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A B S T R A C T

Objective: Excisional procedures have a central role in the management of adenocarcinoma in situ of the
cervix (AIS). We aimed to evaluate the relationship between the excisional specimen dimensions and the
endocervical margin status.
Methods: We conducted a multicentric retrospective study in seven French centers. All cases with proven AIS
on a colposcopic biopsy and undergoing an excisional procedure afterwards were included in the analysis.
We evaluated the impact of excision length, along with the lateral and anteroposterior diameters on the
endocervical margin status. An additional subgroup analysis of the impact of maternal age on endocervical
margin status was also conducted.
Results: Of the 101 cases of AIS diagnosed on initial biopsy, 95 underwent a primary excisional procedure,
among which 80% (n = 76/95) had uninvolved endocervical margins and 20% (n = 19/95) had positive
endocervical margins. The excisional specimen length was not significantly related to the endocervical margin
status. Conversely, both lateral and antero-posterior diameters were significantly correlated with the negative
endocervical margins status: OR = 1,19, 95% CI [1.03, 1.40], p = 0.025, for the lateral diameter and OR = 1.34, 95%
CI [1.14, 1.64], p = 0.001 for the antero-posterior diameter. The median lateral diameter was 20 mm, IQR (18,
24) in case of endocervical negative margins vs. 18 mm IQR (15, 24) in case of positive endocervical margins
(p = 0.039), and the median anteroposterior diameter was 17 mm IQR (15, 20) in case of negative endocervical
margins vs 14 mm IQR (11, 15) in case of positive endocervical margins (p = 0.004), respectively. Additionally,
in patients over 45 years old, endocervical margin were more likely to be positive despite similar excisional
dimensions (7/17 (41%) of positive endocercival margins before 45 years old vs 12/78 (15%) after, p = 0.039)
Conclusions: Endocervical margin statues were significantly related to the transverse diameters (lateral and ante-
roposterior diameters), but not to the excision specimen length. Reducing the excised length may lead to fewer
post-procedure complications but would still allow to obtain a large proportion of negative endocervical margins.

© 2023 Elsevier Masson SAS. All rights reserved.
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Introduction

Adenocarcinoma in situ of the uterine cervix (AIS) is an intraepi-
thelial pre-neoplastic lesion affecting the endocervical glands. It is
highly related to HPV 18 and 16 infections, and its association with
high grade squamous intraepithelial lesion is common [1,2]. With a
rising incidence, AIS is known to be a precursor for the development
of invasive adenocarcinoma, which accounts for 15−20% of all cervi-
cal cancers [3].

Although hysterectomy remains the gold standard treatment,
excisional procedures have a central role in the management of AIS.
First, considering its potential association with undiagnosed invasive
adenocarcinoma, a complete histological analysis is required before
any further treatment. Second, as an important part of the population
affected is young and desires to keep the possibility of a future preg-
nancy, conservative therapies are often required [4,5]. Thus, exci-
sional procedures combined with a close postoperative virological
and colposcopic surveillance have been evaluated and proven to be
an acceptable approach in cases requiring fertility-sparing [6,7]. In
both situations, obtaining a complete excision with uninvolved mar-
gins is the cornerstone of AIS management, particularly in case of
conservative management as the margin status following excisional
procedure is an important predictive factor for persistent or recurrent
AIS [8−12]. The excision must be limited to the pathological area as
much as possible, especially in the younger population, as a deep
cervical excision may increase the risk of preterm delivery [13]. Due
to the progression of the disease along the endocervical canal,
intuitively, a deeper excision should be associated with a higher
probability of negative endocervical margins on the excised specimen
and may lead to fewer recurrences. Nonetheless, no clear relationship
between the excised specimen dimensions and the endocervical
margin status have been established yet [6,12].

Therefore, we aimed to evaluate the impact of the excisional
dimensions on the endocervical margin status in women diagnosed
with AIS undergoing excisional procedure.
Material and methods

Study population and procedure

We conducted a retrospective study in seven French centers: Lille
University Hospital, Lyon Sud University Hospital, Reims University
hospital, Strasbourg University hospital, Marseille hôpital Nord,
Marseille University, Hôpital Piti�e-Salpêtri�ere (Assistance Public des
hôpitaux de Paris, AP-HP), Hôpital Europ�een Georges Pompidou
(AP-HP)). Patients diagnosed with AIS on initial biopsy who had
undergone excisional procedure in these centers between 2008 and
2021 were included. Patients with primary hysterectomy were
excluded. Surgical excisional procedures and cervical excisional
dimensions were left at the discretion of surgeons and centers.
Fig. 1. Schematic representation of a conic excision and of the evaluated excised
dimensions.
AIS management

Patients were managed according to French guidelines [14].
Briefly, when diagnosed on a cervical biopsy, primary excisional
procedure was systematically performed in order to confirm the
diagnosis, whether or not a conservative approach was considered.
The cone was analyzed by pathologists and margins were evaluated.
In case of positive margins (i.e. contact between pathological tissue
and excision specimen edges) a second procedure was performed to
complete the excision. The following management was discussed in
multidisciplinary consultation meeting. Although hysterectomy was
indicated in patients with negative margins and without any invasive
component, conservative management with follow-up was consid-
ered in young patients for fertility-sparing, or in case of refusal.
2

Population characteristics

Preoperative characteristics reported were age at initial diagnosis
(inferior to 35 years old, 35 to 45, and superior to 45 years old),
immunosuppression status and etiology. The results of referral cytol-
ogy were divided into minor anomalies (defined by a smear test
resulting in either ASC-US or LSIL) and major anomalies (defined by a
smear test resulting in either ASC��H, HSIL, AGC), according to the
Bethesda 2014 classification. The squamocolumnar junction on initial
colposcopy was either easily visualized (TZ1−2) or not (TZ3).

Outcomes

Endocervical negative margins were defined as the absence of
contact between the pathological endocervical tissue and the internal
excision surface. No distance threshold was required for the excision
to be considered negative. All measurements were performed by the
pathologist either on fresh specimen or after formalin, according to
local protocols as follows (detailed in Fig. 1):

- Length: defined as the distance between the excision base and the
higher excision point

- Lateral diameter: defined as the distance between 3- and 9-hour
points on the cone base

- Antero-posterior diameter: defined as the distance between 6-
and 12-hour points on the cone base

Statistical analysis

Continuous variables are presented as median and interquartile
range (IQR) and were compared using the Wilcoxon-Mann-Whitney
test. Frequencies and percentages were used for categorical variables
and compared using the Chi-Square test or Fisher exact test when
appropriate. A logistic regression model analysis was performed to
evaluate the association between the probability of negative endocer-
vical margins and cervical excisional dimension (in mm). Odds ratios
(OR) with corresponding 95% CIs are reported. Each excisional
dimension (i.e. the length and the lateral diameters) was treated as
an independent variable. Statistical significance was defined by a
p value <0.05. All statistical analyses were carried out using R (http://
www.r-project.org; R Foundation, Vienna, Austria).

Ethical statement

The research protocol was approved by the Institutional Review
Board of the Coll�ege National des Gyn�ecologues et Obst�etriciens
Français (CEROG 2020-GYN-1211)

http://www.r-project.org
http://www.r-project.org


Fig. 2. Flowchart
Abbreviations: AIS (adenocarcinoma in situ).
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Results

Description of the study population

The flowchart is represented in Fig. 2. Of the 101 cases of AIS diag-
nosed on the initial biopsy, 5 were treated with primary hysterec-
tomy and were therefore excluded. Among the 96 patients that
underwent an excisional procedure, 1 case had missing data about
margin status. Finally, 95 cases were included with 76/95 patients
having negative endocervical margins after the first excision (80%)
and 19/95 (20%) having positive endocervical margins.

Comparative population characteristics according to the endocer-
vical margin status are presented in Table 1 and were similar
between both groups. Overall, 44% of patients were under 35 years
old, 38% were between 35 and 45 years old, and only 18% of patients
were older than 45 years old (p = 0.086). The results of initial cytology
were available for 84 patients. Major anomalies were suspected on
initial smear tests in 81% of patients in the ‘Negative margins’ group
and in 87% of patients in the ‘Positive margins’ groups, p = 0.7. Among
the 64 patients for whom the endocervical visualization on
Table 1
Comparative population characteristics according to the endocer

Characteristic Negative margins, N = 761

Age (years)
< 35 36 (47%)
35−45 30 (39%)
≥ 45 10 (13%)

Immunosuppression 2 (2.7%)
IS type
HIV 0 (0%)
Transplant 1 (50%)
Other 1 (50%)

Referral cytology
Low risk 13 (19%)
High risk 54 (81%)
missing 8

Endocervical curettage 18 (25%)
Squamocolumnar junction
TZ1-TZ2 49 (94%)
TZ3 3 (6%)
missing 24

Abbreviations: TZ (transformation zone), IS (immunosuppression
1 Statistics presented: n (%).
2 Statistical tests performed: Fisher’s exact test; chi-square te
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colposcopy was specified, 94% were either TZ1 or TZ2. Additional
endocervical curettage was performed in 18/76 (24%) of patients
with positive endocervical margins and 5/19 (26%) of patients with
negative endocervical margins, p = 0.8.

Impact of excisional dimensions on the endocervical margin status

Fig. 3 displays the evolution of the probability of negative endo-
cervical margins according to the three excisional dimensions, mod-
elled from the logistic regression model analysis. The analysis of the
raw data showed that the proportion of patients with negative endo-
cervical margin rose from 68% in length <10 mm to 84% for a length
of 10−15 mm. Beyond this length, the proportion of negative endo-
cervical margins remained quite stable. Overall, we found no signifi-
cant association between the probability of negative endocervical
margins and the length of cervical excision (OR = 1.08, 95% CI [0.99,
1.20], p = 0.10). Conversely, the probability of negative endocervical
margins was significantly corelated with both lateral (OR = 1,19, 95%
CI [1.03, 1.40], p = 0.025) and antero-posterior diameters (OR = 1.34,
95% CI [1.14, 1.64], p = 0.001). Table 2 compares the specimen
vical margin status.

Positive margins, N = 191 Overall, N = 951 p-value2

0.086
6 (32%) 42 (44%)
6 (32%) 36 (38%)
7 (37%) 17 (18%)
1 (5.3%) 3 (3.2%) 0.5

>0.9
0 (0%) 0 (0%)
0 (0%) 1 (33%)
1 (100%) 2 (67%)

0.7
2 (13%) 15 (18%)
14 (87%) 68 (82%)
3 11
5 (28%) 23 (25%) 0.8

0.6
11 (92%) 60 (94%)
1 (8%) 4 (6%)
7 31

).

st of independence.



Fig. 3. Estimated probability of negative endocervical margins according to the three excisional dimensions.
Abbreviations: AP (anteroposterior diameter).

Table 2
Comparison of excisional dimensions according to the endocervical margin status in
AIS-affected population.

Measurement Negative margins,
N = 761

Positive margins,
N = 191

p-value2

Length (mm) 16 (12, 20) 15 (9, 20) 0.6
Lateral diameter (mm) 20.0 (18.2, 24.0) 18.0 (15.0, 23.8) 0.039
AP diameter (mm) 17.0 (15.0, 20.0) 14.0 (11.2, 15.0) 0.004
1 Statistics presented: Median (IQR).
2 Statistical tests performed: Wilcoxon rank-sum test.

Table 3
Compared characteristics of AIS margin status and excisional dimensions accord-
ing to age.

Characteristic < 45 years old,
N = 781

≥ 45 years old,
N = 171

p-value[2]

Margin status 0.039
negative margins 66 (85%) 10 (59%)
positive margins 12 (15%) 7 (41%)

Excisional dimensions
Length 16 (12, 20) 17 (10, 20) 0.7
Lateral diameter 20.0 (18.0, 24.0) 18.0 (17.5, 23.0) 0.4
AP diameter 16.0 (14.0, 19.0) 15.0 (15.0, 20.8) 0.7
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dimensions of negative and positive margins groups. No significant
difference was found regarding the excision length between both
groups (median length of 16 mm IQR (12, 20) in the ‘Negative mar-
gins’ group vs. 15 mm IQR (9, 20) in the ‘Positive margins’ group,
p = 0.6), whereas both lateral and antero-posterior diameters were
significantly higher in case of negative endocervical margins.

The median lateral diameters were 20 mm, IQR (18, 24) in case of
negative endocervical margins vs. 18 mm, IQR (15, 24) in case of posi-
tive endocervical margins (p = 0.039), and the median antero-poste-
rior diameters were 17 mm, IQR (15, 20) vs 14 mm, IQR (11, 15)
(p = 0.004), respectively.

Impact of age on endocervical margin status

Table 3 shows the compared excisional outcomes and endocervical
margin status according to women’s age. Despite similar excisional
dimensions (regarding length, lateral and antero-posterior diameters),
the endocervical margin status was significantly related to women’s
age: 12/78 (15%) of women had positive endocervical margins before
45 years old and 7/17 (41%) after 45 years old (p = 0.039).

Discussion

Main findings

Beyond 10−15 mm, excision length did not seem to be clearly
associated with the proportion of negative endocervical margins.
4

However, both lateral and antero-posterior diameters had a signifi-
cant impact on the endocervical margin status (medians dimensions
of 20 mm (18, 24) in the ‘negative margins group’ vs. 18 mm (15, 24)
(p = 0.039) in the ‘positive margins’ group, and 17 mm (15, 20) vs.
14 mm (11, 15) (p = 0.004), respectively), in the overall population.
Nonetheless, despite similar specimen dimensions, women over
45 years old had a significantly higher risk of positive margins after
an excisional procedure than younger women.

Interpretation

Achieving negative endocervical margins is the keystone of con-
servative management in AIS. Positive margins are associated with
an increased risk of recurrence or long-term AIS persistence [12,15],
which may trigger recurrent procedures, or invasive adenocarci-
noma. Hence, optimizing the procedures to achieve negative margins
with the is the smallest excision specimen possible is major point.
AIS is a preneoplastic lesion developing in the glandular epithelium
of the endocervical canal [16]. As all in situ lesions, by definition, cel-
lular anomalies are strictly limited to the epithelium and cannot cross
the basal membrane. Thus, AIS extend preferentially vertically, along
the endocervical canal, and its lateral extension in the transverse
plane is limited by the basal membrane. Intuitively, a deeper excision
(i.e., increased length) should be associated with higher rates of
endocervical negative margins. Multiple reasons may explain why no
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clear influence of the excision length on the endocervical margin sta-
tus have been found. First, the development of AIS appears to start
essentially around the squamocolumnar junction and therefore close
to the external cervical os [17,18]. Bertrand et al. reported that the
large majority of AIS extend to less than 15 mm into the endocervical
canal and deeper localizations are quite rare [19]. Therefore, an exci-
sion length of 10−15 mm might be sufficient in most cases. This is
consistent with the results reported by Tan et al. especially in the
population of young women under 40 years old and corroborates
both recent American guidelines and our own observation [9,20].
Secondly, although most of AIS are unifocal, various studies have
Fig. 4. schematic representation of the uterine cervix and different excisional shapes
Abbreviations: AIS (adenocarcinoma in situ)
A − schematic histological representation of the endocervix in coronal plane. The non

transverse extension of AIS, despite being limited by the basal membrane. The dashed line co
B- Conic excision. At equal length, obtaining endocervical negative margins (excision inn
C − Cylindrical excision. An excision with negative endocervical margins requires both lo

excision.
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reported circular extension into multiple quadrants all around the
cervical canal. [16,19,21] Moreover, the glandular architecture of the
endocervical epithelium is not a straight line along the cervical lumen
but is composed of crypts and clefts. If AIS usually develops in the pri-
mary clefts (close to the canal), it may also involve the deeper tunnels
extending from the gland clefts, depending on the histological sub-
types [22]. Despite being limited by the basal membrane, lateral
extension of AIS exists, at least partly. Thus, the inner excision surface
(which depends on the external excision surface i.e., the lateral and
anteroposterior diameters) should be large enough to include all the
pathological glandular epithelium. All these observations may
-linear and cryptic architecture of the glandular endocervical epithelium explains the
rresponds to the transformation zone, mainly affected by AIS.
er surface) depends on the external surface (visible on the ectocervix)
wer length and lateral dimensions (lateral and anteroposterior diameters) than in conic
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explain why a conservative procedure with uninvolved endocervical
margins requires rather a large excision (increased lateral and ante-
roposterior diameters) more than a deep excision (increased excision
length). However, considering the heterogeneity of procedures in our
cohort, it seems difficult to give precise lateral or anteroposterior
diameter thresholds, although 20 mm appear sufficient in most cases.
One way to achieve a high rate of uninvolved endocervical margins
while keeping the excision to the pathological area as much as possi-
ble may be to perform a cylindrical excision. This technique has been
previously described by Azais et al. [23]. Briefly, instead of realizing a
conventional conic excision, the edges of the removed tissue should
be parallel to the endocervical canal. A preoperative colposcopy is
realized: this step is essential to localize with precision the contours
of the ectocervical incision and removing the entire transitional zone.
Then, a circular incision is performed, delimiting the inner excisional
surface. The pathological tissue is progressively removed from the
exocervical incision to the inner delimitation, realizing a cylinder.
The schematic representation in Fig. 4 helps to understand how a
cylindrical excision supposedly reduces the excision dimensions
while keeping a high rate of uninvolved endocervical margins.

In our study, AIS-affected population was quite young, with 44% of
patients being under 35 years old and 82% under 45 years old which
is consistent with previously reported literature: Salani et al. reported
in a meta-analysis of 1278 cases of AIS a mean age of 36.8 years old
(range 31−44.2) [24]. Furthermore, in their study, 29% of women
were nulliparous at the time of diagnosis. Considering these charac-
teristics, many of those patients may require a conservative approach
alone. Nonetheless, while excisional procedures may indeed allow fer-
tility-sparing, they are not free of consequences. Cervical excisions are
known to be associated with an increased risk of obstetrical adverse
outcomes, particularly preterm delivery or premature preterm of
membranes [13,25−27]. Conversely, the transverse diameter does not
seem to impact the gestational age at delivery [28]. Thus, reducing
the excision length may undermine risks of potential obstetrical
adverse events in women with further pregnancies.

Other complications may be triggered by a deep excision proce-
dure. Particularly, cervical stenosis can be responsible for clinical
symptoms such as menstrual disorders or hematometra and tends to
make the postoperative colposcopic follow-up technically more diffi-
cult. The excision specimen length is known to be an independent
risk factor for the development of such a complication, especially for
excision lengths beyond 20 mm [29−31]. In case of conservatively
treated AIS, a close follow-up is essential. Limiting the excision length
to 15 mm could reduce the risks of developing cervical stenosis and
allow a better and easier colposcopic follow-up.

Our results support the idea of age as an independent risk factor
for positive endocervical margins: despite having similar excisional
dimensions, endocervical margins were more frequently involved in
patients over 45 years old. This suggests different histological charac-
teristics depending on age at diagnosis, with a potentially deeper and
larger invasion which may be related to later diagnosis and longer
evolution of the pathology. Thus, the limitation of excisional dimen-
sions defined previously may not be suited to older patients, who
could benefit from a deeper and larger excision. However, considering
the small sample of women over 45 years old in our cohort, we could
not perform an optimal subgroup analysis to evaluate this hypothesis.

Limitations

Several limitations can be acknowledged. As we conducted a ret-
rospective multicentric study, all excisional procedure techniques
were included in this study. This may have provided heterogeneity,
as each center had its own specificity. However, comparative studies
(including a recent prospective phase 2 clinical trial) suggests that
the main procedures (essentially CKC and LEEP) may be comparable
[6,11]. Therefore, the rates of uninvolved endocervical margin should
6

not have been impacted by this technique heterogeneity. Nonethe-
less, no study has compared the impact of excision shapes on the
margin status. Such a study would help to assess the impact of cylin-
drical excision which may be more appropriate in case of AIS. Second,
we had little data on long-term follow-up and on the postoperative
complications, nor were we able to report separately isolated AIS and
concurrent cervical intraepithelial neoplasia, although it may impact
the risk of persistent lesion [10]. Finally, a correlation between surgi-
cal and histological (uni or multifocal spots, length of affected tissue,
histological subtypes) data would have been interesting, particularly
in the older population to determine more precisely the reasons for
the differences regarding the endocervical margins status.

Conclusion

In AIS of the uterine cervix, the main objective of excisional proce-
dures is to obtain uninvolved margins. Endocervical margin status
may depend mostly on lateral excisional diameters, with optimal
proportion of endocervical negative margins beyond 15−20 mm,
rather than excisional length. A 15 mm length may be sufficient in
most cases and may undermine postoperative complications such as
obstetrical adverse outcomes, particularly important in a population
of young women with a potential desire of future pregnancy.
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