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Objectives: To evaluate the prevalence of residual disease after conization in AIS women,
and to develop a nomogram for predicting residual disease in such patients.
Methods: Eighty-three cervical adenocarcinoma in situ (AIS) patients were retrospectively
reviewed. Patient data concerning: demographic characteristics, colposcopic findings and
diagnosis, type of conization, size of pathologic specimens, pathological characteristics,
endocervical curettage (ECC) pathology and subsequent procedures, were collected. The rate
of residual disease after conization and predictive factors for residual disease in subsequent
hysterectomy were analyzed, and a predictive nomogram for residual disease was developed,
based on the multivariate analysis results. The statistical significance was set at a p-value of
<0.05.
Results: The prevalence of residual disease in hysterectomy specimens following conization
was 31.8%. Five (5.7%) women with AIS, who underwent subsequent hysterectomy, were
found to have invasive adenocarcinoma. According to the multivariate analysis results, the
predictive factors for residual disease were a positive endocervical margin status [OR 22.5
(95% CI 4.74, 106.79)] and a depth of specimen of < 8 mm [OR 8.11 (95% CI 1.12, 58.95)]. A
nomogram for the prediction of residual disease in AIS women was developed, based on these
predictive factors. After bootstrapping 1000 times, the bootstrap-corrected concordance index
value for predicting residual disease was 0.852.
Conclusion: The residual disease was found in 31.8% of hysterectomy specimens after
conization for AIS. Residual disease was strongly associated with a positive endocervical
margin and a depth of specimen of <8 mm. This study reports a feasible nomogram, with an
acceptable level of accuracy for predicting the individual risk of residual disease; which may
be beneficial in proper management decision-making.

 

Introduction
Adenocarcinoma in situ (AIS) of the cervix is an abnormal cervical glandular lesion that is
recognized as a precancerous stage of cervical adenocarcinoma. The incidence of AIS is about 1.25
to 1.59 per 100,000 [1-2] women, which is lower than that of squamous intraepithelial
abnormalities. Recently, AIS trends have experienced a relative rise compared to the decreasing
incidence of squamous cell abnormalities. Postulated explanations include changes in causative
HPV subtypes [3], unknown preventing co-factors for AIS [4] and lower detection rates from
cervical cytology. Due to the inability of colposcopy to determine endocervical lesions, the diagnosis
of AIS generally relies on cervical conization

After AIS is diagnosed, current guidelines recommend hysterectomy for patients who have
completed child bearing. Fertility-preservation surgery; such as cold-knife conization or loop
electrosurgical excision procedure (LEEP), has been considered for patients who wish to retain
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their fertility. For over a decade, AIS has tended to occur in women of a younger age, and women
tend to delay childbearing compared to in the past [5]. Hence, preservative surgery is now playing
an increasingly important role in management of AIS. However, the risk of residual disease and co-
existing adenocarcinoma after conservative treatment procedures should be of concern. The risks
of residual intraepithelial lesions and co-excising malignancies must be discussed with the patient
before the commencement of conservative treatment [4].

Previous studies have reported rates of residual disease following conization ranging from 6.3% to
55.5%, depending on marginal status [1, 6-10]. The risk of residual disease is related to an age of
more than 35 years, persistent abnormal pap smear results, positive margins of conization
specimens, presence of AIS in endocervical curettage tissue, smaller cone volume and an invisible
squamocolumnar junction on colposcopy [8, 10-12]. However, these findings are not consistent [8,
12].

This study aimed to determine the prevalence of residual disease after conization in AIS women,
and to identify factors that can predict residual disease in patients with AIS undergoing subsequent
hysterectomy. To the best of our knowledge, a predictive nomogram for AIS residual disease
following conization has not yet been reported. We, therefore, constructed a nomogram to estimate
an individual’s probability of having residual disease.

Materials and Methods
This retrospective study reviewed the data of patients diagnosed with AIS having undergone
cervical conization; from January, 2004 to December, 2018, at the Department of Obstetrics and
Gynecology of Songklanagarind Hospital, Thailand. Both medical records and pathological reports
were reviewed. Patients diagnosed with AIS from conization, and undergoing subsequent
hysterectomy were included. On the other hand, women diagnosed with coexisting cervical cancer,
completed cervical cancer treatment, or those were pregnant were excluded. This study was
approved by the Ethics Committee of the Faculty of Medicine, Prince of Songkla University.

Patient characteristics, colposcopic findings and diagnosis, type of conization, margin status,
endocervical curettage (ECC) pathology, maximum diameter and depth of pathological specimen,
number of areas of disease involved, and residual disease; based on hysterectomy specimens, were
reviewed from medical, pathological, and colposcopic records kept in our hospital’s computer
database as well as documentation from the colposcopy unit.

All patients in this study underwent colposcopy examination, by a gynecologic oncologist or a
2nd-year fellow trainee, at the Gynecologic Oncology Unit. The colposcopic findings and diagnoses
were recorded in the colposcopy image database. Either immediate therapeutic conization, or cold
knife conization was performed, depending on the colposcopist’s preference. Loop conization was
performed under local anesthesia, using electrosurgical loops varying in size, depending on the
geography of the lesion. Cold knife conization was performed under spinal block in the operating
room, by a gynecologic oncologist or a fellow trainee. Endocervical curettage was performed
immediately after the conization, and specimens were marked at the 3, 6, 9 and 12 o’clock
locations.

The cone specimens were prepared and examined by experience pathologists, as per the standard
guidelines for handling cone specimens. Each specimen was fixed with 10% formalin, and the cone
margins were marked with indelible ink. Then the specimen size was measured. The specimen was
sectioned at 2-3 mm intervals, along the plan of the endocervical canal, starting at the 12 o’clock
mark and embedded in paraffin. The section slides were stained with hematoxylin and eosin. The
reported microscopic characteristics were divided into 4 quadrants. If the diagnosis was
inconclusive, the results were reviewed by an expert pathologist and gynecologic oncologist, in a
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clinicopathological conference. Residual cervix, obtained from the hysterectomy procedure, was
prepared and examined as a cone specimen. Any abnormal squamous or glandular neoplastic cells
in the hysterectomy specimens were considered as residual disease.

The cone margin status was classified as endocervical, ectocervical, and deep margin and
categorized as either a negative or positive margin. A positive margin was defined as the presence
of any abnormal squamous or glandular neoplastic cells. A negative margin was defined as the
absence of any neoplastic cells and the presence of normal cervical tissue. A negative margin status
was defined as all categorize margins being negative, while a positive margin status was defined as
1 or more of the categorized margins being positive.

The endocervical specimens were classified as negative, positive or inadequate. Negative was
defined as the presence of normal endocervical cells and the absence of any neoplastic cells;
whereas, positive was defined as the presence of neoplastic cells. Inadequate endocervical tissue
for interpretation was considered negative.

The sample size was calculated using the one-proportion formula, under the assumptions that the
prevalence of residual disease was 0.14 [8], the precision was 0.1, the standard normal variate was
1.96 at a 95% confidence level and the estimated loss of data was 10%. The calculation resulted in
a sample size of 52 patients. All data were double entered into Epidata version 3.1, and analyzed
using R software version 13.1. Descriptive data are presented as percentage, mean and median.
Clinicopathological characteristics and colposcopic findings were analyzed using univariate and
multivariate studies. The categorical data were analyzed by using the chi-square and Fisher’s exact
tests. The independent predictors were assessed using the logistic regression model, with a p-value
of <0.05 being considered statistically significant. Finally, a nomogram for predicting residual
disease risk was constructed, based on the results of the multivariate analysis, and its internal
validation was determined using the bootstrapping method.

Results
  Baseline characteristics  

During the study period, 88 women were diagnosed with AIS from conization, and from this,eighty-
three women who met the inclusion criteria were identified. Their baseline characteristics and data
related to their colposcopy and histology of the conization specimens are shown in Table 1.

Total No residual disease Residual disease P-value
 n = 58 (%) n = 25 (%)  
Patient characteristics    
Age (years)   0.042
<45 32 (55.2) 7 (28.0)  
>45 26 (44.8) 18 (72.0)  
Menopausal status   0.026
Premenopause 44 (75.9) 12 (48.0)  
Menopause 14 (24.5) 13 (52.0)  
Parity   1
Nulliparous 2 (3.4) 1 (4.0)  
Parous 56 (96.6) 24 (96.0)  
HIV* status   1
No 57 (98.3) 25 (100)  
Yes 1 (1.7) 0 (0)  
Cervical cytology results    
Epithelial abnormality   0.174
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Normal 30 (51.7) 16 (64.0)  
ASC-US§/LSIL§§ 2 (3.4) 1 (4.0)  
ASC-HŦ/HSILŦŦ 25 (43.1) 6 (24.0)  
Squamous cell carcinoma 1 (1.7) 2 (8.0)  
Glandular abnormality   0.354
Normal 27 (46.6) 7 (28.0)  
All AGCδ 10 (17.2) 4 (16.0)  
AIS€ 13 (22.4) 9 (36.0)  
Adenocarcinoma 8 (13.8) 5 (20.0)  
Specimen characteristics    
Method of conization   1
CKC± 13 (22.4) 6 (24.0)  
LEEP±± 45 (77.6) 19 (76.0)  
Depth of specimen (mm)   0.019
<8 3 (5.2) 6 (24.0)  
>8 55 (94.8) 19 (76.0)  
Maximum diameter of
specimen (mm)

  0.829

<24 27 (46.6) 13 (52.0)  
>24 31 (53.4) 12 (48.0)  
Co-existing CIN€€ in cone
specimen

  0.042

Pure AIS€ 26 (44.8) 18 (72.0)  
Mixed CIN€€/AIS€ 32 (55.2) 7 (28.0)  
Margin status   < 0.001
All margins negative 43 (74.1) 5 (20.0)  
1 or more positive margins 15 (25.9) 20 (80.0)  
Ectocervical margin   0.058
Negative 51 (87.9) 17 (68.0)  
Positive 7 (12.1) 8 (32.0)  
Endocervical margin   < 0.001
Negative 50 (86.2) 6 (24.0)  
Positive 8 (13.8) 19 (76.0)  
Deep margin   0.045
Negative 50 (86.2) 16 (64.0)  
Positive 8 (13.8) 9 (36.0)  
Endocervical curettage
(ECC)¥

  0.025

Negative 52 (89.7) 17 (68.0)  
Positive 6 (10.3) 8 (32.0)  
Number of disease
involvement quadrants

  0.328

1-2 quadrants 22 (37.9) 6 (24.0)  
3-4 quadrants 36 (62.1) 19 (76.0)  
Colposcopic characteristics    
Colposcopic status   1
Adequate 24 (41.4) 10 (40.0)  
Inadequate 34 (58.6) 15 (60.0)  
Colposcopic impression   1
Normal/LGL£ 26 (44.8) 11 (44.0)  
HGL££/cancer 32 (55.2) 14 (56.0)  
Table 1. Comparisons of Patient Charateristics, Treatment-related Factors and Histology between Two Groups.  
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*HIV= Human Immunodeficiency Virus, §ASC-US= Atypical Squamous Cells of Undetermined
Significance, §§LSIL= Low-Grade Squamous Intraepithelial Lesion, ŦASC-H= Atypical Squamous
Cells, Cannot Exclude High-Grade Squamous Intraepithelial Lesions, ŦŦHSIL= High-Grade
Squamous Intraepithelial Lesion, δAGC= Atypical Glandular Cells, €AIS = Adenocarcinoma in Situ,

€€CIN= Cervical Intraepithelial Neoplasia, ±CKC= Cold Knife Conization, ±±LEEP= Loop
Electrosurgical Excision Procedure, £LGL = Low-Grade Lesion, ££HGL= High-Grade Lesion, ¥ECC=
Endocervical Curettage

The mean age was 47.4 years (SD ±9.1 years; range 27 to 70 years), and most of them were of a
premenopausal status. The majority (64%) was asymptomatic, and 24% had abnormal vaginal
bleeding or discharge. AIS was diagnosed by LEEP in 77.1% of the participants, and by cold knife
conization in the remaining 22.9%. Pure AIS was found in 53.0% of cases; whereas, the other 47.0%
had co-existing squamous abnormality/cervical intraepithelial neoplasia (CIN). The margins were
free from disease in 48 women (57.8%), while endocervical margin was involved in 27 women
(32.5%).

Residual disease after conization was present in 25 of the 83 women (30.1%). Five (5.7%) women
had invasive adenocarcinoma, and all of them had a positive endocervical margin. The other
residual diseases identified were 16 of pure AIS (19.3%), 2 of AIS with coexisting CIN (2.4%) and 2
of CIN (2.4%). All of the conization margins, of both women with residual CIN, were negative.
Twenty of the 25 (80%) women with residual disease had at least one positive conization margin,
and 76% (19/25) had a 3-4 quadrant AIS involvement.

  Factors associated with residual disease  

From the univariate analysis, the identified positive predictors for residual disease in women with
AIS, diagnosed by conization, were at an age of > 45 years, had menopausal status, a depth of
specimen <8 mm, had presence of CIN, a positive margin status, and histologic results of ECC, as
shown in Table 1. When all the significant variables obtained from the univariate analysis were
entered into the multivariate model, endocervical margin status and depth of cone specimen
resulted as the only two significantly, independent predictors for residual disease after conization
(adjusted OR 22.5; 95%CI 4.74, 106.79; p<0.001, and adjusted OR 8.11; 95%CI 1.12, 58.95;
p=0.037); as shown in Table 2.

Crude OR (95%CI) Adjusted OR (95%CI) P-value
Endocervical margin
Positive vs. negative 19.79 (6.06, 64.6) 22.5 (4.74, 106.79) < 0.001
Depth of specimen (mm)
<8 vs. >8 5.79 (1.32, 25.45) 8.11 (1.12, 58.95) 0.037
Coexisting CIN in cone
specimen
Mixed CIN/AIS vs. pure AIS 0.32 (0.11, 0.87) 0.61 (0.15, 2.53) 0.499
Age (years)
>45 vs. < 45 3.16 (1.15, 8.73) 1.44 (0.37, 5.63) 0.602
Deep margin status
Positive vs. negative 3.52 (1.16, 10.63) 0.68 (0.12, 3.67) 0.649
Endocervical curettage
Positive vs. negative 4.08 (1.24, 13.43) 1.45 (0.25, 8.54) 0.68
Table 2. Multivariate Analysis of Predictive Factors for Residual Disease after Conization in AIS Women.  
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  Nomogram and validation  

Based on the findings of the multivariate analysis model, the two most powerful predictive factors
for residual disease after conization were used to construct the nomogram (Figure 1). 

Figure 1. Nomogram to Predict the Probability of Residual Disease after Conization in AIS Women. 

The estimated probability of residual disease could be determined by summing the scores on the
given scale. The internal validation of the nomogram was analyzed using the 1000-bootstrap
method, and the calibration plot for residual disease after conization. Based on a mean absolute
error of 0.039, the agreement between the prediction of the nomogram, and observation or the
concordance index (C-index) was 0.852 (95% CI, 0.83-0.87).

Discussion
This current study aimed to determine the prevalence of residual disease after cervical conization
for AIS, and its predictive factors as well as to construct a nomogram that can be used to estimate
individual risk for residual tumors. We found a 30.1% prevalence rate of residual disease in
hysterectomy specimens, which concurs with the findings of previous studies that have reported
rates of 31%-38% [6-10,13]. Overall, the rate of adenocarcinoma on subsequent hysterectomy,
among our AIS women, was 6.02%. The rate of residual disease generally varies depending on
margin status. The rate of a positive margin after conization in this study was 30%, which is
consistent with rates ranging between 18.2% and 48.2% reported in previous studies [11,14].
Salani [6] and Tierney [12] found the risks for concomitant or subsequent adenocarcinoma to be
0.07% and 2% in women with negative margins, and 5.2% and 12% in women with positive
margins, respectively. Our study confirms these findings, as it was found that about 80% of women
with residual disease after hysterectomy had at least one positive side of conization margin.

This present study identified endocervical margin status and depth of conization are independent
factors associated with residual disease after conization. Numerous studies have reported the
association between endocervical margin status and residual disease. Our study found positive
endocervical margins to be strongly associated with residual disease; an 18-fold increase in risk
was detected. This result is consistent with those of previous studies, which have reported positive
endocervical margins in all women with residual adenocarcinoma, and no residual cancer in women
with negative conization margins [6,8,12]. This may be explained by the fact that glandular
abnormalities likely occur in and extend into the endocervical canal, rather than the ectocervical
area.

Our analysis also found that the depth of the conization specimen is a significant risk factor for
residual disease. A conization depth of < 8 mm was found to reduce the risk of residual disease in
multivariate analysis. A greater cone depth signifies a better chance to remove glandular lesions
located in the cervical canal as well as a decreased risk for residual disease [5, 15]. Historically,
many studies have shown that cold-knife conization(CKC) is associated with a lower rate of positive
margins than LEEP, because it produces a greater specimen volume and depth [13-14]. Therefore,
CKC has been recommended as a better therapeutic modality of choice for AIS [14]. However,
many recent retrospective studies [16] and meta-analyses have shown that the rates of residual
disease after conization between CKC and LEEP in AIS women are not significantly different. In
line with previous studies, we show that the method of conization does not associate with residual
disease risk. Instead, our results provide evidence to underscore the importance of obtaining an
adequate cone depth; irrespective of the mode of excision. Some studies have reported that a
positive endocervical curettage (ECC) finding is a risk factor for residual disease, because ECC may
help detect endocervical lesions; however, the data in support of this is inconclusive. The overall
accuracy of ECC to predict residual or recurrent AIS has been shown to vary between 58% and
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100% [6]. Costales [8] and Tierney

[12] reported a significant increase in the rate of residual AIS among women with a positive ECC
for 60% and 95%, respectively. In contrast, Kietpeerakool [7] did not support these findings. They
reported that up to 40% of women with a normal ECC result had residual disease in subsequent
hysterectomy specimens, while 50%-57% of women with a positive ECC, regardless of margin
status, had no residual disease [7,12-13]. A low sensitivity of 50% of ECC to detect AIS was also
noted in another report [8], which proposed that the invagination of AIS within the cervical stroma
may make it difficult to obtain by the curettage procedure [7]. The results of this study confirm the
lack of association between ECC status and residual disease. While the extent of the benefits of
ECC remains unclear, ECC results should be considered to account for other risk factors in further
treatment management.

AIS coexisting with CIN in this study was found in about half of AIS women. This is a similar finding
to the prevalence rates ranging from 40% to 60% reported by other studies [5,6,12,13,16,17].
Coexisting CIN showed a protective association with residual disease; however, it did not result in
being a significant, independent factor in the multivariate analysis. Patients with pure AIS were
higher risk of persistent disease than those with coexisting CIN [18,19]. An explanation for these
findings may be that the presence of concurrent CIN leads to earlier diagnosis and treatment [18].
Bekker [20] identified the 25-genotype HPVs in CIN and AIS lesions, and demonstrated that pure
AIS had a higher rate of the hr-HPV-negative genotype than AIS coexisting with CIN. Variation of
HPV biology may also lead to differences in early detection of AIS. Besides, based on the
geographic characteristics of the conization specimen, there have also been reports on
histopathologic features and HPV status being predicting factors for residual disease. ElMasri [9]
reported that predictive factors for AIS associated with an occult adenocarcinoma were
involvement of the endocervical gland by AIS, and the presence of histopathologic features
suggestive but not definitive for invasion or the so-called “suspicious of invasion”. The presence of
both features carried an 18% chance of having invasive adenocarcinoma in the hysterectomy
specimen; this risk increased to 33% when combined with a positive ECC result. Although, the term
“suspicious invasion” is very familiar to pathologists, it requires further validation [9]. HPV DNA
positivity has also been reported to be a predictive factor for residual disease in previous studies
[21]. However, neither histopathological characteristics, nor HPV status were evaluated in our
series; due to lacking data. The proposed nomogram is a simple mathematical tool, presenting an
alignment chart derived from the best multivariate analysis model. This study reports the predictive
nomogram attempting to evaluate the risk for residual disease after conization in AIS women. The
probability of residual disease was evaluated based on the characteristics of an individual’s
conization specimen. The C-index value of this nomogram was 0.852, which indicates that the
model has an acceptable level of accuracy. Moreover, it relies on practical or feasible pathological
variables. The nomogram provides additional information for quantitative risk predictions for
residual disease, before making decisions regarding fertility-sparing management, and the need for
a repeat conization before proceeding hysterectomy in women who have completed childbearing.

The strengths of this study lie in the facts that a hysterectomy specimen was used as a gold
standard for all subjects. Additionally, predictive factors were scrutinized using a multivariate
analysis. On the other hand, the apparent limitations of this study involve information and
systematic bias, as a result of its retrospective nature. Some potential risk factors; such as
histopathologic features and HPV status, were not included in our analysis. Lastly, based on a
limited sample size from a single tertiary center, only two independent predictive factors were
identified, and used to construct the predictive nomogram. We recommend that the external
validity of this nomogram be evaluated in different cohorts, so as to ensure both its validity and
generalizability.

In conclusion, about one third of the participating women had residual disease after conization for
AIS. This study has developed a predictive nomogram, which incorporates feasible clinical factors
to predict residual disease, with acceptable accuracy. This nomogram provides disease-related risk
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estimation before conservative treatment decisions are made, and facilitates appropriate follow-up
protocols.
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