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Abstract

Anal cancer incidence is rising globally, driven primarily by human papillomavirus (HPV) infection. HPV, especially
high-risk types 16 and 18, is considered a necessary cause of anal squamous cell carcinoma. Certain populations
like people living with HIV, men who have sex with men, inflammatory bowel disease patients, smokers, and
those with compromised immunity face elevated risk. Chronic inflammation facilitates viral persistence, cell
transformation, and immune evasion through pathways involving the PD-1/PD-L1 axis. HIV coinfection further
increases risk by impairing immune surveillance and epithelial integrity while promoting HPV oncogene
expression. Understanding these inflammatory processes, including roles of CD8+T cells and PD-1/PD-L1, could
guide development of immunotherapies against anal cancer. This review summarizes current knowledge on
inflammation’s role in anal cancer pathogenesis and the interplay between HPV, HIV, and host immune factors.

Keywords HPV, Anal cancer, Inflammation, PD-L1, IBD, HIV

Introduction

The global incidence of anal cancer has been steadily
increasing. Data from studies indicate that between 2001
and 2015, the annual incidence rate of anal cancer rose by
2.7%, accompanied by a 3.1% annual increase in mortality
[1]. Though uncommon in the general population, anal
cancer is on the rise in certain populations, particularly
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those living with human immunodeficiency virus (HIV)/
acquired immunodeficiency syndrome (AIDS), men
who have sex with men (MSM), women who have cervi-
cal cancer, vaginal precancer and cancer, smokers, and
those whose immune systems have been compromised
by organ transplants, steroids, or other immune-suppres-
sive medications [2—4]. Since there has been a noticeable
increase in incidence of anal cancer globally over the past
few decades, it has become more important to under-
stand the pathophysiology and risk factors for the disease
[5]. Figure 1 has summarized the relative risk factors for
anal cancer. Less than 5% of cancers of the gastrointes-
tinal system are anal cancers. Given that the presenting
symptoms of anal canal cancer often resemble those of
benign anorectal illnesses, diagnosis can be challenging
[6]. Anal squamous cell carcinoma (ASCC) is typically
referred to as “anal cancer” [7].

HPV infection is thought to be a required cause of
ASCC, which is expected to affect 29,000 people annu-
ally, most of whom are women [7]. Moreover, HPV plays
a significant role in the prevalence of anal cancer, with
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Relative Risk Factors for Anal Cancer
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Fig. 1 The risk factors for anal cancer

approximately 88% of anal cancer cases testing posi-
tive for HPV DNA, making it one of the cancers most
strongly associated with HPV after cervical cancer. The
prevalence of HPV in anal intraepithelial neoplasia (AIN)
grades 2 and 3 is even higher, around 94% [8]. Among
the various HPV types, HPV16 is the most frequently
detected, accounting for a substantial proportion of cases
followed by HPV18 in the next place [8]. Preventive mea-
sures like vaccination are crucial to reducing future inci-
dences of this disease [9]. There has also been a notable
increase in the incidence of anal cancer in developed
countries, with rates rising by about 2% annually since
the 1970s [10]. Furthermore, in one study conducted in
Scandinavia, 73% of anal cancer specimens had HPV
DNA matching type 16, and 84% of specimens had HPV
DNA matching either or both of the other types [11].

Tumorigenesis is known to be significantly influenced
by a complicated inflammatory response to infection. We
provide an overview of the literature’s current resources
on the association between inflammation and the devel-
opment of anal cancer in this review.

The diagram highlights that HIV/AIDS in HIV-positive
MSM carries the highest relative risk of 37-fold increase
for anal cancer. This is followed by being a solid organ
transplant recipient (10-fold increased risk), being MSM
without specifying HIV status (17-fold increased risk),
having inflammatory bowel disease (2-3-fold increased
risk), and smoking (2-4-fold increased risk).

HPV infection, prevalence, mortality

HPVs are small, non-enveloped, double-stranded DNA
viruses that are members of the papillomaviridae family
[12, 13]. Based on differences in their genetic sequence,
over 200 different typeshave been found [14]. Mucosal
HPV types have been divided into two categories: low-
risk HPVs (LR-HPV), which are not carcinogenic, and

high-risk HPVs (HR-HPV), which are types with recog-
nized oncogenic potential [15]. HR-HPV types include
HPV16, 18, 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66,
and 68. Of these, two HPV types (16 and 18) account for
a significant percentage of anogenital and oropharyngeal
cancers as well as more than 70% of cervical malignan-
cies. The HPV types 6, 11, 42, 43, and 44 are classified as
LR-HPVs. Of these, LR-HPV types 6 and 11 are account-
able for over 90% of benign genital warts [15-17]. Cer-
vical cancer is caused by persistent HPV infection with
high-risk HPV types, which is also linked to malignancies
of the vulva (69%), vagina (75%), mouth/throat (70%),
penis (63%), and anal (91%) [16]. HPV infection may con-
tribute to the development of prostate cancer as well [18].
Most HPV infections are rapidly cleared by the host’s
immune system in a matter of years. But other HPV
types lead to chronic infections and ultimately result
in a variety of genital and oropharyngeal malignancies
[19]. One of the most prevalent sexually transmissible
infection (STI), the HPV affects millions of people each
year globally. Over 90% of men and 80% of women who
engage in sexual activity will at some point in their lives
become infected with HPV [20]. In the world in 2019,
HPV-related new cases of cancer in women and men
were estimated to be 620,000 and 70,000, respectively.
In women globally, it ranks as the fourth most prevalent
cause of cancer-related fatalities [21]. Roughly 70% of the
world’s load is distributed among less developed regions
[22]. As of right now, vaccination appears to be the most
effective way to prevent HPV infection and its associ-
ated illnesses. Three vaccines are now on the market and
several more are in advanced stages of clinical trials as a
result of several studies conducted to lower the burden of
virus-related illness. Cervarix (HPV types 16, 18), Garda-
sil (HPV types 6, 11, 16, 18), and Gardasil9 (HPV types 6,
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11, 16, 18, 31, 33, 45, 52, 58) are these vaccinations [23,
24].

Anal cancer, prevalence

The global incidence of anal cancer is rising. Anal can-
cer is one of the cancers with a recognized HPV etiology,
with approximately 90% of cases being HPV-driven [25].
There is interest in determining HPV infection’s possible
function in the pathogenesis of other malignancies due to
its proven significance in the etiology of cervical cancer
[5]. As a result, it is now generally acknowledged to play
a significant role in the carcinogenesis of epithelial squa-
mous cell carcinomas in a variety of sites, including the
anogenital tract and oropharynx [26]. With 27,000 new
cases reported globally in 2008 and age-adjusted inci-
dence rates of roughly 1 per 100,000 people, anal carcino-
mas are a very uncommon cancer [27, 28]. Nonetheless,
current data suggests that incidence is rising in many
nations, and this rise is related to a number of causes,
including modifications in sexual behavior [29, 30]. One
of the most important contributing elements to the car-
cinogenesis of anal squamous cell carcinoma (SCC) is
acknowledged to be HPV infection. By integrating into
the host DNA or remaining as extra-chromosomal epit-
opes, HPV causes normal squamous anal epithelium to
undergo a neoplastic transformation that leads to low-
grade squamous intraepithelial lesion (LSIL), high-grade
squamous intraepithelial lesion (HSIL) and ultimately
squamous cell carcinoma of the anus (SCCA) [31].
E6 and E7 are two oncoproteins encoded by the HPV
genome, whose expression is crucial for the virus’s abil-
ity to promote cellular proliferation and evade apoptosis
in infected cells [32, 33]. E6 causes p53 fragmentation, E7
inhibits Rb, and both E6 and E7 encourage the reactiva-
tion of Telomerase reverse transcriptase (hTERT), which
results in the immortalization of cancer cells and the
growth and dissemination of neoplasms [31, 34]. A recent
comprehensive study found that 72% of anal cancer
patients had positive HPV DNA tests [26]. Furthermore,
a number of studies have shown that 80—-97% of people
with anal cancer who have been diagnosed also have
HPV infection [36-37]. Among HPV types, anal infec-
tion is linked to types 6, 11, 16, and 18 [38]. In addition to
these types, researchers found a link between anal cancer
and types 31, 33, and 45 [39]. The highest risk of develop-
ing cancer and AIN are associated with types 16 and 18
[40]. With 73% of all HPV-positive tumors, HPV16 is the
most often found type. About 5% of patients had HPV18,
which is the second most prevalent type discovered [41].
The risk of developing AIN is increased by a persistent
HPV infection with an elevated viral load [42]. Addi-
tionally, most precancerous anal lesions (AIN) (91.5% in
AIN1 and 93.9% in AIN2/3) have HPV DNA within them
[41]. Men who have sexual relations with other men,
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especially those who are HIV-positive, are at a higher risk
of developing anal cancer [43]. HIV-positive women are
also more likely to have invasive anal cancer, HSIL and
HSIL [44].

Details on anal cancer Some parts of the world lack the
distribution of HPV types, with the majority of published
findings being from the USA and Europe [45]. It is cru-
cial that sexually transmitted illness education and HPV
vaccination campaigns are included into routine clini-
cal practice for both boys and girls [46]. The nine-valent
vaccination contains the HPV types linked to anal can-
cer. Therefore, the 9-valent HPV vaccination should suc-
cessfully prevent anal cancer when given to boys and girls
before they begin sexual engagement [47].

Inflammation and anal cancer

An inherent characteristic of cancer that aids in its
growth and spread is inflammation [48]. Chronic inflam-
mation, often resulting from infections, autoimmune
diseases, and inflammatory conditions, is recognized as
a significant factor in tumorigenesis, facilitating cellu-
lar transformation and evasion of immune surveillance
[48]. The association between chronic inflammation
and cancer development has been well-established, with
approximately 20% of cancers linked to chronic infection
[5]. Based on the observation that leukocytes are present
in neoplastic tissue, Rudolf Virchow formulated the first
theory on the correlation between inflammation and can-
cer [48]. Following then, a great deal of research has been
done on the function of inflammation in the development
of tumors. Still, its precise significance is not quite clear
[49]. Tumor cells are able to evade apoptosis and immune
surveillance due to many pathophysiological processes
linked to chronic inflammation. These mechanisms result
in cellular transformation and multiple alterations in the
immune response [50]. HPV infection is a critical risk
factor for anal SCC, with studies indicating that 72% of
anal cancer patients test positive for HPV [51]. Further-
more, HIV infection significantly increases the risk of
anal cancer, with HIV-infected individuals facing a 15 to
40-fold higher risk compared to the general population
[51, 52]. The interplay between HPV and HIV coinfec-
tion complicates the pathogenesis of anal cancer, as HIV
can enhance HPV’s oncogenic potential by impairing
immune responses and epithelial integrity [53]. Under-
standing these mechanisms is key to developing more
effective prevention strategies and treatment options for
anal cancer.

The importance of quick infection diagnosis and pre-
vention is highlighted by these results. Reducing the
risks of cancer linked to inflammation may be possible
by ongoing education and the deployment of screening
programs that prevent the development of chronic infec-
tions and inflammations [5]. Current screening programs
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like cytology and HPV detection offer important tools for
at-risk populations, although their sensitivity and speci-
ficity could be enhanced. Promising developments in
biomarker tests and the use of high-resolution anoscopy
(HRA) as a gold standard for detecting anal precancerous
lesions highlight the potential for more effective national
screening strategies for anal cancer [54].

In anal cancer, the chronic inflammatory environment
created by HPV and HIV infection facilitates the evasion
of apoptosis and immune recognition, allowing tumor
cells to proliferate and metastasize. Several pro-inflam-
matory pathways are involved in this process, notably
the NF-«B signaling pathway [55]. NF-kB plays a central
role in regulating inflammatory responses and has been
implicated in various cancers. The classical NF-kB acti-
vation pathway is triggered by microbial and viral infec-
tions or exposure to pro-inflammatory cytokines like
TNF-a and IL-1f [55]. These inflammatory mediators
activate the IKK complex, leading to phosphorylation
and degradation of IkB proteins. This releases NF-kB
dimers to translocate to the nucleus and induce tran-
scription of pro-inflammatory, anti-apoptotic, and cell
proliferation genes [55]. Moreover, NF-kB is activated by
inflammatory mediators like TNF-«, IL-1f, and induces
pro-inflammatory, anti-apoptotic gene expression - Pro-
motes cell survival and proliferation. Constitutive NF-kB
activation has been observed in many cancers and is
thought to promote oncogenesis by suppressing apop-
tosis and enhancing cell growth and angiogenesis. How-
ever, the role of NF-kB is complex, as it can also promote
apoptosis in certain contexts [55].

The role of PD-1/PD-L1 in anal cancer

In the context of prolonged antigen exposure, the check-
point receptor known as programmed cell death pro-
tein-1 (PD-1) is expressed on the surface of different
immune cells, including B lymphocytes, macrophages,
monocytes, dendritic cells (DCs), myeloid cells, natu-
ral killer (NK) cells and tumor-specific activated T cells
[56—58]. Tumor cells are the primary source of expres-
sion for PD- ligand 1 (PD-L1), the natural PD-1 receptor
[59]. Numerous studies conducted in the last few years
have validated the clinical relevance of PD-1/PD-L1
antibodies and their influence on human cancer prog-
nosis [60, 61]. Although there are imperfections in the
link between this biomarker and its clinical importance,
and it differs depending on the type of human cancer
[62]. PD-1 suppresses T cell activation during immune
responses to avoid autoimmune damage to tissue [63].
Long-term antigen exposure in tumors or persistent
infections causes continuous PD-1 expression, which can
restrict the immune system’s ability to remove pathogens
or malignant cells [64]. Research has demonstrated the
involvement of PD-1/PD-L1 in the pathophysiology of
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anal cancer [37]. Viral antigen is constantly present when
a persistent viral infection is ongoing. Consequently, over
the duration of infection, antigen-specific T lymphocytes
are continuously activated. T cell exhaustion is the result,
which leads antigen-specific T cells to re ach this condi-
tion [65—67]. The effector activities of exhausted T lym-
phocytes are lost, including a decrease in proliferative
and cytotoxic potential as well as a decrease in IL-2 and
other cytokine output [68, 69]. It was additionally found
that HPV infection and the PD-1/PD-L1 are related. The
PD-1/PD-L1 is activated by the oncoproteins E6 and E7
[36]. The local immunological response is therefore sup-
pressed [70]. Extensive research has suggested that the
immune response to HPV E6 and E7 oncoproteins may be
linked to elevated PD-L1 expression in anal cancer [31].
Tumor-infiltrating lymphocytes (TILs) emit large quanti-
ties of IFN-y, which may upregulate PD-L1 and result in
the development of “adaptive immune resistance” [71].
However, it has been demonstrated that there is no cor-
relation between PD-L1 expression and HPV infection.
This means that PDL-1 is likely an independent prognos-
tic marker in SCCA, linked to a higher survival rate, as
no discernible differences in HPV infection status were
found in tumors expressing PD-L1 compared to those
PDL1 negative [72]. PDL1 may also serve as a prognostic
biomarker for SCCA, which has led to the implementa-
tion of treatment approaches that target the PD-1/PD-L1
axis in both non-metastatic and metastatic SCCA [73].
Regarding the relationship between the PD-1/PD-L1 and
anal SCC in HPV-positive individuals, there is, still, con-
tradiction [74]. According to some research, increased
PD-L1 expression is linked to the development of precan-
cerous lesions and decrease in survival probability in the
event of anal SCC [72, 75]. Conversely, it has been noted
that PD-L1 expression is connected to better outcomes
[37]. According to studies, an inflammatory lymphocytic
infiltration that expresses CD8 and PD-1 is present in
anal dysplastic lesions; this infiltrate is more common in
high-grade lesions. These findings demonstrate how the
PD-1/PD-L1 pathway plays a role in the anal dysplasia’s
natural course [76]. Furthermore, research has demon-
strated that HPV has a direct function in the epithelium,
triggering the PD-1/PD-L1 pathway and so inhibiting the
anticancer activity of cytotoxic cells [76]. These results
bolster the usage of imiquimod for anal dysplasia as well
[77]. High levels of interleukins, such as tumor necro-
sis factor alpha (TNF-a) and interferon-alpha (IFN-«a),
are induced by imiquimod, which activates the innate
immune system and may also activate NK and cytotoxic
T cells [78]. According to the study of Govindarajan et
al. 56% of anal cancer samples tested positive for PD-L1,
and positive lesions had a worse prognosis (higher rates
of local recurrence and death), which supports the idea
that anti-PD-1/PD-L1 therapy would be useful [75]. To
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fully understand the function of CD8+cell infiltration of
tumors and how it relates to PD-1/PD-L1, more investi-
gation is required. These results may prove useful in the
application and advancement of immunotherapy for the
treatment of anal SCC. It may be possible to increase the
cytotoxic activity of CD8+cells by using PD-1 inhibiting
drugs. Numerous clinical trials are now being conducted
to examine the function of monoclonal antibodies that
obstruct PD-1 receptors in anal SCC [37]. According to
newly available data, anti-PD1/PD-L1 medication may
have encouraging anticancer action in a subset of patients
whose anal cancer has already received treatment, pro-
viding fresh opportunities for treatment [31].

The role of CD8+ T cell in anal cancer

Recent studies have underscored the critical role of
CD8+T cells in ASCC. Hu et al. found that a high den-
sity of intratumoral and peritumoral CD8+T cells were
associated with favorable clinicopathological characteris-
tics and improved prognosis in patients with ASCC [79].
Specifically, increased CD8+T cell density was linked
to better tumor differentiation, earlier-stage diagno-
sis, and enhanced disease-free and overall survival rates
[79]. Moreover, in HIV-infected patients, high intratu-
moral CD8+T cell density also correlated with improved
disease-free survival. These findings highlight the piv-
otal role CD8+T cells play in the anti-tumor immune
response in ASCC [79]. Therapies targeting the PD-1/
PD-L1 axis, which can suppress CD8+T cell function,
may therefore offer a promising approach for developing
immunotherapies in this disease.

Another research by Balermpas et al,, underscoring
the critical role of CD8+T cells in the context of ASCC,
particularly concerning their prognostic significance
in patients undergoing chemoradiotherapy, found that
high expression of CD8+tumor-infiltrating lympho-
cytes (TILs) was significantly associated with improved
local control and disease-free survival in ASCC patients,
particularly those with high HPV16 viral load [80]. Spe-
cifically, high CD8+TIL expression correlated with
favorable clinicopathological characteristics, includ-
ing early N stage and increased PD-1+TILs, suggesting
a robust immune response against the tumor [80]. The
study also demonstrated that elevated levels of PD-1 and
PD-L1 were linked to better clinical outcomes, indicating
that these immune checkpoints may be pivotal in modu-
lating the anti-tumor immune response. Importantly, the
findings advocate for the integration of immune check-
point inhibitors targeting PD-1/PD-L1 in treatment strat-
egies for ASCC, especially for patients with high HPV16
loads and strong immune cell infiltration, thus providing
a rationale for further exploration of immunotherapy in
this patient population [80].
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Major Histocompatibility Complex I (MHC-I) and the
T-cell receptor (TCR) are two mechanisms by which
CD8+T-cells recognize antigens and release perforin and
granzyme B from their granules, giving them cytotoxic
potential [81]. Therefore, CD8+cells can play an impor-
tant role in the immune response to HPV infection [82].
On the other hand, HIV infection alters CD8+cells’ nor-
mal function, resulting in decreased efficacy and activity
[83]. Defective clearance of viruses and the development
of HPV-associated precancerous lesions and anal malig-
nancy were the outcomes of these alterations [84]. Addi-
tional research has demonstrated that higher levels of
CD8+cell tumor infiltration are linked to better treat-
ment outcomes and a higher rate of survival, which cor-
roborates this finding [79, 85].

Inflammatory bowel disease and anal cancer

Gastrointestinal tract inflammation, whether chronic or
recurrent, is linked to inflammatory bowel diseases (IBD)
[86]. IBD are characterized by an immunological reaction
in the body. Crohn’s disease (CD) and ulcerative colitis
(UC) are the two most frequent types [87]. As opposed
to CD, which affects the intestinal wall, UC affects the
upper layer of the large intestine [88]. The incidence of
CD and UC can be ascribed to several variables, such as
geographic location, genetics, incorrect nutrition, and
inadequate immunological response [89]. Weight loss,
diarrhea, stomach discomfort, and rectal bleeding are
a few of the symptoms of CD and UC. Inflammation is
the primary cause of several symptoms, including weight
loss, diarrhea, stomach discomfort, and rectal bleeding
[90]. The mouth, the anus, and all of the intestinal lay-
ers are impacted by CD. UC affects the colon’s muco-
sal layer. Both the gut and the rectum have lesions. The
symptoms range from minor to severe and might be fatal
[91]. Anal cancer is more common in patients with IBD
[92]. Results of a study were published in the Journal of
Crohn’s and Colitis, and they showed that people with
UC and CD had greater risks of anal cancer than the gen-
eral population [96]. The study reviewed multiple studies
on UC and CD to determine the incidence rates of anal
cancer. It found that anal cancer is more common in UC
patients compared to CD patients. However, among CD
patients, those with perianal CD have a higher incidence
of anal cancer. The study also noted that there is lim-
ited and varied data on the prevalence of anal cytologi-
cal abnormalities and high-risk HPV in these patients,
with no clear link to the use of immunosuppressive drugs
[93]. Due to inflammation in the rectum and/or anus as a
component of their illness, patients with UC and perianal
CD differ significantly from other high-risk groups for
anal cancer [94]. The epidemiological study found that
patients with CD have a higher risk of developing anal
cancer, particularly fistula-associated anal carcinoma,
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which arises from perianal fistulas [95, 96]. Anal cancer
in CD, hitherto considered to be uncommon, is receiv-
ing more and more attention as a result of an increase in
published findings [97-102]. However, the dearth of pop-
ulation-based research makes it challenging to pinpoint
its precise occurrence [94]. Beaugerie et al. conducted a
large case—control research in which they prospectively
monitored over 2900 patients with a history of anal/peri-
anal CD. The study found that the incidence of adenocar-
cinoma (ADC) and squamous cell carcinoma (SCC) was
0.38 and 0.26 per 1000 patients/year, respectively [103].
Furthermore, several investigations have established that
the primary risk factor for the initiation of anal cancers
in CD appears to be a history of perianal fistulas lasting
longer than ten years [104-106]. Fistula-associated anal
cancer in Crohn’s disease likely follows a pathogenesis
similar to chronic colitis, beginning with mucosal hyper-
plasia and persistent inflammation, which subsequently
progresses to dysplasia and carcinoma [94, 101]. Addi-
tional research is required to elucidate these facets.

HPV and HIV coinfection in anal cancer

The risk of malignancies linked to the HPV rises with
immunosuppression  [107-109].  Individuals  with
advanced HIV illness, or AIDS, are more likely to develop
invasive and in situ HPV-associated malignancies, such
as anal cancer [109]. This increased risk is in line with the
high prevalence and long-term nature of anal HPV infec-
tion in HIV-positive people [110]. MSMs are at an espe-
cially increased risk for anal cancer, regardless of HIV
status; however, HIV-positive MSM face an estimated
37-fold higher risk compared to the general population
[111-114]. About one in 240 of the 30- to 34-year-olds
in this group were predicted to get anal cancer within ten
years after receiving an AIDS diagnosis. Furthermore,
one in 80 of the same people who were cancer-free after
ten years are predicted to get anal cancer during the next
ten [115]. Men with HIV (particularly MSM) account for
a significant portion of those diagnosed with anal cancer
in the US due to their elevated risk of the disease [116,
117]. Anal cancer risk is higher in individuals with HIV
infection when their CD4 level is low and immunosup-
pression appears to be the most significant factor in the
early phases of anal cancer development [118, 119]. There
is strong evidence that the genesis of anal cancer is linked
to immunosuppression associated with HIV [120]. Anal
HPV infection has a lower rate of clearance and a lon-
ger persistence when HIV is present [121]. According
to a research by Coldén-Lipez et al.,anal cancer incidence
was nearly four times greater in AIDS patients than in
those with less advanced illness (HIV alone) [122]. Fur-
thermore, a recent analysis from the HIV/AIDS Cancer
Match Study, which integrates data from population-
based HIV and cancer registries, identified anal cancer
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as the third most prevalent malignancy with elevated
incidence in the HIV-infected population. Among these
cases, 83% occurred in HIV-positive MSM, and 71% were
in individuals who had been living with AIDS for five or
more years [123]. Wei et al., in a pooled analysis of 29,900
men, found a higher prevalence of anal HPV in HIV-pos-
itive men across all age groups, with nearly half of HIV-
positive MSM aged 15-18 infected with high-risk HPV.
HIV was linked to increased risk of HSIL and greater
HPV persistence, particularly in those with low CD4
counts, aligning with Colén-Lépez’s findings [124]. Anal
cancer incidence rose with the length of time persons
with HIV had low CD4 counts and inadequately con-
trolled HIV infection, according to a large French cohort
research [125]. An additional immunosuppressed popu-
lation, recipients of solid organ transplants, have a much
higher risk of anal cancer [126, 127]. It is still unclear
exactly what complicated immunological and cellular
alterations result from co-infection with HIV and HPV.
It was once believed that HIV infection increases HPV’s
capacity to cause cancer by suppressing the immune sys-
tem. Nonetheless, current research indicates that modi-
fications to the anal epithelium’s microenvironment may
result in an elevated carcinogenic potential [128]. Low
circulating CD4+cell counts are thought to be only one
explanation of the elevated risk, as greater incidence of
anal cancer has been reported in HIV-positive persons
even in the presence of normal CD4+cell counts [122].
This finding suggests that additional pathways are prob-
ably implicated in the cause of anal cancer linked to co-
infection with HIV and HPV. As a result, new research
has looked into the function of CD8+cells and the PD-1/
PD-L1 axis [37]. The latest research indicates that coin-
fection happens in the anal epithelium locoregionally.
HIV damages epithelial integrity, which makes HPV
infection easier [53]. Through the CCR5, CXCR4, and
CD4 receptors, HIV penetrates cells [129]. The distal
portion of the gastrointestinal system is particularly rich
in immune cells that have these receptors [130]. Anal epi-
thelial cells are thereby contacted by HIV infection and
contaminated immune cells locally [37]. One important
component of the pathophysiological pathways is the
HIV Tat protein. The HIV Tat protein, which is secreted
by HIV-positive immune cells, is thought to infiltrate anal
epithelial cells and facilitate the transcription and repli-
cation of viral DNA [131, 132]. By upregulating the pro-
duction of proteins E6, E7, and E2, the HIV Tat protein
promotes the replication of the viral genome [37, 133,
134]. Eventually, the use of drugs and other modifiable
behavioral variables like condoms should be included in
HPV prevention programs.

Table 1 summarizes the key pathways (PD-1/PD-L1,
NF-«B), roles of immune cells (CD8+T cells, Tregs),
HIV-specific mechanisms (Tat protein, disruption of
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Table 1 The key pathways and mechanisms in inflammation-driven anal cancer pathogenesis
Pathway/ Mechanism Description Reference(s)
PD-1/PD-L1 Axis -Suppresses anti-tumor immunity by inhibiting T cell function [63]
-Upregulated by HPV E6/E7 oncoproteins and IFN-y from TILs [71]
-Promotes "adaptive immune resistance” [71]
NF-kB Pathway -Activated by inflammatory mediators like TNF-q, IL-13 [55]
-Induces pro-inflammatory, anti-apoptotic gene expression
-Promotes cell survival and proliferation
Role of CD8+T Cells -Recognize and kill HPV-infected/transformed cells [81]
-High tumor infiltration associated with better prognosis [79, 85]
Role of Regulatory T Cells (Tregs) -Suppress anti-tumor immunity [50]

-Increased in HPV-associated cancers like anal cancer

HIV Tat Protein -Promotes HPV E6/E7 oncogene expression in anal epithelium [37,133,134]
-Facilitates HPV genome replication and transformation [132,133]

HIV Disruption of Epithelial Integrity -HIV infection compromises anal epithelial barrier [53]
-Facilitates HPV access to basal epithelial cells

Progression of Lesions -Normal — AIN 1 — AIN 2/3 — Invasive Anal Cancer [31]

epithelial integrity), and progression stages involved in
inflammation-driven anal cancer development.

Conclusion

In conclusion, the rising global incidence of anal can-
cer highlights the importance of elucidating the com-
plex inflammatory pathways that drive HPV-induced
carcinogenesis in this disease. While HPV infection is
a necessary cause, chronic inflammation and immuno-
suppression, such as from HIV coinfection, facilitate
viral persistence and cancer development by disrupting
immune control. The PD-1/PD-L1 pathway appears to
play a central role in suppressing anti-tumor immunity. A
deeper understanding of how HIV, HPV, and inflamma-
tion coordinately disrupt CD8+T cell responses and pro-
mote oncogene expression could reveal new therapeutic
targets. Immunotherapies blocking the PD-1/PD-L1 axis
show promise, but further research is needed on opti-
mizing these approaches based on each patient’s viral,
inflammatory and immune status. Ultimately, a multifac-
eted strategy targeting both HPV and the inflammatory
tumor microenvironment may be required to improve
outcomes for anal cancer patients, especially in high-risk
populations.

Acknowledgements
This project was supported by the Infectious and Tropical Diseases Research
Center, Tabriz University of Medical Sciences, Tabriz, Iran.

Author contributions

H.BB.: Conceived the idea for this manuscript, edited subsequent drafts; F.E.:
Literature search, Manuscript preparation, drafting of the manuscript; RR.:
Literature search, Design of the table and figure, Manuscript preparation; S.J.:
Manuscript edit.

Funding
This study didn't receive any funding.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 29 July 2024 / Accepted: 27 November 2024
Published online: 18 December 2024

References

1. Deshmukh AA, Suk R, Shiels MS, Sonawane K, Nyitray AG, Liu Y, et al. Recent
trends in squamous cell carcinoma of the Anus incidence and mortality in
the United States, 2001-2015. JNCI: J Natl Cancer Inst. 2019;112(8):829-38.

2. Siegel RL, Miller KD, Fuchs HE, Jemal A, Cancer statistics. 2022. CA: a cancer
journal for clinicians. 2022;72(1).

3. Roberts JR, Siekas LL, Kaz AM. Anal intraepithelial neoplasia: a review of
diagnosis and management. World J Gastrointest Oncol. 2017;9(2):50-61.

4. Stier EA, Clarke MA, Deshmukh AA, Wentzensen N, Liu Y, Poynten IM, et al.
International Anal Neoplasia Society’s consensus guidelines for anal cancer
screening. Int J Cancer. 2024;154(10):1694-702.

5. Selimagic A, Dozic A, Husic-Selimovic A, Tucakovic N, Cehajic A, Subo A et al.
The role of inflammation in Anal Cancer. Diseases. 2022;10(2).

6. Ciombor KK, Ernst RD, Brown G. Diagnosis and diagnostic imaging of Anal
Canal Cancer. Surg Oncol Clin N Am. 2017,26(1):45-55.

7. Saraiya M, Unger ER, Thompson TD, Lynch CF, Hernandez BY, Lyu CW, et al.
US assessment of HPV types in cancers: implications for current and 9-valent
HPV vaccines. J Natl Cancer Inst. 2015;107(6):djv086.

8. DeVuyst H, Clifford GM, Nascimento MC, Madeleine MM, Franceschi S.
Prevalence and type distribution of human papillomavirus in carcinoma and
intraepithelial neoplasia of the vulva, vagina and anus: a meta-analysis. Int J
Cancer. 2009;124(7):1626-36.

9. Palefsky JM, Giuliano AR, Goldstone S, Moreira ED Jr, Aranda C, Jessen H, et al.
HPV vaccine against anal HPV infection and anal intraepithelial neoplasia. N
Engl J Med. 2011,365(17):1576-85.

10. Johnson LG, Madeleine MM, Newcomer LM, Schwartz SM, Daling JR. Anal
cancer incidence and survival: the surveillance, epidemiology, and end
results experience, 1973-2000. Cancer. 2004;101(2):281-8.

11. Frisch M, Glimelius B, van den Brule AJ, Wohlfahrt J, Meijer CJ, Walboomers
IM, et al. Sexually transmitted infection as a cause of anal cancer. N Engl J
Med. 1997;337(19):1350-8.

12. Evande R, Rana A, Biswas-Fiss EE, Biswas SB. Protein-DNA interactions regulate
human papillomavirus DNA replication, transcription, and Oncogenesis. Int J
Mol Sci. 2023;24(10).

13. Rasizadeh R, Aghbash PS, Mokhtarzadeh A, PoortahmasebiV, Oskouee
MA, Nahand JS et al. Novel strategies in HPV-16-related cervical cancer



Ebrahimi et al. Infectious Agents and Cancer

20.

21

22.

23.

24.

25,

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

(2024) 19:63

treatment: an in vitro study of combined siRNA-E5 with oxaliplatin and
ifosfamide chemotherapy. Gene. 2024:148904.

Gheit T. Mucosal and cutaneous human papillomavirus infections and Cancer
Biology. Front Oncol. 2019;9:355.

Baghi HB, Aghbash PS, Rasizadeh R, Poortahmasebi V, Alinezhad F. Cancers
Associated with Human Papillomavirus: an overview of prevalence in Iran
and the Middle East. Exploratory Res Hypothesis Med. 2024;9(2):115-27.
Espinoza H, Ha KT, Pham TT, Espinoza JL. Genetic predisposition to Persistent
Human papillomavirus-infection and Virus-Induced cancers. Microorganisms.
2021,9(10).

Latsuzbaia A, Wienecke-Baldacchino A, Tapp J, Arbyn M, Karabegovic¢ |, Chen
Z, et al. Characterization and diversity of 243 complete human papillomavi-
rus genomes in cervical swabs using next generation sequencing. Viruses.
2020;12(12):1437.

Fatemipour M, Nahand JS, Azar MEF, Baghi HB, Taghizadieh M, Sorayyayi S, et
al. Human papillomavirus and prostate cancer: the role of viral expressed pro-
teins in the inhibition of anoikis and induction of metastasis. Microb Pathog.
2021;152:104576.

Alizon S, Murall CL, Bravo IG. Why human papillomavirus Acute infections
Matter. Viruses. 2017:9(10).

Kombe Kombe AJ, Li B, Zahid A, Mengist HM, Bounda GA, Zhou Y, et al. Epide-
miology and Burden of Human Papillomavirus and Related diseases, Molecu-
lar Pathogenesis, and vaccine evaluation. Front Public Health. 2020;8:552028.
Tanzi E, Canuti M. HPV infection and cervical Cancer. Global Health Essentials:
Springer; 2023. pp. 109-16.

Pimple S, Mishra G. Cancer cervix: epidemiology and disease burden. Cyto-
journal. 2022;19:21.

ChenW, ZhaoY, Xie X, Liu J, Li J, Zhao C, et al. Safety of a quadrivalent human
papillomavirus vaccine in a phase 3, randomized, double-blind, placebo-con-
trolled clinical trial among Chinese women during 90 months of follow-up.
Vaccine. 2019;37(6):889-97.

Gee J, Weinbaum C, Sukumaran L, Markowitz LE. Quadrivalent HPV vaccine
safety review and safety monitoring plans for nine-valent HPV vaccine in the
United States. Hum Vaccines Immunotherapeutics. 2016;12(6):1406-17.
Guerendiain D, Grigorescu R, Kirk A, Stevenson A, Holden MT, Pan J, et al. HPV
status and HPV16 viral load in anal cancer and its association with clinical
outcome. Cancer Med. 2022;11(22):4193-203.

Sabatini ME, Chiocca S. Human papillomavirus as a driver of head and neck
cancers. BrJ Cancer. 2020;122(3):306-14.

De Martel C, Ferlay J, Franceschi S, Vignat J, Bray F, Forman D, et al. Global
burden of cancers attributable to infections in 2008: a review and synthetic
analysis. Lancet Oncol. 2012;13(6):607-15.

Ferlay J, Storm H, Whelan SL, Parkin DM. Cancer incidence in five continents.
Cancer incidence in five continents2005.

Grulich AE, Poynten IM, Machalek DA, Jin F, Templeton DJ, Hillman RJ. The
epidemiology of anal cancer. Sex Health. 2012;9(6):504-8.

Van der Zee R, Richel O, De Vries H, Prins J. The increasing incidence of

anal cancer: can it be explained by trends in risk groups. Neth J Med.
2013;71(8):401-11.

Ciardiello D, Guerrera LP, Maiorano BA, Parente P, Latiano TP, Di Maio M, et

al. Immunotherapy in advanced anal cancer: is the beginning of a new era?
Cancer Treat Rev. 2022;105:102373.

Rasi F, Zarredar H, Amini M, Onsori H, Dadashzadeh K, Khanmohammadi M, et
al. Suppression of E6 Oncogene induces apoptosis in CaSki Cervical Cancer
cells. Asian Pac J Cancer Prevention: APJCP. 2023;24(10):2289.

Shiri Aghbash P, Hemmat N, Baradaran B, Bannazadeh Baghi H. siRNA-E6 sen-
sitizes HPV-16-related cervical cancer through Oxaliplatin: an in vitro study on
anti-cancer combination therapy. Eur J Med Res. 2023;28(1):1-13.

Shiri Aghbash P, Hemmat N, Baradaran B, Bannazadeh Baghi H. siRNA-E6 sen-
sitizes HPV-16-related cervical cancer through Oxaliplatin: an in vitro study on
anti-cancer combination therapy. Eur J Med Res. 2023;28(1):42.

Bown E, ShahV, Sridhar T, Boyle K, Hemingway D, Yeung JM. Cancers of

the anal canal: diagnosis, treatment and future strategies. Future Oncol.
2014;10(8):1427-41.

Glynne-Jones R, Nilsson PJ, Aschele C, Goh V, Peiffert D, Cervantes A, et al.
Anal cancer: ESMO-ESSO-ESTRO clinical practice guidelines for diagnosis,
treatment and follow-up. Radiother Oncol. 2014;111(3):330-9.

Bushara O, Krogh K, Weinberg SE, Finkelman BS, Sun L, Liao J, et al. Human
immunodeficiency virus infection promotes human papillomavirus-medi-
ated anal squamous carcinogenesis: an immunologic and pathobiologic
review. Pathobiology. 2022;89(1):1-12.

38.

39.
40.
41.

42.

43.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Page 8 of 10

Dona MG, Giuliani M, Rollo F, Vescio MF, Benevolo M, Giglio A, et al. Incidence
and clearance of anal high-risk human papillomavirus infection and

their risk factors in men who have sex with men living with HIV. Sci Rep.
2022;12(1):184.

Salati SA, Al Kadi A. Anal cancer-a review. Int J Health Sci. 2012;6(2):206.
Roberts JR, Siekas LL, Kaz AM. Anal intraepithelial neoplasia: a review of
diagnosis and management. World J Gastrointest Oncol. 2017;9(2):50.
Alemany L, Saunier M, Alvarado-Cabrero |, Quirds B, Salmeron J, Shin HR,

et al. Human papillomavirus DNA prevalence and type distribution in anal
carcinomas worldwide. Int J Cancer. 2015;136(1):98-107.

Martin D, Rédel F, Balermpas P, Rodel C, Fokas E. The immune microenviron-
ment and HPV in anal cancer: Rationale to complement chemoradiation
with immunotherapy. Biochim et Biophys Acta (BBA)-Reviews Cancer.
2017;1868(1):221-30.

McNeil CJ, Lee JS, Cole SR, Patel SA, Martin J, Mathews WC, et al. Anal cancer
incidence in men with HIV who have sex with men: are black men at higher
risk? Aids. 2022;36(5):657-64.

Wong IKJ, Poynten IM, Cornall A, Templeton DJ, Molano M, Garland SM, et al.
Sexual behaviours associated with incident high-risk anal human papilloma-
virus among gay and bisexual men. Sex Transm Infect. 2022;98(2):101-7.
Silva Dalla Libera L, Almeida de Carvalho KP, Enocencio Porto Ramos J,
Oliveira Cabral LA, de Alencar C, Villa R et al. LL,. Human Papillomavirus and
Anal Cancer: Prevalence, Genotype Distribution, and Prognosis Aspects from
Midwestern Region of Brazil.  Oncol. 2019;2019:6018269.

Shaw J, Hanley S, Sitnik E, Berry W, Blatt S, Seserman M et al. Attitudes towards
HPV vaccination policy strategies to Improve Adolescent Vaccination Cover-
age among Pediatric providers in New York State. Vaccines (Basel). 2023;11(8).
Stier EA, Chigurupati NL, Fung L. Prophylactic HPV vaccination and anal
cancer. Hum Vaccin Immunother. 2016;12(6):1348-51.

Singh N, Baby D, Rajguru JP, Patil PB, Thakkannavar SS, Pujari VB. Inflammation
and cancer. Ann Afr Med. 2019;18(3):121-6.

Zhao H,Wu L, Yan G, ChenY, Zhou M, Wu Y, et al. Inflammation and tumor
progression: signaling pathways and targeted intervention. Signal Transduct
Target Ther. 2021;6(1):263.

Mantovani A. Inflammation by remote control. Nature. 2005;435(7043):752-3.
Pessia B, Romano L, Giuliani A, Lazzarin G, Carlei F, Schietroma M. Squamous
cell anal cancer: management and therapeutic options. Annals Med Surg.
2020;55:36-46.

Chiao EY, Krown SE, Stier EA, Schrag D. A population-based analysis of tem-
poral trends in the incidence of squamous anal canal cancer in relation to the
HIV epidemic. JAIDS J Acquir Immune Defic Syndr. 2005;40(4):451-5.
Strickler HD, Burk RD, Fazzari M, Anastos K, Minkoff H, Massad LS, et al. Natural
history and possible reactivation of human papillomavirus in human immu-
nodeficiency virus-positive women. J Natl Cancer Inst. 2005,97(8):577-86.
Cuming T, Nathan M, editors. Anal cancer screening: techniques and guide-
lines. Seminars in Colon and rectal surgery. Elsevier; 2017.

Escarcega R, Fuentes-Alexandro S, Garcia-Carrasco M, Gatica A, Zamora
A.The transcription factor nuclear factor-kappa B and cancer. Clin Oncol.
2007;19(2):154-61.

Daud Al, Wolchok JD, Robert C, Hwu W-J, Weber JS, Ribas A, et al. Pro-
grammed death-ligand 1 expression and response to the anti-pro-
grammed death 1 antibody Pembrolizumab in melanoma. J Clin Oncol.
2016;34(34):4102.

Jalili-Nik M, Soltani A, Mashkani B, Rafatpanah H, Hashemy SI. PD-1 and PD-L1
inhibitors foster the progression of adult T-cell Leukemia/Lymphoma. Int
Immunopharmacol. 2021,98:107870.

Nakamura T, Sato T, Endo R, Sasaki S, Takahashi N, Sato Y et al. STING agonist
loaded lipid nanoparticles overcome anti-PD-1 resistance in melanoma lung
metastasis via NK cell activation. J Immunother Cancer. 2021,9(7).

Ghosh C, Luong G, Sun Y. A snapshot of the PD-1/PD-L1 pathway. J Cancer.
2021;12(9):2735-46.

Chen L, Mo D-C, Hu M, Zhao S-J, Yang Q-W, Huang Z-L. PD-1/PD-L1 inhibitor
monotherapy in recurrent or metastatic squamous cell carcinoma of the
head and neck: a meta-analysis. Am J Otolaryngol. 2022;43(2):103324.

Luke JJ, Rutkowski P, Queirolo P, Del Vecchio M, Mackiewicz J, Chiarion-Sileni
V, et al. Pembrolizumab versus placebo as adjuvant therapy in completely
resected stage I1B or IIC melanoma (KEYNOTE-716): a randomised, double-
blind, phase 3 trial. Lancet. 2022;399(10336):1718-29.

Saito Y, Fujiwara Y, Shinchi Y, Mito R, Miura Y, YamaguchiT, et al. Classification
of PD-L1 expression in various cancers and macrophages based on immuno-
histocytological analysis. Cancer Sci. 2022;113(9):3255-66.



Ebrahimi et al. Infectious Agents and Cancer

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

82.

83.

84.

85.

(2024) 19:63

Jubel JM, Barbati ZR, Burger C, Wirtz DC, Schildberg FA. The role of PD-1 in
Acute and chronic infection. Front Immunol. 2020;11:487.

Peligero C, Argilaguet J, GUerri-Ferndndez R, Torres B, Ligero C, Colomer P, et
al. PD-L1 Blockade Differentially Impacts Regulatory T Cells from HIV-Infected
individuals depending on plasma viremia. PLoS Pathog. 2015;11:¢1005270.
Barber DL, Wherry EJ, Masopust D, Zhu B, Allison JP, Sharpe AH, et al. Restor-
ing function in exhausted CD8T cells during chronic viral infection. Nature.
2006;439(7077):682-7.

Wherry EJ, Kurachi M. Molecular and cellular insights into T cell exhaustion.
Nat Rev Immunol. 2015;15(8):486-99.

Blackburn SD, Shin H, Haining WN, Zou T, Workman CJ, Polley A, et al. Coregu-
lation of CD8+T cell exhaustion by multiple inhibitory receptors during
chronic viral infection. Nat Immunol. 2009;10(1):29-37.

Bucktrout SL, Bluestone JA, Ramsdell F. Recent advances in immunotherapies:
from infection and autoimmunity, to cancer, and back again. Genome Med.
2018;10(1):79.

Shiri Aghbash P, Rasizadeh R, Yari AH, Lahouti S, MotieGhader H, Nahand JS
et al. Interleukin-2 and oncolytic virotherapy: a new perspective in cancer
therapy. Anti-cancer agents in Medicinal Chemistry (formerly current Medici-
nal Chemistry-Anti-cancer agents). 2023;23(18):2008-26.

Allouch S, Malki A, Allouch A, Gupta |, Vranic S, Al Moustafa A-E. High-risk HPV
oncoproteins and PD-1/PD-L1 interplay in human cervical cancer: recent
evidence and future directions. Front Oncol. 2020;10:914.

Ott PA, Piha-Paul SA, Munster P, Pishvaian MJ, van Brummelen EMJ, Cohen
RB, et al. Safety and antitumor activity of the anti-PD-1 antibody pembroli-
zumab in patients with recurrent carcinoma of the anal canal. Ann Oncol.
2017,28(5):1036-41.

Wessely A, Heppt MV, Kammerbauer C, Steeb T, Kirchner T, Flaig MJ, et al.
Evaluation of PD-L1 expression and HPV genotyping in anal squamous cell
carcinoma. Cancers. 2020;12(9):2516.

Tuminello S, Sikavi D, Veluswamy R, Gamarra C, Lieberman-Cribbin W,

Flores R, et al. PD-L1 as a prognostic biomarker in surgically resectable

non- small cell lung cancer: a meta-analysis. Translational Lung Cancer Res.
2020,9(4):1343-60.

Xiao W, Yuan'Y, Wang S, Liao Z, Cai P, Chen B et al. Neoadjuvant PD-1 Blockade
Combined with Chemotherapy followed by concurrent immunoradiotherapy
in locally advanced anal canal squamous cell Carcinoma patients: Antitumor
Efficacy, Safety and Biomarker Analysis. Front Immunol. 2022;12.
Govindarajan R, Gujja S, Siegel ER, Batra A, Saeed A, Lai K, et al. Programmed
cell death-ligand 1 (PD-L1) expression in anal cancer. Am J Clin Oncol.
201841(7):638-42.

Bucau M, Gault N, Sritharan N, Valette E, Charpentier C, Walker F, et al. PD-1/
PD-L1 expression in anal squamous intraepithelial lesions. Oncotarget.
2020;11(39):3582-9.

Richel O, de Vries HJ, van Noesel CJ, Dijkgraaf MG, Prins JM. Comparison of
imiquimod, topical fluorouracil, and electrocautery for the treatment of anal
intraepithelial neoplasia in HIV-positive men who have sex with men: an
open-label, randomised controlled trial. Lancet Oncol. 2013;14(4):346-53.
Voiculescu VM, Lisievici CV, Lupu M, Vajaitu C, Draghici CC, Popa AV et al.
Mediators of inflammation in topical therapy of skin cancers. Mediators of
Inflammation. 2019;2019.

Hu WH, Miyai K, Cajas-Monson LC, Luo L, Liu L, Ramamoorthy SL. Tumor-
infiltrating CD8+T lymphocytes associated with clinical outcome in anal
squamous cell carcinoma. J Surg Oncol. 2015;112(4):421-6.

Balermpas P, Martin D, Wieland U, Rave-Fraenk M, Strebhardt K, Roedel C, et
al. Human papilloma virus load and PD-1/PD-L1, CD8 +and FOXP3 in anal
cancer patients treated with chemoradiotherapy: rationale for immuno-
therapy. Oncoimmunology. 2017;6(3):e1288331.

Fridman WH, Pageés F, Sautés-Fridman C, Galon J. The immune contex-

ture in human tumours: impact on clinical outcome. Nat Rev Cancer.
2012;12(4):298-306.

Scott M, Nakagawa M, Moscicki A-B. Cell-mediated immune response to
human papillomavirus infection. Clin Diagn Lab Immunol. 2001;8(2):209-20.
Liu'Y, Gaisa MM, Wang X, Swartz TH, Arens Y, Dresser KA, et al. Differences in
the immune microenvironment of anal cancer precursors by HIV status and
association with ablation outcomes. J Infect Dis. 2018;217(5):703-9.

Singh M, Thakral D, Rishi N, Kar HK, Mitra DK. Functional characterization

of CD4 and CD8T cell responses among human papillomavirus infected
patients with ano-genital warts. Virusdisease. 2017;28:133-40.

Gilbert DC, Serup-Hansen E, Linnemann D, Hegdall E, Bailey C, Summers J,
et al. Tumour-infiltrating lymphocyte scores effectively stratify outcomes

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

101.

103.

106.

108.

109.

Page 9 of 10

over and above p16 post chemo-radiotherapy in anal cancer. Br J Cancer.
2016;114(2):134-7.

Muzammil MA, Fariha F, Patel T, Sohail R, Kumar M, Khan E, et al. Advance-
ments in inflammatory bowel disease: a Narrative Review of Diagnostics,
Management, Epidemiology, Prevalence, patient outcomes, Quality of Life,
and clinical presentation. Cureus. 2023;15(6):e41120.

Silva FA, Rodrigues BL, Ayrizono ML, Leal RF. The immunological basis of
inflammatory bowel disease. Gastroenterol Res Pract. 2016;2016:2097274.
Seyedian SS, Nokhostin F, Malamir MD. A review of the diagnosis, preven-
tion, and treatment methods of inflammatory bowel disease. J Med Life.
2019;12(2):113-22.

Rodrigues BAG, Steigleder KM, Menta PLR, de Castro MM, Milanski M, Leal
RF. The exposome-diet-epigenome axis in inflammatory bowel diseases—a
narrative review. Dig Med Res. 2023;7.

Panaccione R. Mechanisms of inflammatory bowel disease. Gastroenterol
Hepatol (NY). 2013;9(8):529-32.

Baumgart DC, Sandborn WJ. Inflammatory bowel disease: clinical aspects
and established and evolving therapies. Lancet. 2007,369(9573):1641-57.
Bernstein CN, Blanchard JF, Kliewer E, Wajda A. Cancer risk in patients with
inflammatory bowel disease. Cancer. 2001,91(4):854-62.

Albuquerque A, Cappello C, Stirrup O, Selinger CP. Anal high-risk human
papillomavirus infection, squamous intraepithelial lesions, and Anal Cancer
in patients with inflammatory bowel disease: a systematic review and Meta-
analysis. J Crohns Colitis. 2023;17(8):1228-34.

Fiorillo C, Schena CA, Quero G, Laterza V, Pugliese D, Privitera G et al. Chal-
lenges in Crohn’s Disease Management after Gastrointestinal Cancer Diagno-
sis. Cancers (Basel). 2021;13(3).

Jess T, Gamborg M, Matzen P, Munkholm P, Serensen Tl. Increased risk

of intestinal cancer in Crohn’s disease: a meta-analysis of population-
based cohort studies. Official J Am Coll Gastroenterology| ACG.
2005;100(12):2724-9.

Canavan C, Abrams K, Mayberry J. Meta-analysis: colorectal and small
bowel cancer risk in patients with Crohn’s disease. Aliment Pharmacol Ther.
2006;23(8):1097-104.

Daly JJ, Madrazo A. Anal Crohn'’s disease with carcinoma in situ. Dig Dis Sci.
1980;25:464-6.

Lightner AL, Moncrief SB, Smyrk TC, Pemberton JH, Haddock MG, Larson DW,
et al. Long-standing Crohn's disease and its implication on anal squamous
cell cancer management. Int J Colorectal Dis. 2017,32:661-6.

Shwaartz C, Munger JA, Deliz JR, Bornstein JE, Gorfine SR, Chessin DB, et

al. Fistula-associated anorectal cancer in the setting of Crohn’s disease. Dis
Colon Rectum. 2016;59(12):1168-73.

. Benjelloun EB, Abkari M, Ousadden A, Ait Taleb K. Squamous cell carcinoma

associated anal fistulas in Crohn's disease unique case report with literature
review. J Crohn’s Colitis. 2013;7(6):232-5.

Ogawa H, Haneda S, Shibata C, Miura K, Nagao M, Ohnuma S, et al. Adeno-
carcinoma associated with perianal fistulas in Crohn's disease. Anticancer Res.
2013,;33(2):685-9.

. lesalnieks I, Gaertner WB, GlaB H, Strauch U, Hipp M, Agha A, et al. Fistula-

associated anal adenocarcinoma in Crohn'’s disease. Inflamm Bowel Dis.
2010;16(10):1643-8.

Itzkowitz SH, Yio X. Inflammation and cancer IV. Colorectal cancer in inflam-
matory bowel disease: the role of inflammation. Am J physiology-gastroin-
testinal Liver Physiol. 2004;287(1).G7-17.

. Winkler R, Wittmer A, Heusermann U. Das Karzinom Beim m. Crohn Z fr

Gastroenterologie. 2002;40(08):569-76.

. Beaugerie L, Carrat F, Nahon S, Zeitoun J-D, Sabaté J-M, Peyrin-Biroulet L, et

al. High risk of anal and rectal cancer in patients with anal and/or perianal
Crohn's disease. Clin Gastroenterol Hepatol. 2018;16(6):892-9. e2.

Ruel J, Ko HM, Roda G, Patil N, Zhang D, Jharap B, et al. Anal neoplasia in
inflammatory bowel disease is associated with HPV and perianal disease. Clin
Translational Gastroenterol. 2016;7(3):e148.

. Crum-Cianflone NF, Hullsiek KH, Marconi VC, Ganesan A, Weintrob A, Barthel

RV, et al. Anal cancers among HiV-infected persons: HAART is not slowing
rising incidence. Aids. 2010;24(4):535-43.

Bedimo RJ, McGinnis KA, Dunlap M, Rodriguez-Barradas MC, Justice AC. Inci-
dence of non-AIDS-defining malignancies in HIV-infected versus noninfected
patients in the HAART era: impact of immunosuppression. JAIDS J Acquir
Immune Defic Syndr. 2009;52(2):203-8.

Chaturvedi AK, Madeleine MM, Biggar RJ, Engels EA. Risk of human papil-
lomavirus—associated cancers among persons with AIDS. JNCI: J Natl Cancer
Inst. 2009;101(16):1120-30.



Ebrahimi et al. Infectious Agents and Cancer

112

116.

117.

119.

120.

121.

122.

(2024) 19:63

. Palefsky JM. Anal squamous intraepithelial lesions: relation to HIV and human

papillomavirus infection. JAIDS J Acquir Immune Defic Syndr. 1999,21:542-8.

. Chiao EY, Giordano TP, Palefsky JM, Tyring S, Serag HE. Screening HIV-infected

individuals for anal cancer precursor lesions: a systematic review. Clin Infect

Dis. 2006;43(2):223-33.

Frisch M, Biggar RJ, Goedert JJ. Human papillomavirus-associated cancers in
patients with human immunodeficiency virus infection and acquired immu-
nodeficiency syndrome. J Natl Cancer Inst. 2000,92(18):1500-10.

. Deshmukh AA, Damgacioglu H, Georges D, Sonawane K, Clifford GM. Human

papillomavirus-associated anal cancer incidence and burden among US
men, according to sexual orientation, human immunodeficiency virus status,
and age. Clin Infect Dis. 2023;77(3):419-24.

. Clifford GM, Combes J-D. Hopes for prevention of anal cancer in women.

Oxford University Press US; 2020. pp. 1210-2.

. Haas CB, Engels EA, Horner MJ, Pfeiffer RM, Luo Q, Kreimer AR, et al. Cumula-

tive incidence of anal cancer since HIV or AIDS diagnosis in the United States.
JNatl Cancer Inst. 2023;115(10):1227-30.

Deshmukh AA, Lin Y-Y, Damgacioglu H, Shiels M, Coburn SB, Lang R, et al.
Recent and projected incidence trends and risk of anal cancer among people
with HIV in North America. JNCI: Journal of the National Cancer Institute;
2024.

Shiels MS, Pfeiffer RM, Chaturvedi AK, Kreimer AR, Engels EA. Impact of the
HIV epidemic on the incidence rates of anal cancer in the United States. J
Natl Cancer Inst. 2012;104(20):1591-8.

. Greenberg L, Ryom L, Bakowska E, Wit F, Bucher HC, Braun DL et al. Trends in

Cancer incidence in different antiretroviral treatment-eras amongst people
with HIV. Cancers (Basel). 2023;15(14).

Shiels MS, Althoff KN, Pfeiffer RM, Achenbach CJ, Abraham AG, Castilho J,

et al. HIV infection, immunosuppression, and age at diagnosis of non-AIDS-
defining cancers. Clin Infect Dis. 2017,64(4):468-75.

Hernandez-Ramirez RU, Qin L, Lin H, Leyden W, Neugebauer RS, Althoff KN, et
al. Association of Immunosuppression and Human Immunodeficiency Virus
(HIV) Viremia with Anal Cancer risk in persons living with HIV in the United
States and Canada. Clin Infect Dis. 2020;70(6):1176-85.

Zhang Z, Ling X, Liu L, Xi M, Zhang G, Dai J. Natural history of anal papil-
lomavirus infection in HIV-Negative men who have sex with men based

on a Markov Model: a 5-Year prospective cohort study. Front Public Health.
2022;10:891991.

Colén-Lopez V, Shiels MS, Machin M, Ortiz AP, Strickler H, Castle PE, et al.
Anal Cancer risk among people with HIV infection in the United States. J Clin
Oncol. 2018;36(1):68-75.

124.

125.

126.

128.

129.

130.

13

Page 10 of 10

. Robbins HA, Pfeiffer RM, Shiels MS, Li J, Hall HI, Engels EA. Excess can-

cers among HIV-infected people in the United States. J Natl Cancer Inst.
2015;107(4).dju503.

Wei F, Gaisa MM, D'Souza G, Xia N, Giuliano AR, Hawes SE, et al. Epidemiology
of anal human papillomavirus infection and high-grade squamous intraepi-
thelial lesions in 29 900 men according to HIV status, sexuality, and age: a
collaborative pooled analysis of 64 studies. Lancet HIV. 2021;8(9):e531-43.
Guiguet M, Boué F, Cadranel J, Lang J-M, Rosenthal E, Costagliola D. Effect
of immunodeficiency, HIV viral load, and antiretroviral therapy on the risk

of individual malignancies (FHDH-ANRS CO4): a prospective cohort study.
Lancet Oncol. 2009;10(12):1152-9.

Grulich AE, Van Leeuwen MT, Falster MO, Vajdic CM. Incidence of cancers in
people with HIV/AIDS compared with immunosuppressed transplant recipi-
ents: a meta-analysis. Lancet. 2007;370(9581):59-67.

. Madeleine M, Finch J, Lynch C, Goodman M, Engels E. HPV-related cancers

after solid organ transplantation in the United States. Am J Transplant.
2013;13(12):3202-9.

Das AT, Harwig A, Berkhout B. The HIV-1 Tat protein has a versatile role in
activating viral transcription. J Virol. 2011;85(18):9506-16.

Alkhatib G. The biology of CCR5 and CXCR4. Curr Opin HIV AIDS.
2009;4(2):96-103.

McElrath M, Smythe K, Randolph-Habecker J, Melton K, Goodpaster T, Hughes
S, et al. Comprehensive assessment of HIV target cells in the distal human
gut suggests increasing HIV susceptibility toward the anus. JAIDS J Acquir
Immune Defic Syndr. 2013;63(3):263-71.

. Mele AR, Marino J, Chen K, Pirrone V, Janetopoulos C, Wigdahl B, et al. Defin-

ing the molecular mechanisms of HIV-1 Tat secretion: PtdIns (4, 5) P2 at the
epicenter. Traffic. 2018;19(9):655-65.

. Rayne F, Debaisieux S, Bonhoure A, Beaumelle B. HIV-1 Tat is unconventionally

secreted through the plasma membrane. Cell Biol Int. 2010;34(4):409-13.

. Syrjanen S. Human papillomavirus infection and its association with HIV. Adv

Dent Res. 2011;23(1):84-9.

. Tornesello ML, Buonaguro FM, Beth-Giraldo E, Giraldo G. Human immuno-

deficiency virus type 1 tat gene enhances human papillomavirus early gene
expression. Intervirology. 1993;36(2):57-64.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Prevalence of HPV in anal cancer: exploring the role of infection and inflammation
	﻿Abstract
	﻿Introduction
	﻿HPV infection, prevalence, mortality
	﻿Anal cancer, prevalence
	﻿Inflammation and anal cancer
	﻿The role of PD-1/PD-L1 in anal cancer
	﻿The role of CD8+ T cell in anal cancer
	﻿Inflammatory bowel disease and anal cancer
	﻿HPV and HIV coinfection in anal cancer

	﻿Conclusion
	﻿References


