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OBJECTIVE: To evaluate the diagnostic accuracy and

clinical utility of posttreatment tests to predict treatment

failure after excisional treatment of cervical intraepithe-

lial neoplasia grade 2 or worse (CIN 2+).

DATA SOURCES: Electronic databases (EMBASE,

PubMed MEDLINE) were searched for studies published

from January 1975 to August 2024 assessing the occur-

rence of treatment failure in women who underwent

excisional treatment for histologically confirmed CIN 2+

lesion.

METHODS OF STUDY SELECTION: Previously published

meta-analyses were extended and updated. A total of

1,802 studies were reviewed. Studies that assessed the

diagnostic accuracy of the margin status, cytologic test-

ing, combination of cytology and high-risk human papil-

lomavirus (HPV), or combination of margin status and

high-risk HPV compared with high-risk HPV testing were

included. The primary outcome was treatment failure

(residual or recurrent CIN 2+) and the absolute and rel-

ative diagnostic accuracy to predict this outcome. Stud-

ies with at least 18 months of follow-up were included.

TABULATION, INTEGRATION, AND RESULTS: Forty-six

studies and 20,385 women were included in the analysis.

Treatment failure occurred in 6.6% of patients. The

pooled sensitivity and specificity of high-risk HPV testing

were 86.8% and 80.5%, respectively. Cytology had a sen-

sitivity of 70.8% and a specificity of 85.7%, pooled from

34 studies. Compared with high-risk HPV testing in the

same studies, cytology was 6.5% more specific (95% CI,

1.024–1.108) but 21.3% less sensitive (95% CI, 0.702–

0.882). Assessment of the margin status was 39.9% less

sensitive (95% CI, 0.532–0.678) but similarly specific (95%

CI, 0.970–1.069) to high-risk HPV testing in 29 studies,

with a pooled sensitivity and specificity of 48.9% and

82.5%, respectively. Co-testing with cytology and high-

risk HPV was similarly sensitive (95% CI, 0.992–1.061) but

10.5% less specific (95% CI, 0.850–0.944) compared with

high-risk HPV testing in 16 studies, with a pooled sensi-

tivity and specificity of 94.7% and 69.9%, respectively.

The pooled sensitivity and specificity of co-testing with

margin status and high-risk HPV were 96.9% and 55.7%,

respectively, 6.6% more sensitive (95% CI, 1.021–1.114)

but 26.7% less specific (95% CI, 0.637–0.844) than high-

risk HPV testing in eight studies. Involved resection mar-

gins, abnormal cytology, and a positive high-risk HPV test
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result were associated with a failure risk of 16.1%, 29.0%,

and 26.1%, respectively. Women with negative margins,

normal cytology, and a negative high-risk HPV test result

had a failure risk of 3.6%, 2.3%, and 0.9%, respectively.

The risk of treatment failure was highest for women with

involved margins and a positive high-risk HPV test result

(45.3%) and lowest for women with negative margins and

a negative high-risk HPV test result (0.3%). Abnormal

cytology and a positive high-risk HPV test result

increased the risk of treatment failure to 42%, whereas

normal cytology and a negative high-risk HPV test result

decreased the risk to 0.6%.

CONCLUSION: High-risk HPV testing is highly sensitive

and specific to predict residual or recurrent CIN 2+ after

excisional treatment. Cytologic testing and assessment of

the margin status are slightly more and similarly specific,

respectively, but both are significantly less sensitive.

High-risk HPV testing can sufficiently inform the post-

treatment management based on the posttest risk of

treatment failure, unlike both cytology and assessment

of the margin status. High-risk HPV testing alone per-

forms similarly to co-testing with cytology or margin sta-

tus. Posttreatment high-risk HPV testing is therefore an

accurate predictor of treatment failure in women treated

for CIN 2+.

(Obstet Gynecol 2025;00:1–13)

DOI: 10.1097/AOG.0000000000005997

Cervical cancer is the fourth most common cancer
in women globally and the most frequent cancer

of the female reproductive system.1 Invasive cervical
cancer is preceded by precursor lesions called cervi-
cal intraepithelial neoplasia (CIN).2 These premalig-
nant lesions are graded according to histopathologic
criteria and the risk of progression, correlated to the
degree of CIN.3–6 Women with CIN 3 have a long-
lasting, significantly increased risk of developing
invasive cervical cancer, and approximately one in
three women with untreated CIN 3 progresses to
invasive carcinoma.5,7 Although spontaneous regres-
sion is more common for CIN 2, the risk of progres-
sion to CIN 3 or invasive cervical cancer remains
significant; therefore, treatment is required.2,8 Early
detection and treatment of premalignant cervical le-
sions is a highly effective intervention to prevent
cervical cancer.9 Different treatment modalities are
available for high-grade CIN, including excisional
and ablative techniques or hysterectomy.10 Exci-
sional therapies such as large loop excision of the
transformation zone, loop electrosurgical excision,
laser conization, and cold-knife conization are the
most commonly used and offer the ability to provide
histopathologic evaluation of the excised tissue.10–12

Histologic analysis of excised tissue helps ensure
complete excision of the lesion through assessment
of the lesion margins. In addition, rates of subse-
quent development of invasive cancer seem to be
lower after excisional treatment compared with abla-
tive techniques.13 After treatment, women remain at
an increased risk of developing invasive cervical can-
cer compared with the general population, and treat-
ment failure, defined as residual or recurrent high-
grade CIN, occurs in an average 7% of treated pa-
tients within 2 years, varying between 8% and 14%
among studies.14–18 Therefore, accurate prediction of
treatment failure could enable effective posttreat-
ment management.

The status of the excisional margins is associated
with the risk of residual or recurrent CIN, but its role
as an accurate predictor of treatment failure is
controversial. Positive margins have been described
to increase the risk of treatment failure.18–20 A recent
meta-analysis found that involvement of the endocer-
vical but not the ectocervical margins is a risk factor
for residual or recurrent CIN.14 However, the accu-
racy of the margin status as a test of cure is subopti-
mal; nearly half of all women with residual or
recurrent CIN have clear margins, and approxi-
mately 15% of women considered cured have
involved resection margins.16,18 Follow-up with
cytology screening has historically been a corner-
stone of posttreatment management.21 Women with
consecutive negative Pap test results at posttreatment
follow-up and women with normal cytology in
population-based screening programs were found to
have a similar risk of treatment failure, justifying a re-
turn to routine screening.22–24

The purposes of this systematic review and meta-
analysis were to update the findings from previous
reviews and to compare the diagnostic accuracy and
clinical utility of different posttreatment tests to pre-
dict treatment failure. We compared the accuracy of
the margin status and posttreatment cytology, alone
or in combination with high-risk human papillomavi-
rus (HPV) testing, with standalone posttreatment
high-risk HPV testing as a method to predict residual
or recurrent high-grade CIN. In addition, we evalu-
ated the risk associated with each test result to inform
the appropriate management, including referral to col-
poscopy, further surveillance, or return to routine
screening.

DATA SOURCES

This review and meta-analysis follows the PRISMA
(Preferred Reporting Items for Systematic Review
and Meta-analyses) guidelines for reporting of meta-
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analyses.25 The PICOS (population-intervention-com-
parator-outcome-study–type) components for the
posed clinical questions and our literature search strat-
egy, which included key words and MeSH terms per-
tinent to the defined PICOS, are described in
Appendix 1, available online at http://links.lww.
com/AOG/E211. We searched for published reviews
and new studies from EMBASE and PubMed MED-
LINE in the period of January 1, 1975, to August 1,
2024. Clinical trial registries were not consulted
because our review focused on studies addressing
a diagnostic test accuracy question. References were
extracted from previously published reviews.18,19

New references addressing the research question not
yet included were extracted de novo. Reference lists
of published reviews and selected reports were
consulted.

STUDY SELECTION

For the purpose of this review, we searched for cohort
studies assessing the occurrence of treatment failure,
meaning recurrent or residual CIN grade 2 or worse
(CIN 2+), in relation to the defined index and com-
parator tests. In addition, we searched for case–con-
trol studies assessing the index and comparator tests in
women with treatment failure and women successfully
treated. Studies were deemed eligible for inclusion if
they included women who underwent excisional treat-
ment for a histologically confirmed CIN 2+ lesion
and 1) assessed the presence or absence of CIN at
the resection margins, 2) performed cytologic testing
between 3 and 9 months after treatment, 3) performed
a combination of cytology and high-risk HPV, or 4)
performed margin status and high-risk HPV testing
between 3 and 9 months after treatment. Lastly, stud-
ies were included if they had a subsequent follow-up
of at least 18 months after treatment, including histo-
logic confirmation of CIN 2+ occurrence. The resec-
tion margins were considered positive if CIN 2+ was
present at the resection margin and negative if mar-
gins were free of neoplasia. Covariates that were as-
sessed include severity of the treated disease (CIN 2+,
CIN 3+, or adenocarcinoma in situ), the method of
treatment (large loop excision of the transformation
zone, cold-knife conization, or laser conization), and
localization of resection margin involvement (endo-
cervical, ectocervical, or both).

For studies assessing the association of margin
status with treatment failure published until Decem-
ber 31, 2006, data were extracted from the meta-
analysis by Ghaem-Maghami et al.19 Studies pub-
lished in 2006–2016 regarding association of margin
status and posttreatment high-risk HPV testing with

treatment were extracted from the meta-analysis by
Arbyn et al.18 Study selection and data extraction
for more recent studies published in 2016–2024
regarding the new accuracy questions were done by
two authors (L.B. and A.T.R.). Possible conflicts were
resolved by discussion and, if necessary, were
resolved by third author (M.A). The quality of new
included diagnostic accuracy studies was assessed with
the QUADAS tool.26

The primary end point was treatment failure,
defined as the occurrence of residual or recurrent CIN
2+ after treatment. Assessment of the absolute and
relative diagnostic accuracy to predict this outcome
was the primary objective.

For statistical analysis, the following data were
extracted from included studies: study character-
istics (author, year, country, study design), patient
characteristics (sample size; mean age and range;
mean, minimum, and maximum follow-up duration;
treatment procedure; treated lesion), status of the
resection margins, results of index and comparator
tests, type of tests, timing of tests, and histologic
grade of residual or recurrent lesions. Proportions
(occurrence of treatment failure overall and in pa-
tients positive or negative for index or comparator
test) were pooled with a random-effects meta-
analysis model of binomial data with a Freeman–
Turkey arcsine transformation.27 A bivariate
random-effects meta-analysis model was used to
pool diagnostic accuracy data (sensitivity, specific-
ity).28 To pool relative risks (risk of residual or
recurrent disease in women positive vs negative for
index or comparator test), a random-effects inverse-
variance model for ratios of proportions was used.29

Interstudy heterogeneity was assessed by the I 2

index.30 In place of the negative predictive value
(NPV) the complement to the NPV (complement
to the NPV512NPV) was reported. It quantifies
the likelihood that a person receiving a negative test
result is actually positive for the condition, with
a higher complement to the NPV indicating poorer
reliability of the negative test result. Pretest and
posttest probability plots connect the pretest risk
with the posttest risk after a positive or negative test
result, calculated from positive and negative likeli-
hood ratios. The gradient corresponds to the bench-
marks, defined as risk levels of 2% and 20%. Risk
levels exceeding 20% (red zone; high risk) warrant
referral to colposcopy; risk levels below 2% (green
zone; low risk) warrant return to routine screening.
Risk levels between 2% and 20% (yellow zone; inter-
mediate risk) warrant further surveillance. All statis-
tical analyses were performed with Stata 16.1.
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RESULTS

A total of 46 studies published between 1997 and
2024 were included in the meta-analysis of diagnostic
test accuracy (Appendix 2, available online at http://
links.lww.com/AOG/E211). Four studies31–34 ad-
dressing the accuracy of the margin status, cytology,
or high-risk HPV testing to predict residual or recur-
rent CIN 2+ were extracted from the meta-analysis
by Ghaem-Maghami et al.19 Twenty-eight studies
were included in the meta-analysis by Arbyn
et al,18,22,35–60 and 14 new studies were added that
addressed the same question.61–74 The detailed char-
acteristics of newly included studies are described in
Appendix 3, available online at http://links.lww.
com/AOG/E211.The initial search identified 1,727
publications, and 75 potentially eligible studies were
identified in previous meta-analyses. Of the 89 total
studies assessed for inclusion after primary screening
based on title and abstract, 43 were excluded from
the meta-analysis. Among these, 32 studies had resid-
ual or recurrent CIN 1 as the sole outcome, six of
which also had insufficient follow-up (less than 18
months). Four studies included solely patients treated
for CIN 1 and were therefore excluded. Seven stud-
ies were excluded for insufficient follow-up, and one
study evaluated only high-risk HPV testing without
a comparator test. Twenty-nine studies provided data
for the accuracy of posttreatment high-risk HPV test-
ing and accuracy of the margin status for the out-
come of CIN 2+. Thirty-four studies evaluated
accuracy of cytology and high-risk HPV testing.
Eight studies looked at the accuracy of high-risk
HPV testing and co-testing of margin status with
high-risk HPV testing. Sixteen studies had informa-
tion about the accuracy of high-risk HPV testing and
co-testing with cytology and high-risk HPV. The
main results from the meta-analysis are summarized
in Table 1.

A total of 20,385 women treated for CIN 2+ were
enrolled across all included studies. The quality of
newly included studies was assessed with the QUA-
DAS tool and varied from moderate to good (Appen-
dix 4, available online at http://links.lww.com/AOG/
E211). The most problematic items were reporting of
uninterpretable results for the index or comparator
test and for the reference test: 6 of the 14 studies
(42.8%) did not report uninterpretable results for the
index or comparator test, and in two studies (14.3%),
reporting was unclear. Two of the 14 studies (14.3%)
did not report uninterpretable results for the reference
test, and reporting was unclear in 10 studies (71.4%).
Masking of the outcome was scored as problematic in

five studies (35.7%), and partial and differential veri-
fication was problematic in four studies (28.6%) and
three studies (21.4%), respectively.

Across all 42 included cohort studies, the pooled
occurrence of treatment failure (residual or recurrent
CIN 2+) in women treated for cervical precancer
(CIN 2 or CIN 3) was 6.6% (95% CI, 5.6–7.7%).
The prevalence of residual or recurrent CIN 2+ was
heterogeneous across all studies (range 1.4–15.8%,
I2585.80%, P5.00) (Fig. 1). The failure rates did not
differ by severity of the treated disease: 6.7% for CIN
2+ (95% CI, 5.6–7.8%) and 5.6% for CIN 3+ (95% CI,
3.9–7.7%) (P5.376) (Appendix 5, available online at
http://links.lww.com/AOG/E211).

The sensitivity and specificity to predict residual
or recurrent CIN 2+ were pooled for each index test
and compared with high-risk HPV testing alone. The
sensitivity and specificity, pooled from 46 studies that
performed high-risk HPV testing, were 86.8% (95%
CI, 81.2–92.5%) and 80.5% (95% CI, 77.2–83.7%),
respectively. Of 34 studies that performed cytology
testing, the pooled sensitivity and specificity were
70.8% (95% CI, 60.4–81.2%) and 85.7% (95% CI,
83.0–88.4%), respectively. Cytology was 21.3% less
sensitive than high-risk HPV testing (sensitivity ratio
0.787, 95% CI, 0.702–0.882) but 6.5% more specific
(specificity ratio 1.065, 95% CI, 1.024–1.108), taking
only the studies that performed both these tests into
account. Involvement of the resection margins was
assessed in 29 studies and showed the lowest absolute
pooled sensitivity (48.9%, 95% CI, 40.1–57.6%) with
a specificity of 82.5% (95% CI, 78.9–86.0%). Com-
pared with high-risk HPV testing in these studies,
assessment of the margin status was 39.9% less sensi-
tive (sensitivity ratio 0.601, 95% CI, 0.532–0.678) and
similarly specific (specificity ratio 1.018, 95% CI,
0.970–1.069). The pooled sensitivity of co-testing with
cytology and high-risk HPV or co-testing with margin
status and high-risk HPV testing was 94.7% (95% CI,
92.3–97.1%) for cytology and high-risk HPV testing
and 96.6% (95% CI, 94.1–99.7%) for margin status
and high-risk HPV testing. However, specificity was
low for both co-tests: 69.9% (95% CI, 63.6–76.2%) for
cytology and high-risk HPV and 55.7% (95% CI,
47.3–64.0%) for margin status and high-risk HPV.
Compared with high-risk HPV testing alone, co-
testing with cytology was similarly sensitive (sensitiv-
ity ratio 1.026, 95% CI, 0.992–1.061) but 10.5% less
specific (specificity ratio 0.895, 95% CI, 0.850–0.944).
Margin status and high-risk HPV testing, although
6.6% more sensitive (sensitivity ratio 1.066, 95% CI,
1.021–1.114), was 26.7% less specific (specificity ratio
0.733, 95% CI, 0.637–0.844) (Fig. 2 and Appendices
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6–9, available online at http://links.lww.com/AOG/
E211).

The risk of residual or recurrent CIN 2+ after
treatment was highest for women with abnormal
cytology (atypical squamous cells of undetermined
significance or worse) (29.0%, 95% CI, 24.1–33.8%).
Women with a positive high-risk HPV test result had
a posttreatment CIN 2+ risk of 26.1% (95% CI, 22.5–
29.7%). In women with involved resection margins,
the risk of a residual or recurrent CIN 2+ lesion was
16.1% (95% CI, 12.5–19.7%). Conversely, the risk of
residual or recurrent CIN 2+ after a normal cytology
result was 2.3% (95% CI, 1.6–3.0%), and the risk after
a negative high-risk HPV test result decreased to only
0.9% (95% CI, 0.6–1.2%) (Fig. 3A and 3B). For
women with negative margins, the risk was 3.6%
(95% CI, 2.9–4.3%) (Fig. 3C). Sixteen studies had
information about the accuracy of cytology and
high-risk HPV co-testing to predict residual or recur-
rent CIN 2+. One study evaluating co-testing was
a case–control study and therefore excluded from
analyses of predictive values. The risk of a posttreat-
ment CIN 2+ lesion after a positive cytology or high-
risk HPV test result was 21.6% (95% CI, 17.2–26.0%);
the risk after a negative cytology and a negative high-
risk HPV test result decreased to 0.6% (95% CI, 0.3–
0.9%) (Fig. 4A).

Eight studies evaluated the combination of mar-
gin status and high-risk HPV testing. The risk of resid-
ual or recurrent CIN 2+ with involved resection
margins or a positive high-risk HPV test result was
12.8% (95% CI, 9.4–16.1%); for women with clear
margins and a negative high-risk HPV test result, this
decreased to 0.3% (95% CI, 0.0–0.6%) (Fig. 4B). The
relative risk of CIN 2+ was highest for women with
involved margins or a positive high-risk HPV test (co-

test) result compared with women with clear margins
and a negative high-risk HPV test result (32.03, 95%
CI, 17.32–59.22). The relative risk was 18.17 (95% CI,
14.14–23.34) for women with a positive compared
with negative high-risk HPV test result, 16.28 (95%
CI, 11.63–22.78) for women with a positive compared
with negative cytology and high-risk HPV co-test
result, 12.48 (95% CI, 8.45–18.43) for women with
abnormal compared with normal cytology, and 4.34
(95% CI, 3.36–5.60) for women with involved com-
pared with clear resection margins (Appendices 10–
14, available online at http://links.lww.com/AOG/
E211).

The pretest–posttest probability plots show the
risks of posttreatment CIN 2+ for women with a pos-
itive and a negative test result (Fig. 3). Involved resec-
tion margins result in a risk not exceeding 20%, and
clear margins are associated with a risk higher than
2%. Although abnormal cytology exceeds the risk
level of 20%, normal cytology is still associated with
an intermediate risk level higher than 2%. For a high-
risk HPV test alone, a positive result indicates a risk of
treatment failure exceeding 20%; a negative result re-
duces this risk to well below the 2% threshold. Only
cytology and high-risk HPV co-testing performs sim-
ilarly to high-risk HPV testing alone (Fig. 3). For co-
testing with margin status and high-risk HPV, a posi-
tive result does not exceed the 20% risk level for
a residual or recurrent lesion, but after a negative
result, the risk level decreases to less than 2%
(Fig. 4). Stratifying the risk of residual or recurrent
CIN 2+ by joint margin and high-risk HPV status
allows the identification of several groups ranging
from low to high risk of treatment failure. Patients
who are either margin-negative and high-risk HPV–

positive or margin-positive and high-risk HPV–

Table 1. Summary of Meta-analysis Results

Test No. of Studies Sensitivity, % Specificity, %

Relative
Sensitivity vs

HPV

Relative
Specificity vs

HPV PPV, % cNPV, %

HPV 46 86.8
(81.2–92.5)

80.5
(77.2–83.7)

— — 26.1
(22.5–29.7)

0.9
(0.6–1.2)

Margins 29 48.9
(40.1–57.6)

82.5
(78.9–86.0)

0.60
(0.53–0.68)

1.02
(0.97–1.07)

16.1
(12.5–19.7)

3.6
(2.9–4.3)

Cytology 34 70.8
(60.4–81.2)

85.7
(83.0–88.4)

0.79
(0.70–0.88)

1.07
(1.02–1.11)

29.0
(24.1–33.8)

2.3
(1.6–3.0)

Margins and HPV 8 96.0
(94.1–99.7)

55.7
(47.3–64.0)

1.07
(1.02–1.11)

0.73
(0.64–0.84)

12.8
(9.4–16.1)

0.3
(0.0–0.6)

Cytology and HPV 16 94.7
(92.3–97.1)

69.9
(63.6–76.2)

1.03
(0.99–1.06)

0.90
(0.85–0.94)

21.6
(17.2–26.0)

0.6
(0.3–0.9)

HPV, human papillomavirus; PPV, positive predictive value; cNPV, complement to the negative predictive value.
Data in parentheses are 95% CIs.
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negative can be classified as at intermediate risk
(11.1% and 3.0% respectively). Double-negative pa-
tients are at low risk of treatment failure (0.3%,
Fig. 4), whereas patients with positive margins and

a positive high-risk HPV test result have a significantly
increased risk of 45.3% (Appendix 15, available on-
line at http://links.lww.com/AOG/E211). Similarly
for joint cytology and high-risk HPV status, two

Fig. 1. Occurrence of treatment failure (residual or recurrent cervical intraepithelial neoplasia grade 2 or worse [CIN 2+]) in
patients treated for cervical precancer (CIN 2 or CIN 3). Error bars represent 95% CIs. The vertical line and diamond at the
bottom correspond with the overall pooled estimate.

Bomans. Prediction of Cervical Precancer Recurrence. Obstet Gynecol 2025.
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groups of women at intermediate risk of residual or
recurrent CIN 2+ can be identified: Women with
either a positive cytology followed by a negative
high-risk HPV test result or a negative cytology fol-
lowed by a positive high-risk HPV test result have
a risk level of 4.4% and 11.9%, respectively. Women
with positive cytology and a positive high-risk HPV
test result are at high risk (42.3%); women who test
negative for both are at low risk (0.6%, Fig. 4) (Appen-
dix 16, available online at http://links.lww.com/
AOG/E211).

DISCUSSION

Our meta-analysis found that treatment failure after
excisional treatment of high-grade CIN occurs in
approximately 7% of cases. We also assessed the accu-
racy of the margin status, cytologic testing, and high-
risk HPV testing in the posttreatment setting. Post-
treatment high-risk HPV testing performs well as
a predictor of treatment failure owing to both a high
sensitivity and specificity of 87% and 81%, respec-

tively. Cytologic testing 3 to 9 months after treatment
showed a pooled sensitivity of 71% and specificity of
86%. Compared with high-risk HPV DNA testing
after treatment, cytologic testing had a substantially
lower sensitivity with only a minor gain in specificity.
We also evaluated two forms of co-testing: cytology in
combination with high-risk HPV and assessment of
the margin status in combination with high-risk
HPV testing. Both showed high sensitivity but low
specificity compared with high-risk HPV testing.
Although the combination of margin status and
high-risk HPV testing was only slightly more sensitive
but substantially less specific than high-risk HPV test-
ing alone, the combination of cytology and high-risk
HPV was equally as sensitive but 10% less specific.
The added layer of detection inherent to co-testing
might lead to an increase in false-positive results
because subtle reactive or inflammatory changes that
may not be attributable to true precancerous lesions
that were not detected by standalone high-risk HPV
testing are identified, resulting in a lower specificity.

Fig. 2. Summary receiver operating characteristic plot of sensitivity as a function of the specificity for residual or recurrent
cervical intraepithelial neoplasia grade 2 or worse (CIN 2+) in women treated for CIN 2+ for cytologic testing 3–9 months
after treatment (A), histologic evaluation of the resection margins (B), co-testing with cytology and high-risk human pap-
illomavirus (HPV) (C), and co-testing with evaluation of the resection margins and high-risk HPV (D) compared with
high-risk HPV testing alone (A–D).
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As previously described,14,16,18,19 incomplete exci-
sion of cervical precancer was associated with an
increased risk of a residual or recurrent high-grade
lesion. In our meta-analysis, the risk was five times
higher than in women with complete removal of neo-
plastic tissue. In comparison, the risk for women with
abnormal compared with normal cytology was 13 times
higher and the risk for women who tested positive for
high-risk HPV was 33 times higher compared with
those who tested negative. Women with negative mar-
gins still have a 4% risk of treatment failure, explained
by a low sensitivity of 49%. Conversely, approximately
17% of women with involved resection margins were
considered cured after a period of at least 18 months.
Despite the close association with risk of failure, assess-

ment of the margin status is therefore not an accurate
predictor of treatment failure compared with other
available tests. In accordance with previous meta-
analyses, our findings confirm the performance of post-
treatment high-risk HPV testing as an accurate predic-
tor of treatment failure. A previous meta-analysis by
Arbyn et al18 found a similar risk of residual or recur-
rent CIN 2+ associated with the margin status while
describing the improved performance of posttreatment
high-risk HPV testing to predict treatment failure.
Here, we confirm these findings in a larger sample size
from more recent studies and expand on the analysis
by including cytology and co-testing in the equation.

The pretest–posttest probability plots give infor-
mation on the clinical utility of tests and allow easily

Fig. 3. Pretest and posttest
probability plots for resid-
ual or recurrent cervical
intraepithelial neoplasia
grade 2 or worse (CIN 2+)
after treatment of CIN 2+
assessed by histologic
evaluation of the resection
margins (A), cytologic
testing 3–9 months after
treatment (B), or high-risk
human papillomavirus
(HPV) testing 3–9 months
after treatment (C).
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interpretable visualization of pretest and posttest risk
of treatment failure. Using previously described deci-
sion thresholds of 2% and 20% for low risk and high
risk, respectively, allows effective stratification of pa-
tients based on their posttest risk of treatment fail-
ure.75 From these decision thresholds, we find that
high-risk HPV testing alone and co-testing with cytol-
ogy are associated with a sufficiently increased or
decreased risk to stratify patients into distinct post-

treatment management categories. Compared with
high-risk HPV testing alone, however, co-testing is
associated with a higher cost because the inferior spec-
ificity and increased number of tests performed.
Involved margins, although associated with an
increased risk of treatment failure, do not necessarily
warrant referral to colposcopy; clear margins do not
sufficiently lower the risk to warrant a return to rou-
tine screening. The increase and reduction in risk are

Fig. 4. Pretest and posttest proba-
bility plots for residual or recurrent
cervical intraepithelial neoplasia
grade 2 or worse (CIN 2+) after
treatment of CIN 2+ assessed by
co-testing with cytology and
high-risk human papillomavirus
(HPV) (A) and co-testing with eval-
uation of the resection margins and
high-risk HPV (B).

Bomans. Prediction of Cervical Pre-
cancer Recurrence. Obstet Gynecol
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more pronounced if patients are stratified by joint
margin or cytology and high-risk HPV status, only if
women are double negative or double positive. How-
ever, joint margin or cytology and high-risk HPV test-
ing do not provide significantly improved protection
against treatment failure compared with high-risk
HPV testing alone.

Novel biomarkers for cervical precancer have
been emerging in recent years such as host or viral
DNA methylation, including DNA promoter methyl-
ation of tumor suppressor genes such as cell adhesion
molecule 1 (CADM1) and myelin and lymphocyte
(MAL) or viral capsid genes, as well as dual staining
for overexpressed p16 and Ki67 proteins or detection
of high-risk HPV mRNA.47,76–79 However, the litera-
ture describing the performance of these tests in a post-
treatment setting is limited, and the majority of the
identified studies did not meet our inclusion criteria.
Two studies assessed the diagnostic accuracy of high-
risk HPV mRNA tests to predict a residual or recur-
rent CIN 2+ lesion after excisional treatment of CIN
2+ with a follow-up of at least 18 months.47,76 Among
a total of 451 patients treated, the pooled sensitivity
and specificity of high-risk HPV mRNA detection
were 55% and 90%, respectively. One study evaluated
dual staining for p16 and Ki67 with different cutoffs
for positivity ranging from one or more up to six or
more dual-stain–positive cells with sensitivities rang-
ing from 69% to 49% and specificities ranging from
90% to 96%.77 Because of the limited number of stud-
ies in the context of posttreatment follow-up and the
large interstudy heterogeneity, the evidence for their
diagnostic accuracy is limited.

Multiple studies have reported increased risk of
treatment failure in patients with type-specific HPV
persistence, particularly in the case of HPV16 or
18.44,45,55,57,80 HPV16 is associated with lower clear-
ance and higher CIN 3 recurrence rates than other
high-risk HPV types.57,81,82 Genotyping for HPV
might therefore increase the specificity of HPV testing
by identifying the same genotype in pretreatment and
posttreatment specimens or stratifying patients by high-
risk genotypes, although the effect on sensitivity is
inconclusive.57,82 In our present analysis, only a minor-
ity of studies reported data on genotyping and type-
specific persistence, and the findings were highly het-
erogeneous, both statistically and clinically, leading us
to exclude these variables from the analysis.

The strengths of this study include a comprehen-
sive evaluation of the available evidence from a large
number of studies that assessed the diagnostic accu-
racy and the risk-based assessment of the clinical util-
ity of different predictors of recurrence. We included

nearly 50 studies with a population of more than
20,000 women in our meta-analysis. In addition, we
adhered to strict criteria of inclusion, specifically se-
lecting comparative studies that performed high-risk
HPV testing in conjunction with other tests over an
extensive follow-up period, allowing us to more defin-
itively answer the proposed clinical questions. How-
ever, studies were often statistically and clinically
heterogeneous. For pooled estimates of diagnostic
accuracy, disease occurrence, and predictive values,
large interstudy heterogeneity was observed. In par-
ticular, sensitivity of the margin status and cytologic
testing varied substantially across studies, underlying
the subjective character of these latter tests involving
human interpretation. Our analysis was done on
aggregated data extracted from published data, limit-
ing the amount of potentially influential covariates
such as age, lesion size, or smoking status that we
could incorporate. More in-depth analyses could be
performed in meta-analyses of individual patient
data.18 Future analyses could further investigate the
diagnostic accuracy of other markers such as methyl-
ation or high-risk HPV mRNA in a posttreatment set-
ting, for which there is limited and poor-quality
evidence included in the present meta-analysis. The
role of the HPV genotype and type-specific persis-
tence is also an important question that should be
addressed in future research.

In conclusion, we reaffirm previous findings that
high-risk HPV testing after treatment is capable of
accurately predicting residual or recurrent CIN 2+.
Although positive excisional margins or abnormal
cytologic results are associated with an increased risk
of treatment failure, both are less sensitive than high-
risk HPV testing and fail to accurately inform risk-
based management of treated patients. Co-testing with
cytology and high-risk HPV performs similarly to
high-risk HPV testing alone, with higher sensitivity
but significantly lower specificity. In groups at high
risk such as women recently treated for a cervical
lesion, increased sensitivity at the cost of specificity
might be warranted. Assessment of the margin status
is a poor predictor of outcomes after treatment of CIN
2+ characterized by a very low sensitivity.
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