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l. Virology

Human papillomavirus (HPV) is the most common sexually transmitted infection
worldwide. It is an important cause of cervical, vaginal, vulvar, penile, anal and head and
neck cancers in kidney transplant recipients (1). These are small DNA viruses, each
comprising 7900 base pairs. There are over 100 distinct HPV subtypes. Of these, there are
high-risk and low-risk types, distinguished by their association with invasive cancer — high
in “high-risk” and low in “low-risk”. Types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68,
73, and 82 are designated as high-risk types. Although low-risk types such as 6 and 11 do
not cause invasive cancer, they are associated with anogenital warts. Types 16 and 18
(included in all three commercially available HPV prophylactic vaccines) are the most
common HPV types found in cervical cancer, accounting for 70% of these malignancies (2,
3).

Il. Epidemiology

Anogenital cancer

In the general population, HPV infection is associated with 90% of cervical and anal
cancers, and a large proportion of vulvar, vaginal and penile cancers (4). HPV is also linked
to a subset of head and neck cancers (5). Among kidney and other transplant recipients,
HPV infection is associated with an increased risk of malignancies compared to the general
population. In one systematic review, Grulich and others (N=31,977) reported higher
standardized incidence ratios (SIR) of HPV-associated cancers in transplant patients
compared to the general population (1). Cancers of the cervix (SIR 2.1), vulva and vagina
(SIR 22.8), penis (SIR 15.7), and anus (SIR 4.9) were overrepresented in transplant
recipients. Transplant recipients with HPV cancers were also found to have these cancers at
an earlier average age compared to the general population.

Smaller studies in other countries have also demonstrated the striking increased prevalence
of HPV-associated malignancies in this population. Although not adjusted for age, a rough
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comparison with the general population in the Netherlands in one study of 1023 patients
showed a 5-fold increased risk for cervical, a 41-fold increased risk for vulvar, and a 122-
fold increased risk for anal cancer among kidney transplant recipients (6). A study of 453
renal transplant patients from 1990 to 2008 in South Korea showed an incidence of 58.1
cervical carcinomas per 100,000 patient-years, 3.5 fold higher than a referent general
population (7).

Head and neck and other cancers

There is increasing evidence that HPV infection is associated with head and neck cancers in
the general population, although there have been few studies that focus specifically on renal
transplant recipients. HPV-associated head and neck cancers are thought to arise in the base
of the tongue and the tonsils. The epidemiology is distinct from the head and neck cancers
associated with older age, smoking and alcohol consumption. One case-control study by
D'Souza and colleagues (5) showed that seropositivity for HPV-16 (odds ratio 32.2) and
detection of HPV in the oral cavity (odds ratio 14.6) had strong associations with head and
neck cancer. Although there have not been many studies in the transplant population, one
systematic review of several large cohorts showed that transplant recipients had a 3-fold
increased risk of oropharyngeal cancer (1).

There is less evidence for a direct role between HPV infection and squamous carcinoma
(SCC) of the skin. Nevertheless, there is an intriguing association between HPV infection
and corresponding SCC. Among SCC patients, one study found high-risk HPV types in 46%
of the epithelium of renal transplant patients compared to 24% in an immunocompetent
control group (8). Although there is a clear causal route between low-risk HPV types and the
benign upper airway neoplasm, respiratory papillomatosis, the role in lung cancer is more
speculative. Studies so far are conflicted in whether HPV is associated with
adenocarcinomas of the lungs (9, 10). There is little information in the renal transplant
population.

Cervical and anal intraepithelial neoplasia

There are several studies that report the high prevalence of HPV-associated cervical (CIN)
and anal intraepithelial neoplasia (AIN) among kidney transplant recipients. One study
showed that CIN as well as high-risk HPV types 16 and 18 were more common among
Scottish renal transplant patients compared to age-matched controls (11). In another report,
this time from Italy, 7% of 151 kidney transplant recipients were found to have CIN (12). A
larger retrospective study from the Netherlands evaluated 1023 women who underwent
kidney transplants between 1968 and 2008. The investigators reported 1.6% HPV-associated
malignancies in this cohort including 6 vulvar, 5 cervical and 6 anal carcinomas. Of 24 pre-
malignant lesions examined, 22 were found to have detectable HPV, and 55% were HPV
type 16 (6). Part of the reason why transplant recipients have a higher prevalence is that
these precancer lesions do not regress as spontaneously as in the general population (13).

Cutaneous and anogenital warts

The prevalence of warts is linked directly to the duration of immunosuppression. In patients
who have been transplanted 4-5 years ago, the proportion of patients with warts reaches as
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high as 50-92% (14). Compared to the general population, renal transplant patients have
more numerous warts with a higher diversity of HPV types (15). Given that most lesions
appear in sun exposed areas among transplant patients, ultraviolet light is thought to be a
risk factor in this population. The prevalence of anogenital warts as a subset of warts may be
lower, at least in published studies. However, these are not often easy to visualize or feel by
patients and are often overlooked by providers unless systematically assessed. One French
study of organ transplant recipients attending a dermatology clinic described a prevalence of
anogenital warts of 2.3% (16).

[ll. Clinical Manifestations

In contrast to anogenital and cutaneous warts, HPV-associated cervical and anal cancer as
well as cervical intraepithelial neoplasia (CIN) and anal intraepithelial neoplasia (AIN) do
not usually present with clinically identifiable lesions. Many of these lesions can only be
visualized by colposcopy or high resolution anoscopy. These comprise a powerful light
source, binocular lens and reagents such as iodine or acetic acid to aid in visualization
(Figure 1). Because of this, Pap screening (see below) is the most important strategy for
diagnosis.

Cutaneous warts are easily identifiable in general. They appear as well circumscribed
exophytic papules with normal adjacent skin, and may be pedunculated or flat. They range
in size from a few millimeters to several centimeters, with some coalescing to form plaques.
Warts occur on any epithelial surface: plantar, palmar and anogenital areas are common.
Anogenital warts typically present with a characteristic “cauliflower” appearance
(condyloma acuminata). Kidney transplant patients have a similar appearance as in
immunocompetent individuals. However, they may be more common, recur more often,
appear larger and more numerous. Patients may complain of itching, burning, bleeding and
pain. Often patients may have no symptoms.

IV. Diagnosis

General principles

A thorough external examination of the skin (including feet) at each visit is important to
determine whether cutaneous warts are present in the kidney transplant recipient. Similarly,
most external anogenital warts can be easily found by a thorough clinical inspection of the
entire genital tract. A bright light with a hand lens or a colposcope may be helpful. Note that
the appearance of any anogenital wart in the kidney transplant recipient should warrant
further investigation for a number of reasons: 1) External anogenital lesions (which are
usually benign) may indicate the presence of HPV-associated lesions that are internal.
Women with external lesions, for example, should have a speculum examination to look for
possible vaginal or cervical lesions; 2) any lesion with an atypical appearance (external or
internal) should be biopsied. This is because immunocompromised patients may have
preneoplastic lesions that are clinically indistinguishable from usually benign anogenital
warts (17).
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The Papanicolau (Pap) test has been the traditional backbone of the screening strategy for
cervical cancer in the general population including renal transplant recipients. Since the
1950s, it is estimated that the routine use of cervical Pap testing has decreased the incidence
of invasive cervical cancer by about 70% (18).

Molecular-based methods

More recently molecular based methods such as DNA hybrid capture and PCR on clinical
specimens have become more widely available, less costly and hence more widely used.
There are now multiple FDA-cleared tests to detect high-risk HPV DNA (19, 20). Use of
these methods should not be used for the diagnosis and management of anogenital warts.
Rather, they should be used in a screening strategy for cervical cancer (see below).

Cervical cancer and cervical intraepithelial neoplasia (CIN) screening

Anal cancer

All patients should first undergo a though examination of the external genitalia with the aid
of a magnifying glass and a bright light source. The foundation of any cervical cancer
screening program is the Pap test (Figure 2). Any program that incorporates Pap testing has
been successful as a cancer screening strategy. This is because there is a long preinvasive
state with CIN before the onset of cervical cancer.

In the general population, guidelines have been issued by the American Cancer Society, the
American Society for Colposcopy and Cervical Pathology, the American Society for Clinical
Pathology, the American College of Obstetricians and Gynecologists and the U.S. Preventive
Services Task Force (21-24). In general, these guidelines recommend screening in women
from ages 21 until 65. However, many of these guidelines do not apply to
immunocompromised women. Many transplant centers recommend that kidney transplant
recipients undergo the same screening protocol as HIV-infected women. For the first year
following transplantation, a cervical Pap test should be performed every 6 months. If these
are both normal, the screening interval can be increased to once yearly. Although there is
little guidance from published studies, it may be reasonable to reset the screening intervals
back to twice yearly for one year if the patient has been treated for rejection, particularly if
anti-thymocyte agents are used.

Use of high-risk HPV testing is recommended for women aged 30 years or older in
conjunction with a Pap test in the general population. If both tests are negative, the screening
interval can be increased from every 3 years to every 5 years. Primary HPV testing may also
be useful as a stand-alone test in resource poor areas without a good infrastructure for Pap
testing. Among immunocompromised women such as kidney transplant recipients, most are
screened every 6-12 months. In this patient population, there is no consensus as to the utility
of HPV testing. Some clinicians recommend more frequent screening if high-risk HPV DNA
is detected (every 6 months instead of once yearly).

and anal intraepithelial neoplasia (AIN) screening

The strategy for anal cancer and AIN screening is based on cervical cancer screening given
the embryological and histological similarities between the two organs (25). Both cervical
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and anal cancers arise in the transformation zone, are caused by high-risk HPV types and are
preceded by pre-cancer lesions. Given these similarities and the high burden of disease in the
HIV-infected population, Chin-Hong and Palefsky proposed a screening strategy for anal
cancer and AIN screening in the HIV-infected population (26). Given the high incidence of
anal cancer and precursor lesions in the kidney transplant population, we recommend a
similar approach (Figure 3). This would naturally also apply to HIV-infected kidney
transplant recipients (25). The anal Pap test is the first step. We use a water-moistened
polyester swab (Fisher Scientific, Pittsburgh, PA, USA). We prefer a polyester swab over a
cotton swab given that epithelial cells cling to cotton therefore decreasing the yield of the
Pap test. Compared to sampling the cervix, the anal Pap is more straightforward because the
anal canal transformation zone does not have to be visualized during the procedure.
Therefore there is no need for a speculum exam. To perform an anal Pap test, providers
should first insert the polyester swab in the anal canal. As the swab is withdrawn, the swab is
rotated and pressure maintained against the anal canal. Like the cervical Pap test, either a
glass slide or liquid-based media is used to collect and submit the specimens for cytologic
analysis by the pathologist.

If patients are found to have abnormal anal cytology by the cytopathologist (ASC-US, ASC-
H, LSIL and HSIL), the next step is to determine where these abnormal cells originated via
direct visualization of the anal canal. Analogous to colposcopy, high-resolution anoscopy
employs a powerful light and a binocular lens. Anoscopists use Lugol's (iodine) solution and
3% acetic acid (as is done in the cervix) to increase the ability of the eye to detect abnormal
tissue. Once abnormal areas are identified and delineated, these suspicious lesions can be
biopsied for histologic characterization.

It must be emphasized that the screening strategy for anal cancer and anal precursor lesions
can only work if the infrastructure at all levels is available at the transplant center. The anal
Pap test itself is very straightforward. In addition, most pathologists who interpret cervical
cytology can be easily trained to interpret anal cytology. However, there must also be trained
high-resolution anoscopists who are also experienced in treating limited disease, with a
colorectal surgeon as backup and available for treatment of more extensive disease. If these
elements are not present, a periodic digital examination of the anal canal may have some
benefit (27). This will likely only be able to detect cancer (anal precancer lesions are
generally not palpable) and may be helpful if an early stage of cancer. Detection of cancer of
an earlier stage can maximize the chance of rectal preservation treatment modalities.

V. Treatment and Prevention

General principles

In general, treatment options for HPV-associated disease in kidney transplant recipients
depend on the size, location and grade of the lesion (26, 28). Overall we prioritize treatment
of high-grade pre malignant disease (CIN 11 or 111 and AIN 11 or I11) over treatment of low-
grade lesions. However, there may be some circumstances in the kidney transplant patient
where treatment of low risk lesions may be recommended: 1) For relief of anxiety in the
patient, or for cosmesis; and 2) To ameliorate blockage (if large), bleeding, itching or to
prevent superinfection if ulcerated.
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There is little evidence but some providers would also try to reduce immunosuppression if
possible. This may be done in refractory disease, or if therapy is not tolerated (adverse
effects) or practical (disease is extensive). Theoretically a switch from calcineurin inhibitors
to mTOR inhibitors such as sirolimus can help particularly if malignant transformation has
occurred (29). However, there are few studies that examine the outcomes of such a switch
among kidney transplant recipients with HPV-associated neoplasia.

Cutaneous warts

In order to maximize cure, first pare down presoaked skin using a pumice stone, nail file,
emery board or scalpel. Therapy may be either patient applied (salicylic acid, imiquimod), or
provider applied (cryotherapy) (30, 31). Cryotherapy can be repeated every three weeks.
Imiquimod is typically applied once daily before bedtime, three times a week. This can be
repeated for up to 16 weeks. In our experience, kidney transplant and other
immunocompromised hosts may require additional cycles of therapy, or may have
incomplete response. Given the high incidence of nonmelanoma and other cancers, we
recommend biopsy if any lesions look atypical or do not respond to therapy (32).

Cervical intraepithelial neoplasia (CIN)

In general CIN 11 and CIN 11 are treated in all women to prevent cancer. Clinicians use a
range of excisional and ablative therapies. Loop electrosurgical excision procedure (LEEP)
is the mainstay of CIN Il and CIN Il treatment. LEEP is comprised of an adjustable wire
loop to excise lesions of different sizes. It is a very safe procedure. Tissue is also well
preserved permitting histopathologic diagnosis (33). Cryotherapy via an applied probe is
also used but the disadvantage is that tissue cannot be obtained to assess clear margins and
for pathologic diagnosis (34). Laser therapy (carbon dioxide under colposcopy)(35) and
cold-knife conization (scalpel used to excise a cone sized shape of the transformation zone)
are other less common options for treatment (36).

Cervical cancer

Women with uterus-limited cervical cancer are classified as having early-stage disease (37).
There are several choices of therapy based on a variety of factors. These include modified
radical hysterectomy (38), fertility-sparing surgery (uterus preserved), or primary radiation
therapy (with or without chemotherapy)(39). In general, surgery is preferred over primary
radiation therapy unless the patient has poor functional status or medical comorbidities. For
women with locally advanced cervical cancer, primary chemoradiation is preferred over
either primary surgery or primary radiation therapy.

Anal intraepithelial neoplasia (AIN)

Given the anatomical challenges of the anal canal compared with the cervical canal, AIN is

generally more difficult to treat than CIN (26). In general AIN | is not treated as there is low
malignant potential. However, some patients with AIN | may be treated for symptomatic or

psychological benefit. In general AIN 1l and AIN 111 are treated to prevent anal cancer. Size

and location influence the modality of treatment. Intraanal lesions <1 cm2 at the base can be
treated with 80% trichloroacetic acid, topical 5-fluorouracil or cryotherapy. AIN can
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sometimes with treated with imiquimod 5% cream (40, 41). If the lesion is larger or of
higher grade, outpatient infrared coagulation (42, 43) or HRA-assisted intraoperative
fulguration (44) are options used. If lesions of any grade are very large and not causing the
patients symptoms, we may decide to follow patients closely rather than remove disease.
This is because of the associated morbidity of removing proportionately large areas of tissue
such as pain, anal stenosis and anal incontinence.

The main modality of treatment for anal cancer is chemoradiation as it can cure the majority
of patients while preserving the anal sphincter. Common chemotherapy regimens include
fluorouracil plus mitomycin (45). A cisplatin based regimen is reserved for the uncommon
patient with metastatic disease (46).

Prophylactic HPV vaccines have been shown to be very effective in clinical trials (47, 48).
There are three prophylactic HPV vaccines currently available (Table). These include
Cervarix, a bivalent vaccine, targeting HPV types 16 and 18 (49); Gardasil, a quadrivalent
vaccine, targeting types 16 and 18, as well as types 6 and 11 (50); and Gardasil 9 which
covers the same types as in the quadrivalent vaccine (6, 11, 16, 18) as well as 5 additional
types (high-risk HPV types 31, 33, 45, 52, 28) (51). All vaccines have shown >90% efficacy
in preventing CIN and genital warts from the types included in the vaccine. Trials for the
quadrivalent vaccine have also shown almost 80% efficacy in preventing incident AIN
among men who have sex with men (52). In general, guidelines recommend HPV
vaccination of girls and young women, with a target age range of 11-12 years old with a
range of 9-26 year olds that can be immunized. Routine vaccination should also be offered
to all boys with a target age group of 11-12 years old. Boys and men could be vaccinated in
the age range of 9-21, with permissive use for ages 22-26 years old. The schedule is
generally three doses — time 0, and at months 2 and 6 (53, 54).

There is limited data about the safety and efficacy of the HPV vaccine in kidney transplant
patients (55), and there is some evidence that it is safe among HIV-infected individuals (56,
57). Given that the HPV prophylactic vaccines do not contain any live virus, we suggest
administration of the HPV vaccines in transplant candidates as above. Of course vaccination
of eligible patients prior to transplantation is preferred given the higher probability of
developing a robust antibody response.

HPV prophylactic vaccines form part of a menu of options for patients for preventing HPV
infection and disease. Other options include limiting the numbers of sexual partners,
condoms and circumcision (58, 59).

VI. Summary and Conclusion

HPV is a common sexually transmitted infection in the general population and among
kidney transplant recipients. HPV causes a host of anogenital and head and neck cancers.
Because of reduced immune surveillance, kidney transplant patients have a disproportionate
burden of persistent infection and disease compared to the general population. Fortunately
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most HPV-associated malignancies are preventable because of the long pre-invasive state of
precursor lesions. Using a foundation of Pap testing, and careful and methodical routine
physical examination, many precancer lesions can be identified and treated before
progression to cancer. Nevertheless, it is unfortunate that screening guideline uptake for
HPV cancers in the renal transplant patient population is low (60). This is a silent epidemic
that deserves our close attention and advocacy.
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Figure 1.
High-grade anal intraepithelial neoplasia (AIN) in a female kidney transplant recipient with

a history of cervical intraepithelial neoplasia (CIN).
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Figure 2.
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Screening for cervical intraepithelial neoplasia (CIN) and cervical cancer in the kidney

transplant patient.

ASC-H, atypical squamous cells, cannot exclude HSIL; ASC-US, atypical squamous cells of
undetermined significance; HR HPV, high-risk HPV test; HSIL, high-grade squamous
intraepithelial lesions; LSIL, low-grade squamous intraepithelial lesions.
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Figure 3.

Screening for AIN and anal cancer in the kidney transplant patient ASC-H, atypical
squamous cells, cannot exclude HSIL; ASC-US, atypical squamous cells of undetermined
significance; HSIL, high-grade squamous intraepithelial lesions; LSIL, low-grade squamous

intraepithelial lesions.
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Table
HPV prophylactic vaccines for kidney transplant recipients
Vaccine Who to give When to give How to give Adverse effects

Nonavalent (HPV types 6, 11,
16, 18, 31, 33, 45, 52, 58;
Gardasil 9, Merck, Whitehouse
Station, New Jersey)

Routinely offer to boys
and girls 11-12 years old
Can vaccinate ages 9-26

Pre-transplant
preferred. Also safe
post transplant (non-
infectious)

Three doses at
months 0, 2 and 6

Minimal

Mild to moderate
localized pain,
erythema, swelling

Quadrivalent (HPV types 6, 11,
16, 18; Gardasil, Merck,
Whitehouse Station, New Jersey)

Routinely offer to boys
and girls 11-12 years old
Can vaccinate ages 9-26

Pre-transplant
preferred. Also safe
post transplant (non-
infectious)

Three doses at
months 0, 2 and 6

Minimal

Mild to moderate
localized pain,
erythema, swelling

Bivalent (HPV types 16, 18;
Cervarix, GlaxoSmithKline,
Rixensart, Belgium)

Routinely offer girls
11-12 years old
Can vaccinate ages 9-26

Pre-transplant
preferred. Also safe
post transplant (non-
infectious)

Three doses at
months 0, 1 and 6

Minimal

Mild to moderate
localized pain,
erythema, swelling
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