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Human papillomaviruses (HPVs) are the necessary cause of most cervical cancers, a large proportion of other anogenital can-

cers, and a subset of oropharyngeal cancers. The knowledge about HPV has led to development of novel HPV-based preven-

tion strategies with important impact on clinical and public health practice. Two complementary reviews have been prepared

following the 2015 Eurogin Conference to evaluate how knowledge about HPV is changing practice in HPV infection and dis-

ease control through vaccination and screening. This review focuses on screening for cervical and anal cancers in increasingly

vaccinated populations. The introduction of HPV vaccines a decade ago has led to reductions in HPV infections and early can-

cer precursors in countries with wide vaccination coverage. Despite the high efficacy of HPV vaccines, cervical cancer screen-

ing will remain important for many decades. Many healthcare systems are considering switching to primary HPV screening,

which has higher sensitivity for cervical precancers and allows extending screening intervals. We describe different

approaches to implementing HPV-based screening efforts in different healthcare systems with a focus in high-income coun-

tries. While the population prevalence for other anogenital cancers is too low for population-based screening, anal cancer inci-

dence is very high in HIV-infected men who have sex with men, warranting consideration of early detection approaches. We

summarize the current evidence on HPV-based prevention of anal cancers and highlight important evidence gaps.

Introduction
A multidisciplinary group of international experts held a pan-
el discussion at the 2015 Eurogin conference, summarizing
the state of the art and future directions related to the burden
and prevention of HPV-related diseases. This panel discus-
sion, and the science presented at the conference are the
basis of the latest Eurogin Roadmaps. While the last two

Roadmaps1,2 focused on comparative epidemiology and natu-
ral history of HPV-related cancers by site and by gender, the
current Roadmap summarizes the status of prevention and
management of HPV-related disease, updating the 2011
Roadmap.3 Due to the extensive scope, the Roadmap was
divided into two reports, one focusing on vaccination (2015
Roadmap),4 and this document focusing on screening and
management of HPV-related diseases (2016 Roadmap).

Carcinogenic HPVs are associated with anogenital cancers,
most importantly of the cervix, as well as oropharyngeal can-
cers. Recognizing HPV as necessary cause for most cervical
cancers has led to development of new primary and second-
ary prevention tools,5 including highly efficacious HPV vac-
cines4 and HPV assays as well as other biomarkers for
screening and management.6–8 The abundance of available
assays has led to considerable confusion about the best
approaches to screening among providers. In addition,
screening programs will have to be modified when increas-
ingly large proportions of women are vaccinated. While the
efficacy of screening for cervical cancer is uncontested and
current efforts focus on optimization of the programs and
adjustment to accommodate the effects of HPV vaccination,
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there is no consensus about screening for other HPV-related
cancers like anal cancer. Here, we summarize the state of the
art in the field of screening of anogenital cancers and high-
light future directions and necessary areas of research, with a
particular focus on the integration of vaccination and screen-
ing. While the Roadmap primarily addresses screening in
high resource settings, we also highlight important differences
to cervical cancer prevention in low and middle income
countries (LMIC).

Cervical Cancer Screening Strategies
Every screening strategy needs to weigh potential benefits
and harms of the intervention. The benefit of cervical cancer
screening is prevention of cervical cancer by finding and
treating cervical precancers. However, it is currently not pos-
sible to distinguish true cervical precancers from morphologi-
cally similar lesions that would not progress to cancer in a
woman’s lifetime.9 Many CIN2s regress spontaneously,10 and
only a subset of CIN3s will progress to cancer.11 Thus, current
screening programs accept a lot of extra-expenses and over-
treatment to achieve high effectiveness. Harms associated with
excisional treatment may include obstetric complications.12,13

Cytology-based screening remains the most widely used
approach. Primary HPV screening recently received regulato-
ry approval in the US and was recommended for introduc-
tion in the Netherlands and Italy and endorsed by the
European Guidelines.14–16 Several countries have decided to,
or are considering switching to primary HPV screening and
are conducting pilot studies or are implementing these new
programs (Table 1). The algorithms adopted or proposed in
different settings differ with respect to screening modality,
starting age, screening interval, exit age and triage strategy
for HPV positive women (Table 1). Importantly, many
approaches described in this Roadmap need to be adapted to
low-resource settings that suffer from the highest burden of
HPV-associated cancers. While primary HPV screening has
been successfully conducted in these places, follow up, triage,
and adequate management of HPV positive women are noto-
riously difficult in low-resource settings, but a key require-
ment for a successful screening program (Table 2).

Analyses from diagnostic laboratory databases have sug-
gested that HPV testing may miss some cervical cancers
detected by cytology.17,18 However, biases inherent to these ret-
rospective analyses have been pointed out.19 Large randomized
trials have demonstrated that HPV testing is more effective at
detecting precancer in the first round of screening compared to
cervical cytology; this has been shown to lead to long term pro-
tection against CIN31.2 In a pooled analysis of four random-
ized trials conducted in Europe, HPV testing provided greater
protection against invasive cervical cancer compared to cytolo-
gy; the 3-year cancer risk after a negative HPV test was about
70% lower than after negative cytology.21 HPV-cytology co-
testing for primary screening has been recommended in the
US, but is not considered elsewhere.22 The European RCTs as
well as a large observational study from Kaiser Permanente

demonstrated that the additional benefit of adding cytology to
HPV testing is low at the cost of performing cytology in the
entire population,23 substantially reducing cost-effectiveness
compared to primary HPV screening.

Role of Self-Collection in HPV-Based Screening
In contrast to cytology, HPV testing can be performed on self-
collected specimens. A meta-analysis showed comparable accu-
racy between self- and clinician-collected samples when estab-
lished PCR-based hrHPV assays were used.24,25 Self-sampling
can increase population coverage by reaching women who are
reluctant to participate in a screening program that requires a
gynecological examination. The response doubles when wom-
en not attending screening receive a self-sampling kit com-
pared to an invitation for a physician collection.26 However,
response rates varied substantially between studies, indicating
that the findings are not universally portable. Therefore, pilot
studies to assess feasibility, costs, logistics and population com-
pliance before general roll-out are important.27,28 In the new
HPV-based screening program starting 2017 in the Nether-
lands, self-sampling will be offered to women not responding
to the screening invitation.29 Self-collection has been included
as an option for underscreened women in the new primary
HPV screening program in Australia; however efforts are being
made to communicate to women that although a single self-
collected sample is better than no screening, it may not be as
effective as regular screening.30 Self-sampling has also been
proposed as a strategy to improve screening coverage in LMIC
where it may allow up-scaling of screening despite the scarcity
of health staff and screening facilities.31

Triage of Screen-Positive Women
HPV-based screening strategies (both HPV-cytology co-test-
ing and HPV-alone) require additional triage of screen-
positive women. In co-testing, repeat testing or triage is rec-
ommended for the group of HPV-positive women with nor-
mal cytology.22 In HPV-alone screening, all screen-positive
women require triage. It is most efficient to perform a triage
test from the primary screening specimen (reflex triage),
rather than inviting women back for sample collection. Many
candidates for triage assays are being evaluated, but few have
been approved or recommended so far.

Cytology

All currently suggested primary HPV screening programs use
reflex cytology for triage. Due to the increased risk of pre-
cancer in HPV-positive women, and the elimination of a
large group of borderline results with very low risk of cancer
(e.g., HPV-negative ASC-US), cytology is expected to per-
form better in triage compared to primary screening. Recent
studies have reported increased sensitivity of cytology for
detection of precancer when it is evaluated with knowledge
of HPV status, with a potential loss in specificity.32–34 In the
Dutch guidelines, cytology is recommended for triage of all
HPV-positive women, while in the US, cytology has been
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approved for triage of HPV-positive, HPV16/18-negative
women (Table 1).14,15 Management options for HPV-positive,
cytology-negative include repeat HPV/cytology testing or
release to regular screening intervals.

HPV genotyping

Among the 13–14 carcinogenic HPV types, the risk of pre-
cancer and cancer varies widely, suggesting potential of HPV
genotyping for risk stratification. However, HPV genotyping
alone cannot differentiate between a transient infection and a
prevalent precancer or cancer. Worldwide, HPV16 has by far
the highest risk of cancer, while the relative importance of
some less carcinogenic types may vary across popula-
tions.35,36 Since complete individual genotyping is not clini-
cally useful, there is an ongoing debate about which types
should be included in HPV genotyping assays. Across studies,
there is consensus that the highest risk group includes
HPV16 and the lowest risk group HPV39, 56, 59, 66 and
68.37–39 Due to its high risk of cancer and particularly strong
association with adenocarcinomas, HPV18 is typically includ-
ed in genotyping assays, even if the risk of precancer is lower
compared to HPV16. Additional inclusion of genotypes
increases the sensitivity at the cost of lower specificity and
increasing referral to colposcopy.

As outlined above, genotyping and cytological triage
approaches can be combined: The approved primary screening
approach in the US, and the proposed approach in Australia, is
to directly refer HPV 16/18 positive women to colposcopy but
triage other oncogenic HPV types via cytology.

p16

p16 is uniformly upregulated in transforming HPV infections
and has been evaluated as a biomarker for cervical precancer.
In histology, p16 staining can be used to differentiate pre-
cancers from look-alikes and has been recommended for use
in cervical histology.40 A cytological assay has been developed
for screening and triage, combining detection of p16 and Ki-
67 (dual stain). The assay has been evaluated both for prima-
ry screening and for triage of HPV-positives.41,42 Data from a
large Italian screening trial and from the US suggests that
HPV-positive women who are p16- or dual stain positive
should be referred to colposcopy, while follow-up can be
extended in p16-negative women.34,43

Other markers

Increased methylation of several genes has been observed in
women with precancer and cancer.44,45 The most widely evalu-
ated methylation markers for triage of HPV-positive women
include CADM1, MAL, miR-124–2 and EPB41L3, with perfor-
mance comparable to cytology. Advantages of methylation test-
ing include the objectivity of the assay and the compatibility to
self-collected specimens as demonstrated in a randomized trial
in the Netherlands.46 Recently, studies have shown that HPV
genomes are increasingly methylated at the transition from
HPV infection to precancer.47–49 Other markers, includingTa
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detection of chromosomal abnormalities, viral oncogene
mRNA, or viral proteins have been developed, but a rigorous
evaluation in a HPV triage setting remains lacking.8 A robust
low-cost assay for detection of viral E6 oncoproteins has been
developed for LMIC and is currently being evaluated.50

Colposcopy-Biopsy and Post-Treatment Surveillance
All screening programs in high-resource settings rely on col-
poscopy as the central diagnostic procedure and to guide treat-
ment. It is widely accepted that colposcopic evaluation lacks
reproducibility and there is controversy about how many and
where cervical biopsies should be taken. Single biopsy proto-
cols may miss up to a third of prevalent precancers, which has
led some to propose routinely taking random four-quadrant
biopsies.51 However, data from the ATHENA trial demon-
strates that overly aggressive biopsy protocols may lead to
overdiagnosis of lesions that are not associated with cancer
risk.52 Data from the UK and the US support that in women
with low grade cytologic abnormalities and a completely nor-
mal colposcopic impression, the risk of precancer is very
low.53,54 Taking multiple lesion-directed biopsies can improve
detection of precancer compared to a single-biopsy protocol.54

Recently, the IFCPC revised the colposcopy nomenclature to
improve accuracy of colposcopic evaluation and to link diag-
nostic and therapeutic categories.55 With introduction of
HPV-based screening programs, new challenges may arise,
since cervical lesions are detected earlier and the mix of disease
seen at colposcopy is expected to be different.

Recent management guidelines and systematic reviews
support the utility of hrHPV testing in post-treatment active
management20,56 since the risk of recurrence following a neg-
ative hrHPV test is low.57 Recent US management guidelines
allow for a path to “routine screening” post-LEEP following
repeated negative hrHPV tests.20,56

How to Move Forward: Risk-Based Screening and
Management
There are now many different options available for cervical
cancer screening and triage that allow predicting individual

risk of precancer with very high precision. However, the
abundance of choices is challenging for providers and wom-
en, since screening and management recommendations may
become increasingly complicated.

Recent guidelines efforts have adopted a risk-based
approach to develop guidelines for screening, triage, manage-
ment and treatment.56 This approach focuses on the absolute
risk of precancer in test-positive and test-negative wom-
en.58,59 Importantly, different risk estimates are only relevant
when they translate to different clinical management. There
are about four different clinical action levels: At the lowest
risk, women return to regular screening intervals. In an inter-
mediate risk group additional testing or increased surveil-
lance may be required. Next is the colposcopy referral
threshold, and at the highest risk level (e.g., women with
HSIL cytology) there is an option for immediate treatment.56

A risk-based guidelines approach separates the thresholds for
different clinical actions from evaluating risk levels for indi-
vidual test results. While risk estimates for different assays
can be generalized across populations, the risk thresholds
may vary in different healthcare settings depending on previ-
ous screening practice. A similar strategy can be pursued for
LMIC, albeit with different risk and action thresholds.

Screening of Vaccinated Populations
Over the last decade, HPV vaccination has been implemented
in the majority of developed countries.4 Routine vaccination
is generally delivered to 11- to 12-year-old females but many
countries also implemented catch-up vaccination up to 18–26
years.4 In many countries, cohorts offered vaccination now
have entered the target age for cervical screening.

In the era of HPV vaccination, the central challenge is
that individual women in the population have a wide range
of lifetime risks of invasive cervical cancer. The risk for any
individual woman depends not only on screening history but
also on whether she was offered vaccination, HPV type cov-
erage, whether she completed the vaccination course, whether
she was vaccinated in catch-up programs with a possibility of

Table 2. Characteristics of cervical cancer screening in high and low-to-middle income countries

Modality High-income countries Low-to-middle-income countries

Cytology Primary screening, triage Hard to implement and sustain

HPV test Primary screening, many options Few robust low cost options

Self-collection Focus on non-compliant women Targeting all women due to limited staff and
facilities

Molecular triage Very useful, many options Very important, but few robust low cost
options

Recruitment and recall of women Individual invitation, screening registries Community mobilization

Colposcopy and biopsy Triage, diagnosis Hard to implement and sustain

Treatment Multiple excisional and ablational options Cryotherapy, cold-coagulation, excisional
treatment options limited and hard to
implement on large scale

M
in

i
R

ev
ie

w

2196 Eurogin 2016 Roadmap

Int. J. Cancer: 140, 2192–2200 (2017) VC 2016 UICC



prior exposure to HPV, or even if she was not vaccinated,
whether vaccination in the population led to herd protection.

Two approaches to managing cervical screening in the
context of vaccine-related variation in risk for individual
women have been proposed. Individual-based screening
approaches attempt to take vaccination factors into account
in deciding how best to screen an individual woman. HPV
genotyping data from two large screening trials (POBASCAM
and NTCC) suggest that it may be possible to define different
screening intervals for unvaccinated and vaccinated HPV-
negative women. However, using vaccination status to modify
screening strategies poses logistical challenges since compre-
hensive and accessible registries are required and need to be
accessible at the cervical screening visit. An alternative
screening strategy uses the same approach for both unvacci-
nated and vaccinated women, such that accurate knowledge
about vaccination status for an individual is not required.
Primary HPV screening, particularly if it involves HPV16/18
genotyping, allows implementing the same screening
approach in unvaccinated and vaccinated women, at least for
cohorts vaccinated with first generation vaccines. An HPV
positive woman can be managed on that basis, without need-
ing to have information on vaccination status - what counts
is her HPV status. In the context of first generation vaccines,
for HPV negative women, the interval can be tailored to the
group at highest risk in the population, i.e. unvaccinated
women. Even with such a conservative approach, the screen-
ing interval could be extended to 5 years or even longer and,
if vaccine coverage is high, a woman will require fewer cervi-
cal screens in a lifetime than currently recommended.

Next generation nonavalent vaccines are likely to have a
further impact on the optimal strategy for cervical screening;
but their impact on screening programs will be delayed for
decades, since they are being “rolled into” existing vaccina-
tion programs which primarily target 11- to 12-year-old ado-
lescents. With high vaccine coverage in these cohorts it is
likely that in the long term a woman will require very few
cervical screens in a lifetime. Initial analyses suggest that the
most cost-effective number of screening tests offered to
cohorts who received nonavalent vaccines will be highly vari-
able depending on vaccine uptake, but that in some countries
only 1–2 lifetime screens will be required.60

In 2007, Australia was one of the first countries to imple-
ment a large scale publicly-funded HPV vaccination program.
The rapid implementation and high coverage of the Austra-
lian Vaccination Program resulted in substantial relative
reductions in HPV infections,61 anogenital warts and high
grade cervical abnormalities for women in their early twenties
3–5 years after its implementation. Similar effects have been
observed in other countries.62 This has prompted a major
reconsideration of cervical screening in Australia and in
2014, the Australian Government announced its new recom-
mendations for a transition to a primary HPV-based cervical
screening program (Table 1). Moving from 26 Pap smear
tests in a lifetime to 9 or 10 lifetime HPV tests is expected to

not only save costs by better targeting women at the right
age range and interval, but is also expected to further lower
cervical cancer incidence and mortality.30 Detailed clinical
management guidelines, which specify the approach to man-
aging HPV positive women have now been developed.

A few randomized screening trials are now underway to
optimize screening programs in vaccinated populations. In
the framework of a community randomized trial in Fin-
land,63 22,500 women vaccinated against HPV16/18 at age
13–15 will be randomized into three arms to receive cytology
at ages 22, 25 and 30 years, 25 and 30 years or at age of 30
only (EUdraCT 2014–002143-17); the study will provide
important evidence about the safety of postponing age to
start screening in vaccinated populations. In Australia, Com-
pass (Clinicaltrials.gov NCT02328872), is recruiting 121,000
women in the period prior to transition of the national
screening program for a sentinel experience of HPV-based
screening. Women are randomized to either cytology or
HPV-based screening and recruitment is being stratified by
whether a woman was in a birth cohort offered vaccination
or not. The trial will provide evidence of the effectiveness of
primary HPV screening with partial genotyping vs. cytology,
in both unvaccinated and vaccinated women.

Anal Cancer Screening
Incidence and natural history of anal cancer

The ultimate aim of cancer screening is to reduce cancer-
specific mortality. To achieve this aim, the incidence of cancer
in the screened population must be sufficiently high, a screen-
ing test needs to be sufficiently accurate and acceptable to
patients and there must be an effective intervention that is well
tolerated. Anal cancer is rare in the general population, but
very common in men who have sex with men (MSM),64 with
highest incidence observed in HIV-positive MSM.65–68 A rise
in incidence has been widely observed in HIV MSM69 with an
incidence of anal cancer in HIV positive MSM similar to the
incidence of cervical cancer before introduction of cytological
screening.70 Unlike AIDS-defining Kaposi sarcoma and lym-
phomas, the risk of anal cancer is less clearly related to CD4
cell count71,72 and there has been no decline in incidence in the
post-HAART era.67 The typically late clinical presentation,
morbidity of treatments for invasive disease and high relapse
rates indicates that effective early detection and treatment of
pre-invasive disease may be of considerable importance. Anal
cancer has many parallels with cervical cancer in that human
papillomavirus (HPV) infection is the causative factor in nearly
all cases, and there is a spectrum of anal pre-cancerous
changes. The prevalence of anal HPV infection in HIV-
negative MSM is 50–60% across all age groups. In HIV positive
MSM the prevalence of any anal HPV genotype is 93% based
on a meta-analysis of 21 studies.64 Anal cancer probably arises
due to HPV infection of metaplastic reserve cells at the junc-
tion of the anal squamous and rectal columnar epithelia but
also occurs elsewhere in the anal canal and perianal areas. Anal
dysplasia is classified according to the Richart (AIN) or the
LAST (LSIL/HSIL) terminology.40 Progression from high grade
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squamous intraepithelial lesion (HSIL) is thought to culminate
in invasive anal cancer. It has been suggested that much LSIL
is associated with low-risk HPV genotypes and that the risk of
progression to malignancy is therefore low.73 Compared to cer-
vical cancer, a greater proportion of anal cancers is caused by
HPV16/18.3

In HIV-negative MSM, the prevalence of LSIL and HSIL
is 15% and 5% respectively74 and HSIL prevalence reaches up
to 43% in HIV-positive MSM.75–77 The rate of progression
from AIN3 to anal cancer is not well known, estimates vary
widely. Some small prospective studies of subjects with HSIL
who were under active surveillance and received surgical
interventions or declined treatment showed progression to
invasive cancer in up to 10% over 5 years.78–80 However,
these figures contrast with a meta-analysis that estimated
average annual progression to be only 0.2%.81 Similarly, a
retrospective study of 2804 people living with HIV who had
baseline HSIL anal cytology had an estimated 5-year risk of
progression to anal cancer of 1.7%.82

Approaches to anal cancer screening and management

Since AIN2/3 is the likely precursor of anal cancer, and given
the parallels in natural history with cervical cancer, screening
programs based on anal cytology have been proposed for many
years.83 The diagnostic accuracy of anal cytology has not been
systematically evaluated. Compared to high resolution anoscopy
(HRA) the sensitivity of anal cytology ranges from 61% to 93%
and the specificity from 32% to 67% in various populations.84,85

Several biomarkers have been evaluated in MSM populations
and have shown performance for detection of HSIL comparable
to what has been observed for cervical lesions.86

There is no established clinical management for HSIL, nor
has the value of any therapy been unequivocally demonstrat-
ed. Infra-red coagulation of HSIL yields regression rates of
35–63% with follow up between 6 and 14 months.87,88 Stud-
ies of imiquimod treatment have reported response rates up
to 74%, but with limited follow-up time and high recurrence
rates.89,90 Trichloroacetic acid applied topically at HRA has
been shown to cause regression of 71% of HSIL.91 However,
a common problem associated with topical treatments is the
high rate of relapse. In one clinical trial, 58% to 71% of HSIL
relapsed by 72 weeks depending on the treatment used.92

So far, anal cancer screening pilot studies have rarely eval-
uated appropriate endpoints, often included symptomatic as
well as asymptomatic individuals and have not included a
control group. Due to the limited evidence, few evidence-
based guidelines currently address anal cancer screening.93

Recently, a large randomized study has been initiated in the
US to systematically evaluate whether treatment of anal HSIL
reduces incidence of anal cancer (ANCHOR study).94

In a recently published pilot study of HRA screening, 368
asymptomatic HIV positive MSM were followed up to 13 years
and patients with high grade AIN were treated with imiqui-
mod, trichloroacetic acid or surgical excision. Despite repeated
screening and interventions, 5 patients (1.4%) developed

invasive anal cancer. Progression to cancer was associated with
higher age and AIN3.76 These findings suggest that HRA
screening followed by treatment of high-grade AIN can reduce
but not avoid the risk of anal cancer. All tumors in this popu-
lation were early stage and could be successfully treated, sug-
gesting that screening by HRA may reduce cancer mortality.

This model of downstaging has been explored in a num-
ber of studies of annual digital rectal examinations (DARE)
among HIV positive MSM. Investigators found that that a
DARE was highly acceptable to MSM.95 A cost effectiveness
analysis of this approach recently found that adding DARE
to routine HIV care was cost effective for MSM with HIV.93

Summary
Screening programs are complex entities and establishing or
changing programs requires considerable investment to ensure
that appropriate evidence is available supporting population-
level effectiveness and cost-effectiveness. The biggest task for
cervical cancer prevention is to expedite an integrated
approach of HPV vaccination and HPV-based screening.
Important questions that need to be addressed include the
optimal triage of HPV-positive women, optimal age of starting
and ending screening, and optimal screening intervals. For
most countries, a pragmatic unified approach for unvaccinated
and vaccinated women seems most appropriate, managing
women based on the risk in unvaccinated women. Importantly,
many screening and management options described here and
pursued in HIC are not feasible in LMIC and the strategies
may differ substantially. The improved understanding of HPV-
related carcinogenesis has led to development of many great
tools for cancer prevention. But there clearly is no “on-size-
fits-all” approach: The challenge now lies in the optimal imple-
mentation of these tools in very different settings.

Competing Interests
CKF has received honoraria and travel funding from CSL
and MSD and owns shares in CLLS Biotherapies.

ME has advised, but does not receive an honorarium from
any companies. In specific cases his employer has received
payment for his consultation from Photocure, Papivax, Ino-
vio, PDS Biotechnologies, Natera and Immunovaccine. If
travel is required for meetings with any industry, the compa-
ny pays ME’s travel-related expenses. Also, his employers
have received grant funding for research-related costs of clin-
ical trials that ME has been the overall PI or local PI for the
past 12 months from Baxalta, Pfizer, Inovio, Photocure, Fuji-
boro, Eli Lilly, PDS Biotechnologies and Becton-Dickinson.

JB has received speakers’ fees from Qiagen and consultancy
fees from Roche, DDS Diagnostic Laboratory, GlaxoSmithKline,
and Merck/SPMSD, and all fees were collected by his employer.

KC is PI of an investigator-initiated trial of cytology and
primary HPV screening in Australia (“Compass”), which is
conducted and funded by the Victorian Cytology Service
(VCS), a government-funded health promotion charity. The
VCS have received equipment and funding contribution for

M
in

i
R

ev
ie

w

2198 Eurogin 2016 Roadmap

Int. J. Cancer: 140, 2192–2200 (2017) VC 2016 UICC



the Compass trial from Roche Molecular Systems and Ven-
tana, Inc., USA. However, neither she nor her institution on

her behalf (Cancer Council NSW) receives direct funding
from industry for this trial or any other project.

References

1. Gillison ML, Castellsague X, Chaturvedi A, et al.
Eurogin Roadmap: comparative epidemiology of
HPV infection and associated cancers of the head
and neck and cervix. Int J Cancer 2014;134:497–507.

2. Giuliano AR, Nyitray AG, Kreimer AR, et al.
EUROGIN 2014 roadmap: differences in human
papillomavirus infection natural history, trans-
mission and human papillomavirus-related cancer
incidence by gender and anatomic site of infec-
tion. Int J Cancer 2015;136:2752–60.

3. Arbyn M, de Sanjose S, Saraiya M, et al. EURO-
GIN 2011 roadmap on prevention and treatment
of HPV-related disease. Int J Cancer 2012;131:
1969–82.

4. Brotherton JM, Jit M, Gravitt PE, et al. Eurogin
Roadmap 2015: how has HPV knowledge
changed our practice: vaccines. Int J Cancer 2016;
139:510–7.

5. zur Hausen H, Papillomaviruses and cancer: from
basic studies to clinical application. Nat Rev Can-
cer 2002;23:42–50.

6. Sahasrabuddhe VV, Luhn P, Wentzensen N,
Human papillomavirus and cervical cancer: bio-
markers for improved prevention efforts. Future
Microbiol 2011;6:1083–98.

7. Schiffman M, Wentzensen N, Wacholder S, et al.
Human papillomavirus testing in the prevention
of cervical cancer. J Natl Cancer Inst 2011;103:
368–83.

8. Wentzensen N, Schiffman M, Palmer T, et al.
Triage of HPV positive women in cervical cancer
screening. J Clin Virol 2016;76(Suppl1):S49–S55.

9. Schiffman M, Wentzensen N, A suggested
approach to simplify and improve cervical
screening in the United States. J Low Genit Tract
Dis 2016;20:1–7.

10. Castle PE, Schiffman M, Wheeler CM, et al. Evi-
dence for frequent regression of cervical intraepi-
thelial neoplasia-grade 2. Obstet Gynecol 2009;
113:18–25.

11. McCredie MR, Sharples KJ, Paul C, et al. Natural
history of cervical neoplasia and risk of invasive
cancer in women with cervical intraepithelial
neoplasia 3: a retrospective cohort study. Lancet
Oncol 2008;94:25–34.

12. Arbyn M, Kyrgiou M, Simoens C, et al. Perinatal
mortality and other severe adverse pregnancy
outcomes associated with treatment of cervical
intraepithelial neoplasia: meta-analysis. BMJ 2008;
337:a1284.

13. Kyrgiou M, Koliopoulos G, Martin-Hirsch P,
et al. Obstetric outcomes after conservative treat-
ment for intraepithelial or early invasive cervical
lesions: systematic review and meta-analysis. Lan-
cet 2006;367:489–98.

14. Health Council of the Netherlands. Population
screening for cervical cancer. The Hague: Health
Council of the Netherlands, 2011 (No. 2011/07E).

15. Huh WK, Ault KA, Chelmow D, et al. Use of
primary high-risk human papillomavirus testing
for cervical cancer screening: interim clinical
guidance. Gynecol Oncol 2015;136:178–82.

16. von Karsa L, Arbyn M, De Vuyst H, et al. Euro-
pean guidelines for quality assurance in cervical
cancer screening. Summary of the supplements
on HPV screening and vaccination. Papillomavi-
rus Res 2015;1:22–31.

17. Blatt AJ, Kennedy R, Luff RD, et al. Comparison
of cervical cancer screening results among
256,648 women in multiple clinical practices.
Cancer Cytopathol 2015;123:282–8.

18. Zhou H, Mody RR, Luna E, et al. Clinical perfor-
mance of the Food and Drug Administration-
Approved high-risk HPV test for the detection of
high-grade cervicovaginal lesions. Cancer Cytopa-
thol 2016;124:317–23.

19. Giorgi RP, Ronco G, Dillner J, et al. Why follow-
back studies should be interpreted cautiously: the
case of an HPV-negative cervical lesion. Cancer
Cytopathol 2016;124:66–7.

20. Arbyn M, Ronco G, Anttila A, et al. Evidence
regarding human papillomavirus testing in sec-
ondary prevention of cervical cancer. Vaccine
2012;30(Suppl5):F88–F99.

21. Ronco G, Dillner J, Elfstrom KM, et al. Efficacy
of HPV-based screening for prevention of inva-
sive cervical cancer: follow-up of four European
randomised controlled trials. Lancet 2014;383:
524–32.

22. Saslow D, Solomon D, Lawson HW, et al. Ameri-
can Cancer Society, American Society for Colpos-
copy and Cervical Pathology, and American
Society for Clinical Pathology screening guide-
lines for the prevention and early detection of
cervical cancer. CA Cancer J Clin 2012;62:147–72.

23. Gage JC, Schiffman M, Katki HA, et al. Reassur-
ance against future risk of precancer and cancer
conferred by a negative human papillomavirus
test. J Natl Cancer Inst 2014;106. pii: dju153.

24. Arbyn M, Verdoodt F, Snijders PJ, et al. Accura-
cy of human papillomavirus testing on self-
collected versus clinician-collected samples: a
meta-analysis. Lancet Oncol 2014;15:172–83.

25. Arbyn M, Snijders PJ, Meijer CJ, et al. Which
high-risk HPV assays fulfil criteria for use in pri-
mary cervical cancer screening? Clin Microbiol
Infect 2015;21:817–26.

26. Verdoodt F, Jentschke M, Hillemanns P, et al.
Reaching women who do not participate in the
regular cervical cancer screening programme by
offering self-sampling kits: a systematic review
and meta-analysis of randomised trials. Eur J
Cancer 2015;51:2375–85.

27. Arbyn M, Castle PE, Offering self-sampling kits
for HPV testing to reach women who do not
attend in the regular cervical cancer screening
program. Cancer Epidemiol Biomarkers Prev
2015;24:769–72.

28. Rozemeijer K, de Kok IM, Naber SK, et al. Offer-
ing self-sampling to non-attendees of organized
primary HPV screening: when do harms out-
weigh the benefits? Cancer Epidemiol Biomarkers
Prev 2015;24:773–82.

29. Gok M, Heideman DA, van Kemenade FJ, et al.
HPV testing on self collected cervicovaginal
lavage specimens as screening method for women
who do not attend cervical screening: cohort
study. BMJ 2010;340:c1040.

30. Lew JB, Simms K, Smith M, et al. National Cervi-
cal Screening Program Renewal: Effectiveness
modelling and economic evaluation in the Austra-
lian setting. Medical Services Advisory Committee
Australia 2013;MSAC Application No. 1276(1276).

31. Arrossi S, Thouyaret L, Herrero R, et al. Effect of
self-collection of HPV DNA offered by communi-
ty health workers at home visits on uptake of
screening for cervical cancer (the EMA study): a
population-based cluster-randomised trial. Lancet
Glob Health 2015;3:e85–e94.

32. Bergeron C, Giorgi-Rossi P, Cas F, et al.
Informed cytology for triaging HPV-positive
women: substudy nested in the NTCC random-
ized controlled trial. J Natl Cancer Inst 2015;107.
pii: dju423.

33. Richardson LA, El-Zein M, Ramanakumar AV, et al.
HPV DNA testing with cytology triage in cervical
cancer screening: influence of revealing HPV infec-
tion status. Cancer Cytopathol 2015;123:745–54.

34. Wentzensen N, Fetterman B, Castle PE, et al.
p16/Ki-67 dual stain cytology for detection of
cervical precancer in HPV-positive women. J Natl
Cancer Inst 2015;107:djv257.

35. Guan P, Howell-Jones R, Li N, et al. Human pap-
illomavirus types in 115,789 HPV-positive wom-
en: a meta-analysis from cervical infection to
cancer. Int J Cancer 2012;131:2349–59.

36. Khan MJ, Castle PE, Lorincz AT, et al. The ele-
vated 10-year risk of cervical precancer and can-
cer in women with human papillomavirus (HPV)
type 16 or 18 and the possible utility of type-
specific HPV testing in clinical practice. J Natl
Cancer Inst 2005;97:1072–9.

37. Cuzick J, Ho L, Terry G, et al. Individual detection
of 14 high risk human papilloma virus genotypes
by the PapType test for the prediction of high
grade cervical lesions. J Clin Virol 2014;60:44–9.

38. Bulkmans NW, Bleeker MC, Berkhof J, et al.
Prevalence of types 16 and 33 is increased in
high-risk human papillomavirus positive women
with cervical intraepithelial neoplasia grade 2 or
worse. Int J Cancer 2005;117:177–81.

39. Schiffman M, Burk RD, Boyle S, et al. A study of
genotyping for management of human
papillomavirus-positive, cytology-negative cervical
screening results. J Clin Microbiol 2015;53:52–9.

40. Darragh TM, Colgan TJ, Cox JT, et al. The Lower
Anogenital Squamous Terminology Standardiza-
tion Project for HPV-associated lesions: back-
ground and consensus recommendations from
the College of American Pathologists and the
American Society for Colposcopy and Cervical
Pathology. J Low Genit Tract Dis 2012;16:205–42.

41. Ikenberg H, Bergeron C, Schmidt D, et al.
Screening for cervical cancer precursors with p16/
Ki-67 dual-stained cytology: results of the PALMS
study. J Natl Cancer Inst 2013;105:1550–7.

42. Petry KU, Schmidt D, Scherbring S, et al. Triag-
ing Pap cytology negative, HPV positive cervical
cancer screening results with p16/Ki-67 dual-
stained cytology. Gynecol Oncol 2011;121:505–9.

43. Carozzi F, Gillio-Tos A, Confortini M, et al. Risk
of high-grade cervical intraepithelial neoplasia dur-
ing follow-up in HPV-positive women according to
baseline p16-INK4A results: a prospective analysis
of a nested substudy of the NTCC randomised
controlled trial. Lancet Oncol 2013;14:168–76.

44. De Strooper LM, van ZM, Steenbergen RD, et al.
CADM1, MAL and miR124-2 methylation analy-
sis in cervical scrapes to detect cervical and endo-
metrial cancer. J Clin Pathol 2014; 67:1067–71.

M
in

i
R

ev
ie

w

Wentzensen et al. 2199

Int. J. Cancer: 140, 2192–2200 (2017) VC 2016 UICC



45. Vasiljevic N, Scibior-Bentkowska D, Brentnall AR,
et al. Credentialing of DNA methylation assays for
human genes as diagnostic biomarkers of cervical
intraepithelial neoplasia in high-risk HPV positive
women. Gynecol Oncol 2014;132:709–14.

46. Verhoef VM, Bosgraaf RP, van Kemenade FJ,
et al. Triage by methylation-marker testing versus
cytology in women who test HPV-positive on
self-collected cervicovaginal specimens (PROH-
TECT-3): a randomised controlled non-inferiority
trial. Lancet Oncol 2014;15:315–22.

47. Mirabello L, Sun C, Ghosh A, et al. Methylation
of human papillomavirus type 16 genome and
risk of cervical precancer in a Costa Rican popu-
lation. J Natl Cancer Inst 2012;104:556–65.

48. Vasiljevic N, Scibior-Bentkowska D, Brentnall A,
et al. A comparison of methylation levels in
HPV18, HPV31 and HPV33 genomes reveals
similar associations with cervical precancers.
J Clin Virol 2014;59:161–6.

49. Wentzensen N, Sun C, Ghosh A, et al. Methyla-
tion of HPV18, HPV31, and HPV45 genomes
and cervical intraepithelial neoplasia grade 3.
J Natl Cancer Inst 2012;104:1738–49.

50. Zhao FH, Jeronimo J, Qiao YL, et al. An evalua-
tion of novel, lower-cost molecular screening tests
for human papillomavirus in rural China. Cancer
Prev Res (Phila) 2013;6:938–48.

51. Pretorius RG, Zhang WH, Belinson JL, et al. Col-
poscopically directed biopsy, random cervical
biopsy, and endocervical curettage in the diagno-
sis of cervical intraepithelial neoplasia II or worse.
Am J Obstet Gynecol 2004;191:430–4.

52. Petry KU, Cox JT, Johnson K, et al. Evaluating
HPV negative CIN21 in the ATHENA trial. Int
J Cancer 2016;138:2932–9.

53. Kelly RS, Walker P, Kitchener H, et al. Incidence
of cervical intraepithelial neoplasia grade 2 or
worse in colposcopy-negative/human
papillomavirus-positive women with low-grade
cytological abnormalities. BJOG 2012;119:20–5.

54. Wentzensen N, Walker JL, Gold MA, et al. Multi-
ple biopsies and detection of cervical cancer pre-
cursors at colposcopy. J Clin Oncol 2015;33:83–9.

55. Bornstein J, Sideri M, Tatti S, et al. 2011 termi-
nology of the vulva of the International Federa-
tion for Cervical Pathology and Colposcopy.
J Low Genit Tract Dis 2012;16:290–5.

56. Massad LS, Einstein MH, Huh WK, et al. 2012
updated consensus guidelines for the manage-
ment of abnormal cervical cancer screening tests
and cancer precursors. J Low Genit Tract Dis
2013;17(5Suppl1):S1–S27.

57. Einstein MH, Women whose cervical intraepithe-
lial neoplasia has been treated or resolved remain
at continued high risk for cervical cancer. Evid
Based Med 2013;18:190–1.

58. Arbyn M, Roelens J, Martin-Hirsch P, et al. Use
of HC2 to triage women with borderline and
mild dyskaryosis in the UK. Br J Cancer 2011;
105:877–80.

59. Wentzensen N, Wacholder S, From differences in
means between cases and controls to risk stratifi-
cation: a business plan for biomarker develop-
ment. Cancer Discov 2013;3:148–57.

60. Coupe VM, Bogaards JA, Meijer CJ, et al. Impact
of vaccine protection against multiple HPV types
on the cost-effectiveness of cervical screening.
Vaccine 2012;30:1813–22.

61. Tabrizi SN, Brotherton JM, Kaldor JM, et al. Fall
in human papillomavirus prevalence following a
national vaccination program. J Infect Dis 2012;
206:1645–51.

62. Drolet M, Benard E, Boily MC, et al. Population-
level impact and herd effects following human
papillomavirus vaccination programmes: a sys-
tematic review and meta-analysis. Lancet Infect
Dis 2015;15:565–80.

63. Lehtinen M, Dillner J, Clinical trials of human
papillomavirus vaccines and beyond. Nat Rev
Clin Oncol 2013;10:400–10.

64. Machalek DA, Poynten M, Jin F, et al. Anal
human papillomavirus infection and associated
neoplastic lesions in men who have sex with
men: a systematic review and meta-analysis. Lan-
cet Oncol 2012;13:487–500.

65. Grulich AE, van Leeuwen MT, Falster MO, et al.
Incidence of cancers in people with HIV/AIDS
compared with immunosuppressed transplant recip-
ients: a meta-analysis. Lancet 2007;370:59–67.

66. Palefsky JM, Holly EA, Ralston ML, et al. High inci-
dence of anal high-grade squamous intra-epithelial
lesions among HIV-positive and HIV-negative homo-
sexual and bisexual men. AIDS 1998;12:495–503.

67. Powles T, Robinson D, Stebbing J, et al. Highly
active antiretroviral therapy and the incidence of
non-AIDS-defining cancers in people with HIV
infection. J Clin Oncol 2009;27:884–90.

68. Shiels MS, Pfeiffer RM, Chaturvedi AK, et al.
Impact of the HIV epidemic on the incidence
rates of anal cancer in the United States. J Natl
Cancer Inst 2012;104:1591–8.

69. Palefsky JM, Holly EA, Ralston ML, et al. Effect
of highly active antiretroviral therapy on the nat-
ural history of anal squamous intraepithelial
lesions and anal human papillomavirus infection.
J Acquir Immune Defic Syndr 2001;28:422–8.

70. Palefsky J, Human papillomavirus-related disease in
people with HIV. Curr Opin HIV AIDS 2009;4:52–6.

71. Bertisch B, Franceschi S, Lise M, et al. Risk factors
for anal cancer in persons infected with HIV: a
nested case-control study in the Swiss HIV Cohort
Study. Am J Epidemiol 2013;178:877–84.

72. Guiguet M, Boue F, Cadranel J, et al. Effect of
immunodeficiency, HIV viral load, and antiretro-
viral therapy on the risk of individual malignan-
cies (FHDH-ANRS CO4): a prospective cohort
study. Lancet Oncol 2009;10:1152–9.

73. De Vuyst H, Clifford GM, Nascimento MC, et al.
Prevalence and type distribution of human papil-
lomavirus in carcinoma and intraepithelial neo-
plasia of the vulva, vagina and anus: a meta-
analysis. Int J Cancer 2009;124:1626–36.

74. Chin-Hong PV, Vittinghoff E, Cranston RD,
et al. Age-related prevalence of anal cancer pre-
cursors in homosexual men: the EXPLORE study.
J Natl Cancer Inst 2005;97:896–905.

75. Abramowitz L, Benabderrahmane D, Ravaud P,
et al. Anal squamous intraepithelial lesions and
condyloma in HIV-infected heterosexual men,
homosexual men and women: prevalence and
associated factors. AIDS 2007;21:1457–65.

76. Dalla PA, Alfa-Wali M, Fox P, et al. High-resolution
anoscopy screening of HIV-positive MSM: longitudi-
nal results from a pilot study. AIDS 2014;28:861–7.

77. de PA, Rouleau D, Ghattas G, et al. HAART and
progression to high-grade anal intraepithelial neo-
plasia in men who have sex with men and are
infected with HIV. Clin Infect Dis 2011;52:1174–81.

78. Kreuter A, Potthoff A, Brockmeyer NH, et al.
Anal carcinoma in human immunodeficiency
virus-positive men: results of a prospective study
from Germany. Br J Dermatol 2010;162:1269–77.

79. Scholefield JH, Castle MT, Watson NF, Malignant
transformation of high-grade anal intraepithelial
neoplasia. Br J Surg 2005;92:1133–6.

80. Watson AJ, Smith BB, Whitehead MR, et al.
Malignant progression of anal intra-epithelial
neoplasia. ANZ J Surg 2006;76:715–7.

81. Machalek DA, Grulich AE, Jin F, et al. The epi-
demiology and natural history of anal human
papillomavirus infection in men who have sex
with men. Sex Health 2012;9:527–37.

82. Cachay E, Agmas W, Mathews C, Five-year
cumulative incidence of invasive anal cancer
among HIV-infected patients according to base-
line anal cytology results: an inception cohort
analysis. HIV Med 2015;16:191–5.

83. Chin-Hong PV, Palefsky JM, Natural history and
clinical management of anal human papillomavi-
rus disease in men and women infected with
human immunodeficiency virus. Clin Infect Dis
2002;35:1127–34.

84. Nathan M, Singh N, Garrett N, et al. Perfor-
mance of anal cytology in a clinical setting when
measured against histology and high-resolution
anoscopy findings. AIDS 2010;24:373–9.

85. Palefsky JM, Holly EA, Hogeboom CJ, et al. Anal
cytology as a screening tool for anal squamous
intraepithelial lesions. J Acquir Immune Defic
Syndr Hum Retrovirol 1997;14:415–22.

86. Wentzensen N, Follansbee S, Borgonovo S, et al.
Human papillomavirus genotyping, human papil-
lomavirus mRNA expression, and p16/Ki-67
cytology to detect anal cancer precursors in HIV-
infected MSM. AIDS 2012;26:2185–92.

87. Goldstone SE, Kawalek AZ, Huyett JW, Infrared
coagulator: a useful tool for treating anal squa-
mous intraepithelial lesions. Dis Colon Rectum
2005;48:1042–54.

88. Stier EA, Goldstone SE, Berry JM, et al. Infrared
coagulator treatment of high-grade anal dysplasia
in HIV-infected individuals: An AIDS malignancy
consortium pilot study. J Acquir Immune Defic
Syndr 2008;47:56–61.

89. Kreuter A, Potthoff A, Brockmeyer NH, et al.
Imiquimod leads to a decrease of human papillo-
mavirus DNA and to a sustained clearance of
anal intraepithelial neoplasia in HIV-infected
men. J Invest Dermatol 2008;128:2078–83.

90. Sanclemente G, Herrera S, Tyring SK, et al.
Human papillomavirus (HPV) viral load and
HPV type in the clinical outcome of HIV-positive
patients treated with imiquimod for anogenital
warts and anal intraepithelial neoplasia. J Eur
Acad Dermatol Venereol 2007;21:1054–60.

91. Singh JC, Kuohung V, Palefsky JM, Efficacy of
trichloroacetic acid in the treatment of anal intra-
epithelial neoplasia in HIV-positive and HIV-
negative men who have sex with men. J Acquir
Immune Defic Syndr 2009;52:474–9.

92. Richel O, De Vries HJ, van Noesel CJ, et al.
Comparison of imiquimod, topical fluorouracil,
and electrocautery for the treatment of anal intra-
epithelial neoplasia in HIV-positive men who
have sex with men: an open-label, randomised
controlled trial. Lancet Oncol 2013;14:346–53.

93. Ong JJ, Chen M, Grulich AE, et al. Regional and
national guideline recommendations for digital ano-
rectal examination as a means for anal cancer screening
in HIV positive men who have sex with men: a system-
atic review. BMC Cancer 2014;14:557–64.

94. Palefsky JM, Screening to prevent anal cancer:
current thinking and future directions. Cancer
Cytopathol 2015;123:509–10.

95. Read TR, Vodstrcil L, Grulich AE, et al. Accept-
ability of digital anal cancer screening examina-
tions in HIV-positive homosexual men. HIV Med
2013;14:491–6.

M
in

i
R

ev
ie

w

2200 Eurogin 2016 Roadmap

Int. J. Cancer: 140, 2192–2200 (2017) VC 2016 UICC


