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Abstract

Despite its short length, the anal canal is an anatomically
and histologically complex organ that can harbor many be-
nign and malignant conditions. The trend for anal cancer has
been on the rise, affecting predominantly women. In recent
years, new concepts have emerged regarding anal tumor ori-
gin, pathogenesis, classification, and molecular characteriza-
tion. Particularly, the role of human papillomavirus (HPV) has
been increasingly recognized for its important role in anal
carcinogenesis, not just for squamous lesions, but also for
non-squamous neoplasia. Understanding different mecha-
nisms of tumorigenesis are essential for proper tumor clas-
sification, which will allow more accurate diagnosis, proper
clinical management, and optimal patient outcomes. This
review aims to provide an overview of the normal anatomy,
histogenesis, and pathogenesis of the anal canal, as well as
to update on current knowledge of epithelial tumors associ-
ated with HPV.
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Introduction

Located at the caudal end of the gastrointestinal tract and
closely associated with the genitourinary and gynecologic or-
gan systems, the anal canal is a complex tubular structure
measuring only 3.0-5.0 cm. Despite the short length, it can
give rise to various tumors and tumor-like lesions.! Depend-
ing on different cell origins, the tumor types can be catego-
rized as epithelial tumors including squamous cell carcinoma,
neuroendocrine neoplasms, adenocarcinoma, mesenchymal
tumors, melanoma, and lymphoma.2 Malignant neoplasm in
the anal canal is very rare. It is estimated that in 2022, there
will be 9,440 new cases of anal cancer in the United States,
and 1,670 patients will die from the disease, accounting for
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0.5% of all cancer incidence and 0.3% of total cancer-related
deaths, respectively.> Women are predominantly affected,
comprising more than two-thirds of the patient population.3
Although anal cancer is rare, the trend is rising with an av-
erage of 2.2% increase each year. Since the publication of
the 5th edition of WHO tumor classification of the digestive
system in 2019, new concepts have emerged regarding tu-
mor origin, pathogenesis, classification, molecular findings,
and treatment regimens in the anus. Similar to tumors of
the head & neck and gynecologic tract, the role of human
papillomavirus (HPV) has been well established in anal car-
cinogenesis, calling for a unified tumor classification scheme
based on HPV status.* This review aims to provide a compre-
hensive understanding of the normal anatomy, histogenesis,
and pathogenesis of the anal canal, with a focus on the cur-
rent knowledge of epithelial tumors, especially those associ-
ated with HPV.

Embryology, anatomy, and histology

The embryogenesis of the anal canal is closely related to an
embryonic structure called “cloaca” at the 4th week of gesta-
tion (Fig. 1a). The cloaca is the dilatation of the caudal end
of the hindgut connected to the allantois (primitive urogenital
sinus), a common opening through which the digestive, uri-
nary and reproductive systems meet and exit. There is also
a tailgut at this stage. At the 5th week, the tailgut regresses,
the urogenital sinus separates to form its opening, and the
outer body wall folds for the ectoderm to form an anal pit
roofed by a membrane that ruptures at the 7th week to es-
tablish continuity between the upper and lower anal canal, so
that the upper 2/3 is of endoderm origin, while the lower 1/3
is of ectoderm origin.

Anatomically, the so-called “surgical anal canal” starts at
the apex of the anal sphincter complex, or anorectal ring,
and ends at the anal margin or anal verge (Fig. 1b). The ano-
rectal ring is a palpable landmark during digital rectal exams,
and it is very important to preserve this structure during sur-
gery for fecal continence. The anal verge, also called “anus”
or “perianus”, coincides with the palpable intersphincteric
groove. The anal margin refers to the transition from the
squamous mucosa to the perianal skin, which is defined as
being within 5 cm of the anal verge. Unlike the non-keratiniz-
ing anal squamous mucosa, the perianal skin is hair-bearing
and keratinizing squamous epithelium vested with epidermal
appendages (hair follicles, apocrine and sweat glands). The
squamous anus in between the dentate line and the anal
margin is distinct from the rectal mucosa grossly and thus
referred to as an “anatomic anus”.

Histologically, the anal canal is composed of 3 zones with
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Fig. 1. Embryogenesis, normal anatomy, and histology of anal canal. (a) The development of the anal canal is originated from an embryologic structure called
cloaca at the 4th week of gestation. In the 5t week, the urogenital sinus separates to form its opening and the ectoderm invaginates to form the anal pit, which is
roofed by the anal membrane in the 6t week. In the 7th week, the anal membrane ruptures to establish continuity between the upper and lower anal canal. (b) Ana-
tomically, the surgical anal canal starts at the apex of the anal sphincter complex, a palpable landmark during a digital rectal exam, and ends at the anal margin or
anal verge (Digital reproduction from uptodate: https://www.uptodate.com/contents/image?imageKey=0NC%2F62539&source=graphics_gallery&topicKey=3730).
(c) Histologically, the anal canal is composed of 3 zones with 3 types of epithelial cells: the colorectal zone covered by colonic epithelium (CK7-, CK20+, CDX2+), the
transition zone and anal gland (duct) covered by a multilayered transitional epithelium (CK7+, CK20-, CDX2-), and the squamous zone covered by squamous epithelium

(p40+, p63+, CK5/6+).

3 types of the epithelium (Fig. 1c).>® The colorectal zone
is covered by colonic epithelium with an immunophenotype
of CK7(-), CK20(+), and CDX2(+). The transition zone is
covered by a multilayered epithelium composed of basal,
parabasal, and epithelial cells.® The basal and parabasal cells
are positive for squamous markers CK5/6 and p63, while the
epithelial cells are positive for CK7 and CK19, but negative
for CK20 and CDX2. The squamous zone is covered by squa-
mous epithelium immunoreactive to p40, p63, and CK5/6.
The anal glands reside in the wall of the anal canal and se-
crete via the anal ducts into the anal crypts along the dentate
line. Both anal glands and ducts share similar histomorphol-
ogy to the transitional epithelium with the same immunophe-
notype, which is important to keep in mind when dealing with
anal adenocarcinoma.>®

Benign tumor-like conditions of the anal canal

The most common benign lesion of the anal canal is hemor-
rhoid, which can occur either distal (external) or proximal
(internal) to the dentate line. Hemorrhoids are caused by el-
evated abdominal pressure resulting in an abnormal dilation
of the venous plexus. Histology shows engorged, thick-walled
vessels with or without thrombosis (Fig. 2a). Fibroepithelial
polyp (FEP), the second most common benign acquired le-
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sion in the anal canal, is a polypoid hypertrophied anal papilla
similar to a skin tag. FEP is characterized by loose fibrous
stroma containing thin-walled capillary vessels (Fig. 2b).
While both hemorrhoid and FEP are benign reactive condi-
tions, they can co-exist with other disease processes, such
as squamous dysplasia,” and many malignant lesions may
misguide clinically as hemorrhoid.8

Inflammatory cloacogenic polyp (ICP) and solitary rectal
ulcer syndrome (SRUS) are similar lesions in different loca-
tions.%10 ICP arises in the anal transitional zone with associ-
ated squamous or transitional epithelium, while SRUS occurs
in the rectum not associated with squamous or transitional
epithelium. Both lesions are caused by trauma or abnormal
muscle contraction resulting in prolapse. Patients are those
middle-aged presenting with rectal bleeding, diarrhea, pain,
or cramps. Endoscopy shows ulcerated and indurated are-
as on the anterior or anterolateral wall of the distal rectum
or anal canal. Histology shows the upward extension of the
hypertrophic/splayed muscularis mucosae obliterating the
lamina propria (prolapse) and downward displacement of hy-
perplastic irregular crypts into the submucosa or muscular
propria (proctitis cystica profunda). The surface can show
villous hyperplasia and is often eroded and covered with in-
flammatory exudate (Fig. 2c-d). ICP/SRUS can mimic tu-
bulovillous adenoma or malignancy, causing diagnostic chal-
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Fig. 2. Benign tumor-like conditions in the anal canal. (a) Hemorrhoid. (b) Fibroepithelial polyp. (c-d) Inflammatory cloacogenic polyp in comparison to a well-

differentiated adenocarcinoma (e-f). Magnification: a-c, e: 40x. d, f: 200x

lenges. The key to avoiding over-diagnosis is to recognize
surface maturation, mucin depletion, small uniform nuclei,
evenly spaced glands with lobulated architecture, and back-
ground prolapse-related changes. Occasionally, a well-differ-
entiated adenocarcinoma at the anal canal may also mimic
ICP (Fig. 2e-f).

HPV-associated anal squamous dysplasia and pre-
cancerous lesions

Human papillomavirus (HPV) is etiologically linked to a va-
riety of benign and malignant epithelial lesions. Condyloma
acuminatum is the most common HPV-associated low-grade

benign squamous neoplasm, usually caused by low-risk (LR)
serotypes HPV 6 and 11, but also high-risk (HR) serotypes
(HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68), or a mixture of more than 1 serotypes.'1-13 Histologi-
cally, condyloma acuminatum is characterized by papillary
proliferation of hyperkeratotic squamous cells with koilocytic
changes and wrinkled nuclei described as “resinoid”. Dyspla-
sia is usually mild and confined to the lower 1/3 epithelium.
Occasionally, old condylomata may show little to no koilocy-
tosis and minimal dysplasia, which can be difficult to distin-
guish from a papilloma or sebaceous keratosis (Fig. 3a).
The giant condyloma acuminatum, also called Buschke-
Lowenstein tumor (BLT), is a variant of condyloma acumi-
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Fig. 3. Condyloma and HPV-related signaling pathway. (a) A near burnt-out condyloma with rare koilocytes. (b) A giant condyloma acuminatum with invasion.
This case is positive for High-risk HPV by DNA in-situ hybridization (c) and diffuse, continuous, strong, cytoplasmic, and nuclear staining of p16 (d) resulting in a “block”
pattern of positivity. (e) A schematic illustration of HPV carcinogenesis (reproduced with permission of Dr.William Westra). In HPV-infected cells, the viral oncoproteins
E6 target p53, and E7 target pRb for ubiquitination. pRb normally binds transcription factors E2F, preventing its activation of cell proliferation. E7 releases E2F from
pRb, which upregulates p16 as a regulatory feedback attempt to inhibit further cell proliferation. Magnification: a, b: 40x. c, d: 100x

natum first described as a penile neoplasm by Buschke and
Lowenstein in 1925.2 BLT is defined as a large (=5 cm), exo-
phytic, HPV-induced squamous proliferation that is broadly
destructive (Fig. 3b). Zhang et al published the largest series
of BLT in 2020 describing the clinicopathologic features of 38
BLTs collected from multiple medical centers, where half of
the cases showed invasion.'* The invasive BLTs are frequently

positive for HR HPV, and histologically demonstrate dyskera-
tosis, neutrophilic microabscess, Keratin cyst, and abnormal
mitotic figures. The prognosis is relatively good with rare cas-
es of lymphovascular invasion, perineural invasion, or lymph
node metastasis. Only one patient died of disease progres-
sion.!* The differential diagnosis for BLT is verrucous carcino-
ma, an extremely well-differentiated verruciform squamous
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Fig. 4. Comparisons between anal squamous cell carcinoma (SqCC) and neuroendocrine carcinoma (NEC). (a-d) A basaloid SqCC is characterized by
marked nuclear hyperchromasia, scant cytoplasm, and peripheral palisading. The tumor cells are diffusely positive for p40 (b), HR HPV (c), with >90% Ki67 labeling
index (d). (e-g) An example of NEC with basaloid morphology (e) and mixed squamous dysplasia on the surface is shown by p63 expression (f). There is squamous
carcinoma in-situ elsewhere (not shown). (g) The invasive component is mixed with an NEC component on the right that is diffusely positive for synaptophysin, and
a poorly differentiated carcinoma on the left that is negative for both squamous and NE markers. (h) HR HPV is diffusely positive. (i-k) A hybrid tumor intermediate
between neuroendocrine and squamous differentiation. The tumor is basaloid by morphology (i). It is weakly positive for p63 (j), but negative for p40 and CK5/6 (not
shown), diffusely positive for CD56 (k), but negative for synaptophysin and chromogranin (not shown). HR HPV is diffusely positive (I). Magnification: a, e, i: 40x. b,

d, f-h, j-I: 100x

cell carcinoma (SqCC) characterized by bulbous deep borders
but a lack of koilocytosis. Historically, VC was considered in
the spectrum of BLT/giant condyloma, but it is now recog-
nized as a different entity unrelated to HPV.2:15.16

Besides condyloma, HPV also causes flat anal dysplasia or
anal intraepithelial neoplasia (AIN), which can be graded as
mild (AIN1), moderate (AIN2), severe (AIN3) based on the
thickness of dysplasia, cytological atypia, squamous matu-
ration, and mitotic activity. The terminology for AIN is now
unified using the two-tiered grading system of Lower Ano-
genital Squamous Terminology (LAST 2013),'7 where low-
grade squamous intraepithelial lesion (LSIL) includes AIN1
and condyloma, while high-grade squamous intraepithelial
lesion (HSIL) refers to AIN2 and AIN3. The anal canal is the
usual location for AIN and carcinoma in-situ, but those can
also occur in the perianal skin. Multicentricity is not uncom-
mon as more than 10% of women with anal HPV also had
cervical HPV.18

Grading anal dysplasia is usually straightforward by histol-
ogy alone. In challenging cases, immunohistochemistry for
pl6 may be useful in aiding the diagnosis. p16 is a tumor
suppressor protein overexpressed in HR HPV-associated can-
cer and precursor lesions as a regulatory feedback attempt
to inhibit HPV-induced cell proliferation (Fig. 3c-€).!° p16
overexpression is strictly defined as continuous, strong, cyto-
plasmic and nuclear staining in the abnormal cells, resulting
in a “block” pattern of positivity (Fig. 3d). The surrogate use

of p16 has been well-studied in cervical biopsies, where it is
recommended to help to distinguish HSIL from mimickers,
AIN1 from AIN2, or resolving professional disagreements in
interpretation particularly if the differential diagnosis involves
HSIL.17 The use of pl6 immunostain in anal lesions is not
clear. Liu and colleagues evaluated p16 immunoreactivity in
1,000 anal biopsies and found high sensitivity of p16 block
positivity in diagnosing AIN2 (89%) and AIN 3 (95%), but the
specificity is relatively low as 37% LSIL/AIN1 exhibited block
staining.2® Nevertheless, morphology is still the key to grad-
ing dysplasia. In our practice, we rarely rely on p16 immu-
nohistochemistry in anal biopsies. Challenging cases may be
presented at consensus conferences which have been proven
a helpful approach to settling interobserver disagreements.2*

Anal squamous cell carcinoma (SqCC)

Similar to the gynecologic tract where HPV is associated with
carcinomas of the cervix and endocervix but not the endome-
trium,22 the anal canal is particularly prone to HPV infection
and developing malignancy. SqQCC is the most common type
of carcinoma in the anal canal, arising either above or below
the dentate line.2 It is mostly HPV-associated (>90%), often
HPV 16, which underlies 90% of cases.*23:24 HIV-infected
population is at particular risk for those lesions.* Histologi-
cally, HPV-driven SqCC frequently shows basaloid morphol-
ogy (Fig. 4a-d), similar to those in oropharyngeal SqCC.2
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In contrast, HPV-negative SqCC is rare, comprising <10%
of anal SqCC. They occur in the context of long-standing
chronic inflammation such as Crohn’s disease or fistula and
often show heterogeneous morphology with mixed keratiniz-
ing and non-keratinizing squamous cells.2>

The current WHO tumor classification does not subclas-
sify anal SqCC based on HPV status, assuming that they are
often HPV dependent. WHO also does not recommend to use
of the term “basaloid variant”, given that morphology can
be heterogenous and bears unknown significance.2 Graham
et al in 2016 revisited 37 basaloid SqCC diagnosed between
1994-2014. After 10 of those cases were reclassified either
to basal cell carcinoma, melanoma, or neuroendocrine car-
cinoma, the remaining 27 basaloid SqCC were female pre-
dominant, and all HPV positive.2°® The authors also described
4 histology patterns of basaloid SqCC, the transitional cell
carcinoma-like, basaloid with peripheral palisading, the ad-
enoid cystic carcinoma-like, and the mucinous microcystic
with mixed mucin-producing cells, which help to recognize
the lesion but do not have any prognostic significance or
therapeutic implication.

Because HPV status is important to subclassify SqQCC of
head&neck and gynecologic tract, it has been advocated to
use a unified diagnostic terminology and nomenclature for
SqCC of the anal canal. Zhu et al. compared a total of 96
HPV-positive and 20 HPV-negative anal SqCC and found that
anal SqCC can be subclassified based on HPV and TP53 mu-
tation status, where the HPV positive/TP53 wild-type SqCC
were associated with better survival than HPV-negative/TP53
mutant SqQCC, while the HPV-positive/TP53 mutant and HPV-
negative/TP53 wild-type SqCC fell in between. The authors
strongly recommended testing HPV and TP53 status for all
anal SqCC.25 Similarly, a European study at the same time
analyzed a total of 372 anal SqCC in HIV-negative patients
(mean age: 63.4, F:M = 2.51). After standard treatment,
25.5% had disease progression, persistent disease, or recur-
rence, and 27.4% died of disease. Negative HPV/p16 status
and aberrant p53 expression even predicted patient survival
better than tumor size and nodal status. They also found that
Cisplatin-based chemoradiotherapy was superior in HPV-
positive SqCC than radiotherapy alone and other concurrent
chemoradiation therapies,?’ an important finding that needs
to be validated in future studies.

Neuroendocrine neoplasms (NEN) of the anal canal

The 2019 World Health Organization (WHO) classification
of digestive system tumors has made substantial changes
regarding the nomenclature and grading schemes for all
neuroendocrine neoplasms, including the well-differentiated
neuroendocrine tumors (NET) and the poorly differentiated
neuroendocrine carcinoma (PD NEC).2 Previously, NET was
graded into G1 (<2 mitoses/2mm?2 and Ki-67 <3%) and G2
(2-20 mitoses/2mm? and Ki-67 3-20%), but now also G3,
which is well-differentiated by morphology but has high mito-
sis (>20 mitoses/2mm?2) or Ki-67 (>20%) equivalent to NEC.
PD NEC by definition is a high-grade malignancy with a solid
growth pattern, abundant mitoses (>20 mitoses/2mm?2 or Ki-
67 >20%), and frequent necrosis, morphologically classified
as small cell or large cell types. Previously termed mixed ad-
enoneuroendocrine carcinoma (MANEC) is now renamed as
mixed neuroendocrine-non-neuroendocrine neoplasms (MiN-
ENs) to incorporate those where the non-neuroendocrine
component is not adenocarcinoma, or the neuroendocrine
component is a low-grade NET. For MiNEN, each component
must account for >30% of the whole neoplasm. However, a
minor (i.e., <30%) NEC component should be mentioned.
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This diagnosis must exclude non-neuroendocrine neoplasms
with a scattered expression of neuroendocrine markers with
no identifiable neuroendocrine cell morphology.

The gastrointestinal tract harbors many neuroendocrine
cells residing in the colorectal-type mucosa. For NET, the
small intestine is the most common localization by frequency
followed by the rectum.28 Some reported that the incidence
of rectal NET is approximately 0.17% during a screening
colonoscopy, representing 12-27% of all NETs and 20% of
gastrointestinal NETs.2° Rectal NETs are often diagnosed in-
cidentally as polyps, almost exclusively G1, and generally
have an excellent prognosis.393! Review of our institutional
archived pathology database identified 101 patients with rec-
tal NETs and only 1 anal NET in the past 10 years (unpub-
lished data). Little is known about NET tumorigenesis, but at
least for now, there are no studies to show an etiologic link
to HPV infection.

Although both NET and NEC share the expression of neu-
roendocrine markers (synaptophysin, chromogranin, CD56,
and INSM1), they appear to originate from completely differ-
ent pathways. A handful of earlier studies showed that similar
to SqCC, small cell NECs of the anus are almost exclusively
driven by HR HPV with a striking female predominance.32:33
A preliminary study at our institution showed similar findings
(unpublished data). Morphologically, NECs are very similar to
basaloid SqCC and sometimes only immunohistochemistry
can reliably make the distinction. Most of the anorectal NECs
can be classified as small cells or large cell NEC, but they
often show heterogeneous morphology with mixed small and
large cells. Like SqCC, anal NECs often co-exist with squa-
mous dysplasia, mix with a component of basaloid SqCC, or
a poorly differentiated carcinoma that does not express any
neuroendocrine or squamous cell markers (Fig. 4e—h). When
the non-neuroendocrine component exceeds >30% of the
tumor volume, a diagnosis of MiINEN may be more appropri-
ate, although even a small component of PD NEC will likely
drive the poor clinical course in those patients. Occasion-
ally, a hybrid tumor intermediate between neuroendocrine
and squamous differentiation may also be encountered (Fig.
4i-1), which may be designated as “amphicrine” although the
term is not adopted by the current WHO tumor classification.
Treatment of anal NEC may follow the same cisplatin-based
chemotherapy regimen plus radiation as for its pulmonary
counterpart. Unfortunately, there is a frequent lymph node
and distant metastasis at the time of diagnosis; even after
aggressive treatments, the prognosis is dismal with a 5-year
survival rate <20% (Table 1).33-3>

Anal adenocarcinoma

The etiologic role of HPV in anal adenocarcinoma has not
been well understood until recently.436 Anal adenocarcinoma
is very rare, comprising <1% of all anal cancer. The current
WHO tumor classification described 2 subtypes, those origi-
nating from the mucosa of intestinal type, and those extra
mucosal which may be associated with an anal gland (duct),
a pre-existing anal fistula, or other non-fistulating glandu-
lar structures in the anal canal (acquired or congenital mal-
formations or embryological remnants).2 They can also be
classified as primary or secondary if the tumor undergoes
metastasis or direct extension from adjacent organs, such
as the rectum, prostate, urinary bladder, and gynecologic
tract. Immunohistochemically, those of intestinal origin are
CK7(-), CK20(+), and CDX2(+), while those of anal gland
(duct) origin are CK7(+), CK20(-), and CDX2(-). Primary
anal gland (duct) carcinoma is extremely rare. The largest
case series published so far included 5 cases of anal gland
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Table 1. Comparisons between anal squamous cell carcinoma (SqCC) and poorly differentiated neuroendocrine carcinoma (PD NEC)

Features SqcCC PD NEC

Prevalence Rare, 0.2-1.7/100,000 Very rare, <1/100,000

Epidemiology Female predominant Female predominant

Precursor Squamous dysplasia or carcinoma in-situ Squamous dysplasia or carcinoma in-situ
HPV Frequently HR HPV positive Frequently HR HPV positive

Sub-classification

aberrant

Histology
mixed keratinizing and/or non-

keratinizing; Variable mitosis or Ki67
Immunohistochemistry At least one squamous marker strongly

positive (p40, CK5/6, p63)
Prognosis

Morphology: not recommended; HPV:
dependent or independent; p53: Normal or

Basaloid, palisading, vesicular chromatin

Morphology: small cell, large cell, MiNEN,
amphicrine(?); HPV (?): dependent or
independent

Basaloid, nuclear molding, fine chromatin; Can be
pure or mixed with SqQCC; High mitosis or Ki67

At least two NEC markers (Synaptophysin,
chromogranin, CD56, INSM1) strongly positive

Stage dependent: 5-year survival rate ~65% Generally poor: 5-year survival rate ~13%

(duct) carcinomas, all CK7(+), CK20(-), p16(-), and HPV-
unrelated.3”

Despite the earlier studies not relating anal adenocarci-
noma to HPV infection, more and more evidence emerge to
support the role of HPV in anal canal carcinogenesis. Nota-
bly, Herfs et al.38 studied 74 primary anal canal adenocar-
cinomas and proposed a dualistic model where they could
be classified into two types, those with an immunopheno-
type of the anal gland/transitional epithelium and those of
colorectal epithelium. In this largest case study, 11 of 26 of
those anal gland/transitional types were positive for HPV,
while none were positive for HPV in colorectal-type adeno-
carcinoma. The differences in etiology led to distinct im-
mune profiles, mutational landscapes, and prognosis, sup-
porting the use of HPV status as a classification scheme for
anal adenocarcinoma.

Following this seminal study on the role of HPV in anal
adenocarcinoma, the John Hopkins group described a novel
group of HPV-related adenocarcinoma in the lower anogeni-
tal tract, including 3 from the anal canal. This unique subtype
of adenocarcinoma is morphologically characterized by pap-
illary, villiform, and villoglandular architecture, resembling
HPV-related endocervical adenocarcinoma.3® Interestingly,
we recently also reported a similar case in a 71-year-old fe-
male, who developed frequent local recurrence and perianal
Paget’s disease.*? In addition to the adenocarcinoma compo-
nent showing similar papillary and villiform/villograndular ar-
chitecture, there is also squamous differentiation that would
technically qualify as an adenosquamous carcinoma (Fig.
5). Judged by location, morphology, and immunophenotype
(CK7+, CK20—, CDX2+/-), we concluded that the main tu-
mor likely originated from the transitional epithelium/anal
gland (duct). Yet, beyond that, HR HPV was also detected
in the adjacent squamous mucosa with HSIL and colorectal
epithelium with dysplasia (Fig 5g-h), the latter accidentally
proves that the colorectal epithelium can also be infected by
HPV leading to carcinogenesis, despite controversial opinions
in earlier studies.#1-44

The finding of an HPV-related anal adenocarcinoma resem-
bling HPV-relate endocervical adenocarcinoma calls again for
a unified classification scheme for the lower anogenital tract.
This is not the first time that HPV-related anal adenocarcino-
ma shares similarities to those in the gynecological tract. It
has been recognized that stratified mucin-producing intraepi-
thelial lesions (SMILE), a well-known entity with overlapping
features of HSIL and adenocarcinoma in-situ (AIS) described

in the cervix,*> can also occur in the anal canal, particularly
at the transitional zone.4® Similar to the gynecologic tract,
invasive SMILE has also been reported in the anal canal in
published case reports,*647 further supporting the hypoth-
esis that like the cervical transitional zone, the transitional
epithelium also serves as the progenitor cells for HPV-related
adenocarcinoma in the anal canal.38

Based on the new data and my observations, a much-
simplified tumor classification for anal adenocarcinoma is
proposed (Fig. 6): the colorectal type, and the transitional
type. The colorectal type can arise from the distal rectum
(exophytic), entrapped rectal mucosa in a fistula (endophyt-
ic), and likely HPV unrelated (except on rare occasions). The
transitional type includes those from the transitional zone
and anal gland (duct) and can be further classified as HPV-
independent and HPV-dependent. The HPV-dependent may
be exophytic and morphologically similar to a usual type en-
docervical adenocarcinoma, an adenosquamous carcinoma,
or invasive mucin-producing carcinoma. In contrast, HPV-
independent anal gland (duct) carcinoma is more likely to be
endophytic without surface involvement. All adenocarcino-
mas can be mucinous or non-mucinous, and cause perianal
Paget’s disease.

Perianal Paget’s disease

Paget’s disease refers to a malignant neoplasm with an in-
traepithelial location. It was named after Sir James Paget, an
English surgeon and surgical pathologist who first described
the inflammatory cancerous condition around the nipple
in 1874. The first case of extramammary Paget’s disease
(EMPD) affecting the penis and scrotum was described by
Radcliffe Crocker in 1889. Clinically, it presents as an ery-
thematous, ulcerated lesion of eczematoid appearance. Two
types of EMPD were described, the primary type is thought
to originate from the apocrine glands of perianal skin and is
exclusively intraepithelial, while the secondary type is often
associated with an underlying invasive carcinoma. Local re-
currence is very common (multifocal, ill-defined), and the
prognosis is dependent on the presence/absence of an inva-
sive component and if there is regional lymph node metasta-
sis. The perianal Paget’s disease (PPD) is often secondary to
an invasive colorectal type adenocarcinoma, in which a com-
bination of CDX2 and GCDFP-15 can help distinguish primary
vs. secondary PPD.14 It is worth mentioning that PPD can be
associated with any type of epithelial tumor, including NEC,“8
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Fig. 5. A unique case of HPV-associated adenocarcinoma in the anal canal. (a) Low power magnification shows the lesion starts at the transitional zone with
an exophytic villoglandular configuration resembling endocervical adenocarcinoma (b). The entire lesion is diffusely CK7 positive (inlet in b) and showing downward
invasion likely involving the anal gland (duct). The adjacent squamous cell harbors high-grade dysplasia (c) with Pagetoid spreading (d). The invasive carcinoma shows
focal squamous differentiation with solid growth (e) and diffuse CK5 expression (f). The lesion also involves the adjacent colonic mucosa with dysplastic changes (g),
confirmed by diffuse strong p16 expression (h) and HR HPV in-situ hybridization (inlet in h). Magnification: a, 20x, b-d, f-h: 100x, e: 200x
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Fig. 6. A proposed classification scheme for anal adenocarcinoma based on cell origin, HPV status, location, and immune profiles. The colorectal type
can be of the mucosal origin or non-mucosal origin such as a fistula. The non-colorectal type may originate from either the anal gland (duct) or transitional zone. The
HPV+ adenocarcinoma may be further subtyped based on morphology, including the usual endocervical-like adenocarcinoma, adenosquamous carcinoma, or invasive
mucin-producing carcinoma. All anal adenocarcinomas can have variable mucin production and can be associated with perianal Paget’s disease. *Note: it is believed
that most colorectal type adenocarcinomas are HPV independent, but some may be HPV driven as evidenced in Fig. 5.

or even a non-invasive tubular adenoma with HGD,* so it is
important to recognize PPD when dealing with neoplasms in
the anal canal.

Conclusions

Neoplasms of the anal canal are rare, which makes accurate
diagnosis a challenge in clinical practice. As a pathologist,
knowing the basic anatomy and histology is important to un-
derstand the pathogenesis and refine more accurate tumor
classification. In the past decades, it has been increasingly
understood that HPV plays a key role in carcinogenesis not
only for tumors of the head&neck and uterine cervix but also
for the anal canal. The malignant tumor types associated
with HPV are not limited to SqCC, but also NEC and adeno-
carcinoma. Therefore, a unified classification scheme based
on HPV infection appears to be justified. As reinforced by
studies published by other people and the author’s personal
experience, a tumor classification system based on HPV in-
fection and molecular characterization such as TP53 muta-
tion status does have clinical and therapeutic significance,
which will ultimately improve risk stratification and optimal
patient management. After all, the key to achieving an accu-
rate and meaningful diagnosis is the integration of morpho-
logic, immunohistochemical, and molecular findings that can
translate into meaningful clinical management.
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