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Whereas the utility of high-risk HPV (hrHPV) testing is widely accepted in triage of women with atypical squamous lesions, its

role in managing atypical glandular cells (AGC) is not fully elucidated. A systematic review and meta-analysis were performed to

evaluate the accuracy of hrHPV testing in the management of women with AGC to detect underlying high-grade intraepithelial

neoplasia or worse, and adenocarcinoma in situ or worse (AIS1). Additionally, the diagnosis of extra-cervical cancer was consid-

ered as an outcome in this review. A bibliographic database search (PubMed, EMBASE, CENTRAL) identified twelve eligible stud-

ies. The occurrence of cervical intraepithelial neoplasia grade two or worse including AIS1 (CIN21/AIS1), was 19.8% among

women with AGC, and 55.7% among women with AGC and concurrent squamous lesions (atypical squamous cells of undeter-

mined significance or worse, ASC-US1). The pooled sensitivity and specificity of hrHPV-testing with Hybrid Capture 2 (HC2) to

detect CIN21/AIS1 in women with AGC was 90.0% (95% CI 5 85.1–93.4%) and 75.1% (95% CI 5 64.8–83.2%), respectively.

Women who were hrHPV-negative, demonstrated an increased risk for extra-cervical malignancy (endometrium, fallopian tube,

ovary). In women of 50y and older, a hrHPV-negative result was linked with a 18.0% chance of extra-cervical malignancy, while

the chance of cervical pre-cancer and cancer was 0.4 and 0.0%, respectively. In conclusion, given the high risk of underlying

CIN21/AIS1, women with AGC should be referred directly to colposcopy. However, hrHPV test results in combination with the

age, appears to improve the diagnostic process by distinguishing the risk for cervical versus non-cervical lesions.

The cytological diagnosis of atypical glandular cells (AGC) was
defined by the 2001 Bethesda system and was a modification of
the atypical glandular cells of undetermined significance
(AGUS) terminology which was classified by the 1988 Bethesda

system.1,2 The detection of atypical glandular cells (AGC) on
cytologic testing is associated with a substantially increased risk
of underlying or incipient high-grade intraepithelial neoplasia,
adenocarcinoma in situ, squamous cell carcinoma or cervical
adenocarcinoma.3 Occurrence of cervical intraepithelial neo-
plasia grade two or worse (CIN21) and invasive cervical can-
cer ranges from 20 to 30%, and 2 to 7%, respectively.4–8 In
comparison, atypical squamous cells of undetermined signifi-
cance (ASC-US), which is far more prevalent, has a lower like-
lihood of underlying CIN21 (12%), cervical intraepithelial
neoplasia grade three or worse (CIN31, 7%) and especially
invasive cervical cancer (0.1–0.2%).9–11

Given the high risk of precancer or cancer [(pre-)cancer]
associated with glandular cytological lesions, careful evaluation
is needed. However, partly due to its rarity (0.1–0.2% of Pap
smears),12–14 the diagnosis and therapeutic management of
AGC remains challenging for the cytopathologist and clinician
involved. Other important interfering factors are the complex-
ity of lesions (irregular shedding, small size), the potential
involvement of different anatomical sites (endo- and exo-
cervix, endometrium, fallopian tube and ovary) and thus the
broader differential diagnosis.15,16 Current recommendations
for initial management of women with AGC include colpo-
scopy and endocervical sampling. Endometrial sampling is rec-
ommended in women 35 years of age and older, or in women
with clinical indications suggesting a higher risk for endome-
trial cancer (unexplained vaginal bleeding, chronic anovulation,
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polycystic ovarian disease and obesity).17–20 Women with atypi-
cal endometrial cells on cytology are referred to endometrial and
endocervical sampling first, with colposcopy either at the initial
evaluation or deferred until results of endometrial and endocer-
vical sampling are known and no endometrial pathology is
identified.17

Because of documented high false negative rates of colpo-
scopic assessments for glandular lesions, diagnostic excisional
procedures are often suggested in case of a negative or unsat-
isfactory work-up.17,18,21,22 However, with this rather aggres-
sive diagnostic approach it is important to consider the
delicate balance between identifying undetected lesions and
the risk of causing unnecessary discomfort, pain and future
obstetrical complications.23–27 For example, a European study
demonstrated that >60% of excisional specimens from
women with AGC had normal histology,5 while the generally
accepted maximum rate of negative histology in such proce-
dures is 20%.28 This finding suggests that additional testing
modalities would be helpful to identify women at highest risk
for (pre-)cancer. Testing for high-risk types of human papil-
lomavirus (hrHPV) was thought to be valuable and was
included in the initial evaluation of women with AGC in the
2006 American Society of Colposcopy and Cervical Pathology
Consensus Guidelines.19 In 2012, the guidelines changed and
reflex hrHPV testing was no longer recommended, but
hrHPV testing was included in the management of women
with negative findings on initial evaluation.17

In this study, the usefulness of hrHPV testing in the man-
agement of women with a cytological diagnosis of AGC is
evaluated. This was done by conducting a systematic review
and meta-analysis on the accuracy of hrHPV testing to iden-
tify or exclude (pre-)cancerous lesions of the uterine cervix
or superior genital tract. Additionally, data were age-stratified
to test the hypothesis that age could differentiate the risk of
(pre-)cancer in women with AGC.

Material and Methods
Research question

This meta-analysis evaluates the accuracy of hrHPV testing
by the Hybrid Capture 2 assay (HC2) in the management of
women with a cytological diagnosis of AGC to predict the
presence of CIN2, CIN3, squamous cell carcinoma, endocer-
vical adenocarcinoma in situ, endocervical adenocarcinoma,
or other malignancies from the upper genital tract.

Inclusion criteria and search strategy

Studies were eligible if the following criteria were met: (i)
specimens from women participating in cytological screening,
with AGC or AGUS were included, (ii) hrHPV testing was
performed by HC2, and (iii) all specimens were verified with
a reference standard.

The 2001 Bethesda System distinguished two types of sub-
categories of AGC, the first subdivision based on epithelial ori-
gin (endocervical [AGC-EC], endometrial [AGC-EM] or
unspecified [AGC-NOS]), and the second subdivision based on

severity of atypia (favour neoplastic [AGC-FN], unspecified
[AGC-NOS]).1,2 In this systematic review, studies were eligible
whether or not a distinction was made between subtypes of
AGC. Clinical evaluation including colposcopy and directed
biopsy, with or without endocervical curettage was considered
as the reference standard.19 Follow-up cytology of women with
a normal colposcopy was accepted as a valid outcome.

Ten eligible studies had been identified through a previously
performed literature search for a meta-analysis on hrHPV test-
ing in triage of ASC-US and low-grade squamous intraepithe-
lial lesions (LSIL) and for which details on the search strategy
are described elsewhere.9,10 To extend this list, a new system-
atic literature search which focused specifically on reports of
atypical glandular cells was performed in the electronic biblio-
graphic databases Medline, EMBASE, and CENTRAL. For
each database, the search string was comprised of four sub-
strings combined by an AND-operator, which respectively cov-
ered the topics AGC/AGUS, cervix, HPV, and triage. No
language or publication date restrictions were applied. Addi-
tionally, studies that cited, and were cited by a previous meta-
analysis on AGC and other pertinent studies6,15,29–34 were
browsed for additional relevant references using Scopus (Elsev-
ier B.v., Amsterdam, The Netherlands). Eligibility of studies
was evaluated by F.V. and M.A. Authors of publications with
at least 200 participants were contacted for details on the age
stratification, if this was not provided in the report.

Data extraction and statistical analysis

Data on the accuracy of HC2, along with data on possible
covariates, was extracted by F.V. and M.A. Because of limited
data, a distinction between AGC-subtypes1,2 was not made.
Age stratification data was extracted by X.J., P.F.S, and F.V.
Information on the design and characteristics of the study
were abstracted by F.V and M.A. Different outcome categories
were assessed. All studies documented data for the outcome
CIN21, which includes squamous (CIN2, CIN3, cervical inva-
sive carcinoma), glandular (adenocarcinoma in situ [AIS], cer-
vical adenocarcinoma) and mixed (adenosquamous
carcinoma) histological disease categories. In the meta-analysis
presented here, the term CIN21/AIS1 was used for this par-
ticular category, to account for the different possible origins of
disease including both squamous and glandular origins. The
histological outcome AIS1, which includes only glandular
abnormalities, was also evaluated separately. Additionally, a
separate outcome category was used for non-cervical, non-
HPV related35 cancer (nHRC), which contains a mixture of
endometrial carcinoma,32,36–38 endometrial adenocarci-
noma,34,39 and/or extra-uterine malignancy.32,34,38 Endometrial
hyperplasia was not included in our definition of nHRC.

An evaluation of the quality of each study was performed
using the second version of the checklist for quality assess-
ment of diagnostic accuracy studies (QUADAS-2).40 A score
was given to four domains (participant selection, tests, refer-
ence standard, and flow and timing), based on a set of signal-
ling questions assigned to each domain.
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The absolute sensitivity and specificity of HC2 was pooled
jointly using metandi, a procedure in STATA which is based on
the bivariate normal model for the logit transforms of sensitiv-
ity and specificity, taking into account the intrinsic correlation
between true-positive and false-positive rates and the variability
between studies.41,42 Forrest plots were constructed using meta-
prop, a recently developed procedure in STATA.43,44 To assess
the effect of study characteristics on the absolute accuracy, sub-
group meta-analyses were performed using METADAS, a SAS
macro for meta-analysis of diagnostic accuracy studies allowing
inclusion of one covariate. We identified influential reports by
repeating the meta-analysis and consecutively omitting each
individual study.45 All analyses were performed using a random
effect model. Meta-regression was performed using metareg in
STATA, by using publication date as a continuous independent
variable. Statistical significance was defined as p values of
<0.05. We used STATA/SE 10 (STATA, College Station, TX)
and SAS Enterprise Guide 5.1 (SAS Institute, Cary, NC).

Results
Literature retrieval

The yield of the literature search and the inclusion and exclu-
sion of studies are schematically presented in the PRISMA
flow chart (Supporting Information Fig. S1).

Ten eligible studies had already been identified through a
previously performed literature search for a meta-analysis on
hrHPV testing in triage of ASC-US and LSIL.9,10 An addi-
tional systematic literature search resulted in 411 unique refer-
ences, of which 57 were withheld after a primary eligibility
check of the title. After evaluation of the abstract, or the
abstract and full manuscript, 53 manuscripts were excluded.
One study was excluded because merely five specimens with a
diagnosis of AGC were included and none of them had histo-
logically identified CIN21, resulting in a sensitivity of 0%.46

Two studies were excluded because less than eight women
with AGC were identified, and both sensitivity and specificity
reached 100%.47,48 One potentially eligible Chinese article was
excluded after translation, because details that were needed for
our study were not reported and two attempts to contact the
authors were not successful.49 Overall, 53 studies were
excluded due to the following reasons: (i) no primary data
(n5 11); (ii) no AGC/AGUS or <10 participants (n5 9); (iii)
no triage data or triage test was not HC2 (n5 18); (iv) gold
standard not compatible with inclusion criteria (n5 11); or
(v) double reporting (n5 4) (Supporting Information Fig. S1).
A list of excluded studies is presented in Supporting Informa-
tion Table S1. Four eligible manuscripts were included, addi-
tional to the 10 that were already included via another meta-
analysis. Results of an American population, however, were
presented in three manuscripts,4,32,33 therefore, twelve studies
in total were included in this meta-analysis.32–34,36–39,50–55

Among these twelve studies, partial overlap of enrolment peri-
ods was observed among two studies based in a Brazilian
research centre39,52 and two American studies.32,53 However,

all four studies were included since the proportion of non-
overlapping participants was considered large enough.

Study characteristics

Study characteristics of included studies are listed in Support-
ing Information Table S2. Six reports had a prospective
design,36,37,39,51,52,54 while the other six had a retrospective
timing.32,34,38,50,53,55 In general, included studies presented
cross-sectional data. The study of Fetterman et al. (2006) pre-
sented both cross-sectional and longitudinal data.53 Here,
only cross-sectional data were included.

Inclusion criteria for specimens were slightly different for
each of the included studies. One study included women with
AGUS (defined according to the 1988 Bethesda system),36

while the other studies used the newer Bethesda-2001 sys-
tem,1,56 AGC. In this meta-analysis, the term AGC is used as a
collective designation for AGC as well as AGUS. Three studies
separately documented data for participants with AGC, partici-
pants with AGC and concurrent squamous lesions (ASC-
US1), and participants with AIS.39,52,55 In the study of Irvin,
et al. (2005),51 only women with an initial smear result of AGC
which was confirmed upon pathological review, were included.

Five studies documented that 100% of included specimens
were linked to a cervical histologic specimen (punch biopsy,
endocervical curettage, cone biopsy or total hysterectomy) and
a histopathological diagnosis.36,38,50,52,53 In studies where histo-
logical verification was not 100%, participants were considered
free of disease if colposcopy was negative32,51,54 and repeat
cytology was negative.34,39 Endometrial sampling (biopsy or
curettage) was part of the reference standard in half of the
studies.34,36–38,51,54 All included studies presented accuracy
data for an outcome of CIN21/AIS1, which includes squa-
mous high grade lesions (CIN2, CIN3, invasive cervical cancer)
as well as glandular (AIS, cervical adenocarcinoma) and mixed
(adenosquamous carcinoma) lesions. Some studies specified
additional outcome categories such as AIS1, or cancer (squa-
mous cell carcinoma, adenocarcinoma and adenosquamous
carcinoma). Seven studies documented non-cervical disease as
an additional outcome category, including endometrial carci-
noma,32,36–38,55 endometrial adenocarcinoma34,39,55 and/or
extra-uterine malignancy,32,34,38 which was categorized in this
meta-analysis as non-HPV related cancer (nHRC).

The evaluation of the quality of the included studies is
summarized in the QUADAS table (Supporting Information
Table S3). Concerns of bias for the domain of patient selec-
tion were generally low, except for one study where only
patients who had a histologic diagnosis were included,52 one
study where almost 70% of women with AGC did not have
follow-up and were excluded from the analysis,50 and one
study in which only 30% of women had hrHPV testing and
the reason for doing the test was unclear.55 Overall, no con-
cerns were raised concerning blinding of the triage-test,
because of the automatic reading of HC2 test results. Vari-
ability in reference standard was observed among included
studies. For example, some studies reported detailed
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information on endocervical and/or endometrial sampling,
while others only documented data of cervical biopsy (Sup-
porting Information Table S2). Two studies used a mixture
of histologic and cytologic verification.34,37

Meta-analysis

Across all twelve included studies, 3633 women with a diag-
nosis of AGC, and 213 with a diagnosis of AGC and concur-
rent squamous lesions (AGC&ASC-US1) were identified. In
this meta-analysis, data of women with AGC&ASC-US1
were pooled in a separate analysis.

Among women with AGC, histopathologic detection of
glandular lesions (AIS1) was observed in 5.2% (95% CI5 3.0–
7.9%; range: 1.0–19.4%) of the AGC-samples, while the bulk of
detected disease was of squamous nature (disease rate of
CIN21/AIS1: 19.8%, 95% CI5 15.3–24.7%; range: 8.4–
52.8%) (Table 1). Cervical malignancy, including squamous
cell carcinoma, adenocarcinoma, and adenosquamous carci-
noma was detected in 3.6% (95% CI5 1.1–7.5%; range: 1.4–
11.0%) after a diagnosis of AGC. Extra-cervical malignancy
(endometrial, extra-uterine), which is considered non-HPV-
related, was identified in 3.5% (95% CI5 2.0–5.4%; range: 0.7–
5.8%) of women with a cytologic diagnosis of AGC.

Overall, almost 40% of samples were found to be positive
for one or more hrHPV types by HC2 (test-positivity: 39.8%,

95% CI5 32.2–47.5%) (Supporting Information Fig. S4). The
sensitivity of hrHPV testing for CIN21/AIS1 was 90.0% (95%
CI5 85.1–93.4%) (Table 1, Fig. 1). The specificity of HC2 to
reject CIN21/AIS1 was 75.1% (95% CI5 64.8–83.2%) (Table
1, Fig. 1). Analysis of influential studies identified one study as
an outlier for specificity (Supporting Information Fig. S5).55

Omitting this study from the analysis resulted in a specificity of
80.9% (95% CI5 78.6–83.0). Additionally, subgroup meta-
analysis was performed to test the effect of study characteristics
(Supporting Information Table S4). A similar sensitivity but
significantly lower specificity was observed for studies with a
negative score for bias due to suspected partial verifica-
tion50,51,55 compared to studies with a positive score (relative
specificity: 0.41 [95% CI5 0.27–0.65]).

Among 52 cases of cervical cancer, 82.9% (95% CI5 66.6–
92.2%) had positive hrHPV test results (Table 1, Supporting
Information Fig. S2). Of all women with a histological diagno-
sis of nHRC, merely 9.97% (95% CI5 2.5–32.8%) had a posi-
tive HC2 test (Supporting Information Fig. S3).

HC2 testing in women with concurrent glandular and
squamous cytological lesions (AGC&ASC-US1) was docu-
mented in five studies.34,38,39,52,55 Among these, CIN21/
AIS1 was detected in more than half of the samples (disease
rate: 55.7%; 95% CI5 14.0–93.2%; range: 9.2–100%) (Table
2). The sensitivity of hrHPV testing to find CIN21/AIS1

Table 1. Pooled sensitivity and specificity of HC2, and pooled disease rate in women diagnosed with AGC on cytology

Sensitivity Specificity Disease rate

Outcome Number of studies % (95% CI) % (95% CI) % (95% CI)

CIN21/AIS1 12 90.0 (85.1–93.4) 75.1 (64.8–83.2) 19.8 (15.3–24.7)

AIS1 8 88.0 (78.9–93.5) 60.2 (47.1–72.0) 5.2 (3.0–7.9)

CC 4 82.9 (66.6–92.2) 61.0 (39.7–78.8) 3.6 (1.1–7.5)

nHRC 7 9.97 (2.5–32.8) 62.8 (50.2–73.9) 3.5 (2.0–5.4)

Abbreviations: AGC, atypical glandular cells; AIS1, adenocarcinoma in situ or worse; CC, cervical cancer; CI, confidence interval; CIN21, cervical
intraepithelial neoplasia grade two or worse; HC2, Hybrid Capture 2; nHRC, non-HPV related cancer.

Figure 1. Sensitivity and specificity of HC2 to detect CIN21/AIS1 in women with atypical glandular cells. Abbreviations: AIS1, adenocarci-

noma in situ or worse; CI, confidence interval; CIN21, cervical intraepithelial neoplasia grade two or worse. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]
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was 91.0% (95% CI5 73.3–97.4%) (Supporting Information
Fig. S6). The pooled specificity to reject CIN21/AIS1 was
74.5% (95% CI5 29.2–95.4%) (Supporting Information Fig.
S6). Based on data from one study,38 among 130 women
with AGC&ASC-US1, three were diagnosed with nHRC
(disease rate: 2.3%, 95% CI5 0.8–6.6%) and none of these
three women were hrHPV-positive (Table 2).

The risk of cervical (pre-)cancer, and non-cervical malig-
nancy was analyzed separately in three age categories, grouping
women younger than 40 years, women between 40 and 50
years, and finally women of 50 years or older. The risk of
CIN21/AIS1 decreased from 23.2% (95% CI5 15.6–31.7%)
in women <40 years, to 9.1% (95% CI5 5.8–12.9%) in women
40–50 years, and to 3.8% (95% CI5 2.4–5.4%) in women �50
years (p5 0.000) (Fig. 2a). In the same way, based on data

from two studies,34,55 the risk of AIS1 (11.1% [95% CI5 1.5–
27.1%]; 2.1% [95% CI5 0.0–10.3%]; 0.3% [95% CI5 0.0–
2.7%]; for respective age groups) and cervical cancer (3.7%
[95% CI5 0.0–13.8%]; 1.3% [95% CI5 0.0–5.0%]; 0.0% [95%
CI5 0.0–0.9%]; for respective age groups) decreased by age,
but this was not significant (p5 0.1 and p5 0.2, respectively).
On the other hand, the risk of nHRC increased by age
(p5 0.007), from 1.1% (95% CI5 0.0–4.0%) to 4.1% (95%
CI5 2.0–6.9%) and 18.7% (95% CI5 6.1–35.6%), in women
<40 years, 40–50 years and �50 years, respectively (Fig. 2b).

The risk of being hrHPV-positive decreased by age.
Women <40 years, 40–50 years and �50 years, respectively
had 48.2% (95% CI5 35.2–61.4%), 28.3% (95% CI5 16.8–
41.5%), and 26.0 (95% CI5 13.6–40.7) chance of a positive
HC2 test result (p5 0.155) (Fig. 2c).

Table 2. Pooled sensitivity and specificity of HC2, and pooled disease rate in women diagnosed with AGC and concurrent ASC-US1 on
cytology

Sensitivity Specificity Disease rate

Outcome Number of studies % (95% CI) % (95% CI) % (95% CI)

CIN21/AIS1 5 91.0 (73.3–97.4) 74.5 (29.2–95.4) 55.7 (14.0–93.2)

AIS1 1 100.0 (34.2–100.0) 18.2 (5.1–47.7) 15.4 (4.3–42.2)

CC 1 100.0 (20.7–100.0) 16.7 (4.7–44.8) 7.7 (1.4–33.3)

nHRC 1 0.0 (0.0–56.2) 79.5 (71.7–85.6) 2.3 (0.8–6.6)

Abbreviations: AGC, atypical glandular cells; AIS1, adenocarcinoma in situ or worse; ASC-US1, atypical squamous cells of undetermined signifi-
cance or worse; CC, cervical cancer; CI, confidence interval; CIN21, cervical intraepithelial neoplasia grade two or worse; HC2, Hybrid Capture 2;
nHRC, non-HPV related cancer.

Figure 2. Proportion of (a) CIN21/AIS1 and (b) nHRC, and (c) test-positivity of HC2 by age group in women with AGC on cytology. Circles

are values from individual studies. Horizontal red bars represent the meta-analytically pooled values. Vertical black bars represent 95%

confidence intervals around the pooled value. Abbreviations: AGC, atypical glandular cells; AIS1, adenocarcinoma in situ or worse; CIN21,

cervical intraepithelial neoplasia grade two or worse; HC2, Hybrid Capture 2; nHRC, non-HPV related cancer. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com]
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A subgroup meta-analysis on the accuracy of hrHPV test-
ing by age group, demonstrated no significant difference for
sensitivity (p5 0.36) nor specificity (p5 0.49) between
women aged <40 years, 40–50 years or �50 years (data not
shown). The disease rate among hrHPV-positive and hrHPV-
negative women for each age group is shown in Table 3 and
Figure 3. The disease rate of HPV-related disease outcomes
such as CIN21/AIS1, AIS1 and CC was higher in women
with a positive hrHPV result, compared to women with a
negative result. In women younger than 40 years, the risk for
CIN21/AIS1 was 42.2% (95% CI5 36.1–48.5%) when
hrHPV-positive and 9.3% (95% CI5 1.2–22.1%) when
hrHPV-negative (relative risk: 4.4 [95% CI5 1.4–13.5],
p< 0.00). In the same way, for women between 40 and 50
years of age, the risk of CIN21/AIS1 was significantly
higher after a positive compared to a negative hrHPV-test
(relative risk: 10.1 [95% CI5 1.7–58.9], p5 0.001). A nega-
tive hrHPV-test in women with AGC, was linked with a
higher risk of extra-cervical malignancy (Fig. 3). In women
50 years and older, a hrHPV-negative result was linked with
an 18% chance of extra-cervical malignancy (disease rate
nHRC: 18.0% [95% CI5 2.6–40.7%]), while the chance of
cervical pre-cancer and cancer was 0.4% (95% CI5 0.7–
5.9%) and 0.0% (95% CI5 0.0–0.0%), respectively.

Discussion
Our pooled analysis of 12 studies, including data of more than
3,600 women with AGC, demonstrated a high disease rate of
20% with CIN21/AIS1, about 4% with cervical cancer and
4% with extra-cervical cancer. Moreover, in women with con-
current squamous cytological lesions (AGC&ASC-US1), the
rate of CIN21/AIS1 rose up to even 56%, delineating a group
of women at very high risk. Although disease rates have been
shown to vary among different studies, our pooled values are
in line with disease rates documented in previous meta-analy-
ses3,6,7 and studies with longitudinal data.4,52

In this meta-analysis, testing for hrHPV infection demon-
strated good accuracy for the detection of CIN21/AIS1 with a
sensitivity of 90% and a specificity of 75%. In comparison, in tri-
age of ASC-US a similar sensitivity (�90%) and lower specificity
(�60%) have been observed for HC2.9,10 High-risk HPV testing
to triage women to colposcopy, while acceptable for ASC-US, is
not sufficiently safe for women with AGC due to the high base-
line disease rate (20% CIN21/AIS1, 4% cervical cancer). Our
meta-analysis demonstrated that HPV-positivity is associated
with an increased risk of high-grade cervical lesions, but in
women who were hrHPV-negative the risk remained elevated.
Particularly in younger women (<40 years), where the rate of
underlying CIN21/AIS1 was highest (Fig. 2a), hrHPV-

Figure 3. Risk of (a) CIN21/AIS1 and (b) nHRC for women who have AGC and are hrHPV-positive or hrHPV-negative, by age group. Circles

are values from individual studies. Horizontal red bars represent the meta-analytically pooled values. Vertical black bars represent 95%

confidence intervals around the pooled value. Abbreviations: AGC, atypical glandular cells; AIS+, adenocarcinoma in situ or worse; CIN21,

cervical intraepithelial neoplasia grade two or worse; HC2, Hybrid Capture 2; hrHPV, high-risk HPV; nHRC, non-HPV related cancer. [Color

figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

Table 3. Pooled disease rate (proportion, 95% CI) among women with a positive (hrHPV1) or negative (hrHPV-) hrHPV test result, by age
category

<40 y 40–50 y �50 y

Outcome #1 hrHPV1 (%) hrHPV2 (%) hrHPV1 (%) hrHPV2 (%) hrHPV1 (%) hrHPV2 (%)

CIN21/AIS1 4 42.2 (36.1–48.5) 9.3 (1.2–22.1) 26.5 (8.1–50.1) 1.4 (0.0–5.3) 5.8 (0.0–22.7) 0.4 (0.7–5.9)

AIS1 2 13.0 (4.4–24.7) 8.0 (0.0–27.9) 4.0 (0.0–25.9) 1.9 (0.0–6.4) 0.0 (0.0–5.9) 0.0 (0.0–4.5)

CC 2 4.5 (0.3–11.9) 2.0 (0.0–16.5) 2.6 (0.0–17.4) 0.3 (0.0–3.4) 0.0 (0.0–5.9) 0.0 (0.0–0.0)

nHRC 3 0.4 (0.0–3.0) 1.0 (0.0–6.5) 3.4 (0.1–9.6) 3.5 (1.1–6.8) 3.2 (0.0–16.6) 18.0 (2.6–40.7)

1number of studies.
Abbreviations: AIS1, adenocarcinoma in situ or worse; CC, cervical cancer; CI, confidence interval; CIN21, cervical intraepithelial neoplasia grade
two or worse; hrHPV, high-risk human papillomavirus; nHRC, non-HPV related cancer.
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negativity was associated with a risk of CIN21/AIS1 of 9%
(Table 3, Fig. 3). In women 50 years or older, being hrHPV-
negative was linked with a risk of CIN21/AIS1 that could be
considered low enough to refer women to a next screening
round.57–59 However, in this group of women (AGC on cytol-
ogy, hrHPV-negative, and �50 years), an elevated risk for extra-
cervical malignancy was observed (risk of nHRC: 18%).

The use of HPV DNA triage testing in the initial work-up
of AGC, once an important component in the 2006 Ameri-
can guidelines, has been removed in the 2012 guidelines.17,19

Some of the logical reasons for this change include the
increased overall cost, the high baseline risk of (pre-)cancer,
and the fact that non-HPV related extra-cervical lesions may
be more prevalent in this group.

The importance of the negative and positive predictive value
associated with hrHPV testing has been documented
before,36,51,60 and the value of a negative hrHPV test after a diag-
nosis of AGC was proposed in a large American study.32 In this
systematic review and meta-analysis, hrHPV data are analyzed
and age stratification is performed for a large group of women
with AGC, which outnumbers the sample size of previous stud-
ies. Our study substantiates the clinical utility of a negative
hrHPV result as potentially more concerning than a positive
result. In other words, while the utilization of hrHPV testing has
typically been focused on seeking positive tests as identifying an
increased likelihood of disease, we posit the potential benefits of
using an hrHPV negative test result in patients with AGC to
help in predicting a higher risk for extra-cervical or extra-
uterine disease, especially in women of 50 years and older.

According to the updated 2012 American guidelines, for
women with a cytological diagnosis of AGC in which the severity
was not specified (AGC, not otherwise specified) and in whom
CIN21 is not identified, cotesting at 12 and 24 months is recom-
mended.17 The results of previous research, however, have sug-
gested that despite a negative comprehensive evaluation, at least
10% will have a delayed diagnosis, with about half of these origi-
nating from the uterus or an extra-uterine source.14 Given that
these nHRCs tend to be more difficult to identify, any test that
could help identify a subgroup at higher risk would therefore be a
considerable advantage. Although the long-term impact of this
guideline change on women 50 years and older with AGC is yet
to be clarified, delayed evaluation for 12 and 24 months may miss
the ideal timing or strategy for early detection of these nHRCs.

Limitations of this meta-analysis are linked to the scarce
occurrence of AGC in screening, often resulting in retrospec-

tive study designs that are generally limited by the difficulty to
obtain complete clinical and virology data for participants with
sufficiently similar characteristics. Another limitation of this
study is that we were unable to perform subgroup analysis for
women with different subcategories of AGC, due to the lack of
sufficiently detailed data in most of the included studies. In the
two largest included studies, the epithelial origin of AGC was
documented. In both studies, sub-classification by origin
(AGC-EM or AGC-EC) was not perfect. For example, of the
pre-neoplastic and neoplastic lesions diagnosed in women with
a cytological diagnosis of AGC-EM, one fifth or more (20%38;
24%32) were of endocervical nature. Only one study contained
data on the sub classification AGC-favour neoplasia (AGC-
FN) versus AGC not otherwise specified (AGC-NOS)34 and,
not surprisingly, the first category identified a population of
women at increased risk for (pre-)cancer (48% vs. 13%, respec-
tively for AGC-FN and AGC-NOS). Additional detailed data
could aide in being able to propose different follow-up regi-
mens of women with different subtype designation.

A cytological finding of AGUS or AGC is inherently
linked with heterogeneity, which is demonstrated by the
spread of HPV test-positivity and PPV for CIN21/AIS1

(Supporting Information Fig. S4, Fig. 3). In this study, differ-
ent analyses were performed to evaluate this heterogeneity.
Subgroup meta-analysis based on QUADAS2 characteristics
(Supporting Information Table S4) and an evaluation of
influential studies (Supporting Information Fig. S5), indicated
that the value for specificity might be underestimated due to
the inclusion of studies with possible partial verification bias.
Additionally, a time-effect was observed, when year of publi-
cation was used as a covariate. Newest studies (�2011) had a
significantly lower specificity compared to older (2007–2010)
and oldest (�2006) publications. This could be explained by
a slightly increasing trend in test-positivity over time (meta-
regression, p5 0.766), while disease prevalence tended to
decrease slightly (meta-regression, p5 0.539).

In summary, our meta-analysis shows that a diagnosis of
AGC on cytology has a high predictive value for high-grade
histological abnormalities, which justifies the policy of immedi-
ate referral for colposcopy and endocervical sampling. How-
ever, our findings support the usefulness of hrHPV test results
in combination with age as a guidance to put emphasis on
extra-cervical areas during the work-up. Particularly, a negative
hrHPV test result in women 50 years of age or older can raise
caution regarding endometrial, or extra-uterine, disease.
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