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BACKGROUND: Many countries have recently implemented active 
surveillance for cervical intraepithelial neoplasia grade 2 as an option in 
younger women due to high regression rates and because excisional 
treatment is associated with an increased risk of preterm birth. However, 
the known low reproducibility of the cervical intraepithelial neoplasia grade

2 diagnosis poses a major challenge for active surveillance, suggesting 
that the observed risk of progression in prior studies may be due to initial 
misclassification of the cervical intraepithelial neoplasia grade 2 diagnosis. 
OBJECTIVE: This study aimed to assess the association between expert-

verified histological diagnoses of cervical biopsies in women undergoing 
active surveillance for cervical intraepithelial neoplasia grade 2 and the 
subsequent risk of cervical intraepithelial neoplasia grade 3 or worse. 
STUDY DESIGN: We conducted a historical cohort study on women 
undergoing active surveillance for cervical intraepithelial neoplasia grade 
2, diagnosed at Aarhus University Hospital from 2000 to 2010. Women 
were identified through the Danish Pathology Data Bank and were eligible 
for inclusion if they were aged 23 to 40 years at the time of cervical 
intraepithelial neoplasia grade 2 diagnosis. Women with a prior history of 
cervical intraepithelial neoplasia grade 2 or worse, loop electrosurgical 
excision procedure, or hysterectomy were excluded. Three expert pa-

thologists independently graded cervical lesions by reviewing hematoxylin 
and eosin and p16—stained tissue slides from the time of cervical intra-

epithelial neoplasia grade 2 diagnosis. Women were followed for 28 
months, from the date of the cervical intraepithelial neoplasia grade 2 
diagnosis until a record of progression, loop electrosurgical excision 
procedure, hysterectomy, or end of follow-up, whichever occurred first. 
Using modified Poisson regression analysis, we estimated the crude and 
adjusted relative risks of cervical intraepithelial neoplasia grade 3 or 
worse, including corresponding 95% confidence intervals. We adjusted for 
age, index cytology, and human papillomavirus genotype as potential 
confounders.

RESULTS: A total of 437 women were included with a median age of 27 
years. Upon expert review, 56 (12.8%) were upgraded to cervical

intraepithelial neoplasia grade 3, 261 (59.7%) had cervical intraepithelial 
neoplasia grade 2 confirmed, and 120 (27.5%) were downgraded to 
cervical intraepithelial neoplasia grade 1/normal. Overall, 173 (39.6%) 
women had a subsequent record of cervical intraepithelial neoplasia grade

3 or worse, ranging from 22.5% in women with expert cervical intra-

epithelial neoplasia grade 1/normal, to 42.2% in women with expert 
cervical intraepithelial neoplasia grade 2, and 64.3% in women with expert 
cervical intraepithelial neoplasia grade 3. Thus, women with an expert-

verified cervical intraepithelial neoplasia grade 3 diagnosis were more 
likely to have a subsequent record of cervical intraepithelial neoplasia 
grade 3 or worse during follow-up (adjusted relative risk, 1.37 [1.07; 
1.75]) compared to those who had expert cervical intraepithelial neoplasia 
grade 2. This association remained significant in stratified analyses for 
women aged 31 to 40 years (adjusted relative risk, 1.85 [1.25; 2.76]), in 
women with high-grade index cytology (adjusted relative risk, 1.43 [1.04; 
1.97]), and women with a nonhuman papillomavirus16 lesion (adjusted 
relative risk, 1.66 [1.09; 2.52]). The risk of cervical intraepithelial 
neoplasia grade 3 or worse remained high for women presenting with a 
high-grade cytology or human papillomavirus 16 positivity at baseline, 
irrespective of expert diagnosis.

CONCLUSION: Our findings demonstrate substantial interobserver 
variability in the diagnosis of community-detected cervical intraepithelial 
neoplasia grade 2, with nearly half of the cases being reclassified upon 
expert review. This underscores the heterogeneity of this diagnosis and the 
importance of accurate diagnosis to minimize both undertreatment and 
overtreatment. These results highlight the need for individualized, risk-

based management strategies for cervical intraepithelial neoplasia 
grade 2 that integrate virological and cytological factors rather than relying 
solely on histopathology.
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Introduction
For many years, loop electrosurgical 
excision procedure (LEEP) has been the 
standard treatment for cervical intra-
epithelial neoplasia grade 2 (CIN2).

However, spontaneous regression rates 
for CIN2 are high (50%—63%), 1—3 sug-
gesting a significant risk of over-
treatment if all women with CIN2 
undergo LEEP. 2 Unnecessary LEEP 
should be avoided as they are associated 
with an increased risk of preterm birth 
in subsequent pregnancies. 4,5 Conse-
quently, many countries, including the 
United States, have implemented active 
surveillance for CIN2 (ie, leaving the

CIN2 lesion untreated) as an option in 
younger women. 6—10 In Denmark, 
active surveillance for CIN2 was imple-
mented in the Central Denmark Region 
in 1995 and nationwide in 2013, 11 

creating a unique opportunity to inves-
tigate risk factors for progression to 
cervical intraepithelial neoplasia grade 3 
or worse (CIN3+) in this group of 
women. Accurate identification of 
women at the highest risk of progression
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is essential to enable targeted and timely 
treatment. Consequently, several studies 
have investigated potential predictors of 
disease progression. Studies have shown 
that infection with human papilloma-
virus (HPV) 16, high-grade cytology at 
the time of CIN2 diagnosis, and lack of 
HPV vaccination are associated with an 
increased risk of progression. 3,12,13 

Nevertheless, the well-documented low 
reproducibility of the CIN2 
diagnosis 14—18 poses a major challenge 
for active surveillance. Building on our 
previous histopathological expert verifi-
cation of a historical CIN2 cohort, 19 this 
study aimed to assess the association be-
tween expert-verified histological di-
agnoses and subsequent risk of CIN3+ 
during the active surveillance period.

Materials and methods
Setting
In Denmark, opportunistic cervical 
cancer screening began in the mid-
1960s, 20 and the first guidelines were 
published in 1986, recommending 
triennial screening to women aged 23 to 
59 years. 21 Since 2007, women aged 23 
to 64 years have been invited for 
screening every 3 to 5 years. HPV-based 
screening was implemented in 2012 for 
women aged 60 to 64 years, and in 2021,

it was gradually implemented for 
women aged 30 to 59 years. Screening, 
diagnostic work-up, treatment, and 
post-treatment follow-up are free of 
charge for all women. 22 In case of an 
abnormal screening result, the woman 
may undergo repeat testing or be 
referred to a gynecologist for colposcopy 
and cervical punch biopsies, depending 
on the severity of the cytology results. 
Following biopsy, women with cervical 
intraepithelial neoplasia grade 1 (CIN1) 
undergo repeat testing after 6 to 12 
months, whereas women with CIN3 or 
adenocarcinoma in situ are recom-
mended a LEEP. In case of CIN2, 
women of reproductive age are offered 
active surveillance, while women 
beyond reproductive age are recom-
mended immediate LEEP. 23 Active 
surveillance includes semiannual col-
poscopy with biopsies for up to 2 years, 
with LEEP being performed in case of 
progression or persistent CIN2.

Study design and population
We conducted a historical cohort study 
on nonpregnant women undergoing 
active surveillance for CIN2 as also 
described previously. 19 Women were 
diagnosed at the Department of Pa-
thology, Aarhus University Hospital,

Denmark, between January 1, 2000 and 
December 31, 2010. They were identi-
fied through the Danish Pathology Data 
Bank (DPDB) using Systematized 
Nomenclature in Medicine codes for 
moderate dysplasia (M74B09) and cer-
vical biopsy (T83110). The DPDB was 
established in 1997 and stores informa-
tion on all cytological and histological 
samples collected in Denmark at an in-
dividual level. 24

Women were eligible for inclusion if 
they were aged 23 to 40 years and had 
undergone active surveillance (ie, cer-
vical biopsy at the first follow-up visit 
after CIN2 diagnosis). Women were 
excluded if they had a previous history 
of cervical intraepithelial neoplasia 
grade 2 or worse (CIN2+), LEEP, a 
hysterectomy, if biopsies were missing, 
or if the biopsy material was deemed 
inadequate for analysis.

From the DPDB, we collected infor-
mation on clinical characteristics and 
results on all cervical cytology and his-
tology specimens. The index cytology 
was defined as the most recent cervical 
cytology sample obtained within 6 
months prior to the CIN2 diagnosis. 
Index cytology was categorized as ≤ 
low-grade (ie, normal cytology, atypical 
squamous cells of undetermined signif-
icance, or low-grade squamous inter-
epithelial lesions) or high-grade (ie, 
high-grade interepithelial lesion, atyp-
ical glandular cells, atypical squamous 
cells—cannot exclude high-grade inter-
epithelial lesion, or adenocarcinoma in 
situ).

Laboratory analyses
Archived formalin-fixed and paraffin-
embedded cervical punch biopsies 
were retrieved from the Department of 
Pathology, Aarhus University Hospital, 
Denmark. Tissue specimens were 
sectioned for the purpose of another 
study described previously. 25 

Sectioning, hematoxylin and eosin 
(H&E) staining, and p16 immunohis-
tochemical staining were performed by 
experienced laboratory technicians at 
the Department of Pathology, Aarhus 
University Hospital. 19 HPV genotyping 
was performed at Viroclinics-DDL, 
Rijswijk, The Netherlands 19 using the
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Why was this study conducted?
Several countries have adopted active surveillance for cervical intraepithelial 
neoplasia grade 2 (CIN2) as an option in younger women due to high regression 
rates. However, the known low reproducibility of the CIN2 diagnosis poses a 
major challenge, suggesting that the risk of progression during the surveillance 
period may be due to initial misclassification of the CIN2 diagnosis.

Key findings
Upon expert review, 40.3% of the CIN2 diagnoses were misclassified. Women 
with an expert-verified cervical intraepithelial neoplasia grade 3 diagnosis were 
more likely to have a subsequent record of cervical intraepithelial neoplasia 
grade 3 or worse during follow-up. The risk of cervical intraepithelial neoplasia 
grade 3 or worse remained high for women with a high-grade cytology or human 
papillomavirus 16 positivity at baseline, irrespective of expert diagnosis.

What does this add to what is known?
Our results highlight the need for individualized, risk-based management stra-
tegies for CIN2 that integrate virological and cytological factors rather than 
relying solely on histopathology.
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HPV SPF 10 -DEIA-LiPA 25 system 
version 1 (Labo Biomedical Products, 
Rijswijk, The Netherlands). 26,27 In the 
present study, we categorized women as 
HPV16 positive if they had HPV16 
detected in the baseline CIN2 sample 
with or without any other HPV geno-
types, while women with non-HPV16 
included women who tested positive 
for other HPV genotypes than HPV16 
or those who tested HPV negative.

Expert review
H&E and p16—stained slides were sent 
to an international expert panel for 
evaluation. The expert panel consisted 
of 3 pathologists, each with more than 
20 years of experience in gynecological 
pathology. The review process included 
the evaluation of both H&E and p16—- 
stained slides and was based on a study-
specific protocol described elsewhere. 19 

The pathologists were blinded to infor-
mation on age, index cytology, HPV 
result, and outcome. The expert CIN 
diagnosis was based on agreement be-
tween at least 2 pathologists.

Outcome
Our primary outcome was defined as a 
record of CIN3+ in the DPDB during 
the active surveillance period, while the 
secondary outcome was defined as a 
record of CIN2+. For each patient, we 
used the most severe diagnosis obtained 
from either biopsies or LEEP during the 
period. We chose a 28-month surveil-
lance period to ensure inclusion of any 
histopathological diagnoses derived 
from LEEP performed due to persis-
tence at the 2-year follow-up visit.

Statistical analyses
Baseline characteristics were reported 
descriptively using counts and pro-
portions. A modified Poisson regression 
model with robust variances was used to 
estimate the relative risk (RR) of the 
outcomes, including corresponding 
95% confidence intervals (CIs), using 
expert CIN2 as the reference group. 
Women contributed time at risk from 
the time of CIN2 diagnosis until the 
outcome, LEEP, hysterectomy, or end of 
follow-up, whichever occurred first. We 
adjusted for age, index cytology, and

HPV genotype. Estimates were reported 
overall and stratified by age group, 23—40 

calendar year (2000—2003, 2004—2007, 
and 2008—2010), index cytology (≤ 
low-grade and high-grade cytology), 
and HPV genotype (HPV16 and non-
HPV16). In compliance with Danish 
legislation, counts below 5 were not re-
ported, and thus, due to a low case 
count, HPV-negative women were 
grouped with non-HPV16, while 
women with missing cytology were 
grouped with low-grade cytology. Data 
management was performed in 
Research Electronic Data Capture 
(Vanderbilt University, Nashville, TN; 
hosted by Aarhus University), and sta-
tistical analyses were performed using 
STATA version 17.0 (StataCorp, College 
Station, TX).

Ethics approval
The study was approved by the Danish 
Scientific Ethical Committee in Central 
Denmark Region (journal number 1-10-
72-60-20) and registered at Aarhus 
University (2016-051-000001). 25

Results
A total of 3623 women with a commu-
nity CIN2 diagnosis in the DPDB from 
2000 to 2010 formed the source popu-
lation. From this population, 1496 
women were randomly selected for 
evaluation of eligibility to ensure equal 
representation across calendar years. 
Following this random selection, 
women were excluded based on pre-
defined criteria from the DPDB (eg, age 
outside 23—40 years, prior CIN2+ 
diagnosis, prior LEEP or hysterectomy, 
or suspicion of CIN1 or CIN3 at com-
munity diagnosis), archival issues (eg, 
missing or inadequate tissue samples), 
or laboratory reasons (eg, tissue damage 
during recutting, missing blocks, or 
failed HPV genotyping). After all 
exclusion steps, 437 women included for 
analysis in the present study (Figure). 
These women had a median age of 27.1 
years (interquartile range, 24.6—30.2). 
At baseline, 261 (59.7%) women had an 
expert-verified CIN2 diagnosis, whereas 
56 (12.8%) women were upgraded to 
CIN3 and 120 (27.5%) were down-
graded to CIN1 or normal (Table 1).

Importantly, no cancers were diagnosed 
following expert review of index bi-
opsies. Compared to women who were 
downgraded to CIN1/normal, women 
with expert CIN2 and expert CIN3 were 
more likely diagnosed in the early time 
period, while no major trends were seen 
across groups with respect to age dis-
tribution or index cytology. HPV16 
positivity increased with increasing 
severity, from 19.2% in women with 
expert CIN1/normal to 39.4% in expert 
CIN2, and 66.1% in expert CIN3.

Risk of cervical intraepithelial 
neoplasia grade 3 or worse
Overall, 173 women (39.6%) had a 
subsequent record of CIN3+ during
follow-up (Table 2). Women with an
expert CIN3 diagnosis were more likely
to have a subsequent record of CIN3+
during follow-up (64.3%) compared to
women with expert CIN1/normal
(22.5%). Thus, compared to women
with expert CIN2, women with expert
CIN3 had a significantly higher risk of
CIN3+ (adjusted relative risk [aRR],
1.37 [1.07; 1.75]), while women with
expert CIN1/normal had a significantly
lower risk of CIN3+ during follow-up
(aRR, 0.62 [0.44; 0.88]) (Table 2).

Stratification by age at CIN2 diag-
nosis revealed interesting differences. In
women aged 23 to 30 years, an expert
CIN1/normal diagnosis was associated
with a significantly lower risk of CIN3+
(aRR, 0.57 [0.37; 0.88]), while an expert
CIN3 diagnosis was only slightly asso-
ciated with an increased risk of CIN3+
(aRR, 1.23 [0.92; 1.65]). In contrast, for
women aged 31 to 40 years, an expert
CIN1/normal diagnosis was not associ-
ated with a lower risk of CIN3+ (aRR,
0.81 [0.45; 1.45]), while an expert CIN3
diagnosis was associated with 85% 
higher risk of CIN3+ (aRR, 1.85 [1.25; 
2.76]) (Table 2).

In women with a low-grade index 
cytology, an expert CIN1/normal diag-
nosis was associated with a significantly 
lower risk of CIN3+ (aRR, 0.41 [0.21; 
0.79]), while an expert CIN3 diagnosis 
trended toward increased risk, but this 
was not significant (aRR, 1.38 [0.94; 
2.01]). For women with high-grade in-
dex cytology, those with expert CIN3
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had a significantly increased risk of 
CIN3+ during follow-up (aRR, 1.43 
[1.04; 1.97]) (Table 2).

Stratification by HPV genotype 
showed that HPV16-positive women 
had a high absolute risk of CIN3+

(47.8%—67.6%) regardless of expert re-
view (Table 2). Among non-HPV16—- 
positive women, an expert CIN1/ 
normal diagnosis was associated with a 
significantly lower risk of CIN3+ (aRR, 
0.52 [0.32; 0.85]), while an expert CIN3 
diagnosis was associated with a signifi-
cantly increased risk of CIN3+ (aRR, 
1.66 [1.09; 2.52]) (Table 2).

Risk of cervical intraepithelial 
neoplasia grade 2 or worse
Overall, 233 women (53.3%) had a re-
cord of CIN2+ during the surveillance 
period, ranging from 35% in women 
with expert CIN1/normal to 58.6% in 
women with expert CIN2, and 67.9% in 
women with expert CIN3 (Table 3). An 
expert CIN1/normal diagnosis was 
associated with a significantly lower risk 
of CIN2+ during follow-up (aRR, 0.67 
[0.52; 0.87]), whereas women with 
expert CIN3 had a similar risk (aRR, 
1.05 [0.86; 1.29]). Similar findings were 
observed in the youngest age group 
(23—30 years) and in women with 
low-grade cytology and non-HPV16— 
positive women, while we found no 
difference across histology groups in 
the oldest age group (31—40 years), 
in women with high-grade cytology, 
and in HPV16-positive women 
(Table 3).

Comment
Principal findings
In this historical cohort study, we found 
that 27.5% of women with a community 
CIN2 diagnosis were downgraded to 
CIN1/normal, while 12.8% were upgra-
ded to CIN3 by expert pathologists, thus 
indicating a significant risk of initial 
misclassification at CIN2 diagnosis. An 
expert CIN3 diagnosis was associated 
with a 64.3% increased risk of CIN3+ 
during follow-up; an association that 
remained significant in stratified ana-
lyses for women aged 31 to 40 years, 
women with high-grade cytology, and 
women with non-HPV16. Interestingly, 
we found a high absolute risk of pro-
gression in women with an associated 
high-grade cytology and those who 
tested positive for HPV16, irrespective 
of expert diagnosis.

FIGURE
Selection flowchart

CIN2, cervical intraepithelial neoplasia grade 2; CIN2+, cervical intraepithelial neoplasia grade 2 or worse; CIN3+, cervical intra-

epithelial neoplasia grade 3 or worse; DPDB, Danish Pathology Data Bank; H&E, hematoxylin and eosin; HPV, human papillomavirus; 
LEEP, loop electrosurgical excision procedure.
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Results in the context of what is 
known
In our study, community and expert pa-
thologists agreed on 59.7% of the CIN2 
diagnoses, which is a higher concordance 
compared to previous studies. In a prior 
study from the United States, 28 expert re-
view of biopsies from 545 women diag-
nosed with CIN2 found agreement in only 
43.4% of the CIN2 diagnoses. In contrast 
to our study, agreement on CIN grading 
was recorded if one community patholo-
gist and one expert pathologist agreed, and 
with additional expert reviews in case of 
disagreement. They found that 29.3% of 
community CIN2 cases were downgraded 
to <CIN2 and 27.3% were upgraded to 
CIN3 by the experts, with no significant 
age differences between underdiagnosed 
and overdiagnosed women. In Stoler 
et al, 18 agreement on CIN grading be-
tween community pathologists and 3 
expert pathologists was made on 6272 
biopsies from the New Mexico HPV Pap 
Registry database. Like in our study, the 
final CIN grade was based on agreement 
between at least 2 experts. Here, only 38% 
of the community-diagnosed CIN2 were

confirmed by the experts. Consistent with 
our findings, these studies underscore that 
CIN2 represents a heterogeneous group 
with substantial interobserver variability, 
thus emphasizing the critical importance 
of precise CIN grading to minimize the 
risk of undertreatment and overtreatment. 
Importantly, even with a relatively high 
rate of CIN2 misclassification at index, no 
cancers were identified in our cohort at 
baseline.

To reduce interobserver variability, 
our study identified age, cytology, and 
HPV genotype as important factors, 
while p16 staining has also shown its 
ability to guide pathologists toward 
better agreement. 29,30 This was also 
shown in a previous study from our 
group, in which we found that p16-
negative women with CIN2 were more 
likely to regress compared to p16-
positive women. 31 Importantly, expert 
pathologists in the present cohort were 
blinded to HPV results, and p16 im-
munostaining was not widely available 
in Denmark until the 2010s. Conse-
quently, the limited availability of p16 at 
the time of CIN2 community diagnosis

is unlikely to have impacted our find-
ings. If anything, misclassification may 
have been slightly underestimated, as 
cases assessed with p16 tend to be clas-
sified more accurately. Another critical 
factor that affects the CIN2 assessment 
but also the subsequent risk of pro-
gression and regression, however, is 
sampling. While a cytology sample is 
typically collected from the surface of 
the entire cervix, a biopsy is collected 
from one spot. Hence, the histopatho-
logical diagnosis is highly depended on 
the colposcopist’s ability to identify and 
collect a biopsy from the worst 
lesion. 32—34 The most effective way to 
minimize sampling error is to collect 
multiple biopsies. Studies have shown 
that taking a single biopsy targeting the 
worst appearing lesion may miss up to a 
third of precancers. Nevertheless, by 
collecting 2 targeted biopsies instead of 
one, the CIN2+ detection rate increases 
considerably from approximately 60% 
to 68% to 82% to 86%. 35,36

In our study, we had detailed infor-
mation on the number and size of bi-
opsies for the majority of women. The

TABLE 1
Baseline characteristics of women undergoing active surveillance for CIN2 in Denmark, 2000 to 2010

Patient characteristics Total, N (%) Expert CIN1/normal, n (%) Expert CIN2, n (%) Expert CIN3, n (%)

Total 437 (100) 120 (100) 261 (100) 56 (100)

Age at diagnosis

23—30 347 (79.4) 99 (82.5) 203 (77.8) 45 (80.4)

31—40 90 (20.6) 21 (17.5) 58 (22.2) 11 (19.6)

Calendar year at diagnosis

2000—2003 168 (38.4) 30 (25.0) 111 (42.5) 27 (48.2)

2004—2007 151 (35.6) 43 (35.8) 93 (35.6) 15 (26.8)

2008—2010 118 (27.0) 47 (39.2) 57 (21.9) 14 (25.0)

Index cytology

≤ low-grade a 221 (50.6) 64 (53.3) 127 (48.7) 30 (53.6)

High-grade b 216 (49.4) 56 (46.7) 134 (51.3) 26 (46.4)

HPV genotype at diagnosis

HPV16 163 (37.3) 23 (19.2) 103 (39.4) 37 (66.1)

Non-HPV16 c 274 (62.7) 97 (80.8) 158 (60.5) 19 (33.9)

CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.

a ≤ low-grade cytology: Normal cytology, atypical squamous cells of undetermined significance (ASC-US), or low-grade squamous interepithelial lesions (LSILs); b High-grade cytology: High-grade 
interepithelial lesion (HSIL), atypical glandular cells (AGCs), atypical squamous cells—cannot exclude HSIL (ASC-H), or adenocarcinoma in situ (AIS); c Non-HPV16: HPV negative or HPV6, 11, 18, 
31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68 or 73, 70, 74 positive.
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mean number of biopsies removed per 
woman was 2.5, with individual biopsies 
ranging from 2 to 8 mm, which is com-
parable to current clinical practice (3—5 
mm). Consequently, the risk of

undersampling and missing the area with 
the highest grade of neoplasia is likely 
low.

In our study, we found a high absolute 
risk of CIN3+ in women positive for

HPV16, irrespective of expert diagnosis. 
In contrast, the risk varied considerably 
across expert histology groups in those 
who tested positive for non-HPV16. 
These findings demonstrate the

TABLE 2
Absolute and relative risks of subsequent CIN3+ in women undergoing active surveillance, overall and stratified by 
age, cytology, and HPV genotype

Patient characteristics Total, N CIN3+ during follow-up, n (%) Crude RR (95% CI) Adjusted RR (95% CI) a

Overall

Expert CIN1/normal 120 27 (22.5) 0.53 (0.37; 0.77) 0.62 (0.44; 0.88)

Expert CIN2 261 110 (42.2) Ref. Ref.

Expert CIN3 56 36 (64.3) 1.53 (1.20; 1.94) 1.37 (1.07; 1.75)

Age

23—30

Expert CIN1/normal 99 19 (19.2) 0.48 (0.31; 0.75) 0.57 (0.37; 0.88)

Expert CIN2 203 81 (39.9) Ref. Ref.

Expert CIN3 45 27 (60.0) 1.50 (1.12; 2.01) 1.23 (0.92; 1.65)

31—40

Expert CIN1/normal 21 8 (38.1) 0.76 (0.42; 1.40) 0.81 (0.45; 1.45)

Expert CIN2 58 29 (50.0) Ref. Ref.

Expert CIN3 11 9 (81.8) 1.64 (1.12; 2.40) 1.85 (1.25; 2.76)

Index cytology

≤ low-grade b

Expert CIN1/normal 64 9 (14.1) 0.36 (0.19; 0.70) 0.41 (0.21; 0.79)

Expert CIN2 127 49 (38.6) Ref. Ref.

Expert CIN3 30 18 (60.0) 1.56 (1.08; 2.24) 1.38 (0.94; 2.01)

High-grade c

Expert CIN1/normal 56 18 (32.1) 0.71 (0.46; 1.08) 0.81 (0.54; 1.21)

Expert CIN2 134 61 (45.5) Ref. Ref.

Expert CIN3 26 18 (69.2) 1.52 (1.11; 2.09) 1.43 (1.04; 1.97)

HPV genotype

HPV16

Expert CIN1/normal 23 11 (47.8) 0.86 (0.54; 1.37) 0.85 (0.54; 1.32)

Expert CIN2 103 57 (55.3) Ref. Ref.

Expert CIN3 37 25 (67.6) 1.22 (0.92; 1.62) 1.25 (0.94; 1.66)

Non-HPV16 d

Expert CIN1/normal 97 16 (16.5) 0.49 (0.30; 0.81) 0.52 (0.32; 0.85)

Expert CIN2 158 53 (33.5) Ref. Ref.

Expert CIN3 19 11 (57.9) 1.73 (1.11; 2.69) 1.66 (1.09; 2.52)

CI, confidence interval; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; Ref., reference; RR, relative risk.

a Adjusted for age, index cytology, and HPV genotype; b ≤ low-grade cytology: Normal cytology, atypical squamous cells of undetermined significance (ASC-US), or low-grade squamous inter-

epithelial lesions (LSILs); c High-grade cytology: High-grade interepithelial lesion (HSIL), atypical glandular cells (AGCs), atypical squamous cells—cannot exclude HSIL (ASC-H) or adenocarcinoma in 
situ (AIS); d Non-HPV16: HPV negative or HPV6, 11, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68 or 73, 70, 74 positive.
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superior oncogenicity of HPV16 
compared to other HPV genotypes.

Clinical implications
Our findings underscore the biological 
and clinical heterogeneity of CIN2 and 
highlight the importance of accurate

diagnostics, refined risk stratification, 
and shared decision-making when 
managing women with CIN2. A recent 
study on women diagnosed with CIN2 
before pregnancy reported a 30% 
increased risk of preterm birth in 
women who had a delayed LEEP due to

persistent disease or progression during 
the active surveillance period compared 
to those who had a LEEP immediately 
after their CIN2 diagnosis. 37

These findings underscore the 
importance of identifying women with 
CIN2 who are at the highest risk of

TABLE 3
Absolute and relative risks of CIN2+ in women undergoing active surveillance, overall and stratified by age, 
cytology, and HPV genotype

Patient characteristics Total, N CIN2+ during follow-up, n (%) Crude RR (95% CI) Adjusted RR (95% CI) a

Overall

Expert CIN1/normal 120 42 (35.0) 0.60 (0.46; 0.78) 0.67 (0.52; 0.87)

Expert CIN2 261 153 (58.6) Ref. Ref.

Expert CIN3 56 38 (67.9) 1.16 (0.94; 1.42) 1.05 (0.86; 1.29)

Age

23—30

Expert CIN1/normal 99 32 (32.3) 0.57 (0.42; 0.78) 0.65 (0.48; 0.88)

Expert CIN2 203 115 (56.7) Ref. Ref.

Expert CIN3 45 28 (62.2) 1.10 (0.85; 1.42) 0.94 (0.73; 1.21)

31—40

Expert CIN1/normal 21 10 (47.6) 0.73 (0.45; 1.18) 0.77 (0.49; 1.23)

Expert CIN2 58 38 (65.5) Ref. Ref.

Expert CIN3 11 10 (90.9) 1.39 (1.06; 1.81) 1.50 (1.11; 2.01)

Index cytology

≤ low-grade b

Expert CIN1/normal 64 15 (23.4) 0.43 (0.27; 0.69) 0.48 (0.29; 0.77)

Expert CIN2 127 69 (54.3) Ref. Ref.

Expert CIN3 30 20 (66.7) 1.23 (0.91; 1.66) 1.10 (0.81; 1.49)

High-grade c

Expert CIN1/normal 56 27 (48.2) 0.77 (0.57; 1.04) 0.85 (0.64; 1.14)

Expert CIN2 134 84 (62.7) Ref. Ref.

Expert CIN3 26 18 (69.2) 1.10 (0.83; 1.47) 1.02 (0.77; 1.36)

HPV genotype

HPV16

Expert CIN1/normal 23 14 (60.9) 0.81 (0.58; 1.15) 0.80 (0.57; 1.12)

Expert CIN2 103 77 (74.8) Ref. Ref.

Expert CIN3 37 26 (70.3) 0.94 (0.74; 1.19) 0.96 (0.75; 1.22)

Non-HPV16 d

Expert CIN1/normal 97 28 (28.9) 0.60 (0.42; 0.85) 0.62 (0.44; 0.89)

Expert CIN2 158 76 (48.1) Ref. Ref.

Expert CIN3 19 12 (63.2) 1.31 (0.90; 1.92) 1.28 (0.90; 1.82)

CI, confidence interval; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; Ref., reference; RR, relative risk.

a Adjusted for age, index cytology, and HPV genotype; b ≤ low-grade cytology: Normal cytology, atypical squamous cells of undetermined significance (ASC-US), or low-grade squamous inter-

epithelial lesions (LSILs); c High-grade cytology: High-grade interepithelial lesion (HSIL), atypical glandular cells (AGC), atypical squamous cells—cannot exclude HSIL (ASC-H), or adenocarcinoma in 
situ (AIS); d Non-HPV16: HPV negative or HPV6, 11, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68 or 73, 70, 74 positive.
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progression who would benefit from 
immediate treatment. Although we 
found that the risk of CIN3+ during the 
surveillance period varied across expert 
diagnoses, progression risk depended 
on factors beyond histopathological 
assessment. In a large population-based 
cohort study, 3 women undergoing 
active surveillance for CIN2 had a 58% 
increased risk of progression during 
active surveillance if they had an asso-
ciated high-grade cytology compared to 
women with normal cytology. These 
findings may suggest that the cytology 
result reflects tumor biology and could 
serve as an independent prognostic 
marker as also indicated in the overall 
higher risk in women with an associated 
high-grade cytology, irrespective of 
expert diagnosis.

In our study, we found differences in 
the risk of progression by age. Thus, the 
absolute risk of CIN3+ was higher in 
women aged 31 to 40 years compared to 
women aged 23 to 30 years. These 
findings are in line with the conclusions 
of a systematic review, which reported 
lower risks in women below the age of 
30 years, 1 while a prior Danish cohort 
study only reported a lower risk of 
progression in those aged 18 to 22 
years. 3 Interestingly, when stratifying by 
age, we found that an expert CIN1/ 
normal diagnosis was associated with a 
lower risk of CIN3+ in women aged 23 
to 30 years, while an expert CIN3 diag-
nosis was associated with a higher risk in 
women aged 31 to 40 years. Although 
the reason for this finding is unclear, it 
may be because older women have had 
the lesion for a longer time compared to 
younger women. Another important 
factor is HPV vaccination status as 
studies have shown that women vacci-
nated before age 15 have a lower risk of 
CIN3+ compared with unvaccinated 
women. 13,38,39 Taken together, a multi-
factorial risk assessment based on his-
tology, cytology, HPV genotype, and age 
should be considered when managing 
women with CIN2.

Research implications
Our study highlights the heterogeneity of 
the CIN2 diagnosis and the limitations of 
histology alone in predicting progression

risk. Biomarkers such as p16 immuno-
staining can substantially improve diag-
nostic accuracy, as p16 overexpression 
strongly correlates with transforming 
HPV infections and higher CIN grades as 
described in the Lower Anogenital Squa-
mous Terminology guidelines. 40 Incor-
porating p16 into routine assessment has 
been shown to improve reproducibility of 
CIN2/CIN3 classification, which may 
improve risk stratification and guide more 
individualized management. 29,30,41 Addi-
tional markers, including genomic fea-
tures such as HPV integration status, 
lineage/sublineage, and specific single 
nucleotide variants, have been associated 
with patient prognosis and are being 
actively investigated. 42—47 Emerging 
technologies, such as artificial 
intelligence—assisted histopathology, 
have shown promise in improving the 
consistency and accuracy of CIN2/CIN3 
grading. For example, Andreassen et al 48 

demonstrated that AI algorithms could 
detect CIN2+ lesions with high sensi-
tivity and substantial agreement with 
expert pathologists, suggesting a poten-
tial role for AI in reducing interobserver 
variability and supporting more precise 
risk stratification. Future research should 
focus on integrating histology, cytology, 
HPV genotype, biomarker data, and 
artificial intelligence—assisted analysis to 
develop robust, individualized risk-
stratification models.

Strengths and limitations
A strength of this study is its historical 
cohort design with complete follow-up, 
data collected from population-based 
registers, and the use of archived tissue 
specimens. All women undergoing 
active surveillance were eligible for in-
clusion without selection based on age, 
cytology, or other factors, thereby 
minimizing the risk of selection bias. 
The use of random sampling further 
reduced this risk. Another key strength 
is that each diagnosis was confirmed by 
consensus between 2 expert pathologists 
rather than a single expert reviewer.

A limitation of the study was the lack of 
detailed colposcopy data, including col-
poscopic impression, biopsy sites, and 
type of transformation zone. Further-
more, information on socioeconomic

status, ethnicity, smoking, and HPV 
vaccination status was not available. 
However, women included in the present 
study were not part of the vaccination 
program as the HPV vaccine was included 
in the Danish childhood vaccination pro-
gram for girls at the age of 12 in 2009. 
While smoking may influence biological 
risk of progression, it does not affect the 
histopathological assessment itself. Thus, 
all women in this cohort had a histologi-
cally verified CIN2 diagnosis and were 
managed within the same surveillance 
framework. Smoking may still be associ-
ated with an increased risk of progression 
among women with CIN2, but such fac-
tors are less likely to be unevenly distrib-
uted across comparison groups than in 
general screening populations, where dif-
ferences between participants and non-
participants are more pronounced. 
Therefore, although residual confounding 
cannot be excluded, its impact is expected 
to be limited.

Given the study period of 2000 to 
2010, women in our cohort were not 
part of the Danish childhood vaccina-
tion program, and therefore the preva-
lence of high-risk HPV types, 
particularly HPV16 and HPV18, is 
higher than in a vaccinated popula-
tion. 19 Consequently, with increasing 
HPV vaccination coverage, the overall 
incidence of CIN2 is expected to 
decrease, the genotype distribution will 
shift toward less carcinogenic types, and 
a higher proportion of lesions may 
persist or regress rather than progress. 
However, our study focuses on women 
who already have CIN2, and in this 
context, vaccination or population-level 
shifts in genotype prevalence are un-
likely to alter the clinical course of these 
existing lesions. Overall, our findings 
should be interpreted in the context of a 
historical, unvaccinated cohort and may 
not fully reflect progression risks in 
women undergoing childhood HPV 
vaccination. Future studies are war-
ranted to validate these observations in 
current, HPV-vaccinated populations.

For the statistical analyses, HPV-
negative women were grouped with 
non-HPV16 cases, and women with 
missing index cytology were classified as 
low-grade cytology. While this
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approach may have introduced some 
bias, the small number of affected cases 
suggests that any bias from misclassifi-
cation would likely have reduced rather 
than increased the observed associa-
tions. We acknowledge that full HPV 
genotyping could provide additional 
risk-stratification insights. However, 
subgroup sizes were too small to allow a 
meaningful statistical analysis. Larger 
studies are therefore needed to fully 
explore genotype-specific risks.

Conclusion
Our results demonstrate the importance
of standardized protocols for histo-
pathological evaluation to ensure uni-
form diagnoses. Furthermore, our 
results highlight the need for refined risk 
stratification integrating clinical, histo-
logical, cytological, and virological pa-
rameters to improve clinical outcomes
while reducing overtreatment. n
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