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Systematic Review and Meta-Analysis of
Individual Patient Data to Assess the
Sensitivity of Cervical Cytology for
Diagnosis of Cervical Cancer in Low- and
Middle-Income Countries

abstract

Purpose To assess the sensitivity of cervical cytology to cancer by pooling individual patient cytology
results from cancers diagnosed in studies that assessed cervical screening in low- and middle-income
countries.

Methods Two authors reviewed studies identified through PubMed and Embase databases. We included
studies that reported cervical cytology in which at least one woman was diagnosed with cervical cancer
and in which abnormal cytology results were investigated at colposcopy and through a histologic sample
(if appropriate). When cytology results were not reported in the manuscript, authors were contacted.
Stratified analyses and meta-regression were performed to assess sources of heterogeneity between
studies.

Results We included 717 cancers from 23 studies. The pooled sensitivity of cytology to cancer at a cutoff
of a high-grade squamous intraepithelial lesion (HSIL) or worse was 79.4% (95% CI, 67.7% to 86.0%).
Results from stratified analyses did not differ significantly, except among studies that recruited symp-
tomaticwomenorwomen referredbecauseof abnormalcytology,when the sensitivity of cytologywasmuch
higher (95.9%; 95%CI, 86.5% to99.9%). The cutoff of anHSIL orworse detected 85%of the cancers that
would have been detected at a cutoff of atypical squamous cells of undetermined significance or worse
(relative sensitivity, 85.2%; 95% CI, 80.7% to 89.7%).

Conclusion Cytology at a high cutoff could be an excellent tool for targeted screening of populations at high
risk of cervical cancer with a view to diagnose cancer at an earlier stage.

J Glob Oncol 3. © 2017 by American Society of Clinical Oncology Licensed under the Creative Commons Attribution 4.0 License

INTRODUCTION

Cervical cancer is the fourthmost commoncancer
in women. Approximately 85% of the global bur-
den occurs in less-developed regions.1 To reduce
the incidence of cervical cancer, screening has
been offered to women in an attempt to identify
precursors that canbe treated toavoidprogression
to cancer. Cervical cytology relies on the ability of
sample takers to sample the affected region ade-
quately and on the ability of observers to identify
precursor disease. In less-developed countries,
the lack of both infrastructure and quality man-
agementhas led towide variations in the sensitivity
and specificity of cytology testing. In a recent
meta-analysis2 that compared screeningmethods
in low-income countries, the sensitivity of cervical

cytology to cervical intraepithelial neoplasia (CIN)
grade 2 or worse (CIN2+) in studies that assessed
visual inspection with acetic acid and cytology
ranged from 33% to 100%. This wide variation
in cytology performance has meant that recent
research has focused on new screening technol-
ogies (eg, human papillomavirus [HPV] testing),
which are less user dependent.

In resource-poor settings with limited facilities to
treat advanced cancers, the ability to use cytology
in targeted high-risk populations as a tool to detect
cancer at anearly stagecouldhaveabig impact on
cervical cancer mortality. However, little has been
published on the sensitivity of cytology to cancer,
and strategies to detect cervical cancer at an early
stage have been overlooked.
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Here, we aim to assess the sensitivity of cytology to
cancer by pooling cytology results from cancers
diagnosed among participants in studies that
assessed cytology screening in low- andmiddle-
income countries (LMICs).

METHODS

Inclusion Criteria and Outcomes

The protocol outlined the research question, pop-
ulations, exposures, outcome of interest, search
strategies, study selection, inclusion and exclu-
sion criteria, and methods for data extraction and
statistical analysis (including subgroup analyses
but not the meta-regression).

We searched the PubMed and Embase databases
with standard terms to cover the concepts of
cervical intraepithelial neoplasia, sensitivity, Pap
test and developing countries (see Data Supple-
ment for the full search description). We searched
for published articles that resulted from identified
conference abstracts. In addition, bibliographies
of published papers were searched to locate ad-
ditional papers. A fewmanuscripts were identified
after authors were contacted about related stud-
ies. We identified studies in English published
through December 2014 that included cytology,
were conducted in LMICs (as determined by the
World Bank list of economies, July 2014),3 and in
which at least one woman was diagnosed with
invasive cervical cancer.

All studies were reviewed by two investigators
independently (divided among A.C., R.L., D.M.,
H.L., and R.B.) for eligibility criteria according to a
standardized inclusion form. Any differences of
opinion were reconciled by a consensus between
A.C. and R.L.

Inclusion criteria were studies that reported cer-
vical cytology and confirmed abnormal results at
colposcopy and through a histologic sample (if
appropriate). Studies were eligible even if the
cytology results were not reported in the manu-
script. We excluded studies restricted to HIV-
positive women, studies of women who had all
previously undergone cervical treatment, and
studies that were restricted to women who had a
single cytology result (eg, only atypical squamous
cells of undetermined significance [ASCUS] cytol-
ogy). Most cytology results were reported with the
Bethesdasystem terminology; however, a fewstud-
ies used CIN terminology. We classified results in
risk order as follows: normal; inadequate; ASCUS;
mild dysplasia/CIN grade1 groupedwith low-grade
squamous intraepithelial lesions (LSIL); atypical
glandular cells grouped with atypical squamous

cells unable to exclude high-grade squamous
intraepithelial lesions (HSIL; ASC-H); moderate
dysplasia/CIN grade 2, severe dysplasia/CIN
grade 3, carcinoma in situ, and adenocarcinoma
in situ grouped with HSIL; and squamous and
adenocarcinoma grouped as invasive cancers.

Two studies reported both conventional and liquid-
based cytology (LBC).4,5 However, the LBC was
reported by experts, so conventional cytology re-
sults were considered in the main analysis. As a
subanalysis, we show LBC results from these two
studies and from those in Zhao et al.6

Data Collection Process

When data were not reported in the required format
in the published manuscript, we attempted to con-
tact the corresponding author from each study via
e-mail. Two reminders were sent during a period of
8monthsand/or alternative authorswerecontacted.

We collected information on the cytology results
and number of cancers by asking the authors to
complete a simple table of aggregated data (Data
Supplement). Results reported in the manuscript
were extracted directly.

Information was extracted from each included
study on the following: study population data, in-
cluding country, age, and inclusion and exclusion
criteria; study design, including type of screening
tests offered, population enrolled, and criteria for
assessment of disease; number of women tested
with cytology overall and with a cancer diagnosis;
type of cytology laboratory used; and cytology re-
sults from the last test before cancer diagnosis
regardless of how long before diagnosis.

Two authors assessed the quality of included
studies through the QUADAS-2 tool7 for quality
assessment of diagnostic accuracy studies. Dis-
agreements were resolved through discussion.

Summary Measures and Data Analysis

Sensitivity was calculated as the proportion of
women with cancer who had a positive test when
ASCUS or worse, LSIL or worse, andHSIL or worse
were considered. Exact binomial 95% CIs were
calculated (and, when the sensitivity was 100%or
0%, we estimated 97.5%one-sided intervals). We
performed a variance-stabilizing transformation
by taking the arcsine of the square root of the
sensitivity estimate and 1 4 (4 3 the number of
cancers) as the variance.8 Thesewere analyzed in
STATA 12 with the METAAN command (Stata-
Corp, College Station, TX). The pooled estimates
(and 95% CIs) were back-transformed to give the
sensitivity.
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We assessed statistical heterogeneity with the
Cochran Q and Higgins I2 tests, and we defined
heterogeneity as I2.25%orP, .05. In addition,
meta-regressionswere run as separate univariate
analyses to estimate how much of the heteroge-
neity was explained by covariates.9,10

Subanalyses and meta-regressions were con-
ducted by pooling results from studies on the
basis of the following: criteria for assessment of
disease—all enrolled women were referred for
colposcopy assessment, or women who tested
positive to any screening test were referred to colpo-
scopy; type of population studied—symptomatic
women and those referred after an abnormal
cytology test, or a screening population; quality
of cytopathology—local laboratory without men-
tion of special training for the study (lower qual-
ity), or a cancer referral center cytology laboratory
or training and quality assurance carried out as
part of the study (higher quality); number of
cancers in each study—one to nine cancers
(small), 10 to 24 cancers (medium), or 25 or
more cancers (large);WorldBank developmental
indicator—LMIC (no studies in low-income coun-
tries), or upper-middle income country; and type
of screening test offered— HPV testing, no HPV
testing, or LBC.

To explore how the quality of cytology affects the
sensitivity of the test, we included as a continuous
variable in the meta-regression the sensitivity of
cytology toCIN2+at a cutoff of anASCUSorworse,
when available.4,11-23

Details of Ethics Approval

The study used a combination of previously pub-
lished data and aggregated data from individual
studies. All data were anonymous. No ethical ap-
proval was required.

RESULTS

A total of 570uniquestudieswere identified through
PubMed and Embase. An additional 27 studies
were identified through searches of reference lists.
Of the 597 abstracts reviewed, 426 (71%) were
excluded. Full texts were reviewed for 166 papers;
we were unable to locate five papers. We excluded
26manuscriptswithnooriginal data, 41 thatwere
not relevant or did not contain any cervical can-
cers, and 33 because of duplication of data
across more than one manuscript. Three manu-
scripts were published before 1994, and, al-
though we attempted unsuccessfully to contact
the authors, we considered it unlikely that re-
search data would have been kept for longer than

Records identified through
database searching

(n = 570)

Additional records identified
though other sources

(n = 27)

Records after duplicates removed
(n = 597)

Records screened
(n = 597)

Full-text articles assessed for
eligibility
(n = 166)

Studies deemed eligible
(n = 63)

Studies included in quantitative
synthesis (meta-analysis; n = 23
manuscripts; n = 717 cancers)

Records excluded:
Not relevant                                   (n = 426)
No full text available                         (n = 5)

Not relevant/no cancers in study   (n = 41)
No original data reported               (n = 26)
Data duplicated across                  
   manuscripts
Manuscript published before 1994  (n = 3)

Full text articles excluded:

No response from authors (n = 38; 
   cancers: n = 284)
Data destroyed by authors (n = 2;
   cancers: n = 25)

Eligible articles excluded:

(n = 33)

Fig 1. Flowchart of
located studies.
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20 years; therefore, we excluded these manu-
scripts. A total of 63 manuscripts were deemed
eligible (Fig 1).

Data were reported in the format required in 11
studies, which included a total of 247 cervical
cancers.11,14,16,18,19,21,23-27 We attempted to

0 20 40 60 80 100

Almonte et all5,12 (2007 and 2011)

Bhatla et al13 (2012)

Boonlikit25 (2008)

Christe et al14 (2008)

Cremer et al30 (2010)

De Vuyst et al28 (2005)

Denny et al24 (2000)

Deodhar et al15 (2012)

Ferreccio et all4 (2003)

Goel et al16 (2005)

Hegde et al27 (2011)

Jeronimo et al17 (2014)

Kumar et al18 (2007)

Londhe et al19 (1997)

Nessa et al11 (2013)

Patel et al21 (2004)

Sanad et al26 (2014)

Sankaranarayanan et al31,31a (2005 and 2009)

Sankaranarayanan et al20 (2004)

Sarian et al29 (2005)

Singla et al22 (2012)

Wright et al23 (2000)

Zhao et al6 (2010)

Pooled (crude)

Pooled (random effects)

Proportion (%)

79.4 (67.7 to 86.0)

76.2 (73.0 to 79.3) 

Table 2. Sensitivity of Cervical Cytology to Cancer: Crude Pooled Results From 23 Studies

Cytology Test Result or

Summary No. of Cancers % of Cancers (95% CI)

% of Cancers Diagnosed With

Test Result or Worse

Cytology test result

Normal 87 — 100

Inadequate 2 — 87.9

ASCUS 48 — 87.6

LSIL 14 — 80.9

ASC-H 20 — 78.9

HSIL 243 — 76.2

Cancer 303 — 42.3

Total 717

Summary

Sensitivity ASCUS or worse 87.6 (85.2 to 90.0)

Sensitivity LSIL or worse 80.9 (78.0 to 83.8)

Sensitivity HSIL or worse 76.2 (73.0 to 79.3)

Abbreviations: ASC-H, atypical squamous cells unable to exclude high-grade squamous intraepithelial lesions: ASCUS, atypical squamous cells of undetermined significance;
HSIL, high-grade squamous intraepithelial lesions; LSIL low-grade squamous intraepithelial lesions.

Fig 2. Sensitivity
(percent and 95% CI) of
cytology to cancer at
a cutoff of high-grade
squamous intraepithelial
lesion or worse. The center
of the square provides the
value for the sensitivity, and
the size represents the
number of cancers
included in each study.
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contact the investigators from the remaining 52
studies. Authors responded with data for 12
separate studies.4-6,13,15,17,20,22,28-31a For 10
studies, contact details were out of date or not
provided. No data were available for two of the
requested manuscripts, and no response was
obtained from 28 authors. Approximately 309
cancers were included among the 40 studies for
which no response was obtained (the number of
cancers were not reported in seven studies).

For analysis, we include 23 studies with 717
cancers (Table 1). We estimate that we included
70% of all cancers from the identified literature.
Sensitivity results for individual studies at a cutoff of
HSIL or worse are shown in Figure 2. A summary of
cytology results and crude sensitivities for included
studies is listed in Table 2. The crude pooled anal-
ysis of all studies showed a sensitivity of 76.2%
(95% CI, 73.0% to 79.3%) of cervical cytology to
cancer at a cutoff of HSIL or worse. The random

effects model estimated the sensitivity to be 79.4%
(95%CI, 67.7% to 86.0%), and substantial hetero-
geneity between studies was observed (I2, 88.8%;
P, .001).Therespectiveresults foracutoffofLSILor
worse were 80.9% (95% CI, 78.0% to 83.8%) and
86.3% (95% CI, 75.2% to 94.5%); for a cutoff of
ASCUS or worse, they were 87.6% (95%CI, 85.2%
to 90.0%) and 91.1% (95% CI, 81.2% to 97.5%).

Quality assessment of included studies is listed
in Table 1 (Data Supplement). The majority of
studies (n = 15) were deemed at low risk of bias.
Bias was assessed through several subanalyses,
which are presented at a cutoff of HSIL or worse
(Table 3; Fig 3).

Sensitivity was 81.1% (95% CI, 57.1% to 96.6%)
among studies that assessed disease status on all
enrolled women compared with 76.4% (95% CI,
64.9% to86.1%)amongstudies that only assessed
it in women who tested positive to any of the

Table 3. Sensitivity of Cytology to Cancer at a Cutoff of HSIL or worse and 95% CIs for the Subanalyses

Subanalyses No. of Cancers No. of Studies

Sensitivity

% 95% CI

Criteria for assessment of disease

All women received colposcopy 149 12 81.1 57.1 to 96.6

Women received colposcopy
if positive on any screening
test

568 11 76.4 64.9 to 86.1

Screening tests offered

Include HPV testing 391 11 75.4 63.4 to 85.7

Do not include HPV testing 326 12 83.3 59.5 to 97.7

Studies reporting liquid-based
cytology

95 3 78.5 55.6 to 94.6

Type of population enrolled

Symptomatic or abnormal
cytology

52 10 95.9 86.5 to 99.9

General screening 665 13 70.1 57.5 to 81.2

Quality assurance of cytology

Lower quality 89 9 84.6 63.1 to 97.7

Higher quality 35 6 80.1 38.8 to 99.9

No. of cancers in each study

Small (1-9) 49 12 84.9 60.4 to 98.6

Medium (10-24) 96 5 72.2 46.8 to 91.6

Large (> 25) 572 6 78.4 68.2 to 87.1

World Bank development
indicator

Lower middle income 555 16 79.7 63.6 to 91.9

Upper middle income 162 7 79.3 60.7 to 93.2

Pooled (overall) 717 23 79.4 67.7 to 86.0

Abbreviations: HISL, high-grade squamous intraepithelial lesion; HPV, human papillomavirus.
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screening tests offered. Note that, in some studies,
cytology was the only screening test, but in all stud-
ies, women with any abnormality on cytology were
referred to colposcopy. There was evidence of sta-
tisticalheterogeneity amongstudies inbothanalyses
(all enrolled women: I2, 85.7%; P , .001; only
women who tested positive: I2, 84.0%; P , .001).

The effect of verification bias on the sensitivity of
the test was studied by splitting the studies into
those that includedHPV testing and those that did
not, because a large proportion of women who are
negative on cytology are referred to colposcopy
whenHPV testing also is carried out. As predicted,
we observe lower sensitivities when HPV testing
was used to ascertain disease status—75.4%
(95% CI, 63.4% to 85.7%)—compared with
83.3% (95% CI, 59.5% to 97.7%) among studies
that did not include it.

When the LBC results, instead of the conventional
cytology results, forAlmonteet al5,12andFerreccio
et al4 were included, the overall sensitivity of the
test was higher (Data Supplement), because the
LBC results had better sensitivity. However, when

results from Zhao et al6 (the only other study to
report LBC) were added, the sensitivity of LBCwas
similar to theoverall pooled estimate (78.5%;95%
CI, 55.6% to 94.6%).

Amongstudies thatprovidedcytology testing to the
general screening population, the sensitivity was
70.1% (95%CI, 57.5% to 81.2%) compared with
95.9% (95% CI, 86.5% to 99.9%) among studies
that recruited symptomatic women or women re-
ferred because of a previous abnormal cytology.
Little evidence of heterogeneity among studies that
included women with symptoms or those referred
because of abnormal cytology was observed
(I2, 25.6%; P = .06). These results are supported
by the meta-regression: 76% of the variance was
betweenstudies (I2 residual,75.9%;P= .022). The
population enrolled explained 43% of the variance
between studies, and 57% remained unexplained
(adjustedR2, 43.0%).Meta-regression analyses did
not show a significant effect of any of the other
covariates (Fig 3).

When the quality of the cytology was considered,
we found higher sensitivities, although CI overlap,
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Fig 3. Pooled analysis
and subanalysis of the
sensitivity of cytology to
cancer at a cutoff of
high-grade squamous
intraepithelial lesion or
worse. The center of the
square provides the value
for the sensitivity, and the
size represents the number
of cancers included in each
study.

534 Volume 3, Issue 5, October 2017 jgo.org JGO – Journal of Global Oncology

http://jgo.org


among studies that had lower-quality cytology
(84.6%; 95% CI, 63.1% to 97.7%) than higher-
quality cytology (75.8%; 95% CI, 62.1% to
87.2%). Similar results were observed when the
number of cancers in each study was considered.
It is worth noting that studies with lower-quality
cytology only were also more likely to offer colpo-
scopy to women with abnormal cytology. The
World Bank development indicator made little
difference to the sensitivities (Table 3).

We estimated the relative sensitivity of HSIL or
worse compared with ASCUS or worse to account
for the exclusion of women with negative cytology
from some studies. For this analysis, the study by
Boonlikit25 was excluded, because no one with
a result of ASCUS was enrolled. The relative sensi-
tivity was 85.2% (95% CI, 80.7% to 89.7%). There
wasno evidence of statistical heterogeneity between
studies in this analysis (I2, 6.2%, P = .730).

The sensitivity of cytology to cancer was strongly
correlated to thesensitivityofcytology toCIN2+;46%
of the variance was between studies (I2 res, 45.9%;
P = .005). Sensitivity to CIN2+ was able to explain
85%of the variance between studies, and only 15%
remained unexplained (adjusted R2, 85.0%).

DISCUSSION

Overall,we found that cytologyat acutoff ofHSILor
worse had a sensitivity to cancer of 79%. Consid-
erably higher sensitivity (96%) was observed
among studies that included symptomatic women
orwomenwhohadabnormal cytology thanamong
studies that enrolled women from the general
screening population (70%). We consider a cutoff
of HSIL or worse to be appropriate when cytology
was used to diagnose cancer, because it detected
85% of cancers with abnormal cytology. Results
suggest that the use of cytology to identify cancer
would bewell suited for use in high-risk or targeted
groups.

This study takes data from studies that use cervical
cytologyasascreening tool andassessed itsuseasa
test for earlydetectionofcancer. It is the first study, to
our knowledge, to evaluate the use of cytology to
diagnose cervical cancer in LMICs, and it includes
approximately 70% of cancers identified as eligible
for this study from a wide range of settings.

Verification bias could potentially affect sensitivity
of cytology in all included studies, because colpo-
scopy can easily miss endocervical cancers, par-
ticularly when it is not guided by prior cytology.
Here, we take a pragmatic approach and consider
verification bias to be minimal if all HPV-positive
women have colposcopy. The risk of bias, then,

will be related to the proportion of those referred to
colposcopy who receive colposcopy. It is seen that
the absolute sensitivity of cytology atHSIL or worse
is indeed dependent on the study population and
referral criteria,whereas the relative sensitivity (com-
pared with ASCUS or worse) is homogeneous.

Authors from research organizations thatmainly aim
to carry out this type of research were more likely to
respond to our requests for data, and cytology sam-
ples takenaspartof thesestudiesmaybebetter than
cytology taken in routine settings.

Judgement of the quality of cytology through the
details reported ineachstudywasnot straightforward
and issubjective.Bias towardahigher sensitivity than
that observed in routine practice may remain.

We used the country income level from the World
Bank in 2014, though most of the studies were
conductedbefore then. It is possible that countries
have moved from lower-middle to upper-middle
income levels, or vice versa, in the intervening
period; this would lead to misclassification bias in
that subanalysis.

Most cross-sectional studies took the cytologywithin
3 months of the diagnosis of cancer. However, for
some studies, in particular the cohort studies, we do
not know how long before diagnosis of cancer the
cytology was taken. Onewould expect the sensitivity
of the test for cancer to be lower, the longer it was
before diagnosis.

Despite these limitations, the overall high sensitivity
ofHSIL orworse cytology to invasive cancer is clear.

The sensitivity of cytology to cancer at a cutoff of
HSIL or worse (79%)was similar to the sensitivity of
cytology at a cutoff of ASCUS or worse to CIN2+
reported in a meta-analysis by Mustafa et al.2 They
found that, among studies (all of which were from
LMICs) that compared visual inspection with acetic
acid to cytology, the sensitivity of cytology to CIN2+
at a cutoff of ASCUS or worse was 84% (95% CI,
76% to 90%). This suggests that the sensitivity of
cytology tocancer issimilar to its sensitivity toCIN2+
in a population screening context.

The main benefit of using cytology at a high cutoff
to diagnose cervical cancer would be earlier stage
at diagnosis, with the ability to offer lifesaving treat-
mentoptions, reducemortality, and improvequality
of life. In developing countries, which lack screen-
ing programs, the incidence of cervical cancermay
be up to six times higher than in developed coun-
tries, and up to 80% of patients present with
advanced disease.32 In addition, facilities to treat
advanced cancers are limited in many developing
countries; for example, many countries have more
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than 2 million people per radiotherapy unit, and
some countries do not have any radiotherapy
units.33

The use of cytology to downstage cancers has not
been given appropriate consideration as a viable
alternative, even though the low-cost alternative
(visual inspection of the cervix with a speculum) is
proven not to be a suitable primary screening
modality for cervical cancer.34 In England, Landy
et al35 found that the majority of cancers (72.6%)
in women diagnosed at age 66 years or older who
did not have a cytology test within 12 months of
diagnosis were diagnosed with FIGO stage 2 or
worse. However, among women of the same age
who had cytology in the 12 months before diagno-
sis (presumably because of symptoms, because
screening is not offered in this age group), the
proportion with FIGO stage 2 or worse disease de-
creased to 56.2%, and these women had better
survival thanwomenwithout cytology. Several other
authors also have found that, among symptomatic
woman, diagnosis of cervical cancer through cytol-
ogy resulted in better survival.36,37

Although one may expect the sensitivity of cytology
to cancer to be high even when the sensitivity to
CIN2+ is low, we found that the sensitivity of cytol-
ogy to cancer was highly related to the sensitivity to
CIN2+ (at a lower cutoff). Therefore, quality control
of cytology will remain necessary when cytology is
used to diagnose cancer.

Restriction of cytology to symptomatic womenand
HSIL or worse referral for further investigation at
colposcopy of those who have a result of HSIL or
worse would free up resources that could be used
to improve the quality of cytology to ensure sen-
sitivities of HSIL or worse to cancer greater than
75% in all settings.

In conclusion, cytology testing at a threshold of
HSIL or worse is an excellent tool for targeted
screening of populations at high risk of cervical
cancer,with agoal of cancer diagnosis at anearlier
stage. Evidence suggests that a sensitivity of greater
than 75% would be observed in all settings.

DOI: https://doi.org/10.1200/JGO.2016.008011
Published online on jgo.org on March 1, 2017.

AUTHOR CONTRIBUTIONS

Conception and design: Peter Sasieni
Collection and assembly of data: Alejandra Castanon, Rebecca
Landy, Dimitrios Michalopoulos, Roshni Bhudia, Hannah
Leaver, You Lin Qiao, Fanghui Zhao
Data analysis and interpretation: Alejandra Castanon, Rebecca
Landy, Peter Sasieni
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

AUTHORS’ DISCLOSURES OF
POTENTIAL CONFLICTS OF INTEREST

The following represents disclosure information provided by
authors of this manuscript. All relationships are considered
compensated. Relationships are self-held unless noted. I =
Immediate Family Member, Inst = My Institution. Relation-
ships may not relate to the subject matter of this manuscript.
For more information about ASCO’s conflict of interest policy,
please refer to www.asco.org/rwc or ascopubs.org/jco/site/ifc.

Alejandra Castanon
No relationship to disclose

Rebecca Landy
Consulting or Advisory Role: Cambridge Cognition (I),
Takeda (I)

Dimitrios Michalopoulos
No relationship to disclose

Roshni Bhudia
No relationship to disclose

Hannah Leaver
No relationship to disclose

You Lin Qiao
Consulting or Advisory Role: MSD
Research Funding: GE Healthcare
Travel, Accommodations, Expenses: MSD

Fanghui Zhao
No relationship to disclose

Peter Sasieni
Honoraria: Hologic
Consulting or Advisory Role: GRAIL
Expert Testimony: Teva, Mylan, Sandoz, Dr Reddy’s
Laboratories

ACKNOWLEDGMENT
We thank the following authors and co-authors for taking the
time to provide data for this study: Luis Sarian and Sophie
Derchain, State University of Campinas (UNICAMP), Brazil;
Neerja Bhatla, All India Institute of Medical Sciences, New
Delhi, India; Hugo De Vuyst, Prevention and Implementation
Group, International Agency for Research on Cancer (IARC,
Lyon, France); Sankaranarayanan and Richard Muwonge,
Screening Group Early Detection and Prevention Section ,
IARC; Miriam Cremer and Katie Bergman at Basic Health
International, New York, NY; Eduardo L. Franco, Division of
Cancer Epidemiology, McGill University, Quebec, Canada;
Jose Jeronimo, Program for Appropriate Technology inHealth,
Seattle, WA; and Mark Schiffman, Division of Cancer
Epidemiology and Genetics, National Cancer Institute,
Bethesda, MD.

536 Volume 3, Issue 5, October 2017 jgo.org JGO – Journal of Global Oncology

http://ascopubs.org/doi/full/10.1200/JGO.2016.008011
http://jgo.org
http://www.asco.org/rwc
http://ascopubs.org/jco/site/ifc
http://jgo.org


Affiliations

Alejandra Castanon, Rebecca Landy, DimitriosMichalopoulos, Roshni Bhudia, Hannah Leaver, andPeter Sasieni,Wolfson Institute of
PreventiveMedicine, London,United Kingdom; and You Lin Qiao and Fanghui Zhao,National Cancer Center and Cancer Hospital,
Chinese Academy of Medical Sciences, Beijing, China.

Support

Supported by Cancer Research UK grant No. C8162/A16872.

Prior Presentation

Presentedasaposterpaper at the31st InternationalPapillomavirusConferenceandClinicalWorkshop,CapeTown,SouthAfrica,
February 28-March 4, 2017.

REFERENCES
1. Ferlay J, Soerjomataram I, Ervik M, et al: The GLOBOCAN project: Cancer incidence and mortality worldwide. Lyon,

France, International Agency for Research on Cancer (IARC), IARC CancerBase No. 11, GLOBOCAN 2012 v1.0,
2013. http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx

2. Mustafa RA, Santesso N, Khatib R, et al: Systematic reviews and meta-analyses of the accuracy of HPV tests, visual
inspection with acetic acid, cytology, and colposcopy. Int J Gynaecol Obstet 132:259-265, 2016

3. The World Bank Group: World Bank list of economies. http://www.people-x.com/WBLE(2014).pdf

4. Ferreccio C, Bratti MC, ShermanME, et al: A comparison of single and combined visual, cytologic, and virologic tests as
screening strategies in a region at high risk of cervical cancer. Cancer Epidemiol Biomarkers Prev 12:815-823, 2003

5. Almonte M, Ferreccio C, Gonzales M, et al: Risk factors for high-risk human papillomavirus infection and cofactors for
high-grade cervical disease in Peru. Int J Gynecol Cancer 21:1654-1663, 2011

6. Zhao FH, Lin MJ, Chen F, et al: Performance of high-risk human papillomavirus DNA testing as a primary screen for
cervical cancer: A pooled analysis of individual patient data from 17 population-based studies from China. Lancet
Oncol 11:1160-1171, 2010

7. Whiting PF, Rutjes AW, Westwood ME, et al: QUADAS-2: A revised tool for the quality assessment of diagnostic
accuracy studies. Ann Intern Med 155:529-536, 2011

8. Cox DR: Analysis of binary data, in Cox DR and Hinkley DV (eds): Monographs on Statistics and Applied Probability.
London, UK, Chapman and Hall, 1970, pp 110

9. Higgins JP, Thompson SG: Quantifying heterogeneity in a meta-analysis. Stat Med 21:1539-1558, 2002

10. Higgins J, Green S. Cochrane Handbook for Systematic Reviews of Interventions, Version 5.1.0. The Cochrane
Collaboration, London, United Kingdom, 2011

11. Nessa A, Nahar KN, Begum SA, et al: Comparison between visual inspection of cervix and cytology-based screening
procedures in Bangladesh. Asian Pac J Cancer Prev 14:7607-7611, 2013

12. Almonte M, Ferreccio C, Winkler JL, et al: Cervical screening by visual inspection, HPV testing, liquid-based and
conventional cytology in Amazonian Peru. Int J Cancer 121:796-802, 2007

13. Bhatla N, Puri K, Kriplani A, et al: Adjunctive testing for cervical cancer screening in low-resource settings. Aust N Z J
Obstet Gynaecol 52:133-139, 2012

14. Christe DM, Mohanambal M, Ramamurthy V, et al. A study of cervical cancer screening for prevention of carcinoma
cervix. J Indian Med Assoc 106:779-780, 782, 2008

15. Deodhar K, Sankaranarayanan R, Jayant K, et al: Accuracy of concurrent visual and cytology screening in detecting
cervical cancer precursors in rural India. Int J Cancer 131:E954-E962, 2012

16. Goel A, Gandhi G, Batra S, et al: Visual inspection of the cervix with acetic acid for cervical intraepithelial lesions. Int J
Gynaecol Obstet 88:25-30, 2005

17. Jeronimo J, Bansil P, Lim J, et al. Amulticountry evaluation of care: HPV testing, visual inspection with acetic acid, and
Papanicolaou testing for the detection of cervical cancer. Int J Gynecol Cancer 24:576-585, 2014

18. Kumar K, Iyer VK, Bhatla N, et al: Comparative evaluation of smear cytology and hybrid capture II for the diagnosis of
cervical cancer. Indian J Med Res 126:39-44, 2007

19. LondheM, George SS, Seshadri L: Detection of CIN by naked eye visualization after application of acetic acid. Indian J
Cancer 34:88-91, 1997

20. Sankaranarayanan R, Thara S, Sharma A, et al: Accuracy of conventional cytology: Results from a multicenter
screening study in India. J Med Screen 11:77-84, 2004

21. Patel TS, Bhullar C, Bansal R, et al: Interpreting epithelial cell abnormalities detected during cervical smear screening:
A cytohistologic approach. Eur J Gynaecol Oncol 25:725-728, 2004

537 Volume 3, Issue 5, October 2017 jgo.org JGO – Journal of Global Oncology

http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx
http://www.people-x.com/WBLE(2014).pdf
http://jgo.org


22. Singla S, Mathur S, Kriplani A, et al: Single visit approach for management of cervical intraepithelial neoplasia by visual
inspection and loop electrosurgical excision procedure. Indian J Med Res 135:614-620, 2012

23. Wright TC Jr, Denny L, Kuhn L, et al: HPV DNA testing of self-collected vaginal samples compared with cytologic
screening to detect cervical cancer. JAMA 283:81-86, 2000

24. Denny L, Kuhn L, Pollack A, et al: Evaluation of alternative methods of cervical cancer screening for resource-poor
settings. Cancer 89:826-833, 2000

25. Boonlikit S: Prevalence of high-grade cervical lesion in women with LSIL and HSIL cytology and prevalence of invasive
cancer in women cytologically positive for malignancy. Asian Pac J Cancer Prev 9:715-718, 2008

26. Sanad AS, Ibrahim EM, Gomaa W: Evaluation of cervical biopsies guided by visual inspection with acetic acid. J Low
Genit Tract Dis 18:21-25, 2014

27. Hegde D, Shetty H, Shetty PK, et al: Diagnostic value of acetic acid comparing with conventional Pap smear in the
detection of colposcopic biopsy-proved CIN. J Cancer Res Ther 7:454-458, 2011

28. De Vuyst H, Claeys P, Njiru S, et al: Comparison of Pap smear, visual inspection with acetic acid, human papillo-
mavirus DNA-PCR testing, and cervicography. Int J Gynaecol Obstet 89:120-126, 2005

29. Sarian LO, Derchain SF, Naud P, et al: Evaluation of visual inspection with acetic acid (VIA), Lugol’s iodine (VILI),
cervical cytology, and HPV testing as cervical screening tools in Latin America. J Med Screen 12:142-149, 2005

30. Cremer ML, Peralta EI, Dheming SG, et al: Digital assessment of the reproductive tract versus colposcopy for directing
biopsies in women with abnormal Pap smears. J Low Genit Tract Dis 14:5-10, 2010

31. Sankaranarayanan R, Nene BM, Shastri SS, et al. HPV screening for cervical cancer in rural India. New Engl J Med
360:1385-1394, 2009

31a. Sankaranarayanan R, Nene BM, Dinshaw KA, et al: A cluster randomized controlled trial of visual, cytology and
human papillomavirus screening for cancer of the cervix in rural India. Int J Cancer 116:617-623, 2005

32. Kitchener HC, Symonds P: Detection of cervical intraepithelial neoplasia in developing countries. Lancet 353:
856-857, 1999

33. Samiei M: Challenges of making radiotherapy accessible in developing countries. Cancer Contr 85-94, 2013

34. Sankaranarayanan R, Nene BM, Dinshaw K, et al: Early detection of cervical cancer with visual inspectionmethods: A
summary of completed and on-going studies in India. Salud Publica Mex 45:S399-S407, 2003 (suppl)

35. Landy R, Castanon A, Dudding N, et al: Cervical cytology and the diagnosis of cervical cancer in older women. J Med
Screen 22:207-212, 2015

36. Andrae B, Andersson TM, Lambert PC, et al: Screening and cervical cancer cure: Population based cohort study. BMJ
344:e900, 2012

37. Zucchetto A, Ronco G, Giorgi Rossi P, et al: Re: Lead time and down-staging in the survival of cervical cancer cases
detected by screening. Prev Med 57:404-405, 2013

538 Volume 3, Issue 5, October 2017 jgo.org JGO – Journal of Global Oncology

http://jgo.org

