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In May 2018, the World Health Organization
(WHO) called for a global initiative to eliminate
cervical cancer as a public health problem. To
achieve this goal, global scale-up of effective
vaccination against the human papillomavirus
(HDPV) as well as screening for and treatment of
cervical cancer are required. Cervical cancer
screening was evaluated in 2005 by the Interna-
tional Agency for Research on Cancer (IARC)
Handbooks program,' and a reevaluation was
deemed to be timely given the major advances in
the field since then. The new handbook provides
updated evaluations of the effectiveness of
screening methods, which were used as a basis
for the update of the WHO Guideline for Screening
and Treatment of Cervical Pre-cancer Lesions for Cervical
Cancer Prevention.? We convened an IARC Working
Group of 27 scientists from 20 countries to as-
sess the evidence on the current approaches to
and technologies used in cervical cancer screen-
ing with the use of the newly updated Hand-
books Preamble® (Fig. 1) and Table 1).

Cervical cancer is the second most common
cancer and the second most common cause of
death from cancer in women of reproductive age
worldwide.* The highest incidence and mortality
rates are generally observed in countries with
the lowest values on the Human Development
Index®; these rates also correlate with a high

prevalence of infection with the human immu-
nodeficiency virus (HIV).®

The natural history of cervical cancer is well
understood, and a multistep carcinogenesis model
is widely accepted, with HPV infection, progres-
sion to precancer, and invasion to cancer viewed
as critical steps (Fig. 2). Cervical cancer is largely
preventable through both vaccination and screen-
ing for precursor lesions, with appropriate fol-
low-up and treatment.” As a secondary objective,
screening may lead to early detection of cancer,
which may allow for earlier treatment and a re-
duction in the risk of death from cervical cancer.
The prevention of cervical cancer and death
through screening typically relies on a multistep
process that includes screening, triage of pa-
tients with positive results on screening, confir-
mation on biopsy, and treatment of patients with
precancerous lesions. Delivery of screening and
treatment is available in many countries through
programs that are population based (organized)
or nonpopulation based (unorganized) or through
opportunistic screening; settings with limited
resources may adopt a screen-and-treat approach
(testing immediately followed by treatment, with-
out confirmation on biopsy). Participation rates
and coverage vary widely across countries and
settings.® The main determinants of participa-
tion are socioeconomic status, ethnic group,

Figure 1 (facing page). Schematic Representation of the Review and Evaluation Process of the IARC Handbooks for Secondary Prevention

of Cervical Cancer.
WHO denotes World Health Organization.
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Participants

Category
IARC Secretariat

Working Group members

Invited Specialists

Representatives

Observers

IARC Participants

" Criter®

Description

Scientists who are designated by IARC or WHO and who
have relevant expertise

Independent international interdisciplinary scientists selected
on publication records and without conflict of interest

Scientists with expert knowledge but conflicting interest;
provide technical expertise on specific aspects of topic

Scientists of national and international health agencies

Scientists with competing interest

Scientific Review and Evaluation Process

Identification of review questions
Example data

Screening
Early detection of precancerous lesions or invasive
cancer to reduce cancer incidence or mortality

Screening -+ Cancer outcome

Early diagnosis
Increased awareness of cancer to stimulate health-
care seeking behavior leading to earlier diagnosis

/ - Early diagnosis - Cancer outcome

Y

C I and transparent

P
identification of relevant information

Types of studies included

Experimental
+ Randomized, controlled trials
« Tandem studies

Observational
« Cohort studies
« Case—control studies

Role

Provide scientific guidance and support with administration,
documentation, and publication

Coordinate all aspects of preparation, development, and
publication of Handbook

Write study summaries, review body of evidence, and
develop evaluations

Write text not pertaining to evaluations; do not participate
in evaluations

Do not draft text or participate in evaluations

Do not draft text or participate in evaluations

Extraction of information, including
data relevant to study quality

[ Study description
[ Study population

Y [0 Outcome measurement
r | i
Evaliiation of O Intervention measurement
¥ [ Other potential sources of
study quality 3
bias
[0 Assessment of potential
confounding

[ Statistical methodology

Peer review (in-house
and within Working Group)

Synthesis of results and quality of study ‘

« Strength of association
+ Reasons for inconsistency
« Consistently observed in several studies
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Y
« Cross-sectional studies ﬂ
Combined analyses Interpretiltl:;frls('::fstuf.ilfr r:s:l.;s and evaluation
« Meta-analyses rength of evidence
+ Pooled analyses
+ Network analyses Overall Evaluation
Group A The screening method is established
v to reduce cancer incidence or mortality
Screening, selection, and Group B The screening method may reduce
organization of studies cancer incidence or mortality
Studies involving  Studies involving  Studies on test GroupC  The screening method is not
) g e ; ; = : ; L
(LT cancer_madence, intermediate accuracy classifiable as to its capacity to reduce
mortality, or both  outcomes (e.g. cancer incidence or mortality
as outcomes precancerous
markers) Group D The screening method may lack the
capacity to reduce cancer
incidence or mortality
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Table 1. Evaluation Criteria for the IARC Handbooks.*

Group Method Comment

A The cancer screening method A causal preventive association between the use of screening method and cancer incidence or
is established to reduce the mortality is established — that is, a preventive association has been observed consistently in the
incidence of cancer of the body of evidence on use of the screening method or methods and cancer incidence or mortality,
target organ or to reduce mor- and chance, bias, and confounding have been ruled out with reasonable confidence as explana-
tality from cancer of the target  tions for the association. When the evidence is classified in Group A, the evaluation is followed
organ. by separate statements as to the screening regimen to which each evaluation of a screening

method applies or applies most strongly; as to whether the effectiveness of that screening method
has been established; as to the magnitudes of the benefits and the harms of the screening method,
in as nearly comparable terms as possible, for people adhering fully to the screening approach
most commonly implemented in practice; and as to whether the benefits outweigh the harms.

B The cancer screening method A causal preventive association between use of the screening method and cancer incidence or
may reduce the incidence of mortality is credible, but chance, bias, or confounding could not be ruled out with reasonable
cancer of the target organ or ~ confidence as explanations for the association, or a causal preventive association between use of
may reduce mortality from the screening method and the incidence of precancer or clinically advanced cancer has been es-
cancer of the target organ. tablished in the absence of an established association for cancer incidence or mortality, respec-

tively. When the evidence is classified in Group B, a sentence is included that states the screen-
ing regimen to which each evaluation of a screening method applies or applies most strongly.

C The cancer screening method  Either the available studies are of insufficient quality, consistency, or statistical precision to en-
is not classifiable as to its ca-  able a conclusion to be drawn about the presence or absence of a causal preventive association
pacity to reduce the incidence  between the screening method or methods and cancer incidence or mortality, or there is some
of cancer of the target organ or evidence that the screening method or methods have a preventive effect, based on precancer or
to reduce mortality from cancer clinically advanced cancer as outcomes, but not enough evidence to qualify for the Group B clas-
of the target organ. sification. The first of the above conditions indicates that relevant studies are available but all are

of poor quality or uninformative or that there are relevant studies available of sufficient quality,
but their results are inconsistent or otherwise inconclusive.

* |ARC denotes International Agency for Research on Cancer.

1910

Downloaded from nejm.org at UNIVERSITY OF EDINBURGH LIB on November 11, 2021. For personal use only. No other uses without permission.

health insurance status, and education level; ac-
cess to services may also be a problem for some
women owing to a lack of power, authority, or
control,”!® which in some settings represent ma-
jor barriers to participation.

Although we remain cognizant that success-
ful reduction in the incidence of cancer can oc-
cur only with appropriate follow-up and treat-
ment of screen-positive women, the aim of this
evidence review is to evaluate primary screening
tests for their effectiveness in reducing the inci-
dence of cervical cancer and the risk of death
associated with cervical cancer. Postscreening
components of care (i.e., management, includ-
ing colposcopy, and treatment) and issues relat-
ed to implementation have not been assessed;
these topics are considered in the updated WHO
Guideline for Screening and Treatment of Cervical Pre-
cancer Lesions for Cervical Cancer Prevention.” Here, we
briefly summarize the scientific evidence re-
viewed by the Working Group and discuss the
rationale and considerations that underlie the
evaluations (Table 2) and the comparative state-
ments (see Table 3). The full report will be pub-
lished as part of the IARC series of handbooks
on cancer prevention.!

EFFECTIVENESS OF SCREENING

The Working Group reviewed and evaluated the
evidence relative to the efficacy and effectiveness
of screening by conventional cytology, liquid-
based cytology, visual inspection with acetic
acid, nucleic acid testing, and cytology based on
Romanovsky—Giemsa staining. A summary of the
evidence is presented below.

CONVENTIONAL CYTOLOGY

Cervical cytologic analysis (Papanicolaou testing)
was widely introduced as a screening test during
the 20th century without having been assessed in
randomized, controlled trials. The previous IARC
Handbook on cervical cancer screening (2005)!
identified 7 cohort studies and 20 case—control
studies conducted in multiple countries and con-
cluded that there was sufficient evidence that
screening by conventional cytology had reduced
the incidence of and mortality associated with
cervical cancer. Since then, a randomized, con-
trolled trial™®* and numerous population-based
observational studies (5 cohort studies and 20
case—control studies) conducted in multiple coun-
tries and settings have compared the incidence of
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cervical cancer and mortality among women who
were screened with those among women who were
not screened.* This body of evidence is supported
by ecologic data on the incidence of cervical cancer
and on the mortality associated with cervical can-
cer from population-based registries obtained after
the introduction or expansion of cytologic screen-
ing. The aggregate evidence from all sources
shows that the use of conventional cytologic analy-
sis consistently reduces the incidence of and mor-
tality associated with cervical cancer, with greater
effects observed in organized screening programs.
On the basis of these results, the Working Group
confirmed the previous evaluation and concluded
that screening with cytology is established to re-
duce the incidence of and mortality from cervical
cancer (Group A). The Working Group, recogniz-
ing the subjective nature of the test and the strong
need for appropriate training and systems to en-
sure and maintain high quality, noted that this
evaluation applies to conventional cytologic screen-
ing performed within a quality-assured laboratory
system with appropriate follow-up and treatment.

LIQUID-BASED CYTOLOGY

Eight randomized, controlled trials">** and nu-
merous observational studies in a population-
based, nationwide program have compared the
accuracy of liquid-based and conventional cyto-
logic analysis. The studies were conducted in set-
tings that use cytologic analysis as a stand-alone,
first-level test, with different strategies of referral
for colposcopy. Overall, as compared with conven-
tional cytologic analysis, liquid-based cytologic
analysis had a similar or higher sensitivity for the
detection of cervical intraepithelial neoplasia (CIN)
of grade 2 or higher (CIN2+) and grade 3 or
higher (CIN3+), a similar or lower specificity and
positive predictive value, and a lower proportion
of unsatisfactory slides. In addition, one random-
ized, controlled trial® and two observational stud-
ies in which the longitudinal outcomes of liquid-
based cytologic analysis were assessed showed
that there was a good correlation between the
baseline detection rate and reduced incidence of
CIN2, CIN3, and invasive cancers in subsequent
screening rounds. On the basis of the similar
performance of liquid-based cytologic analysis
and conventional cytologic analysis, the Work-
ing Group extended the previous evaluation and
concluded that screening with liquid-based cytol-
ogy reduces the incidence of and the mortality
associated with cervical cancer (Group A).

VISUAL INSPECTION WITH ACETIC ACID

Three population-based, cluster-randomized in-
tervention trials conducted in India assessed the
effectiveness of visual inspection with acetic acid
(VIA) as compared with no screening in reduc-
ing the incidence of or mortality associated with
cervical cancer.®>?** In two of the three trials,
there was a consistent and significant reduction
in mortality as compared with no screening af-
ter a single round"? or multiple rounds* of VIA
screening. A reduction in mortality may have
resulted from the detection and treatment of
precancerous lesions, the downstaging of inva-
sive cervical cancer (i.e., a shifting of the stage
distribution of cancers detected toward a lower
stage), or both. The reduction in the incidence of
cervical cancer after VIA screening was observed
in only one of the three randomized trials.?® In
addition, a smaller randomized, controlled trial
conducted in a “screen-and-treat” setting in
South Africa showed a reduction in the detection
of CIN2+ 6 months after VIA screening as com-
pared with the control (standard care).”® On the
basis of these results, the Working Group up-
dated the previous evaluation and concluded that
VIA is established to reduce the mortality associ-
ated with cervical cancer (Group A) and may
reduce the incidence of cervical cancer (Group
B). The Working Group, recognizing the subjec-
tive nature of the test, noted that this evaluation
applies to VIA screening implemented with the
use of quality assurance, performed by well-
trained health care workers, and conducted with
appropriate follow-up and treatment.

HPV NUCLEIC ACID TESTING

A single randomized, controlled trial conducted
in India®® evaluated thebeneficial effects among
women of nucleic acid testing for high-risk HPV
genotypes as compared with no screening on
the mortality associated with cervical cancer and
showed that a single round of screening reduced
mortality by nearly half. All other available stud-
ies relied on the comparison of HPV testing with
cytologic analysis, VIA, or both. In a pooled analy-
sis of four European randomized trials, HPV test-
ing led to a greater reduction in the incidence of
cervical cancer than did cytologic analysis.”® Fur-
thermore, numerous cohort studies conducted in
screening settings, as well as diagnostic-test
accuracy studies that compared HPV testing (in-
cluding HPV DNA and mRNA testing) with cyto-
logic analysis, VIA, or both, showed that HPV
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A Prevalence of HPV Infection, Precancer, and Cancer
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testing is more effective in detecting cervical pre-
cancers and in subsequently reducing the incidence
of cervical cancer as compared with other screen-
ing approaches. On the basis of these results, the
Working Group extended a previous evaluation and
concluded that HPV nucleic acid testing is estab-

lished to reduce the incidence of and mortality
associated with cervical cancer (Group A).

CYTOLOGY BASED ON ROMANOWSKY—GIEMSA STAINING
Romanowsky—Giemsa staining has been used
for a long time to stain many types of cytologic
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Figure 2 (facing page). Schematic Representation of the Natural History of Cervical Cancer.

The age at onset of human papillomavirus (HPV) infections is roughly the average societal age of first intercourse (Panel A). HPV infections
are very common, and infections — even with carcinogenic types — are usually benign. A high proportion of infections disappear within a
few months, with a median clearance of most screen-detected infections of about 1 year and a large fraction undetectable within 2 to 3 years.
Only a very small proportion of carcinogenic HPV infections are detectable after more than 5 years (without progression to precancer). Pro-
gression to precancer depends on the HPV type and time of persistence; most precancers will regress with time. Only a very small proportion
of precancers will evolve into cancer, again depending on HPV type and the duration of persistent infection. The whole process from HPV
acquisition to cancer diagnosis typically takes decades, although more rapid transitions have also been observed. The measurable transitions
between the normal cervix and HPV infection can be named simply appearance and disappearance of HPV detection, to acknowledge the
limitations of existing measurement assays and the potential for reactivation of latent infections. The transitions between infection and pre-
cancer can be described as progression to and regression of precancer (Panel B). Invasion is considered a typically irreversible natural history
transition when HPV-positive cells cross the basement membrane. The currently available tests for cervical cancer screening detect lesions
at different stages in the process of carcinogenesis (Panel C). HPV tests (DNA or mRNA) detect the presence of the virus immediately after
infection. The abnormal cells that are observed with conventional or liquid-based cytologic screening typically appear at a later stage after in-
fection. Lesions that are further advanced may be detected on visual inspection with acetic acid, but the performance of this test is highly
variable. The tests used for triage of screen-positive women are more specific molecular biomarkers of carcinogenesis.

Table 2. Evaluation of the Effectiveness of Cervical Cancer Screening Methods.*

Screening Method Body of Evidence Group

Reduction  Reduction
in Mortality in Incidence

Conventional cytology A A

7 cohort studies
20 case—control studies

Data from Cervix Cancer
Screening (2005) *

Additional data 1RCT
5 cohort studies
20 case—control studies
Numerous ecologic studies

Liquid-based cytology A A

Liquid-based cytology alone 1 RCT
2 observational studies

Comparison of liquid-based 8 RCTs
cytology with conventional Numerous observational studies

cytology
HPV nucleic acid testing A A

HPV alone 1 RCT

Comparison of HPV testing 1 pooled analysis of 4 European RCTs (vs. cytology)
with cytology (conventional 4 additional RCTs (vs. cytology)
or liquid-based), with vi- 10 cohort studies (vs. cytology)
sual inspection with acetic 1 pooled analysis of 7 cohort studies (cotesting vs. cytology)
acid, or with cotesting 6 additional cohort studies (cotesting vs. cytology)
Numerous studies of diagnostic-test accuracy

Visual inspection with aceticacid 3 cluster-randomized trials (cancer incidence or mortality) A B
1 RCT (precancerous lesion detection rate)

Cytology based on Romanowsky— Trend studies C C
Giemsa staining

* HPV denotes human papilloma virus, and RCT randomized, controlled trial.

specimens. It remains in use in some states of the
former Soviet Union in screening for cervical can-
cer because of the lower costs of a single exami-
nation and the wider availability of materials as
compared with Papanicolaou staining. However,
no comparative study on the accuracy, efficacy, or

effectiveness of the technique in cervical cancer
screening was available to the Working Group.
Furthermore, data on the screening performance
of programs adopting this method suggest low
reproducibility and low specificity.”* On the ba-
sis of this information, the Working Group con-
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Table 3. Comparative Effectiveness of the Established Cervical Cancer
Screening Methods.*

Methods Compared

HPV DNA testing vs. VIA

HPV DNA testing vs. cytology
HPV DNA testing vs. cotesting

Comparison of Benefit-to-Harm Balances
HPV DNA testing >> VIA
HPV DNA testing > cytology
HPV DNA testing = cotesting

* The symbol >> indicates that the benefits of testing clearly outweigh the harms,
the symbol > that the benefits outweigh the harms, and the symbol = that the ben-
efits do not outweigh the harms. VIA denotes visual inspection with acetic acid.

7 Cotesting involves screening and cytologic analysis combined.
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cluded that screening with cytology based on
Romanowsky—Giemsa staining is not classifi-
able as to its capacity to reduce the incidence of
or the mortality from cervical cancer (Group C).

BALANCE OF BENEFITS AND HARMS

The benefits of cervical cancer screening out-
lined above need to be balanced against possible
harms. All the screening methods reviewed may
cause pain or discomfort during examination or
sample collection®; self-sampling (collection of the
sample by the woman herself) for HPV testing
may reduce discomfort.?® Screening for cervical
cancer may also generate anxiety related to the
screening procedure itself, the receipt of results,
and any subsequent diagnostic and treatment
pathways. A positive result is associated with
increased levels of anxiety and distress and may
arouse concerns about cancer; it may also trigger
feelings of stigma and shame, particularly after a
positive HPV test result.” Potential physical harms
associated with subsequent diagnostic procedures
and treatment include risks of bleeding, infec-
tion, and adverse obstetric outcomes.*® A com-
mon measure of harm is the rate of referral to
colposcopy and treatment. Tests with higher pro-
portions of false positive or unsatisfactory results
are associated with additional potential harms,
such as increased costs to patients, loss to follow-
up, and loss of confidence in the service.
Overall, the Working Group concluded that
the benefits of screening with HPV nucleic acid
testing or with cytologic analysis outweigh the
harms for women 30 years of age or older. There
is less certainty regarding the value of either
technique for women younger than 30 years of
age, especially when triage testing of HPV-posi-
tive women is not in place. With VIA, the bene-
fits in terms of reduction in the incidence of and
mortality associated with cervical cancer, as well

as the harms related to false positive test results,
are highly variable and observer-dependent;
therefore, whether the benefits of VIA will con-
sistently outweigh its harms is unclear.?*

COMPARISON OF SCREENING METHODS

In addition to evaluating these screening meth-
ods separately, for each comparison for which
evidence was available, the Working Group as-
sessed the comparative effectiveness. The rela-
tive benefits and harms as well as the balance of
benefits and harms were considered.

HPV DNA TESTING AS COMPARED WITH CYTOLOGY
The effectiveness of HPV DNA testing has been
compared with that of cytologic analysis (conven-
tional or liquid based) in eight randomized, con-
trolled trials involving routine settings in which
screening for cervical cancer was provided®** (one
of the trials involved a previously unscreened
population®®); in 10 cohort studies that used re-
sults from regional, national, and pilot primary
HPV DNA screening programs; in six cohort stud-
ies in which cotesting (HPV DNA screening and
cytologic analysis combined) was compared with
cytologic analysis alone; in one pooled analysis
of seven other such cohorts; and in numerous
studies of the accuracy of diagnostic tests. Over-
all, HPV DNA testing is more sensitive than cyto-
logic analysis for the detection of CIN2+ and is
associated with reduced detection rates of CIN2+
in subsequent screening rounds and with a greater
reduction in the incidence of cervical cancer
than cytologic analysis when the same screening
interval is used. The risk of CIN3+ over a period
of 3 to 10 years is lower after a negative HPV
DNA test result than after a negative cytologic
test result. Overall, the benefits of the greater
reduction in the incidence of and mortality asso-
ciated with cervical cancer outweigh the harms
related to the increase (mainly in the first round)
in positive results and colposcopy referrals and
the potential increase in psychological harms
observed with HPV DNA testing. With the infra-
structure permitting, the use of adequate triage
tests can greatly reduce colposcopy referral rates
while ensuring a high sensitivity for the detec-
tion of precancerous lesions.” The balance is
expected to be even more favorable after several
rounds of HPV DNA-based screening, since HPV
DNA testing allows for longer intervals between
screenings than cytologic analysis.
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HPV DNA TESTING AS COMPARED WITH VIA

Two randomized, controlled trials, three cross-
sectional studies, and a pooled analysis of two
cohorts have been conducted to assess the effec-
tiveness of HPV DNA testing as compared with
that of VIA in cervical cancer screening.'>13254650
Overall, a greater number of high-grade cervical
lesions (CIN2+, CIN3+, or both) were detected
with HPV DNA testing. In randomized trials, as
compared with VIA, HPV DNA testing led to a
greater reduction in detection rates of CIN2+ at
both 6 months®® and 36 months* and to a great-
er reduction in cervical cancer of stage II or higher
and in mortality associated with cervical can-
cer.'>>! Because of the high variability of VIA, the
test positivity was inconsistent across studies, and
the respective harms associated with the methods
could not be compared. Thus, HPV DNA testing
results in greater benefits than VIA, and these
benefits outweigh the potential increase in both
true and false positive results. VIA has other sub-
stantial limitations, such as subjectivity, heteroge-
neity, and potential misclassification of outcomes.

HPV DNA TESTING ALONE AS COMPARED

WITH COTESTING

Cotesting is defined as simultaneous HPV DNA
testing and cytologic testing conducted with the
use of the same sample. The comparative effec-
tiveness of HPV DNA testing alone and cotesting
has been assessed in numerous studies, includ-
ing a meta-analysis®® of three randomized, con-
trolled trials.”®>> The studies spanned nearly 15
years and differed regarding the referral strate-
gies used, the follow-up time established, and
the outcomes examined (CIN2+, CIN3+, and in-
vasive cancer). As compared with HPV DNA test-
ing alone, there is a minimal increase in sensi-
tivity and a lower specificity for the detection of
CIN2+ and CIN3+ with cotesting, which has led
to an increase in referrals for colposcopy and
possibly treatment and a decrease in positive
predictive value in referred women (increased
detection of regressive lesions). The difference in
sensitivity affects very few cases, which suggests
that the effect of the cytologic component of
cotesting is very limited and that the effect on
cancer incidence is unclear.® Furthermore, over
a longer follow-up period, the cumulative risks
of CIN2+ and CIN3+ differ minimally between
women with cotest-negative results and women
with HPV-negative results.”” The benefits of co-
testing do not outweigh the harms.

CONSIDERATIONS REGARDING
THE EVALUATION

Several approaches to cervical cancer screening
were classified in Group A. Considerations as to
which technology to implement include test per-
formance and factors such as reproducibility,
barriers to implementation, scalability, and cost,
among others.?

Cytology is effective and is still widely used.
However, it is prone to subjective assessment
and lacks reproducibility. Conventional cytologic
analysis may result in a large proportion of un-
satisfactory slides; in contrast, liquid-based cyto-
logic analysis overcomes some of these quality
issues and provides the opportunity to perform
both molecular and cytologic tests with a single
sample (e.g., both when HPV testing is used for
triage of atypical or mildly abnormal cytologic
analysis and when cytologic analysis is used for
triage of HPV-positive women). As compared
with HPV-based screening, cytologic screening
requires more frequent testing and thus a great-
er number of tests over a lifetime to achieve the
same reduction in cancer incidence. In addition,
cytologic analysis cannot be conducted on pa-
tient-collected specimens.

Thus far, owing to its low cost, low infra-
structure requirements, and potential to reduce
loss to follow-up in screen-and-treat approaches,
VIA has been implemented in resource-con-
strained settings and countries with limited ac-
cess to health care. However, the evidence that
VIA reduces the incidence of cervical cancer is
weak. In addition, proper training is needed to
implement VIA screening, and harmonized in-
terpretation criteria still need to be defined. In
settings that have implemented VIA-based
screening, the transition to HPV testing will ac-
celerate the reduction in the cancer burden.

HPV detection involves an objective molecular
test. As mentioned, HPV testing allows for longer
intervals between screenings than cytologic analy-
sis. HPV DNA testing can also be performed on
vaginal samples that women collect themselves,
an approach that extends access to screening to
underserved populations. A systematic review
and meta-analysis of 56 studies of diagnostic-
test accuracy®® and several additional, more re-
cent studies®* have shown that as compared with
tests performed with the use of cervical samples
collected by a clinician, tests performed with the
use of vaginal samples collected by women them-
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selves can achieve a similar sensitivity and
specificity for the detection of CIN2+ or CIN3+
when polymerase-chain-reaction assays are used
for the detection of HPV but not when signal
amplification or HPV mRNA tests are used.

HPV mRNA testing has been shown to have
similar cross-sectional sensitivity and higher spec-
ificity than HPV DNA testing for the detection of
CIN3+, but evidence regarding longitudinal out-
comes is limited. Although a negative HPV
mRNA test indicates a lower risk of CIN2+ over
a period of 3 years than a negative result on cy-
tologic analysis,®¢ it is not clear whether the
beneficial effect is equivalent to that of a nega-
tive result on an HPV DNA test.

It is important to use triage when determin-
ing which HPV-positive women need colposcopy,
which need treatment, and which need both.
Triage helps to maximize the benefits of cervical
screening and to limit the harms, and it can
have a substantial effect on the performance of
a screening program. There are several triage
strategies, each of which is associated with dif-
ferent performance characteristics. They include
the use of genotyping for HPV16/18, cytologic
analysis, p16/Ki67 dual staining, colposcopy, VIA,
and combinations thereof.>*

The age at which screening is started or
stopped varies in programs around the world.
The Working Group did not evaluate the best age
at which screening should be started or stopped.
The appropriate starting age may depend on the
natural history of HPV infections in a population,
the duration and coverage of the vaccination
program, and other factors. The Working Group
noted that the screening of older women (i.e.,
>065 years of age) with the use of cytologic (con-
ventional or liquid-based) analysis or HPV testing
may continue to be effective, particularly in women
without a history of regular normal screens.®”

Special consideration is required when screen-
ing women living with HIV, since they are at in-
creased risk for HPV infection, precancerous cer-
vical lesions, and cancer, particularly women who
have a history of immunosuppression.®®®® There-
fore, in settings in which there is a high preva-
lence of HIV (e.g., in sub-Saharan Africa), a
screen-and-treat approach based on the results
of an HPV test may lead to substantial overtreat-
ment. On the basis of the scant evidence avail-
able on screening in this population, the WHO
suggests using an HPV DNA primary screening
test, with triage of HPV-positive women; triage

may reduce the proportion of test-positive women
for whom referral and treatment are warrant-
ed.”*”2 Both overtreatment and undertreatment
may occur when VIA is used to screen women
living with HIV. Whereas there can be many false
positive results, VIA may not detect precancerous
lesions that are at high risk for progression.

Although several methods currently used in
screening are effective in reducing the incidence
of and the mortality associated with cervical
cancer, HPV testing alone is the most effective
given its balance of benefits and harms. It is
noteworthy that most of the evidence used to in-
form these evaluations comes from high-income
settings, whereas the burden of disease and
death is highest in low-resource settings, where
data are scant.

Even when interventions that have been estab-
lished to be effective are used, successful preven-
tion of cervical cancer requires quality-assured
health systems that can provide adequate follow-up,
including triage when necessary, and appropri-
ate treatment for women with positive screens, all
of which can pose major challenges in resource-
limited settings.”” Alongside the scaling up of
HPV vaccination and cancer treatment, increas-
ing global levels of screening and treatment will
bring the elimination of cervical cancer as a

public health problem within reach.
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