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Abstract: Background: The most important causative agent of neoplasms in the anogenital area is
the human papillomavirus (HPV). Due to the anatomical proximity of the genital and anus area
and the ease with which HPV infection is transmitted, it seems that patients after the treatment of
HPV-related gynecological diseases may have an increased risk of developing a second HPV-related
neoplasm anal cancer. The aim of this study was to determine the risk of anal intraepithelial neoplasia
(AIN) and anal cancer (AC) among patients after the treatment of HPV-related gynecological diseases.
Methods: We conducted a comprehensive review of the available literature from multiple databases.
The study was performed following Cochrane Reviewers’ Handbook and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses 2009 guidelines. Moreover, we assessed the quality
of each study using QUADAS-2. Results: Twenty-five studies were included in the final analysis.
Patients after the treatment of HPV-related gynecological diseases have a significantly higher risk of
AC (mean standardized incidence ratio (SIR) = 5.387, mean incidence risk (IR) = 0.096%, mean IR
per 100,000 person–years = 10.37) and AIN (mean IR = 23.683%) compared to the population risk.
Conclusions: patients with HPV-related gynecological diseases should constitute a group for which
an appropriate primary and secondary screening for AC should be introduced.

Keywords: HPV; human papillomavirus; anal intraepithelial neoplasia; anal cancer; gynecology;
cervix; vulva; vagina; intraepithelial neoplasia; cancer

1. Introduction

In 2020, there were 50,865 cases of anal cancer diagnosed worldwide. The cumulative
incidence risk of this neoplasm is 0.07 for women and 0.06 for men [1]. HIV-positive homo-
sexual men are the group with the highest risk of developing anal cancer (the incidence
rate is 77–137 per 100,000) [2,3]. However, with regard to women, HIV infection is present
in a relatively small percentage of AC patients. It is a chronic HPV infection that is the
reason for developing nearly 90% of these neoplasms [4,5].

HPV-related gynecological diseases (HPV-RGDs) are those in which HPV plays
a significant role in the pathophysiology. This group includes cervical cancer (CC), which
is nearly entirely dependent on HPV infection, vaginal cancer (VaC) and vulvar cancer
(VC), which are related to HPV infection in about 78% and 24.9% of cases, respectively [6],
along with the corresponding precancerous lesions.

It has been investigated that HPV has the greatest affinity for zones where the ep-
ithelium of one type merges into another of a different histological feature, i.e., as in the
cervix, where the squamous epithelium joins the one-layer glandular epithelium in the
transformation zone [7]. HPV integrates its genome into the DNA of epithelial cells and
expresses the E6 and E7 genes. Afterward, E6 and E7 proteins are produced, which initiate
inter alia the degradation of p53 and Rb proteins. Finally, the processes characteristic of
carcinogenesis are stimulated [8].
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Another histologically similar region in the human body is the anal canal, where there
is a transformation zone between the glandular and squamous epithelium at the level
of the dentate line. Due to its anatomical proximity, this place seems to be particularly
vulnerable to the transmission of HPV from infected gynecological organs and, as a result,
susceptible to anal intraepithelial neoplasia (AIN) or anal cancer (AC) development. This
has been supported by the data of Hernandez et al., which showed that in the case of
Hawaiian patients with cervical HPV infection, 13% had concurrent anal HPV infection [9].
Moreover, Jacot-Guillarmod et al. showed that when cervical HPV infection was confirmed,
simultaneously, anal HPV infection was presented in 59.3% of cases [10].

In the available research, HPV type 16 was responsible for infections in the perianal
area and the anal canal in a subgroup of HIV-negative women in the overwhelming number
of cases (about 85%). The second-most common was HPV type 18 followed by HPV types
31/33/45/52/58 [11]. The frequency and quality of HPV infections vary depending on
whether there is a co-infection with human immunodeficiency virus (HIV). In the group
of HIV-positive patients, the risk of anal cancer is significantly increased. Moreover, more
diverse types of HPV can be found in rectal swabs [11]. However, one recent study showed
that HIV-negative patients older than 45 with HPV type 16 detected in the cervix had a risk
of developing anal cancer comparable to HIV-positive patients [12]. These data emphasize
how substantially increased the risk of developing AIN/AC in patients with HPV infection
in the anal canal is, especially with highly oncogenic HPV types.

Considering all of the above facts, we formed a research hypothesis that patients
diagnosed with HPV disease related to gynecological organs have an increased risk of
developing AIN or AC due to the facility of the transmission of HPV infection into the
anal canal.

The main aim of this study was to determine the risk of AIN/AC in HPV-RGD
survivors. The secondary aim was to evaluate which HPV-RGD increases the risk of
AIN/AC the most.

2. Materials and Methods
2.1. Search Strategy and Information Sources

In order to determine the risk of AIN/AC in the group of HPV-RGD survivors,
a systematic review of the literature was performed in accordance with the criteria outlined
in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
2020 updated guidelines [13]. A review was carried out using the following databases:
PubMed and EBSCO Discovery Service interface in order to search databases such as
Medline, Cochrane Library, Web of Science, Academic Search Complete, ScienceDirect,
Scopus, Nature Publishing Group, Oxford Journals, Wiley Online Library, and Clinical Key
from 1992 to 1 November 2022. The search strategy, which included specific words and
phrases (keywords), is enclosed in Supplementary Material File S1.

2.2. Study Selection

The search strategy consisted of three stages, each conducted by both authors sepa-
rately. In the first stage, we screened the titles using keywords enclosed in Supplementary
Material File S1. In the second stage, we analyzed abstracts and, finally, in the third, the
full text of previously selected articles regarding the inclusion and exclusion criteria. In
case of disagreement about the inclusion of studies, a discussion was conducted between
the authors.

2.3. Inclusion and Exclusion Criteria

Inclusion criteria: peer-reviewed prospective and retrospective cohort studies, ran-
domized and non-randomized controlled trials; studies about the risk of AIN or AC
presented as an indicator of standardized incidence ratio (SIR), incidence risk (IR), or IR
per 100,000 person–years (PYs); studies where the analyzed group of participants were sur-
vivors of HPV-RGD; studies where the full text of the manuscript was available in English.
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Exclusion criteria: non-peer-reviewed publications, letters to the editors, systematic
reviews, meta-analyses, case reports or case series; non-human subject studies; studies
lacking adequate statistics (e.g., did not show separate results for AIN or AC or did not
show separate results for specific HPV-RGD); studies where there were doubts whether the
diagnosis of AIN/AC was confirmed histopathologically.

2.4. Data Extraction and Synthesis

Data were extracted by both authors independently. Extracted data included SIR
(according to the following formula: SIR = observed cases/expected cases; see Supplemen-
tary Material File S3 for details providing definition and interpretation of SIR) and/or IR;
in cases where the authors of the reviewed publication did not provide data, the IR was
calculated as [number of new cases of disease during specified period]/[size of population
at start of period] (see Supplementary Material File S4 for details providing definition
and interpretation of IR) and/or IR per 100,000 person–years (PYs). In studies where
authors did not provide information about IR per 100,000 PY, but provided data on PY,
it was calculated as [number of new cases of disease] × 100,000/PY (see Supplementary
Material File S5 for details providing definition and interpretation of IR per 100,000 PY).
The obtained data were synthesized, and the mean was calculated for the risk of AIN
and AC and for each HPV-RGD separately, with confidence intervals for a 95% level of
uncertainty. The numbers of patients from all reviewed articles diagnosed with a given
HPV-RGD were summed.

If the “carcinoma in situ” (CIS) term was separately used in publications, this was
considered as cervical intraepithelial neoplasia (CIN) 3; thus, CIN3 and CIS were analyzed
as one entity. Similarly, the term “low-grade squamous intraepithelial lesion” (LSIL) was
considered equal to CIN 1, and “high-grade squamous intraepithelial lesion” (HSIL) was
considered equal to CIN 2 or 3. This is in accordance with the current terminology [14].

When two or more publications used data from the same cancer registry and the
period of research was similar, for final calculation, we selected data from only one of them
(the most numerous), so as not to duplicate the number of patients with a given primary
cancer/precancer.

2.5. Risk of Bias

To determine the bias risk, each article was assigned to a group of low, high, or unclear
bias risk in accordance with the QUADAS-2 recommendations [15]. When determining
the bias risk, the following factors were evaluated: patient selection, index test, reference
standard, and flow and timing. Moreover, the same factors were evaluated except for
flow and timing in case of determining the applicability of selected pieces of research. The
exact process of determining bias risk and the applicability for each article is available in
Supplementary Material File S2. Table 1 shows the general bias risk determined for each
article included in the review.
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Table 1. Summary of reviews about the risk of AIN/AC in groups of patients with HPV-RGD.

No.
Authors and

Year of
Publication

Geographic
Location Study Design Sample

Size
Period of Time

Analyzed
The Type of Primary

Cancer/Precancer Lesion
Median Age of

Participants
Number of

AIN/AC Increased Risk Risk of
Bias

1.
Acevedo-

Fontánez et al.
(2018) [16]

Puerto Rico
Retrospective,

population-based
cohort study

9489 1987–2013
8039 CC
1378 VC
773 VaC

46, CC
70, VC
67, VaC

14 AC after CC
3 AC after VC
1 AC after VaC

AC after CC: SIR = 1.8
(95% Cl: 0.9–3.4)

AC after VC and VaC:
SIR = 2.9 (95% Cl: 0.8–7.5)

L

2. Chaturvedi et al.
(2007) [17]

Denmark, Finland,
Norway, Sweden,

and USA *

Retrospective,
population-based

cohort study
27,466 1973–2001 27,466 CC ** 48.6 NI AC after CC: SIR = 3.12

(95% Cl: 1.88–4.88) L

3. Ebisch et al.
(2017) [18] Netherlands

Retrospective,
population-based

cohort study
89,018 1990–2015 89,018 CIN 3 36 73 AC

80 AIN 3

AC after CIN 3: SIR = 3.85
(95% CI: 2.32–6.37)

AIN 3 after CIN 3: SIR= 6.68
(95% CI: 3.64–12.25)

L

4. Edgren et al.
(2007) [19] Sweden

Retrospective,
population-based

cohort study
125,292 1968–2004 125,292 CIN 3 35 131 AC AC after CIN 3: SIR = 4.68

(95% Cl: 3.87–5.62) L

5. ElNaggar et al.
(2013) [20]

Memphis,
Tennessee (USA)

Prospective,
cross-sectional study 272 2006–2010

CIN 1 29
CIN 2 16

CIN 3/CIS 41
VIN 1 46
VIN 2 16

VIN 3/CIS 69
VaIN 1 34
VaIN 2 13

VaIN 3/CIS 8 = 272

39
64 AIN (36 stage
1, 6 stage 2, 22

stage 3)

48 (36.4%) had VIN,
10 (18.2%) had VaIN, and

13 (14.4%) had CIN
H

6. Evans et al.
(2003) [21] Southeast England

Retrospective,
population-based

cohort study
81,124 1960–1999 59,519 CIN 3

21,605 CC NI
23 AC after

CIN 3
18 AC after CC

AC after CIN 3: SIR = 5.9
AC after CC: SIR = 6.3 L

7. Gaudet et al.
(2014) [22]

British Columbia
(Canada)

Retrospective,
population-based

cohort study
54,320 1985–2005 54,320 CIN 2

and CIN 3 *** 35
4 AC after CIN 2

16 AC after
CIN 3

AC after CIN 2: SIR = 0.89
(95% Cl: 0.09–3.35)

AC after CIN 3: SIR = 2.28
(95% Cl: 0.71–5.42)

L

8. Hemminki et al.
(2001) [23] Sweden

Retrospective,
population-based

cohort study
17,234 1958–1996 17,234 CC NI 16 AC AC after CC: SIR = 4.22

(95% Cl: 2.41–6.55) L
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Table 1. Cont.

No.
Authors and

Year of
Publication

Geographic
Location Study Design Sample

Size
Period of Time

Analyzed
The Type of Primary

Cancer/Precancer Lesion
Median Age of

Participants
Number of

AIN/AC Increased Risk Risk of
Bias

9. Hemminki et al.
(2000) [24] Sweden

Retrospective,
population-based

cohort study
135,386 1958–1996 117,830 CIN 3

17,556 CC NI
68 AC after

CIN 3
17 AC after CC

AC after CIN 3: SIR = 3.75
(95% Cl: 2.91–4.69)

AC after CC: SIR = 3.92
(95% Cl: 2.28–6.00)

L

10. Heráclio et al.
(2018) [25] Recife (Brazil) Prospective,

cross-sectional study 324 2008–2009
200 CIN 1,

97 CIN 2 or CIN 3,
27 CC

33 37 AIN

AIN after CIN 1:
IR = 7%

AIN after CIN 2/3:
IR = 18.5%

L

11. Jakobsson et al.
(2011) [26] Finland

Retrospective,
population-based

cohort study
26,876 1987–2006 26,876 CIN

(unknown grade) NI 3 AC AC after CIN: SIR = 3.56
(95% Cl: 0.73–10.4) H

12. Jiménez et al.
(2009) [27] Ontario (Canada)

Retrospective,
population-based

cohort study
674 1992–2005 7 CCs, 3 VaC, and 1 VC 61 674 AC

AC after HPV-RGD:
OR = 10.5 (95% CI: 3.6–30.3)

AC after CC:
OR = 6.84 (95% CI:

2.16–21.61)

H

13. Kalliala et al.
(2005) [28] Helsinki (Finland) Retrospective

cohort study 7564 1974–2003

2446 CIN 1
1543 CIN 2
1334 CIN 3

2241 CIN “not
otherwise specified”

NI 3 AC AC after CIN: SIR = 5.7
(95% Cl: 1.2 to 17.0) L

14. Matsuo et al.
(2018) [29] USA *

Retrospective,
population-based

cohort study
79,050 1973–2013 79,050 CC 63 49 AC

10-, 20-, 30-year cumulative
incidence for AC after CC:
0.04%, 0.16%, and 0.38%

H

15. Neumann et al.
(2016) [30] France ****

Retrospective,
population-based

cohort study
4808 1989–2007

4234 CC
339 VC
235 VaC

NI
5 AC after CC
1 AC after VC
0 AC after VaC

AC after CC: SIR = 5.42
(95% Cl: 1.75–12.64)

AC after VC: SIR = 11.7
(95% Cl: 0.15–65.51)

L

16. Pan et al.
(2019) [31] Scotland

Retrospective,
population-based

cohort study
NI 1989–2015 69,714 CIN 3 30 37 AC after

CIN 3
AC after CIN 3: SIR = 2.6

(95% Cl: 1.9–3.6) L

17. Papatla et al.
(2019) [32] USA *

Retrospective,
population-based

cohort study
21,060 1973–2014 21,060 CC 61.73 17 AC AC after CC: SIR = 2.20

(95% Cl: 1.28–3.52) L
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Table 1. Cont.

No.
Authors and

Year of
Publication

Geographic
Location Study Design Sample

Size
Period of Time

Analyzed
The Type of Primary

Cancer/Precancer Lesion
Median Age of

Participants
Number of

AIN/AC Increased Risk Risk of
Bias

18. Preti et al.
(2020) [33] Piedmont (Italy)

Retrospective,
population-based

cohort study
3184 1992–2004 3184 CIN 2 or 3 NI 1 AC AC after CIN 2 or 3:

SIR = 1.8 (95% Cl: 0.04–10.0) H

19. Rabkin et al.
(1992) [34] USA *

Retrospective,
population-based

cohort study
25,295 1935–1988 25,295 CC NI 12 AC AC after CC: SIR = 4.6

(95% Cl: 2.4–8.1) H

20. Saleem et al.
(2011) [35] USA *

Retrospective,
population-based

cohort study
189,206 1973–2007

124,075 CIN 3
6792 VIN 3
1463 VaIN 3
43,669 CC
9950 VC
3257 VaC

NI 255 AC

AC after CIN 3: SIR = 16.4
(95% CI: 13.7–19.2)

AC after CC: SIR = 6.2
(95% CI: 4.1–8.7)

AC after VIN 3: SIR = 22.2
(95% CI: 16.7–28.4)

AC after VC: SIR = 17.4
(95% CI: 11.5–24.4)

AC after VaIN 3: SIR = 7.6
(95% CI: 2.4–15.6)

AC after VaC: SIR = 1.8
(95% CI: 0.2–5.3)

L

21. Sand et al.
(2016) [36] Denmark

Retrospective,
population-based

cohort study
156,290 1978–2012 52,135 CIN 2

104,155 CIN 3
33.8 for CIN 2
34.0 for CIN 3

32 AC after
CIN 2

125 AC after
CIN 3

AC after CIN 2:
SIR = 2.9 (2.0–4.1)
AC after CIN 3:

SIR = 4.2 (3.4–5.0)

L

22. Suk et al.
(2018) [37] USA *

Retrospective,
population-based

cohort study
52,589 1973–2014

44,011 CC
6905 VC
1673 VaC

63 for CC,
61 for
VC,

95 for VaC

34 AC after CC
31 AC after VC
1 AC after VaC

AC after CC:
SIR = 2.3 (95% CI: 1.6–3.2)
AC after VC: SIR = 13.2

(95% CI: 8.9–18.7)
AC after VaC: SIR = 2.3

(95% CI: 0.1–12.8)

L

23. Tatti et al.
(2012) [38]

Buenos Aires
(Argentina)

Prospective,
cross-sectional study 481 2005–2011

121 CIN 1
114 CIN 2/3

188 VIN 1
39 VIN 2/3
70 VaIN 1

22 VaIN 2/3

35 28 AIN 2/3
106 AIN 1

No information
(AIN after CIN 2/3

comparted to AIN after
CIN 1: OR = 1.91)

H
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Table 1. Cont.

No.
Authors and

Year of
Publication

Geographic
Location Study Design Sample

Size
Period of Time

Analyzed
The Type of Primary

Cancer/Precancer Lesion
Median Age of

Participants
Number of

AIN/AC Increased Risk Risk of
Bias

24. Tomassi et al.
(2018) [39]

Southern
California

(USA)

Retrospective,
population-based

cohort study
221,511 2005–2015

1168 CC
15,711 CIN 2/3
109,893 CIN 1

94,739 genital warts

63.8

1 AC after CC
5 AC after
CIN 2/3

14 AC after
CIN 1

14 AC after
genital warts

AC after CC:
IR = 0.09%

AC after CIN 2/3:
IR = 0.03%

AC after CIN 1: IR = 0.01%
AC after genital warts:

IR = 0.01%

H

25. Wang et al.
(2020) [40] USA *

Retrospective,
population-based

cohort study
56,127 2000–2015

46,550 CC
7855 VC
1722 VaC

NI

50 AC after CC
9 AC after VC
1 AC after VaC

AC after CC:
SIR = 1.63 (95% Cl:

1.21–2.14)
AC after VC:

SIR = 1.10 (95% Cl:
0.50–2.09)

AC after VaC:
SIR = 0.62 (95% Cl:

0.01–3.47)

L

* Nine areas of the United States covered by the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) Program (Connecticut, Hawaii, Iowa, New Mexico, and
Utah, and the metropolitan areas of San Francisco–Oakland, Detroit, Seattle–Puget Sound, and Atlanta. ** One out of five cancer registries divided results for AC and rectal cancer;
therefore, only data from US SEER program are included. *** No information about separate numbers of CIN 2 and CIN 3. **** Registries cover eight administrative regions of France
(Bas-Rhin, Calvados, Doubs, Hérault, Isère, Manche, Somme, and Tarn), which comprise six million inhabitants, representing 9.6% of the French metropolitan population. AC—anal
cancer; AIN—anal intraepithelial neoplasia; CC—cervical cancer; VC—vulvar cancer; VaC—vaginal cancer; CIN—cervical intraepithelial neoplasia; VIN—vulvar intraepithelial neoplasia;
VaIN—vaginal intraepithelial neoplasia; L—low risk of bias; H—high risk of bias; U—unclear risk of bias; NI—no information; SIR—standardized incidence ratio; IR—incidence risk;
OR—odds ratio.
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3. Results
3.1. Search Results

The search resulted in 7119 records. After the first stage of screening, six thousand
nine hundred and fifty-seven records were excluded because of being marked as not
human subjects, referring to basic sciences, different types of research than the original
research, referring to other malignancies than AIN/AC, or being duplicated. Additionally,
one hundred and twenty-five records were excluded after the second stage of screening
because the subject of research did not concern the risk of AIN/AC, the results for different
diseases were not divided, or the reasons mentioned in the previous stage of screening.
Finally, after reviewing the full text of the selected articles, we included 25 articles in
our research [17–41]. The reference list of the identified articles was reviewed, but no
relevant studies were additionally added. There was no disagreement about the inclusion
of the selected studies between the authors. The process of the study selection is shown in
a PRISMA flowchart in Figure 1.
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3.2. Study Characteristics

The study characteristics of the selected articles are presented in Table 1. There were
3 prospective cross-sectional studies and 22 retrospective population-based cohort studies.
Only four articles determined the risk of AIN in patients with HPV-RGD, the rest of the
articles (n = 22) determined the risk of AC. The mean age of patients at the diagnosis of CC
was 57.7; VC, 65.5; and VaC, 81.

The total number of people diagnosed with CC was 177,984; VC, 9572; and VaC,
2733. In the case of precancerous lesions, there were 110,243 patients after the treatment of
CIN 1; 52,151 after the treatment of CIN 2; 447,739 after the treatment of CIN 3; 234 after
the treatment of VIN 1; 16 after the treatment of VIN 2; 108 after the treatment of VIN 3;
104 after the treatment of VaIN 1; 13 after the treatment of VaIN 2; and 30 after the treatment
of VaIN 3. In several articles, the authors did not divide precancerous lesions into particular
subcategories, and therefore, the total number of cases of CIN, VIN, and VaIN was counted.
The total number of patients with a medical history of CIN was 682,991 (summed number
of patients with CIN 1, 2, and 3, and the number of patients who were referred to in the
selected publications as CIN, without specifying the degree of intraepithelial neoplasia).
The total number of patients with a medical history of VIN was 358 and with VaIN was 147.

3.3. Data Extraction and Synthesis Results

Several of the US studies analyzed data from a similar period from the National
Cancer Institute Surveillance, Epidemiology, and End Results (SEER) Program. Moreover,
two publications acquired data from the Finish Cancer Registry and three from the Swedish
Cancer Register. In these cases, for the final calculation, we used only data from one publi-
cation (the one with the most cases). Additionally, data from Chaturvedi et al.’s publication
were not included in the final calculation because they are based on 13 popu-lation-based
cancer registries in Denmark, Finland, Norway, Sweden, and the United States—in this
case, the risk of the duplication of patients was too high.

Standardized incidence ratio (SIR). The mean SIR for AC in CC survivors was
3.814 (95% Cl: 1.21–6.41). The mean SIR for AC in VC survivors was 14.55 (95% Cl:
0.15–24.4). The SIR for AC in VaC survivors was 1.8 (95% CI: 0.2–5.3) (data from the research
of Aceve-do-Fontánez et al. were not included, as the authors only reported a summary SIR
for VC and VaC). The mean SIR for AC in CIN 3 survivors was 5.701 (95% Cl: 2.23–19.2).
The mean SIR for AC in CIN 2 survivors was 1.895 (95% Cl: 0.09–4.1). There was no infor-
mation about SIR for CIN 1, VIN, or VaIN survivors in any of the articles we reviewed. The
mean SIR for AC in CIN survivors, without dividing into specific degree of intraepithelial
neoplasia, was 4.563 (95% Cl: 0.12–19.2). The mean SIR for all HPV-RGD survivors was
5.387 (95% Cl: 2.99–7.78). Only one study provided data about SIR for AIN and it was
6.68 (95% Cl: 3.64–12.25) in CIN 3 survivors.

Incidence risk (IR). In four studies, the authors calculated the IR [20,25,29,39]. For the
remaining papers, we calculated the IR based on the data provided in the articles. Table 2
shows the results. The mean IR of AC in CC survivors was 0.086% (95% Cl: 0.07–0.102%); in
VC survivors, it was 0.265% (95% Cl: 0.17–0.36%); in VaC survivors, it was 0.096% (95% Cl:
0.009–0.183%); in CIN 3 survivors, it was 0.084% (95% Cl: 0.076–0.092%); in CIN 2 sur-
vivors, it was 0.061% (95% Cl: 0.039–0.083%); in CIN 1 survivors was 0.013% (95% Cl:
0.006–0.02%); in CIN survivors (without dividing into subcategories), it was 0.066% (95% Cl:
0.06%–0.072%); in VaIN 3 survivors, it was 0.342% (95% Cl: 0.037–0.647%); and in VIN
3 survivors, it was 0.810% (95% Cl: 0.59–1.03%). We did not find any study that analyzed
IR of AC in VaIN 1 or 2 and VIN 1 or 2 survivors. The mean IR of AC for all HPV-RGD
survivors was 0.096% (95% Cl: 0.09–0.102%). The IR of AIN in CIN survivors was 16.45%
(95% Cl: 13.25–19.65%); in VIN survivors, it was 36.4% (95% Cl: 28–44.8%); and in VaIN
survivors, it was 18.2% (95% Cl: 7.8–28.6%). The mean IR of AIN for all HPV-RGD survivors
was 23.683% (95% Cl: 20.55–26.82%).
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Table 2. Incidence rate and incidence rate per 100,000 PY of anal intraepithelial neoplasia or anal cancer presented in reviewed articles or calculated on the basis of
published data.

No. Authors and Year of Publication Number of Secondary AIN or
AC/Number of Primary HPV-RGD Person–Years Incidence Rate of

AIN or AC
IR per 100,000
Person–Years Comment

1. Acevedo-Fontánez et al. (2018) [16]
10 AC/8039 CC
3 AC/1378 VC
1 AC/773 VaC

119,617
14,631
6554

0.124%
0.217%
0.129%

8.36
20.5

15.26

2. Chaturvedi et al. (2007) [17] - - - - No information about the number of
AC cases.

3. Ebisch et al. (2017) [18] 73 AC/89,018 CIN 3
80 AIN 3/89,018 CIN 3

1,261,804
1,261,804

0.082%
0.090%

5.79
6.34

4. Edgren et al. (2007) [19] 131 AC/125,292 CIN 3 2,193,409 0.105% 5.97

5. ElNaggar et al. (2013) [20]
13 AIN/90 CIN

48 AIN/132 VIN
10 AIN/55 VaIN

-
-
-

14.4%
36.4%
18.2%

-
-
-

1 AIN out of 3 CC, but not included
because of the small number of cases.

6. Evans et al. (2003) [21] 23 AC/59,519 CIN 3
18 AC/21,605 CC

477,069
145,621

0.039%
0.083%

4.82
12.36

7. Gaudet et al. (2014) [22] 20 AC/54,320 CIN 2 and CIN 3 545,945 0.037% 3.66

8. Hemminki et al. (2001) [23] 16 AC/17,234 CC - 0.093% -

9. Hemminki et al. (2000) [24] 68 AC/117,830 CIN 3
17 AC/17,556 CC - 0.058%

0.097% -

10. Heráclio et al. (2018) [25] 14 AIN/200 CIN 1
23 AIN/124 CIN 2 and 3 - 7%

18.5% -

11. Jakobsson et al. (2011) [26] 3 AC/26,876 CIN 226,510 0.011% 1.32

12. Jiménez et al. (2009) [27] - - - - No information about the total
number of CC, VC, or VaC cases.

13. Kalliala et al. (2005) [28] 3 AC/7564 CIN 97,556 0.040% 3.08

14. Matsuo et al. (2018) [29] 49 AC/79,050 CC - 0.062% -

15. Neumann et al. (2016) [30] 3 AC/4234 CC
1 AC/339 VC

28,122
1533

0.071%
0.295%

10.67
65.23

16. Pan et al. (2019) [31] 37 AC/69,714 CIN 3 893,622 0.053% 4.14
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Table 2. Cont.

No. Authors and Year of Publication Number of Secondary AIN or
AC/Number of Primary HPV-RGD Person–Years Incidence Rate of

AIN or AC
IR per 100,000
Person–Years Comment

17. Papatla et al. (2019) [32] 17 AC/21,060 CC - 0.081% -

18. Preti et al. (2020) [33] 1 AC/3184 CIN 2 and 3 20,022 0.031% 4.99

19. Rabkin et al. (1992) [34] 12 AC/25,295 CC 156,838 0.047% 7.65

20. Saleem et al. (2011) [35]

137 AC/124,075 CIN 3
28 AC/43,669 CC
5 AC/1463 VaIN 3

2 AC/3257 VaC
55 AC/6792 VIN 3

28 AC/9950 VC

-

0.110%
0.064%
0.342%
0.061%
0.810%
0.281%

-

21. Sand et al. (2016) [36] 32 AC/52,135 CIN 2
125 AC/104,155 CIN 3

597,467
1,529,564

0.061%
0.120%

5.36
8.17

22. Suk et al. (2018) [37]
34 AC/44,011 CC
31 AC/6905 VC
1 AC/1673 VaC

473,820
48,373
9057

0.077%
0.449%
0.060%

7.18
64.09
11.04

23. Tatti et al. (2012) [38]

20 AIN/114 CIN 2 and 3
35 AIN/121 CIN 1

18 AIN/39 VIN
7 AIN/22 VaIN 2 and 3

27 AIN/70 VaIN 1

-

17.544%
28.926%
46.154%
31.818%
38.571%

- Results without dividing AIN into
HSIL (AIN 2/3) and LSIL (AIN 1).

24. Tomassi et al. (2018) [39]
1 AC/1168 CC

14 AC/109,893 CIN 1
5 AC/15,711 CIN 2 and 3

10,359
708,690
114,031

0.086%
0.013%
0.032%

9.65
1.98
4.38

25. Wang et al. (2020) [40]
50 AC/46,550 CC

9 AC/7855 VC
1 AC/1722 VaC

-
-
-

0.107%
0.115%
0.058%

7.6
2.1
8.3

No information about PY. IR per
100,000 PY as provided by the authors

of the publication.

AC—anal cancer; AIN—anal intraepithelial neoplasia; CC—cervical cancer; VC—vulvar cancer; VaC—vaginal cancer; CIN—cervical intraepithelial neoplasia; VIN—vulvar intraepithelial
neoplasia; VaIN—vaginal intraepithelial neoplasia.
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Incidence risk per 100,000 person–years (IR per 100,000 PY). The mean IR per 100,000 PY
of AC in CC survivors was 9.73 (95% Cl: 8.03–11.43); in VC survivors, it was 37.98 (95% Cl:
22.64–53.32); in VaC survivors, it was 11.78 (95% Cl: 0–29.15); in CIN 3 survivors, it was
5.78 (95% Cl: 5.18–6.38); and in CIN (1–3) survivors, it was 5.37 (95% Cl: 4.85–5.89). The
mean IR per 100,000 PY of AC for all HPV-RGD survivors was 10.37 (95% Cl: 9.66–11.08).
Only one study had sufficient data to calculate IR per 100,000 PY of AIN, a paper by Ebisch
et al., where the risk of AIN 3 in CIN 3 survivors was 6.34 (95% Cl: 5.10–7.90). Table 2
shows the results.

The summarized results of SIR, IR, and IR per 100,000 PY of AC and AIN after primary
diagnosis of specific HPV-RGD are presented in Table 3.

Table 3. Standardized incidence ratio (SIR), incidence rate (IR) and incidence rate per 100,000 person–
years (IR per 100,000 PY) of anal cancer (AC) and anal intraepithelial neoplasia (AIN) among patients
diagnosed and treated for gynecological HPV-related diseases—a summary of literature reviews.

Type of
HPV-Related

Gynecological
Disease

Risk of AC
Mean SIR
(95% Cl) 1

Risk of AC
Mean IR

(95% Cl) 2

Risk of AC
Mean IR per
100,000 PY
(95% Cl) 3

Risk of AIN
Mean SIR
(95% Cl) 1

Risk of AIN
Mean IR

(95% Cl) 2

Risk of AIN
Mean IR per
100,000 PY
(95% Cl) 3

Cervical
cancer

3.814
(1.21–6.41)

0.086%
(0.07–0.102)

9.73
(8.03–11.43)

Vulvar
cancer

14.55
(0.15–24.4)

0.265%
(0.17–0.36)

37.98
(22.64–53.32)

Vaginal
cancer

1.8
(0.2–5.3)

0.096%
(0.009–0.183)

11.78
(0–29.15)

CIN 3 5.701
(2.23–19.2)

0.084%
(0.076–0.092)

5.78
(4.85–5.89)

6.68
(3.64–12.25)

6.34
(5.10–7.90)

CIN (1–3) 4.563
(0.12–19.2)

0.066%
(0.06–0.072)

5.37
(4.85–5.89)

16.45%
(13.25–19.65)

VIN 3 0.810%
(0.59–1.03)

VIN (1–3) 36.4%
(28–44.8)

VaIN 3 0.342%
(0.037–0.647)

VaIN (1–3) 18.2%
(7.8–28.6)

1 Note: SIR data based on all reviewed literature. If SIR = 1, it means that there is no difference between the
population of interest (here, women with specific HPV-related gynecological disease) and the general population.
If SIR > 1, it means that there is higher risk of the disease in the population of interest than in the general
population. 2 Note: IR data based on all reviewed literature. If IR = 0.084%, it means that out of 100,000 people
with specific HPV-related gynecological disease, 84 will develop anal cancer/anal intraepithelial neoplasm.
3 Note: IR per 100,000 PY data based on all reviewed literature. It is a rate of newly diagnosed cases of AC/AIN
in a cohort per 100,000 person–years of observation time.

4. Discussion

In our study, we confirmed that survivors of HPV-RGD have a higher risk of both AIN
and AC in comparison to the general population. Survivors of VC have the highest risk of
developing AC, followed by CC survivors and VaC survivors. The risk of developing AC
in patients with a history of CIN increased with the severity of CIN—the highest was for
CIN 3 and the lowest was for CIN 1.

We hypothesize that the risk for VC survivors might be higher than for CC survivors
because current CC treatments, mostly including surgical approaches, usually result in total
HPV elimination. Furthermore, HPV subtype differences may also be significant. A study
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by Saraiya et al. showed that the spectrum of the most common HPV subtypes and their
proportions detected in the tissues of these cancers differed [41].

Data on the risk of developing AIN after HPV-RGD are much scarcer compared to
AC data. Only four studies analyzed the risk of developing AIN after HPV-RGD; in
addition, all of them concentrated on patients with precancerous lesions: CIN, VIN, and
VaIN [18,20,25,38]. We have not found any study that analyzes the risk of AIN after HPV-
related gynecological neoplasms, i.e., CC, VC, and VaC. Research by Ebisch et al. was the
only one that determined both the SIR and IR per 100,000 PY for AIN in patients with
a prior diagnosis of CIN 3 [18].

Although we have far less data on the risk of AIN in people with HPV-RGD than
on AC, it is evident that the risk of AIN in this subset of patients is substantially higher
than AC because HSIL (AIN) is a direct precursor of AC. The large difference between the
risk of AIN and AC may be due to the fact that only about one in ten people with AIN
develop AC. In a study by Watson et al., on a high-risk group of 72 people with AIN, it
was found that 11% of them went to AC in a median time of 42 months. What is more,
approximately one-third of this population experienced a decrease in the stage or regression
of the disease [42].

The greatest risk of AIN is in the case of a previous diagnosis of VIN, followed by
VaIN and CIN. This is most likely owing to the existence of a well-functioning screening
for CC, which detects CIN lesions, usually treated using excision of lesions, resulting in
HPV elimination [43]. Because VIN and VaIN are less common, their diagnostic methods
are not so well developed, allowing for longer-term HPV infection and its easier spread
to the anogenital zone. The risk calculated by us is slightly higher than in a study by
Santos et al.; however, the authors provided a cumulative AIN risk for CIN, VIN, and
VaIN without separating them into individual types of precancerous lesions [44]. Moreover,
Clark et al. proved that the actual prevalence of AIN may be even higher if high-resolution
anoscopy (HRA) was used to detect disease because it has the highest sensitivity in detecting
precancerous anal lesions [45].

In our study review, we showed that patients with a history of HPV-related disease
have a significantly increased risk of AIN and AC. These data lead to the concept that
these patients, after being treated for the previous HPV-related disease, should be strictly
controlled to prevent the development of another HPV-related disease. Unfortunately,
currently, there are no recommendations or guidelines that clearly define how such a control
should look, how long it should last, and who should be responsible for it. Recently, the
International Anal Neoplasia Society (IANS) assembled a Task Force in order to systematize
and establish recommendations for AC screening [46].

We think that gynecologists should be responsible for preventing the development
of HPV-related disease in the whole anogenital region. A gynecologist is a specialist to
whom women regularly schedule for tests of the secondary prevention of CC—cytology
and/or a test for high-risk human papillomavirus (hrHPV). The gynecologist takes a swab
from the cervix. It is a quick and painless examination, which provides many benefits to
patients. More importantly, in the context of this divagation, it is also a perfect moment
when a gynecologist can perform a similar procedure and take an additional swab from
the anal canal in a group of patients with a particularly high risk of development of AC.
Thus, the gynecologist will become the person responsible for detecting such changes
and then referring the patient to an anorectal disease specialist in order to implement
tertiary prevention.

Another important issue that should be raised by gynecologists, in terms of the
prevention of other HPV-related diseases, is prophylactic vaccination against HPV. This is
applicable even in people of older ages and with HPV-related diseases. It has been shown
to be effective in older ages [47,48] and in preventing recurrent CIN [49–52]. We believe
that, in this case, it is also the gynecologist who should be responsible for disseminating
knowledge and encouraging patients to be vaccinated against HPV. Currently, 9-valent,
4-valent, and 2-valent HPV vaccines have been licensed and are available. They are highly
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effective in preventing HPV infection and the following precancers and cancers of the
cervix, vagina, vulva, anus, and, probably, also the oropharyngeal region attributable to
types of HPV targeted by the vaccines [53–63].

Currently, the gold standard in AC screening is HRA [64] (Figure 2). This allows the
visualization of the rectal mucosa using an anoscope and the identification of macroscopic
lesions that can be biopsied or locally excised and sent for histopathological examina-
tion. Due to the fact that in the anus, similarly as in the cervix, there is a transformation
zone where glandular epithelium connects with squamous epithelium, tests that are used
routinely in the screening of CC, i.e., cytology or hrHPV, may also be appropriate here.
There are studies that compare the effectiveness of both methods in the context of AIN/AC
diagnostics, but at the moment, it has not been determined which of the tests alone or in
combination with other methods and for what population (probably for a pre-specified
population at higher risk) would be ideal as an element of screening [11,45,65].
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Due to the rarity of AC and economic issues, the introduction of routine AC screening,
in the case of every patient who has ever been diagnosed with HPV-related cancer or
a corresponding precancerous lesion, is impossible even for the richest countries. Therefore,
it is important to select the subgroup of patients with the highest risk of AIN/AC and
establish cost-effective algorithms concerning AC screening. To do this, the relevant risk
factors must be identified.

The major issue is the identification of people with disorders in the functioning of the
immune system. Patients suffering from HIV, in immunosuppression, or with congenital
immunodeficiency disorders constitute a group wherein HPV infection occurs more often
and spreads more easily. In this particular group of patients, the time to the development
of AIN/AC will be much shorter than in people with a properly functioning immune
system [66,67]. In programs for cervical cancer screening, patients with immunosuppres-
sion constitute a special population with distinct management compared to the general
population [68,69]. In addition, there are data showing that in the case of HIV-positive peo-
ple, the proportions of occurrence of different types of HPV in the anal canal are different
compared to HIV-negative people. The frequency of infection with type 16 is decreased
in favor of type 18. Moreover, the frequency of infection with types 31, 33, 45, 52, and
58 is also significantly increased. This is probably due to the greater ability of type 16
to evade host immune control compared to other types. In the case of deficiency of the
immune system, infection with other types of HPV is able to survive longer and, thus,
cause precancerous lesions followed by AC [11]. The population of people living with HIV
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might also benefit from HPV vaccination because its effectiveness was shown, especially
for those with optimal CD4 cell count [70–72].

Surprisingly, only four of the studies that we have reviewed reported the HIV status
of the research participants [20,25,27,38]. The authors of this research are convinced that,
due to such a distinct pathophysiology of HPV infection in HIV-positive and HIV-negative
patients, these two groups should always be analyzed separately in the context of subjects
as discussed in this publication.

Another factor that should be mentioned is the time between the clinical disease and
the onset of HPV infection. It has been proven that the risk of CC increases with increasing
time since infection in the cervix. The median progression time from CIN 1 to CIN 2/3 is
2–3 years [73], and the subsequent median time to develop CC is 10–12 year [74]. Similar
dependence can be found in the case of AC. Patients with long untreated active HPV
infection have a higher risk of developing AIN/AC; however, the specific average amount
of time required to develop AC has not yet been specified. It is also important to emphasize
the fact that the treatment of an HPV-related lesion in a gynecological organ, e.g., CIN, does
not mean the complete treatment of HPV infection. In the case of a long-term infection of
the cervix, there is a high risk of transfer of HPV to nearby anatomical regions, e.g., to the
anal canal. Such a patient, even after the complete treatment of gynecological intraepithelial
neoplasia, may develop HPV-related diseases in the anal canal in the future. This is another
argument for the need for AC screening in the subpopulation of people with the highest
risk of developing HPV-related diseases.

Moreover, the specific type of HPV is another important issue in the case of analyzing
the risk of the carcinogenesis process. The time needed for the development of CC in the
case of high-oncogenic HPV types (mostly 16 and 18, but also 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66, and 68) is significantly shorter in comparison with low-oncogenic HPV types. In
the case of perianal infection and the development of AC, the pathophysiology is probably
similar. However, further research is required to isolate the HPV types with the highest
risk of carcinogenesis in the anal canal.

The age of the patient is also a valid risk factor. The incidence of AC increases by
2.7% per year, with pronounced increases in age groups 50 years and older [75]. The
average life expectancy in the world is constantly increasing; therefore, the percentage of
patients who live with various chronic diseases is also increasing. In the past, such diseases
did not develop enough to be a direct cause of death. With advances in medicine and better
awareness of the public about their own health, such diseases have become a significant
public problem. An example is AC, a disease that is more common in older people. As
the age of the population increases, the mortality rate due to this cancer increases. HPV
types can be detected in 80–90% of all AC cases, which makes this neoplasm, second after
CC, the closest HPV-associated cancer [76]. Due to the fact that, as in the case of CC, an
appropriate amount of time must pass for the process of carcinogenesis to occur, it is young
and middle-aged patients who will obtain the greatest benefits from the introduction of
secondary AC prevention programs because the potential number of years gained after
treatment of detected AIN is the highest. Bearing in mind the fact that society is constantly
aging, we should already be ahead of the health problems in society that the future will
bring us.

Another major reason why additional screening in people with HPV-related diseases
is important are the problems with the selection of an appropriate method of treatment in
people with HPV-related extensive changes in the anogenital area. In such cases, treatment
with topical cidofovir or imiquimod may be offered. Unfortunately, their effectiveness is
quite low, and relatively, many patients do not tolerate treatment in maximum doses [77,78].
Surgical treatment is an alternative; however, it is used in limited lesions. In advanced
lesions, surgery can be a mutilating procedure involving extensive operations sometimes
requiring skin grafts from other areas (Figure 3).
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grafts (Limberg flap). AIN—anal intraepithelial neoplasia.

The ANCHOR study has proven that the treatment of AIN reduces the risk of future
AC in people living with HIV [79]. The next step should be to determine whether such
a treatment is also beneficial in the HIV-negative population, i.e., in patients with HPV-
RGD. However, the lack of clearly defined rules for the detection of AIN, especially in
populations most at risk of developing AC, constitutes an obstruction. Therefore, the goal
for the coming years should be to set clear, strictly defined rules of what AIN diagnostics
should look like.

The strength of our study is that we performed a systematic review of all relevant
publications referring to the subject of research—not only the risk of AC but also what is
unique and the risk of AIN in patients who were diagnosed and treated for gynecological
HPV-related diseases. Additionally, a critical evaluation of the included articles was
performed to provide a level of risk of bias. A summary of all available up-to-date data
was also provided.

We acknowledge the limitations of this study. The first is that the majority of evaluated
publications were based on national registry databases. This kind of research is vulnerable
to bias because the potential to under-report or misclassify diseases and procedures is
possible. The second is that AC is a rare disease. Moreover, AIN might be significantly
under-reported because there are no established screening programs, and HRA, as the best
tool to diagnose AIN, is not easily available and is a difficult procedure. Low numbers of
both AC and AIN might have a significant impact on the calculation of SIR. The smaller
the number of cases of the target disease is, the less precise the SIR calculation is [80]. The
third limitation is that the interpretation of data might be biased because of a relatively
long time between the diagnosis of HPV-RGD and secondary AC, which is about 13.5 years
from the diagnosis of cervical cancer, based on available data [29]. Thus, a diagnosis of
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AIN could be that the outcome should be considered as an end-point for future research
evaluating the risk of anal HPV disease in a population of patients with HPV-RGD. Given
the above-mentioned fact of the relatively long period of time between cervical cancer and
the diagnosis of AC, the fourth obstacle should be recognized in terms of the interpretation
of available data. Establishing the risk of secondary AC and its morbidity and mortality
seems more important for a subgroup of patients treated for localized cervical cancer
because over 90% of these patients survive longer than 5 years. Contrarily, only about
60% and 17% of patients with regional and distant disease, respectively, live longer than
5 years [81]. Again, the SIR number can be underestimated, though this issue might not be
clinically useful, especially among patients with advanced, aggressive cervical carcinomas.

5. Conclusions

The risk of developing secondary AC/AIN is significantly higher in groups of people
with primary HPV-RGD than in the general population. Patients who have been diagnosed
with VC have the highest risk of secondary AC/AIN. The risk of AIN is much higher in
people with HPV-RGD than the risk of AC. Further studies are required to determine the
exact risk of AIN in the HPV-RGD subpopulation, particularly in those with CC, VC, and
VaIN. Targeted screening programs, including both surveillance (HRA, smears for hrHPV,
and cytology) and HPV vaccinations, for AC/AIN, should be developed for patients
with HPV-RGD. The true burden of AC/AIN can be determined in prospective studies
addressing these specific programs.
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