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Background: Detection of glandular abnormalities in Papanicolaou (Pap) tests is challenging. This study aimed to review our institute’s
experience interpreting such abnormalities, assess cytohistologic concordance, and identify cytomorphologic features associated with
malignancy in follow-up histology. Methods: Patients with cytologically-detected glandular lesions identified in our pathology records
from 1995 to 2020 were included in this study. Results: Of the 683,197 Pap tests performed, 985 (0.144%) exhibited glandular abnor-
malities, 657 of which had tissue follow-up available. One hundred eighty-eight cases were cytologically interpreted as adenocarcino-
ma and histologically diagnosed as malignant tumors of various origins. There were 213 cases reported as atypical glandular cells
(AGC) and nine cases as adenocarcinoma in cytology, yet they were found to be benign in follow-up histology. In addition, 48 cases di-
agnosed with AGC and six with adenocarcinoma cytology were found to have cervical squamous lesions in follow-up histology, includ-
ing four squamous cell carcinomas. Among the cytomorphological features examined, nuclear membrane irregularity, three-dimen-
sional clusters, single-cell pattern, and presence of mitoses were associated with malignant histology in follow-up. Gonclusions: This
study showed our institute’s experience detecting glandular abnormalities in cervical cytology over a 25-year period, revealing the dif-
ficulty of this task. Nonetheless, the present study indicates that several cytological findings such as membrane irregularity, three-di-
mensional clusters, single-cell pattern, and evidence of proliferation could help distinguishing malignancy from a benign lesion.
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The introduction of cervical screening has reduced the num-
bers of new cases and deaths caused by cervical cancer; this suc-
cess has mainly been attributed to the Papanicolaou (Pap) test,
which is a main cervical screening modality used worldwide [1,2].
For instance, under the Korean cervical cancer screening pro-
gram and between the years 1999 and 2017, new cervical can-
cer cases and deaths dropped significantly [3]. However, despite
its huge success, the Pap test is by no means perfect. According
to the 2020 GLOBOCAN estimates, cervical cancer still ranked
as the fourth most common malignancy both in incidence (6.5%)
and mortality (7.7%) in women globally [4].

Pap test is primarily considered a screening test for squamous
cancer and its precursors, exhibiting high specificity for this task
[5], while it is often used either as a stand-alone test or in asso-
ciation with human papillomavirus testing, as a part of various
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screening algorithms [6-9]. However, its diagnostic accuracy
regarding glandular cancers and their precursors is considered
suboptimal; reasons include the relative rarity of glandular ab-
normalities in Pap tests, compared to their squamous counter-
parts, the difficulty sampling them, also the pathologists’ lack of
experience with their cytomorphologic criteria and the reported
interobserver variability [10-12]. “Atypical glandular cells” (AGC)
is an uncommon cytologic interpretation used to interpret cases
with cytomorphologic glandular changes exceeding reactive
atypia, yet falling short to be reported as in situ or invasive carci-
nomas [13-15].

Squamous cell carcinoma and adenocarcinoma (ADC) are the
first and second most common histologic types of cervical cancer,
respectively [16,17]. Notably, whereas the incidence of squamous
cell carcinoma has decreased significantly the last years mainly
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due to the successful cervical screening programs implemented,
ADC has not followed a similar trend [18-22]. Adenocarcino-
mas often behave more aggressively, while they have been associ-
ated with worse prognosis and higher metastasis rates, also with
worse response to therapy compared to squamous cervical cancers
[16,17,23,24]. Consequently, the early detection of cervical ADC
or its precursors would directly affect patients’ quality of life and
survival rates. However, this task is challenging in both conven-
tional and liquid-based cytology (LBC) [11,25]. Due to the re-
ported suboptimal diagnostic performance of Pap tests for the
reasons mentioned before, more data are needed regarding cyto-
logically-detected glandular abnormalities, in order to enhance
our ability to detect them accurately.

In this single-center study, we evaluated the current status,
diagnostic distribution, cytohistological association, and pitfalls
of glandular abnormalities in cervical cytology. Additionally, we
also evaluated selected cytomorphologic findings in Pap tests with
glandular abnormalities associated with the presence of malig-
nancy in subsequent follow-up biopsies.

MATERIALS AND METHODS

In this retrospective study, the records of Seoul National Uni-
versity Hospital were searched within the petiod from January
1995 to December 2020 to identify all reported cervical cytology
cases with glandular abnormalities. These cases were prepared
either as LBC slides or conventional smears. Among the 683,197
Pap tests over this 25-year period, 985 cases from 923 patients
were reported with a glandular abnormality, while the 657 of
these with available surgical pathology follow-up were included
in the study. Of the 985 Pap tests, 322 (32.7%) were prepared
as conventional smears, whereas 663 (67.3%) as LBC. The cyto-
logic interpretations regarding the glandular abnormalities were
made by board-certified cytopathologists of our laboratory, based
on the following categories of the Bethesda system [5,26]: atypi-
cal glandular cells not otherwise specified (AGC-NOS), atypical
endocervical cells (AGC-EC), atypical endometrial cells (AGC-
EM), atypical glandular cells favor neoplastic (AGC-EN), and
ADC. Several Pap tests that were diagnosed as atypical glandular
cells of undetermined significance, favor reactive based on the
Bethesda system 1991, were considered AGC-NOS lesions in
2014 Bethesda system. Surgical pathology follow-up included
any of the following samples: cervical biopsies, endocervical cu-
rettages, loop electrosurgical excision procedure or conizations,
endometrial curettages, and hysterectomies.

A few cytomorphologic features of selected Pap test cases exhib-
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iting glandular abnormalities and cytohistologic discrepant find-
ings were also compared between the cases subsequently found
to be histologically benign and malignant, to identify cytologic
criteria associated with malignancy. These features included ar-
chitectural characteristics (overlapping; presence of single cells;
and presence of three-dimensional clusters), nuclear enlargement,
irregular nuclear membranes, increased nuclear-to-cytoplasm (N/
C) ratio, nuclear hyperchromasia, prominent nucleoli, and mitotic
activity. The Fisher exact test was used to identify the impor-
tance of cytomorphologic features in the diagnosis of malignan-
cies. A p-value of <.05 was considered statistically significant.

RESULTS

Distribution of glandular abnormalities in cervical cytology

Among 683,197 Pap tests interpreted from January 1995 to
December 2020 in our center, the number of cases with glandular
abnormalities was 985 (0.144%), of which 244 (24.8%) were
diagnosed as ADC. In the cytological evaluation of the 741 cases
with AGC, the distribution of AGC subcategories according to
the Bethesda system was as follows: AGC-NOS 667 (67.7%),
AGC-EC 32 (3.2%), AGC-EM 16 (1.6%), and AGC-FN 26
(2.6%) (Fig. 1). The mean age of the patients was 49 years (range,
14 to 86 years).

Assessment of cytohistologic concordance in our cohort
Of the 985 Pap tests interpreted with glandular abnormalities,
histologic follow-up was available for 657 cases (66.7%). Among
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Fig. 1. Distribution of glandular abnormalities in the Papanicolaou
tests interpreted in our institute over a 25-year period. ADC, adeno-
carcinoma; AGC-EC, atypical endocervical cells; AGC-EM, atypical
endometrial cells; AGC-NOS, atypical glandular cells not otherwise
specified; AGC-FN, atypical glandular cells favor neoplastic.
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them, 409 cases (62.3%) were interpreted as AGC-NOS, 206
(31.4%) as ADC, 21 (3.2%) as AGC-FN, 12 (1.8%) as AGC-EC,
and nine (1.4%) as AGC-EM. The cytohistologic concordance
was summarized by referring to the Quality Improvement pro-
gram recommended by the Korean Society for Cytopathology [27].

Table 1 shows the cytohistopathological correlations of the
patients according to subclassification of glandular lesions. One
hundred eighty-eight cases were cytologically interpreted as ADC
and histologically diagnosed as malignant tumors, including the
cervix, endometrium, ovaty, and other organ origins. Among the
cases with AGC Pap test interpretation, 213 were found to be
benign in follow-up histology, while most of the others were
diagnosed as malignant lesions. In addition, there were 48 cases
diagnosed with an AGC and six cases with ADC cytologically,
where a cervical squamous lesion was detected in their paired his-

tology, including four squamous cell carcinomas. There was also a
reported coexistence of glandular and squamous abnormalities in
50 Pap tests (AGC-NOS, 44; AGC-EM, 1; AGC-EN, 1; ADC,
4); these cases were solely categorized based on their glandular
component. Notably, nine cases with an ADC cytologic interpre-
tation were histologically diagnosed as benign.

Cytomorphologic features of AGC associated
with malignancy in follow-up histology

We also reviewed a few cytomorphologic features in some of our
cytology AGC cases exhibiting cytohistologic discordance. Seventy-
four AGC cases with available slides in our records were selected.
Fifty-one cases with AGC cytology diagnosed as benign, 14 as
cervical ADC, and nine as cervical ADC in situ (AIS) in their fol-
low-up histology were included. Histologically, cases diagnosed

Table 1. Subclassification of 657 Pap test cases with glandular abnormalities and available follow-up histology

Pap test result

Histopathologic result

AGC-NOS AGC-EC AGC-EM AGC-FN ADC

Benign 197 9 3 4 9
Endometrial lesion

Endometrioid adenocarcinoma 68 1 5 6 34

Serous adenocarcinoma 7 - 15

Clear cell carcinoma 4 - 3

Adenosguamous carcinoma 2

Carcinosarcoma 5 - 3

EM other malignant 3 - -

EM hyperplasia 5 1 - -
Cervical squamous lesion

LSIL 21 - 2

HSIL 22 1 - 4

Squamous cell carcinoma 4 - -
Cervical glandular lesion

Adenocarcinoma in situ 13 - 3

Adenocarcinoma 33 7 83

Adenosquamous carcinoma - 1 6
Cervical other malignant 2 - 3
Ovarian lesion

Serous adenocarcinoma 9 - 12

Mucinous adenocarcinoma - - 1

Clear cell carcinoma - - 2

Endometrioid adenocarcinoma 1 - -

Ovary other malignant 1 1 - 1
Vaginal lesion

Poorly differentiated carcinoma 1 - 1
Metastatic tumor 5 2 22
Other 2 1 -
TIFD, unknown 6 - - - -
Total 409 12 9 21 206

Pap, Papanicolaou; AGC-NOS, atypical glandular cells not otherwise specified; AGC-EC, atypical endocervical cells; AGC-EM, atypical endometrial cells;
AGC-FN, atypical glandular cells favor neoplastic; ADC, adenocarcinoma; EM, endometrial; LSIL, low grade squamous intraepithelial lesion; HSIL, high grade

squamous intraepithelial lesion; TIFD, tissue insufficient for diagnosis.
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with diseases other than cervical ADC or AIS were excluded. We
examined the abnormal glandular cells in these Pap tests to iden-
tify cytomorphologic features associated with subsequent malig-
nant histology. Table 2 shows the comparison of selected features
in the 74 eligible cases examined, according to their histologic
follow-up. Whereas irregular nuclear membranes, three-dimen-
sional clusters, single-cell pattern, and presence of mitoses were
statistically significant (p <.05) for the presence of malignancy,
increased N/C ratios, overlapping, nuclear hyperchromasia, and
prominent nucleoli were not (p >.05). Fig. 2 shows some cyto-
morphologic features of the Pap smear samples from some AGC
cases, histologically-confirmed as malignant.

DISCUSSION

Although the efficacy of cervical cytology diagnosing squa-

Table 2. Comparison of cytomorphological features between Pap
test cases exhibiting atypical glandular cells

Histologic diagnosis
Cytomorphological feature Benign ADC/AIS p-value?
(h=51) (n=23)
Architectural features
Overlapping .058
Present 30 18
Absent 21
Single-cell pattern <.001
Present 1
Absent 50 15
Three-dimensional clusters <.001
Present 0
Absent 51 15
Nuclear features
Increased N/C ratio 434
Present 50 22
Absent 1 1
Hyperchromasia 238
Present 39 18
Absent 12 5
Membrane irregularity .012
Present 18 15
Absent 33 8
Prominent nucleoli 124
Present 16 10
Absent 35 13
Mitoses .009
O/HPF 49 17
>1/HPF 2 6

Pap, Papanicolaou; ADC, adenocarcinoma; AlS, adenocarcinoma in situ;
N/C, nuclear-to-cytoplasm; HPF, high-power field.

aThe Fisher exact test was used. p-value of <.05 was considered statistically
significant.
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mous cell carcinoma and its precursors is well-established, detect-
ing glandular abnormalities is a challenge due to their rarity, pa-
thologists’ lack of experience with their cytomorphologic criteria,
and poor interobserver reproducibility [10-12]. The aim of the
present single-center study was to investigate the diagnostic
distribution and assess the cytohistologic concordance of glandu-
lar abnormalities in cervical cytology, also to identify selected
cytomorphologic findings associated with malignancy in follow-
up surgical pathology.

According to our findings, glandular abnormalities accounted
for 0.144% of all cervical cytology cases in our center from 1995
to 2020, showing their rarity and the diagnostic challenge inter-
preting them. This finding is consistent with what is reported in
the literature [15,28,29]. In respect of the distribution of glan-
dular lesions, none was diagnosed as AIS in cytology. Of the 16
cases that were histologically-confirmed to be cervical AIS, 13
were interpreted as AGC-NOS and three as ADC in cytology. This
indicates that identifying AIS in cytology is a rather challenging
task. Previous studies have identified the pitfalls of the AIS cyto-
logic diagnosis, also its suboptimal accuracy and low levels of in-
terobserver agreement [30-32]. Some authors have also reported
that many AIS lesions could be interpreted as AGC, AGC-FN,
ADC, or squamous intraepithelial lesions in cervical cytology
[32,33].

Assessing the cytohistologic correlation of the glandular abnor-
malities detected in our cervical cytology cohort, we found that
most Pap test cases reported to have glandular abnormalities cy-
tologically actually had some significant lesions in their subse-
quent histopathology. One hundred eighty-eight out of 657 cases
(28.6%) were turned out to be completely concordant, all of
which were diagnosed as malignant tumors in follow-up histology
(including cervical 92, endometrial, and ovarian 73). Also, there
were 121 cases reported as AGC in cervical cytology, which
turned out to be malignant tumors of various origins. On the
other hand, 213 AGC Pap tests were histologically benign. Zhao
et al. [25] analyzed 662 patients with an AGC cytologic interpre-
tation and available tissue biopsy material and found that AGC
cytology revealed cancer in 15.3% of the cases during histologic
follow-up, most likely located in the cervix (8.3%), the endo-
metrium (6.3%), and the ovaries (0.6%), respectively. In another
study by Pradhan et al. [34], the histologic diagnoses of 3,709
AGC cases consisted of: negative (70.5%), cervical intraepithe-
lial neoplasia/low grade squamous intraepithelial lesion (LSIL)
and high grade squamous intraepithelial lesion (HSIL) (20.7%),
endometrial ADC (5.5%), endocervical AIS and ADC (1.9%),
and metastatic carcinomas (0.5%).
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Fig. 2. Cytomorphologic features of histologically-confirmed malignant cases. (A) Atypical glandular cells not otherwise specified (AGC-NOS).
Groups of cells showing nuclear membrane irregularity. Follow-up histology revealed adenocarcinoma in situ (Papanicolaou [Pap] stain). (B)
AGC-NOS. Some scattered atypical cells showing single-cell pattern. Follow-up histology revealed adenocarcinoma (Pap stain). (C) AGC-NOS.
Cell clusters showing three-dimensional architecture with sharper, smoother margins. Follow-up revealed adenocarcinoma (Pap stain). (D) Atypi-
cal glandular cells favor neoplastic. Sheet of crowded cells with mitotic activity. Histological diagnosis was adenocarcinoma (Pap stain).

We also reviewed 74 AGC Pap tests to identify any cytomor-
phologic feature differences between the cases confirmed as benign
and malignant during follow-up surgical pathology. In this exami-
nation, irregular nuclear membranes, three-dimensional clusters,
single-cell pattern, and presence of mitoses were found to be sig-
nificantly associated with malignancy in subsequent histology.
On the contrary, no significant association was identified regard-
ing increased N/C ratio, nuclear hyperchromasia, prominent nu-
cleoli, or overlapping. These particular findings are largely con-
cordant with what has so far been reported the literature. Raab
et al. [35] showed that the presence of single dysplastic cells, nu-
clear membrane irregularities, and reduced amount of cytoplasm
indicated cancer or a cancer precursor in histology. In another
study by Yucel Polat et al. [29], the presence of feathering, pap-
illary pattern, polarity loss, 3D clusters, irregular nuclear mem-
branes, and prominent nucleoli were found to be significant; in
contrast, the formation of rosettes, overlapping, increased N/C
ratio, and nuclear hyperchromasia were not significantly associated
with cancer in follow-up histology. Torres et al. [36] showed that

https://jpatholtm.org/

finding cells exhibiting high N/C ratio and dyskeratosis indicated
intraepithelial neoplasia or cancer, whereas glandular lesions were
composed of cells with reduced amount of cytoplasm, nuclear
membrane irregularity, and macronuleoli. Lastly, Reynolds et al.
[37] reported that the presence of single dysplastic cells, 3D clus-
ters, intracytoplasmic neutrophils, increased N/C ratio and larger
nuclei, nuclear border irregularity, reniform-shaped nuclei, po-
larity loss, overlapping, and macronucleoli were significantly as-
sociated with a clinically significant lesion (HSIL or cancer) in sur-
gical pathology follow-up.

Whenever possible, it is necessary to identify the cytomorpho-
logic differences between squamous and glandular abnormalities
in Pap tests, in addition to the cytologic features observed in be-
nign glandular lesions that could mimic malignancy, to reduce
potential misinterpretations. AGC is often found to be a benign
lesion or a squamous intraepithelial lesion (e.g., a HSIL with
endocervical gland involvement), rather than a glandular abnor-
mality, in follow-up histology [34,38]. HSIL with endocetvical
gland involvement could indeed be misinterpreted as a glandu-
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lar abnormality in cervical cytology. However, the loss of polarity
within the hyperchromatic crowded groups, the flattening of the
cells at the periphery of such groups, and the identification of
single squamous dyskaryotic cells could help identify such lesions
as squamous rather than glandular [26,38].

Some cases in our cohort included histologically benign cases
interpreted as ADCs in cytology. Interestingly, among the cases
interpreted as AGCs or ADCs in cytology, there were a few cases
that were neither ADC nor squamous cell carcinoma in histology,
including a smooth muscle tumor of uncertain malignant poten-
tial, an ovarian diffuse large B-cell lymphoma, an extramammary
Paget disease of vulva, a small cell carcinoma, and a poorly differ-
entiated carcinoma of cervix. The pathologists’ lack of experience
and/or the presence of ambiguous cytomorphological criteria
may be responsible for their misinterpretation.

A limitation of this study is that a few of our cases cytologically
containing both glandular and squamous abnormalities (e.g.,
ACG-NOS and atypical squamous cells-cannot exclude HSIL
(ASC-H) were solely classified based on their glandular compo-
nent in this study, before assessing our cases’ distribution and
cytology-histology correlation. According to the literature, glan-
dular and squamous lesions in the cervix often coexist [39,40]. In
our study, 50 of the 657 cases with histologic follow-up diagnosis
were found to have both glandular and squamous abnormalities
in their cytology reports. Forty-four of 409 AGC-NOS cases ex-
hibited such coexistence, whereas 19 of them were finally diag-
nosed as cervical squamous neoplasias (LSIL, HSIL, or invasive
squamous cell carcinoma) during surgical pathology follow-up,
without any glandular lesions present. As previously mentioned,
we evaluated only the glandular component for the cytohistologic
correlation assessment of such cases. For example, a case inter-
preted as AGC-NOS and ASC-H in cytology followed by an LSIL
diagnosis in histology, was regarded as a lesion with AGC-NOS
only, ignoring its cytologic interpretation about squamous com-
ponent. This way of classification, however, can be controversial,
as it may not carry a major clinical impact when AGC patients
end up having a squamous lesion.

In conclusion, this study showed the current status of glandular
abnormalities detected by cervical cytology in a single center
over a 25-year-period. They revealed a few cytomorphologic fea-
tures, such as nuclear membrane irregularity, three-dimensional
clusters, single-cell pattern and presence of mitoses, associated
with malignancy in follow-up histology. As detecting glandular
lesions is rare in Pap tests and pathologists are often unfamiliar
with them, we hope this study will add some value to the relevant

literature.
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