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Introduction

Human papillomavirus (HPV) infection is one of the most
common sexually transmitted infections worldwide and
causes cervical and anal cancer, as well as its associated
precancer lesions of cervical intraepithelial neoplasia (CIN)
and anal intraepithelial neoplasia (AIN). HPV also causes a
proportion of vulvar, vaginal and penile squamous cell can-
cers (1). There is increasing evidence that HPV plays an
important role in head and neck cancer. HPV also causes
cutaneous and anogenital warts, which are of low malig-
nant potential. Cell-mediated immunity is important for the
control of HPV infection. Immunosuppression for solid or-
gan transplantation decreases the capacity to eradicate
new HPV infection, and enables increased HPV replication
in latently infected cells. As a result, transplant recipients
have a substantially increased risk of HPV-associated ma-
lignancies compared with the general population. Trans-
plant patients also experience an increased occurrence of

extensive and treatment-refractory cutaneous and anogen-
ital warts.

Transmission and Host Response

HPV is a double-stranded DNA virus that infects the basal
epithelial cells of keratinized skin, mucous membranes and
the transformation zone of the cervix. Different HPV types
have tissue tropism for cutaneous versus mucosal mem-
branes in different body sites, with varying level of ma-
lignant potential (2,3). HPV types can be broadly classi-
fied into “high risk” and “low risk” types based on their
propensity to cause cancer. In a large, global epidemio-
logical study, Munoz and others found that at least 40
HPV types were associated with neoplasms. Of these, 18
were classified as “low risk” and associated with anogen-
ital warts, mild cervical dysplasia and recurrent respira-
tory papillomatosis, and 12 were considered “high risk”
including types 16 and 18 (4). More frequent HPV types
associated with various clinical manifestations are listed in
Table 1 (5).

The vast majority of HPV acquisition occurs via direct
person-to-person transmission. Indeed, anogenital HPV is
estimated to be the most common sexually transmitted
infection in the United States (6). HPV can also be ac-
quired by infants during the passage through the birth canal
of HPV-infected mothers—this is likely the mode of viral
transmission in children who later develop recurrent res-
piratory papillomatosis (7,8). Most persons infected with
HPV are asymptomatic so transmission of the infection
from individuals without visible lesions is common. In ad-
dition, anogential HPV can be seen concurrently with cu-
taneous warts or oral mucosal disease, suggesting that
auto-infection can occur from one site to another (9,10). To
date, there have been no reports of HPV acquired through
organ transplantation.

Once HPV has infected epithelial cells, it evades the host
immune response by various mechanisms. These include
a prolonged infection cycle, a relative lack of inflammatory
response during viral replication, and downregulation of
the interferon response. In addition, HPV infection rarely
causes viremia. Infection is localized to the mucosal and
cutaneous surfaces and away from the vascular and lym-
phatic systems where adaptive immune responses are ini-
tiated (11,12). Nevertheless, at least 80–90% of genital
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Table 1: HPV and tissue tropism

HPV types frequently
Disease associated

Plantar and common warts 1,2,4
Flat or plane warts 3,10
Butcher’s wart 7,2
Bowen’s disease

Genital 16
Extragenital 2,3,4,16
Condylomata acuminta 6,11
Bowenoid papulosis 16,34,37,42

Intraepithelial neoplasia
Low grade 6,11
High grade 16,18

Respiratory papillomatosis 6,11

Adapted from Table 1 in epidemiology of human papillomavirus
infection (Ref. 5).

HPV infections clear spontaneously over time. Histo-
logic analysis of regressing warts show a CD4+ T cell-
dominated Th1 response. Resolution of the lesions
depends on a successful cell-mediated immune response
against early viral proteins (12,13). Failure to develop effec-
tive cell mediated immunity (CMI) results in an inability of
the host to clear or control the HPV infection, leading to per-
sistent infection, and resulting in an increased probability
of cancer.

The importance of CMI was highlighted in a recent sys-
tematic review of population-based registry studies in
HIV/AIDS and in transplant recipients. The investigators
demonstrated a similar pattern of significantly increased in-
cidence of all HPV-related cancers in both populations (14).
This suggests that immune deficiency likely plays the most
important role in the increased risk of HPV-associated
neoplasia. Among HIV-infected patients, the risk of HPV-
associated cancers is increased in those with higher HIV
viral load and is inversely related to CD4+ count (15–17).
Similarly, in a single-center review of renal transplant re-
cipients over 40 years, T cell depleting induction with an-
tithymocyte globulin was an independent risk factor for the
development of anogenital cancer. This again suggests an
association between the degree of immunosuppression
and the probability of HPV-related malignancy (18). As a
result of impaired cell-mediated immunity, transplant re-
cipients experience an increased frequency of extensive,
sometimes treatment-refractory cutaneous and anogenital
warts (19,20) and are at a higher risk for neoplastic transfor-
mation in cervical and anogenital HPV infections (21,22).

Epidemiology and Clinical Presentation

HPV is associated with both benign and premalig-
nant/malignant neoplasms in a variety of sites (Table 2).

Cutaneous and anogenital warts

Cutaneous warts are skin lesions of characteristic appear-
ance and include common warts, deep plantar and flat

Table 2: Clinical manifestations of HPV

Premalignant/
Localization Benign Malignant

Skin Cutaneous warts Potential role in
squamous cell
carcinoma of the
skin

Anogenital Anogenital warts CIN, cervical cancer,
AIN, anal cancer,
vulvar and penile
carcinoma

Respiratory tract Respiratory
papillomatosis

No clearly
established link to
malignant
respiratory
neoplasm

Head and neck None established Squamous cell
carcinoma of
head and neck

warts. The prevalence of warts in transplant patients cor-
responds with the duration of immunosuppressive therapy,
increasing to 50–92% in patients who are more than 4–5
years after transplantation (23). Ultraviolet light is also be-
lieved to be an important risk factor for the development of
cutaneous warts in transplant recipients, as most lesions
appear in sun-exposed areas (24).

Anogenital warts, also known as condyloma acuminata,
are one of the most common sexually transmitted dis-
eases worldwide. They are caused by low-risk HPV types,
most commonly types 6 and 11. However, at least 18 other
HPV types have been associated with anogenital warts,
including types 16 and 18, which are more commonly as-
sociated with malignant lesions (25,26). These exophytic,
typically flesh- or gray-colored lesions are frequently multi-
focal, involving different parts of the anogenital tract simul-
taneously. In women, external anogenital warts are often
associated with cervical lesions (27). Patients with anogen-
ital warts, especially those who are immunosuppressed,
are often also infected with high-risk HPV types. There-
fore, immunosuppressed patients with anogenital warts
will require monitoring and screening for HPV-mediated
malignancies. A French study of organ transplant recipients
reported a prevalence of anogenital warts of 1.8% (19).

Premalignant and malignant lesions of the cervix

and anal canal

The oncogenic role of HPV infection has been most firmly
established in the pathogenesis of CIN and cervical cancer.
Persistent HPV infection, particularly with types 16 and
18, may lead to progressive deregulation of the replication
of epithelial cells and potential malignant transformation
(28). HPV infection also causes AIN and anal cancer with
similar high risk HPV-types as those implicated in cervical
neoplasia (3).

An increasing number of studies have investigated the epi-
demiology of cervical and AIN among transplant recipients.
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In a Scottish study in the late 1980s, CIN and high-risk
HPV types 16 and 18 were present more frequently in
renal transplant recipients compared to age-matched con-
trols (29). In a more recent study from Italy, 7% of 151
transplant recipients were found to have CIN (21). One of
the largest reports to date is a retrospective Dutch single
center study of 1023 women who underwent renal trans-
plants between 1968 and 2008. Of these patients, a total of
16 anogential malignancies (1.6%) were noted, including
six vulvar, five cervical and six anal carcinomas (18). In-
vestigators found detectable HPV in 22/24 malignant and
precancer lesions, and 54.5% of these were HPV type
16. Using cancer registry data from the general Dutch
population, the authors estimated that these kidney trans-
plant patients had increased risks of 5-fold for cervical,
41-fold for vulvar and 122-fold for anal carcinoma. Another
review of 453 women who received renal transplants from
1990 to 2008 in South Korea revealed an incidence of 58.1
cervical carcinomas per 100 000 patient-years, which was
3.5-fold higher than the general population (29).

There is also a high burden of HPV-associated anal
precancer lesions among transplant recipients. Ogunbiyi
et al. showed a high proportion of AIN in renal transplant
recipients who presented for elective lower gastrointesti-
nal or genitourinary surgeries compared to matched con-
trols (20% vs. 1%; Ref.30). Patel and others collected anal
cytology and performed anal HPV polymerase chain reac-
tion (PCR) in 108 renal transplant recipients (68 men and
40 women). They reported a 5.8% prevalence of AIN, with
risk factors as follows: oncogenic HPV infection, duration
of immunosuppression, a previous history of genital warts
and receptive anal intercourse (31). Similar results were
found in a systematic review of 32 000 transplant recip-
ients from Danish, Finnish, Swedish, Canadian and Aus-
tralian cohort studies. This study demonstrated a twofold
increased risk of cervical cancer compared to the general
population, and a nearly fivefold excess risk for anal can-
cer (14). Particularly striking was the 22-fold excess risk of
vulvar and vaginal cancers. Compared to the general popu-
lation, carcinomas of the anogenital region occurred at an
earlier average age (41 years) in transplant recipients and
were frequently multifocal. Over 40% of transplant recip-
ients with anogenital carcinomas reported a prior history
of anogenital warts (32).

Nonmelanoma cancer of the skin

SCC of the skin occur 65–250 times more frequently in
transplant recipients than in the general population, and
are often characterized by earlier age of onset, multiple
lesions, a rapid course and more frequent node metas-
tases than in the general population (33). Using degenerate
PCR, a high prevalence (65–81%) of a variety of HPV DNA
types has also been consistently demonstrated in prema-
lignant skin lesions and in skin cancers of transplant recipi-
ents (34). Another study reported high-risk HPV in 46.2% of
the SCC epithelium in renal transplant recipients compared
to 23.5% in the immunocompetent control group (35). HPV

was highly prevalent (>94%) in DNA analysis of eyebrow
hairs in renal transplant patients, both with SCC and with-
out SCC, although the presence of HPV DNA and the cor-
responding antibodies for the same HPV type was associ-
ated with increased risk of SCC (36). While the results of
these studies are intriguing, it is not clear to what extent
HPV contributes to the development of skin cancer among
transplant recipients (37). Interestingly, sirolimus, an im-
munosuppressant with antineoplastic and antiviral prop-
erties, may have a protective effect against skin cancers
compared to other immunosuppressive agents. A cohort
of 1000 renal transplant recipients on sirolimus regimens
had a similar incidence of skin cancers compared with the
general population (38). However, HPV infection was not
examined in this cohort, and the potential benefit of the an-
tiviral effect of sirolimus in this setting remains speculative.

HPV and cancer of head and neck

There is increasing evidence that HPV is implicated in the
pathogenesis of some head and neck cancers. This is es-
pecially seen in neoplasms arising from the base of the
tongue and tonsillar region, and is not typically associated
with smoking or alcohol consumption as seen in other head
and neck cancers. D’Souza et al. (39) conducted a case-
control study and showed that seropositivity for HPV-16
(odds ratio 32.2) and the presence of an HPV oral infection
(odds ratio 14.6) had strong associations with oropharyn-
geal cancer. Of note, HPV-associated head and neck cancer
appears to have a better prognosis compared to those not
associated with HPV (40). HPV infection in the oral cavity
is not rare. One large cross sectional study (41) showed a
prevalence of oral HPV infection in the general population
in the United States of 6.9%, with more men than women
infected (10.1% vs. 3.6%). There are no published stud-
ies that explicitly investigate the association between oral
HPV infection and head and neck cancer in transplant re-
cipients. However, the prevalence of oral HPV infection is
known to be higher in renal transplant recipients compared
to immunocompetent patients (42). In one systematic re-
view, transplant recipients were found to have a threefold
excess risk of oropharyngeal cancer (14). It is likely that the
increased rate of head and neck cancer is partly attributable
to more persistent HPV infection in transplant recipients.
Further studies are needed to clarify this relationship.

Respiratory papillomatosis and lung cancer

HPV can also cause a benign upper airway neoplasm called
recurrent respiratory papillomatosis. The most frequently
affected population is young children. Babies acquire HPV
(typically HPV types 6 and 11) through contact with in-
fected secretions in the birth canal. Lesions can also be
adult-onset, occurring as a sequelae of HPV infection ac-
quired sexually (43). It has been proposed that there is
a relationship between HPV and SCC or adenocarcino-
mas of the lungs. However, studies are conflicting (44,45).
Whether there is a more substantial role of HPV in the
pathogenesis of pulmonary neoplasms among transplant
recipients remains to be determined.
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Figure 1: Extensive anal condylomata in a heterosexual male

kidney transplant recipient.

Diagnosis

General principles

A thorough clinical inspection of the entire genital tract
is sufficient to diagnose most external anogenital warts.
Bright light and magnification with a hand lens or colpo-
scope may assist in the diagnosis (Figure 1). All women
with external anogenital warts must have a speculum ex-
amination for possible vaginal and cervical lesions. For men
and women with recurrent perianal warts and/or a history
of receptive anal intercourse, evaluation for intra-anal warts
is recommended (46). If urinary symptoms are prominent,
the distal urethra and meatus should be visually examined
and a referral for urethroscopy should be considered.

Providers should have a low threshold to biopsy any geni-
tal warts that have an atypical appearance. This is because
high-grade squamous epithelial neoplastic lesions are com-
mon and may be clinically indistinguishable from genital
warts among immunocompromised patients (47). Using
dilute (3–5%) acetic acid solutions (i.e. “acetowhite test”)
may be of help in delineating the extent of disease be-
fore biopsy; however, routine use of the test for screening
individuals for HPV infection is not recommended due to
poor sensitivity and specificity (32) in predicting active dis-
ease. Patients with anogenital warts and their sex partners
should be screened for other sexually transmitted diseases
including gonorrhea, chlamydia, syphilis, trichomonas, hep-
atitis B virus infection and HIV infection (48).

Cytology

The Papanicolau (Pap) smear is the backbone of the screen-
ing strategy for early diagnosis of HPV-related cervical
atypia and cancer. The implementation of regular Pap tests
has reduced the rate of invasive cervical cancer by approx-
imately 70% since the 1950s.

Molecular-based methods

Molecular diagnostic methods to detect HPV have become
more widely available in the last few years. These meth-
ods include in situ hybridization on cell smears or his-
tological sections, DNA hybrid capture and PCR on clin-
ical specimens. A high viral load of HPV 16 has been
shown to be associated with development of carcinoma
in situ (49,50). There are now multiple FDA-approved tests
to detect high-risk HPV DNA. See Table 3 for recommen-
dations for HPV co-testing in immunocompetent and the
immuncompromised women. Detection and typing of HPV
have no proven benefit in the diagnosis and management
of anogenital warts and is therefore not recommended
(50). When the diagnosis is in doubt, consider referral to
a practitioner experienced in the diagnosis of anogenital
warts. See below for the incorporation of molecular meth-
ods in screening.

Cervical cancer and CIN screening

A magnifying glass and a bright light source are used to
examine the external genitalia. Given that genital warts
may coexist with CIN, we recommend further evaluation
such as colposcopy if genital warts are present on the
external examination. Cervical cancer screening has been
very successful where it has been established given that
there is a long preinvasive state with CIN before the onset
of cervical cancer, and that these precancer lesions can
generally be successfully treated.

The American Cancer Society, the American Society for
Colposcopy and Cervical Pathology, the American Society
for Clinical Pathology, the American College of Obstetri-
cians and Gynecologists and the U.S. Preventive Services
Task Force have all issued cervical cancer screening guide-
lines. Many of these guidelines have been updated recently
for the general population (51–54). Refer to Table 2 for a
summary of the various guidelines including recommenda-
tions for immunocompromised individuals. In general, ex-
perts recommend initiating screening in women at age 21
and discontinuing screening at age 65. For women 21–29,
screening should occur with cervical Pap tests only every
3 years. For women 30–65, screening can occur with cy-
tology alone every 3 years, or by a combination of an HPV
molecular test (testing for high-risk HPV types) and cytol-
ogy every 5 years. However, these guidelines do not apply
to immunocompromised women.

We recommend that transplant recipients be screened
with the same periodicity as women who are HIV-infected
(55). In solid organ transplant recipients (as in HIV-infected
women), we recommend that a cervical Pap test be per-
formed every 6 months for the first year after the trans-
plant. If these tests are normal, then the screening interval
can be increased to annual cervical Pap testing. There is
little guidance from published studies, but it may be rea-
sonable to reinstate cervical Pap tests every 6 months
for 1 year after treatment for rejection, particularly if
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Table 3: Guidelines for cervical cancer screening for different populations

Immunocompetent women

US Preventive American College of
American Cancer Services Task Obstetricians and HIV positive Solid organ

Society (52) Forces (53) Gynecologists (54) women (55) transplant recipients

When to start Age 21, recommend
against screening
women aged< 21

Age 21, recommend
against screening
women aged< 21

Age 21 regardless
of the age of
onset of sexual
activity

Twice in the first
year after the
diagnosis of HIV1

Every 6 months in
the first year
posttransplant

Intervals
Conventional
or liquid
based
cytology

Every 3 years for
women 21-65 years
(Strong
recommendation)

Every 3 years for
women 21-65 years

Every 2 years (age
21-29); May move
to 3 years for
30-65 of age after
3 negative tests

Annually if the first
two tests after
HIV diagnosis are
normal

Annually if negative
tests after every 6
month screening
for a year

HPV co-test Every 5 years for
women aged 30-65
(Weak
recommendation);
not recommended
for women < 30
years

HPV every 5 years an
option for
women (30–65) who
want to extend the
screening interval

Every 3 years if
cytology normal
and HPV test
negative.

Insufficient
evidence to use
HPV to space out
screening in HIV+

HPV test (if
negative) as an
adjunct to move
on to annual
screening

Primary HPV
testing

For women 30-65
years, HPV test alone
is not the
recommended
screening method in
most clinical settings

Recommended against
those < 30 years of
age either alone or in
combination with
cytology

Not addressed Not addressed Not addressed

When to stop Women ≥ 65 with
adequate screening
(Weak
recommendation)

Women ≥ 65 years
with negative tests,
if they are at low risk
for cervical cancer

Between age 65-70
if ≥ 3 negative
consecutive
results

Insufficient
evidence;
continue annually

Insufficient
evidence;
continue annually

Vaccinated
against HPV
16/18

Continue screening per
age-appropriate
recommendation

Continue the same
screening

Same regardless of
vaccination

Same regardless of
vaccination

Same as
unvaccinated

1Routine colposcopy is recommended for HIV+ women with atypical squamous cells of undetermined significance.

antilymphocyte agents are used. There is less consensus
about the incorporation of high-risk HPV testing in the al-
gorithm in transplant recipients. However, some providers
use high-risk HPV testing (if negative) for further reassur-
ance that the Pap testing can increase from 6 months to
1 year. If high-risk HPV testing is positive, then screening
can be continued every 6 months. Every visit should also
be accompanied by a careful inspection of vulva, vagina
and anus as well as the cervix. Women found to have
abnormal cervical cytology on screening (atypical squa-
mous cells of undetermined significance [ASC-US], ASC
suspicious for HSIL [ASC-H], low-grade squamous intraep-
ithelial lesions [LSIL] and high-grade SIL [HSIL]) should
undergo colposcopy and biopsy of any suspicious-looking
lesions.

Unfortunately, adherence to the minimum recommended
annual cervical cancer screening appears to be very low in
transplant recipients (56). Every effort should be made to
encourage patients to adhere to regular screening sched-
ule, and individuals with an abnormal screening test should
be promptly referred to a qualified specialist.

Anal cancer and AIN screening

Cervical and anal cancers share many similarities. They
both arise in the transformation zone, they are both caused
by high-risk HPV types and they are preceded by pre-
cancer lesions (57). Cancers also have been noted to
arise in the same location as antecedent precancer dis-
ease. Given the high prevalence of AIN and anal cancer in
the HIV-infected population, and given the similarities be-
tween cervical and anal cancers, Chin-Hong and Palefsky
have proposed an anal cancer screening algorithm (57,58).
This incorporates many of the elements of cervical cancer
screening above. Given the high prevalence of anal can-
cer in the transplant population, we recommend a similar
approach for transplant recipients as in the HIV-infected
population.

Like the protocol used for cervical cancer screening, the
Pap test is the first step. To perform an anal Pap test,
we recommend using a water-moistened polyester swab
(Fisher Scientific, Pittsburgh, PA, USA). We recommend
polyester swabs because cells cling to cotton and this may
decrease the yield of the Pap test. The polyester swab
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is inserted in the anal canal. As the swab is withdrawn,
rotate the swab and maintain pressure against the anal
canal. The goal is to obtain exfoliated cells from the ar-
eas most at risk for HPV-associated disease such as cells
from the lower rectum, the squamocolumnar junction and
the anal canal. Either a glass slide or liquid-based me-
dia can be used to collect and transport these cells for
analysis.

Men and women who are found to have abnormal anal cy-
tology (ASC-US, ASC-H, LSIH and HSIL) can be referred to
the next step, which is high resolution anoscopy (HRA).
HRA uses similar equipment as in cervical colposcopy
(powerful light and binocular lens). As in colposcopy, we
use HRA to locate and biopsy lesions that have contributed
to the cytologic abnormalities seen. Lugol’s (iodine) solu-
tion and 3% acetic acid are tools that we can use to in-
crease the ability to identify abnormal lesions. We recom-
mend this screening approach in transplant patients only
if there is sufficient infrastructure to do so. This includes
the availability of trained high resolution anoscopists and
pathologists used to interpreting AIN.

Recommendations

(1) Perform a cervical Pap test every 6 months for the
first year after the transplant. If these tests are normal,
then the screening interval can be increased to annual
cervical Pap testing (II-2).

(2) Women found to have abnormal cervical cytology on
screening (atypical squamous cells of undetermined
significance [ASC-US], ASC suspicious for HSIL [ASC-
H], low-grade squamous intraepithelial lesions [LSIL]
and high-grade SIL [HSIL]) should undergo colposcopy
and biopsy of any suspicious-looking lesions (III).

(3) Perform an anal Pap test once yearly for transplant
patients (III).

(4) Refer patients with abnormal anal cytology on screen-
ing (ASC-US, ASC-H, LSIL and HSIL) for high-resolution
anoscopy for biopsy and treatment (III).

Treatment

General principles

There are several principles in the treatment of HPV-
associated disease. Treatment options depend on the size,
location and grade of the lesion (57,59). For cutaneous
and external genital warts with very little malignant po-
tential, goals of treatment may be for cosmesis or to re-
lieve anxiety in general. However, in immunosuppressed
patients such as transplant recipients, these low grade le-
sions may become quite large. In these cases, removal of
warts may be needed to alleviate obstruction, itching and
bleeding. CIN I and AIN I have a very low probability of pro-
gression to cancer in general. However, some providers
may treat these lesions in immunocompromised patients
given the observations in some clinical studies that there
is progression from low-grade to high-grade cervical dis-

ease among HIV-infected individuals (60,61). CIN II, CIN
III, AIN II and AIN III are treated when possible as they are
considered direct precursors to cervical and anal cancers,
respectively.

Although there is limited evidence, some providers will
also try to reduce immunosuppression if this is possible.
This is particularly if disease is refractory to treatment, or
if recurrent. There is also a theoretical basis for switch-
ing from calcineurin inhibitors to mTOR inhibitors such as
sirolimus, particularly if malignant transformation has al-
ready occurred (62). However, there are few published
studies that specifically address the role of mTOR inhi-
bition in HPV-associated malignancies, other than in non-
melanoma skin cancer (63).

Treatment of cutaneous warts

Cure is maximized when presoaked dead skin is first pared
down using a pumice stone, nail file, emery board or
scalpel. Common treatment options then include products
containing salicylic acid, cryotherapy and imiquimod 5%
cream (64,65). A salicyclic acid preparation in combination
with an occlusive dressing such as duct tape may increase
the efficacy of the treatment modality. Cryotherapy can
be performed using liquid nitrogen spray, a liquid nitrogen
soaked swab, or a cryoprobe cooled with nitrous oxide.
This can be repeated every three weeks. Imiquimod 5%
cream (Aldara) is a topical immune response modifier that
induces cytokines locally. We advise patients to apply the
cream once daily before bedtime, three times a week for
up to 16 weeks. In our experience, transplant and other
immunocompromised patients may require repeat cycles
of therapy, or may not respond completely. If lesions look
atypical or are refractory to treatment, we recommend
referral to a dermatologist to rule out nonmelanoma skin
cancer and other malignancies given the high incidence in
this population (Ref. 33; see Figures 3 and 4).

Treatment of CIN

Some providers may elect to treat CIN I given that the natu-
ral history may be unpredictable in transplant recipients as
has been observed for HIV-infected women (66). In most
immune competent patients, however, CIN I is generally
not treated. CIN II and CIN III are treated in all women to
prevent cancer.

A variety of excisional and ablative therapies can be used.
Loop electrosurgical excision procedure (LEEP) is generally
the treatment of choice for CIN II and CIN III. LEEP uses
an adjustable wire loop to diathermically excise lesions of
various dimensions. In general LEEP is widely used be-
cause it is easy to use and has a low complication rate.
In addition, tissue is relatively well preserved and can be
used to confirm the diagnosis histopathologically and to
ensure that clear margins are obtained (67). Cryotherapy
may also be employed with the direct application of a su-
percooled probe to the affected cervical area using multiple
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SALICYLIC ACID/LACTIC ACID
TOPICAL (patient-applied)

OR
CRYOTHERAPY (provider-applied)

Alternatives: 
Imiquimod (patient-applied)

Canthardin (provider-applied)

SINGLE OR SMALL CLUSTER OF 
WARTS - TYPICAL APPEARANCE  

(HAND OR PLANTAR)

DERMATOLOGY REFERRAL

ATYPICAL APPEARANCE OR  EXTENSIVE 
DISEASE, OR POSSIBLE MALIGNANT 
TRANSFORMATION

FAILURE TO 
RESPOND

Figure 2: Management of cuta-

neous warts.

freeze-thaw cycles. Adverse effects are mild cramping and
persistent vaginal discharge. The advantages are low cost,
ease of use and the absence of major complications in
general. The disadvantages are a higher failure rate com-
pared to LEEP, and the inability to get tissue to assess
whether treatment is adequate with clear margins (68).
Other less used options include laser therapy (69) and
cold-knife conization (70). Laser therapy uses carbon diox-
ide under colposcopy to precisely vaporize lesions to the
adequate depth needed. Cold-knife conization utilizes a
scalpel to excise a cone-shaped portion of the cervix in-
cluding the entire transformation zone. General anesthe-
sia must be used in these cases and there is a higher
risk of complications (e.g. bleeding, infection and cervical
incompetence) compared with the other office-based pro-
cedures.

Treatment of cervical cancer

Treatment options depend on the stage of cervical can-
cer diagnosed. For early stage microinvasive disease (<3
mm), conization may be offered to young women who
want to maintain fertility (71). For disease up to stage IIa, a
primary regimen of chemoradiation (primary radiotherapy
with chemotherapy) is preferred (72). The role of surgery
(radical hysterectomy with para-aortic and pelvic lymphec-
tomy) for all cases is controversial, particularly if there is no
residual disease burden (73). For patients with locally ad-
vanced disease, radiotherapy followed by chemotherapy
is usually offered (74). Women with metastatic cervical

cancer could have combined chemotherapy (75) or radio-
therapy (if symptomatic) (76) to help alleviate symptoms.

Treatment of AIN

It may be more difficult to treat AIN compared with CIN
given the anatomical challenges of the anal canal compared
with the cervix (57). Treatment depends on the grade of
the lesion. Patients with AIN I may elect to have lesions
treated for symptomatic or psychological relief since these
have low malignant potential. Some providers may elect
to treat AIN I in transplant patients given the observation
that there is a faster progression from AIN I to AIN II/III in
HIV-infected patients when compared to HIV noninfected
patients (77). We treat AIN II and AIN III to prevent anal can-
cer. Size and location are important considerations when
deciding on the appropriate treatment strategy. Intraanal
AIN I lesions <1 cm2 at the base (including condyloma)
can be treated with 80% trichloroacetic acid (59), topical
5-fluorouracil (78) or cryotherapy. Some providers may use
imiquimod 5% cream for AIN given recent data to support
this practice (79,80). For larger and higher grade lesions,
infrared coagulation in the outpatient setting (81–83) or
intraoperative fulguration (using intraoperative HRA to lo-
calize lesions) can be used (84). For very large lesions of
any grade that are not causing patients symptoms, we may
elect to follow patients closely rather than automatically re-
move disease, given the associated morbidity of these pro-
cedures (pain, anal stenosis and anal incontinence; Ref.57).
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Figure 3: Management of anogen-

ital warts.

Treatment of anal cancer

Invasive anal cancer is usually treated with a combination
of radiotherapy and chemotherapy (5-fluorouracil and mit-
omycin; Ref.85). This combined-modality therapy (CMT)
approach could avoid the morbidity of abdominoperineal
resection with removal of the anorectum and creation
of a permanent colostomy. Because immunosuppressed
patients may experience CMT toxicity, sometimes lower
doses of radiotherapy and alternative chemotherapy (e.g.
cisplatin instead of mitomycin) can be offered (85).

Prevention

Trials of prophylactic HPV vaccines have been very effec-
tive in those unexposed to the HPV types included in the
vaccine. The vaccines use components of the major HPV
capsid proteins (L1 alone or in combination with L2) which
self-assemble into virus-like particles (VLP). VLP induce

neutralizing antibodies which protect the individual before
exposure to HPV infection. There are two prophylactic HPV
vaccines currently available. One is a quadrivalent vaccine
(HPV types 6, 11, 16 and 18) (Gardasil, Merck, White-
house Station,NJ, USA) and the other is a bivalent (HPV
types 16 and 18) vaccine (Cervarix, GlaxoSmithKline, Rix-
ensart, Belgium). Both vaccines have demonstrated over
90% efficacy in preventing CIN II, CIN III, adenocarcinoma
in situ and cervical cancer associated with the HPV types
included in the vaccine provided that women had not been
previously exposed to these types (86–88). Because the
quadrivalent vaccine also includes HPV types 6 and 11
which are the major causes of genital warts, clinical tri-
als have demonstrated over 90% efficacy in preventing
warts caused by the four HPV types included in the vac-
cine in both women and men (86,87,89). In addition, trials
of the quadrivalent vaccine have shown 78% efficacy in
preventing incident AIN among men who have sex with
men (90).
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Given these findings, multiple expert panels have recom-
mended HPV vaccination of girls and young women. Rou-
tine vaccination should be offered to all females 11–12
years old, and as young as 9 years old, with catch up
vaccination from 13 to 26 years if not previously immu-
nized (91). Routine HPV vaccination is also recommended
for boys aged 11–12 years old, and as early as 9 years old,
with catch-up vaccination between 13 and 21 years old,
and permissive use for ages 22–26 (92). Only the quadri-
valent vaccine has been widely studied in males, with only
limited immunogenicity data for the efficacy of the biva-
lent vaccine in boys (93). The schedule of the quadrivalent
vaccine is three doses at time 0, and at months 2 and
6. The corresponding schedule of the bivalent vaccine is
three doses at time 0, and at 1 and 6 months of follow up.

There are limited safety and efficacy data specifically in
the transplant population. However, given that the HPV
vaccines do not contain live virus, we suggest vaccination
of transplant patients using similar guidelines as above.
There are also no data on whether vaccination would in-
crease the likelihood of allograft rejection. There is some
evidence in the HIV-infected population that the HPV vac-
cine is safe and immunogenic (94,95). Vaccination of eli-
gible patients before transplantation would be preferred,
given the higher likelihood of developing a robust neutral-
izing antibody response. Note that vaccination does not
substitute for ongoing Pap screening in the transplant pop-
ulation. Not all oncogenic HPV types are included in the
current generation of prophylactic vaccines.

Until the advent of HPV vaccines, there were few other
options for primary prevention of HPV infection. HPV vac-
cines now form part of a menu of options that can be
discussed with transplant candidates and patients (96,97).
Limiting the number of sexual partners can help reduce the
rate of HPV-related disease, as a high number of partners
is associated with increased rate of HPV infection and cer-
vical cancer. Sexual contact with anyone who has genital
sores or unusual growths in the genital area or anus should
be avoided. Condoms can reduce, but do not eliminate,
the risk for HPV transmission to uninfected partners. Con-
doms should be used nonetheless, not only to reduce HPV
transmission, but also to prevent other sexually transmit-
ted diseases (97). Circumcision is also effective in decreas-
ing the risk of HPV transmission (96). Limiting exposure
to UV radiation is important to prevent skin carcinogene-
sis, which may be associated with HPV (98). In transplant
recipients, avoidance of overimmunosuppression may re-
duce the probability of HPV-associated disease, although
there is less evidence for this.

Recommendations

Immunize all male and female transplant patients (ideally
before transplantation) ages 9–26 (target age 11–12) with
the HPV quadrivalent vaccine. Females can also receive
the HPV bivalent vaccine (I)

Infection Control

Some reports have indicated that intact HPV virus can be
isolated from the laser generated plume used to treat hu-
man lesions (99,100). Given these observations, safety
precautions are recommended during laser surgery such
as gloves and gowns to cover exposed skin surfaces. Like-
wise use of eye protection, masks and smoke suction sys-
tems that have high flow volume and good filtration are
recommended if carbon dioxide laser must be used as a
treatment modality (101).

Future Research

Although there is increasing population-based data that
transplant recipients have a substantial burden of HPV-
associated malignancies, there have been few natural his-
tory cohorts that aim to describe the precise epidemiology
of disease in this population. In contrast, there is a robust
literature in the HIV-infected population that demonstrates
a high proportion of HPV-associated precancer lesions and
cancer, and its association with immunosuppression. We
need to begin to examine knowledge and attitudes of pa-
tients and providers regarding these issues, and as knowl-
edge becomes available, raise awareness of screening and
treatment paradigms. Perhaps one of the most exciting de-
velopments in the field has been the success of the HPV
prophylactic vaccines in the general population. We need
targeted studies in our transplant populations to study im-
munogenicity and safety, as well as efficacy. Small studies
are underway, but multicenter studies will provide more
robust and generalizable data. As the new generation of
9-valent HPV prophylactic vaccines and HPV therapeutic
vaccines continue to be developed and studied, we need
to consider how they fit in to our armamentarium of cancer
prevention options for transplant recipients.
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