention
strategies in high-risk individuals.'® Among HIV-infected women, those with lower CD4+ cell counts are more likely to
develop HPV-related female genital tumors compared to those with higher CD4+ counts, while patients with long-term
undetectable HIV RNA levels exhibit a lower incidence of HPV-related female genital tumors.'' Due to the targeting of
CD4+ T cells by HIV, apoptosis and cellular exhaustion occur. HIV-related immunosuppression results in a reduced
efficacy of cell-mediated, systemic, and local immunity, leading to a decreased pathogen clearance rate and consequently
the persistent presence of one or more HPV genotypes in the anal-genital tract.'? Another study involving 366,034 AIDS
patients demonstrated that HIV-positive individuals have a significantly increased risk of all types of anogenital HPV-
related tumors and their precursors compared to the general population, with this heightened risk primarily concentrated
in the decade surrounding the diagnosis of AIDS."?

Characteristics of HPV-Related Tumors in HIV-Infected Individuals

Numerous researchers, including Tafadzwa G. Dhokotera, have conducted extensive studies on HPV-related tumors in
HIV-infected individuals. A study involving 3,447,908 hIV-infected women in South Africa found that the risk of
cervical cancer and other HPV-related cancers decreases as CD4 cell counts increase. Specifically, HIV-infected women
with CD4 cell counts greater than 500 cells/pL have a cervical cancer risk ratio of 0.82 (95% CI: 0.77-0.88) compared to
those with counts less than 200 cells/uL, the risk ratio for other HPV-related cancers is 0.62 (95% CI: 0.49-0.79).
Similarly, HIV-infected women with an HIV RNA viral load greater than 1000 copies/mL have a higher risk of cervical
cancer or other HPV-related cancers compared to those with a viral load of less than 1000 copies/mL (risk ratios: 1.32;
95% CI: 1.25-1.40 and 1.34; 95% CI: 1.11-1.63)."* Persistent HR-HPV infection is a significant risk factor for the
development of HPV-related vaginal cancer, penile cancer, anal cancer, head and neck cancers. Previous studies in the
United States have shown that HPV DNA is detected in 91% of cervical cancers, 69% of vulvar cancers, 75% of vaginal
cancers, 91% of anal cancers, 63% of penile cancers, 70% of oropharyngeal cancers, 32% of oral cancers, and 21% of
laryngeal cancers.'” A study conducted in Rwanda assessing the prevalence of HPV infection in various mucosal sites
among HIV-infected individuals detected 12 types of high-risk HPV DNA (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59) and 2 types of low-risk HPV DNA in the cervix, oral cavity, penis, vagina, and anus. The results showed that all
analyzed HPV DNA types were detected, with HPV 16, HPV 52, and HPV 35 being the most prevalent HR-HPV types.
Specifically, HPV 16 accounted for 77%, 21%, 19%, 46%, 28%, 35%, and 11% of HR-HPV infections in the oral cavity,
oropharynx, anus, cervix, vagina, and penis, respectively.'® The prevalence of HPV infection in various mucosal sites
among HIV-infected individuals is notably high. A 2020 study confirmed that HIV infection is associated with an
increased risk of cervical cancer, oropharyngeal cancer, and anal cancer. In this cohort, each HIV-positive individual was
matched with three HIV-negative controls based on gender, race, state, age, and year, followed for up to 10 years. A Cox
proportional hazards model was established to compare the time to cancer diagnosis between HIV-positive and HIV-
negative individuals, adjusting for demographic and comorbid attributes. The analysis included 110,898 hIV-positive and
332,694 hlV-negative women for cervical cancer; 226,837 hIV-positive and 680,511 hIV-negative individuals for
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oropharyngeal cancer, and 226,654 hlV-positive and 679,962 hIV-negative individuals for anal cancer. The results
indicated that the risk values for cervical cancer, oropharyngeal cancer, and anal cancer in HIV-positive women were
3.27,2.55, and 12.88, respectively.'” It indicates that individuals with HIV have a higher risk of developing HPV-related
cancers, particularly anal cancer. According to statistics, cervical and anal cancers are the most common HPV-related
tumors among HIV-infected individuals.'®

Current Status of Cervical HPV Infection in HIV-Infected Individuals
Cervical cancer is the fourth most common malignancy tumor among women of reproductive age worldwide. The burden
of this disease is particularly heavy in low- and middle-income countries, especially among women living with HIV."
Persistent infection with HR-HPV is the primary cause of cervical precancerous lesions and cervical cancer. It is
estimated that there were 604,000 new cases and 342,000 deaths from cervical cancer in 2020, with the vast majority
occurring in low-income countries and developing nations.?® Since the advent of antiretroviral therapy for HIV, the
incidence of HPV-related cancers has not decreased.?' The co-infection of HIV and HPV significantly increases the risk
of HPV-related cancers.”> Reports indicate that in 2018, approximately 6% of new cervical cancer cases were co-infected
with HIV globally, with 5% of these cases attributable to HIV infection.”® Cervical cancer is also classified as an HIV-
associated malignancy tumor.**

Studies have shown that the CD4+ T cell count in HIV-infected individuals is significantly lower than that in healthy
populations. Consequently, if an HIV-positive individual also has HPV infection, the interval from HPV infection to the
progression to cervical cancer is significantly shorter compared to HIV-negative individuals, and the incidence and
mortality rates of cervical cancer are markedly increased.”> The risk of cervical cancer in HIV-infected women is six
times higher than that in uninfected women.?® For cervical precancerous lesions or carcinoma in situ, evidence suggests
that regardless of whether excisional or ablative treatments are used, the treatment failure rate is higher in HIV-infected
women compared to HIV-negative women. A meta-analysis of literature published from January 1980 to May 2018
included HIV-infected women with cervical carcinoma in situ and precancerous lesions, analyzing the incidence of
treatment failure (defined as residual and/or recurrent CIN2+/HSIL+ lesions post-treatment) and the odds ratio of
treatment failure in HIV-infected versus uninfected women. The results indicated that the risk of treatment failure was
doubled in HIV-infected women (n=821 hIV-positive) compared to HIV-negative women (n=1822 hlV-negative), with
failure rates of 23.4% [95% CI 14.0-32.7] vs 9.5% [95% CI 5.8-13.2]; OR 2.7, 95% CI 2.0-3.5; 12: 0%; P = 0.7).%° The
World Health Organization has called for the elimination of cervical cancer, and HPV-based cervical cancer screening is
recommended globally for both HIV-infected and uninfected women. However, specific screening strategies for women
with AIDS are currently lacking, making it essential to explore cervical cancer screening strategies for this population.

Current Status of Anal HPV Infection in HIV-Infected Individuals

Anal squamous cell carcinoma is a rare tumor in the general population,”’ yet the risk of anal cancer is significantly
elevated in HIV-infected individuals. Research shows that the incidence of anal cancer is low in the general population
(<1/100,000),%*2° but among HIV-infected individuals, the incidence can be as high as 46/100,000.*° Annually, anal
cancer accounts for approximately 20,000 new cancer cases globally, with nearly 90% attributed to HPV.?**® In meta-
analyses of HPV-related cancers in HIV-infected populations, anal cancer has the highest standardized incidence rate.*!
Persistent infection with high-risk anal HPV, particularly HPV 16, can lead to high-grade squamous intraepithelial lesions
(HSIL) and may progress to anal squamous cell carcinoma (ASCC).*? Similar to other HPV-related cancers, the risk of
anal cancer is increased by factors such as sexual contact with HPV-infected individuals, particularly through anal
intercourse, HIV-related immunosuppression, and smoking.*® In a study involving 2,229,234 hIV-infected individuals,
the risk of anal cancer was found to be 85/100,000.>* A study of 200 hIV-infected individuals, including 169 men and 31
women, revealed a 59.8% positivity rate for anal HPV PCR testing (62.6% in men and 45.2% in women), identifying 17
different genotypes. The most common high-risk HPV types found in the anal canal are HPV 33 (35.3%), HPV 58
(20.6%), HPV 66 (18.6%), HPV 45 (17.6%), and HPV 16 (14.7%), with over 80% of participants harboring multiple
genotypes.> The risk of progression to anal cancer due to persistent anal HPV infection is significantly increased in HIV-
infected individuals. A two-year study involving 229 hIV-positive women collected anal swabs for cytological
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examination every six months. The results showed that the incidence and cumulative risk of anal HSIL were notably high
at 65.6% for those with anal cytological abnormalities and HR-HPV infection. Compared to those who were anal HPV-
negative or cytologically negative, anal HR-HPV infection or anal cytological abnormalities were associated with an
increased risk of developing HSIL after two years.’® Research by Ingeborg et al indicated that nearly all HIV carriers
with high-grade anal squamous intraepithelial lesions tested positive for high-risk HPV in both anal and urethral
samples.®’

Furthermore, the clearance rate of HPV infection is significantly lower in HIV-infected individuals. A study from
China demonstrated that compared to HIV-negative individuals, HIV-positive patients exhibited lower clearance rates or
higher persistence of HPV infections. This study recruited and followed 675 male HIV-infected patients, revealing that
the three high-risk HPV types with the lowest clearance rates among baseline infections were HPV 52 (32.2/100 person-
years), HPV 58 (38.1/100 person-years), and HPV 16 (43.5/100 person-years).>® In high-income countries, the incidence
of anal cancer among HIV-positive individuals has increased since the introduction of antiretroviral therapy and the
subsequent rise in life expectancy.”® This may be related to the prolonged duration of HR-HPV infection in HIV-infected
individuals. However, there is currently limited data and few screening methods specifically for anal cancer in HIV-
infected populations, necessitating further research.

Correlation Between Cervical and Anal HPV Infection in HIV-Infected

Individuals

Current research has confirmed that women who test positive for cervical HR-HPV have a higher risk of developing
vulvar, vaginal, and anal cancers, as well as precancerous lesions, compared to those who test negative for HR-HPV.*
This suggests a close relationship between anal HPV infection and lower genital tract HPV infection, likely due to their
anatomical proximity and similar mucosal tissue structure. This correlation aids in identifying at-risk populations for
HPV-related anal and genital tumors and in risk assessment. A study conducted in Denmark observed that among cervical
HR-HPV-positive women, older age, a history of high-grade anal or genital intraepithelial lesions, and lack of HPV
vaccination were associated with a higher risk of vulvar, vaginal, and anal cancers.** Another retrospective study from
Puerto Rico included 9489 women diagnosed with primary cervical, vaginal, or vulvar tumors between 1987 and 2013,
finding that women with HPV-related primary gynecological tumors had a 3.3-fold increased risk of being diagnosed
with secondary anal cancer compared to those with non-HPV-related primary gynecological tumors.” Research involving
HIV-positive patients has also been conducted, with one study comprising 36 studies involving 15,521 women showing
a strong correlation between cervical high-risk HPV positivity and anal high-risk HPV prevalence. In HIV-negative
women, the prevalence of anal high-risk HPV was 43% among those with cervical high-risk HPV positivity, compared to
9% among those who were cervical high-risk HPV negative. In HIV-positive women, these proportions were 62% for
HPV-positive women and 33% for HPV-negative women. Among HIV-negative women, the prevalence of anal HPV 16
was 41% in those who were cervical HPV 16 positive, compared to 2% in those who were cervical HPV 16 negative; in
HIV-positive women, the corresponding proportions were 46% and 11%.*' This not only indicates a strong correlation
between cervical and anal HPV infections but also highlights that this association is stronger in HIV-positive patients.
The study further revealed that single infections had a higher correlation than multiple infections, with HPV 16 being the
most prominent. Among women with cervical HPV 16 positivity, the prevalence of anal HPV 16 in cervical cancer cases
reached 66%, and HSIL was more common among cervical HPV 16-positive women compared to those with non-HPV
16 high-risk types. In this study, cervical high-risk HPV infection, cervical cytological diagnoses, HIV status, and their
combinations are significant determinants of anal cancer risk in women. The strongest determinant identified is cervical
cancer and cervical HPV 16 positivity."”

A domestic study also indicated that among HIV-infected women in China, the prevalence of cervical and anal HPV
infections, abnormal cytology, and cervical intraepithelial neoplasia grade II or higher (CIN2+) is notably high.
Furthermore, cervical and anal HPV infections are closely related, with markers of HIV-related immunodeficiency,
including short duration of combined antiretroviral therapy (cART), low CD4 counts, and high initial HIV viral loads, all
increasing the risk of anal and genital HPV infections and associated tumors.*> Some researchers suggest that there may
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be differences in susceptibility to cervical and anal infections and related lesions among HIV-positive patients. Despite
the high incidence of anal HPV, the progression of HPV-related lesions in the cervix and anus does not occur in the same
manner. In a study involving HIV patients, cervical and anal cytology and HPV DNA testing were performed, revealing
a ratio of 4.3 for the number of anal HPV infections to anal HPV-related lesions, compared to a ratio of 2.5 for cervical
HPV infections to cervical HPV-related lesions. This suggests a higher prevalence of cervical HPV-related lesions,
potentially linked to the dynamic changes in the cervical squamocolumnar junction epithelium due to hormonal
fluctuations.®® It may also be related to the differences in HPV infection types at the cervical and anal sites in HIV-
infected individuals. A study involving 409 women with HIV showed significant differences in the distribution of HPV
genotypes at the cervical and anal regions. Specifically, the most common HPV genotypes in the cervix were HPV-52
(18.8%), HPV-16 (12.1%), and HPV-58 (10.1%), while the anal region was primarily dominated by HPV-52 (22.1%),
HPV-53 (13.4%), and HPV-39 (9.7%).** These differences in genotype distribution may further influence the progression
mechanisms of cancers at the cervical and anal sites.

Conclusion and Outlook

In recent years, significant progress has been made in the study of cervical HPV infections, from viral detection to
exploration of infection mechanisms, yielding substantial results. However, research on anal HPV infections remains
relatively lagging, with various complex factors contributing to this delay, including difficulties in case collection,
limitations in research methodologies, and insufficient societal awareness. When both cervical and anal HPV infections
coexist, the situation becomes even more complicated. Questions arise as to whether this co-infection exacerbates the
condition, whether there is a correlation in viral loads between the two, and whether they jointly affect patient prognosis.
These issues warrant thorough investigation. For special populations, such as HIV-infected individuals, does immune
system impairment lead to more severe HPV infections? Additionally, does co-infection with HIV and HPV trigger more
complications or increase the risk of carcinogenesis? These are critical issues that require focused attention in the current
research landscape.

Currently, there are numerous challenges in studying HPV and HIV co-infection. The scarcity of case resources and
societal neglect of these issues significantly hinder research progress. Moving forward, we should place greater emphasis
on the distribution characteristics of HPV types, transmission routes, and treatment methods in HIV-infected populations.
By conducting more epidemiological studies in diverse populations, we can clarify the infection characteristics, risk
factors, and interrelatedness of these infections in such patients. Only then can we provide more precise and effective
medical services for these individuals.
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