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Background: Cervical adenoid cystic carcinoma (ACC) and adenoid basal carcinoma (ABC) are rare
cervical cancer types and have unclarified clinicopathological features and survival outcomes. This
retrospective study focused on predicting the value of radiotherapy or/and chemotherapy for cervical ACC
and ABC patients.

Methods: The clinical data of cervical ACC and ABC patients in the Surveillance, Epidemiology, and End
Results (SEER) database from 1973 and 2013 were included. The clinicopathological features, Kaplan-Meier
curves, and overall survival (OS) of patients were evaluated. The prognostic nomogram was established based
on the multivariate Cox models. To validate the nomogram prediction, Harrell’s Concordance index (C-index)
was calculated and receiver operating characteristic (ROC) curves were generated.

Results: A total of 84 cervical ACC and 82 ABC patients were identified, and ABC patients had better
10-year OS than ACC patients (60.81% vs. 36.94%, P=0.001). Age, ACC, surgery, radiotherapy,
chemotherapy, and regional node involvement were significantly correlated with patient prognosis. In the
multivariate analysis, only age >80 years (HR =5.945, 95% CI: 1.912-18.485, P=0.002) and age 70-80 years
(HR =4.803, 95% CI: 1.626-14.188, P=0.005) were independent predictors of patient prognosis. In
subgroup analysis, patients who underwent surgery (HR =2.199, 95% CI: 1.085-4.455, P=0.029) and the
ABC subgroup (HR =4.233, 95% CI: 1.532-11.696, P=0.005) received radiotherapy, chemotherapy, or
chemoradiotherapy with a poor prognosis. Patients received radiotherapy (HR =1.936, 95% CI: 1.208-3.105,
P=0.006) was associated with a poor prognosis, while surgical patients had a better prognosis (HR =0.535,
95% CI: 0.344-0.832, P=0.006).

Conclusions: Cervical ABC patients had a better survival time than cervical ACC patients. We found
that increased age was potentially an independent risk factor for poor prognosis, surgical patients had a
better prognosis, and radiotherapy, or chemotherapy combination treatment had an unfavorable tendency to

prognosis.
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Introduction

Globally, cervical cancer (CC) continues to be a severe
threat to human health, being the third most common
gynecological cancer after uterine corpus or ovarian cancer
in the United States (1). In 2018, CC is now the fourth
most common cancer among women, and it was estimated
that there were approximately 569,847 new cancer cases
and 311,365 deaths worldwide (2). In resource-high areas,
where cytology-based screening has been well implemented,
incidence and mortality have sharply declined (3). However,
implementation of mass screening programs is severely
constrained in sub-Saharan Africa and Southeastern Asia.
The highest regional incidence and mortality rates are seen
in Africa (4,5).

According to the WHO classification of female genital
tumors in 2014, patients are diagnosed with CC if the
primary tumor is in the cervix, and CC can be divided into
10 histopathological categories, including squamous cell
carcinoma, adenocarcinoma, clear cell adenocarcinoma,
serous carcinoma, adenosquamous carcinoma, glassy cell
carcinoma, adenoid cystic carcinoma (ACC), adenoid
basal carcinoma (ABC), small cell carcinoma, and
undifferentiated carcinoma (6). Squamous cell carcinoma
accounts for approximately 70-75% of uterine CC cases,
and the remaining cases are due to adenocarcinoma and
other histopathological types (7,8). ACC and ABC are
rare tumors of the cervix accounting for less than 1% and
are usually found in postmenopausal women older than
60 years of age (9,10). At present, it is considered that
ABC and ACC originate from the reserve cells of the
cervix and are members of the lineage of cervical basal cell
carcinoma (8). Cervical ABC and ACC can easily be
confused because they not only have similar diagnostic
terminology, but also have similar histological
characteristics, and the 2 tumor types can coexist (8,11). It
is important to accurately diagnose cervical ABC and ACC
because their prognosis is different, as ABC has a better
prognosis than ACC (11-13).

ACC is a rare histological category with slowly growing
malignancies commonly originating in secretory glands
and accounts for a substantial portion of minor salivary,
parotid, and submandibular gland malignancies (14,15).
Paalman and Counsell first reported this type of tumor with
highly characteristic cytoarchitecture as “cylindroma” of the
cervix in 1949 (16). The definition of ACC was introduced
by McGee et al. in 1965 (17). However, the currently
accepted designation of ABC was reported by Baggish
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and Woodruff in 1966 (18). ABC is distinct from ACC
biologically and histologically, and has a better prognosis
(19,20). ABC is characterized by slow indolent growth, a
high rate of recurrence, and nerve invasion (18). Previous
studies of cervical ABC and ACC have mainly been in the
form of single case reports and small series (17,21). Xing
et al. used the Surveillance, Epidemiology, and End Results
(SEER) program to identify the clinicopathological features
and survival outcomes of ACC and ABC of the lower
female genital tract (22). This study mainly focuses on the
discussion of different prognostic factors in each disease,
it is considered that the prognosis of ACC and ABC is
different only by comparing the survival rate of ACC and
ABC through single factor analysis. However, the single
factor analysis may have the influence of confounding
factors, resulting in the distortion of the results.

Therefore, the first scientific hypothesis of this study
is based on SEER database. Multivariate analysis is used
to evaluate the differences in prognosis between the two
pathological types, and further clarify the differences in
biological behavior. However, prognostic factors such as
radiotherapy and chemotherapy were not included in the
study. At present, BGCS guidelines do not give specific
diagnosis and treatment opinions for rare pathological
types, which is generally considered that it is not sensitive
to radiotherapy and surgical resection is recommended (23).
However, some literatures suggest that radiotherapy
has survival benefit for patients with surgical residue or
positive margin (24), and the value of chemotherapy has
not been discussed in ACC and ABC (25,26). Therefore,
the second scientific hypothesis of this study is to evaluate
the prognostic value of radiotherapy and chemotherapy
for ACC and ABC. Thirdly, considering the similarity of
cell origin, pathological type and clinical diagnosis and
treatment, a prediction model is constructed to predict
the prognosis of this kind of population in order to carry
out risk stratification. We present the following article in
accordance with the TRIPOD reporting checklist (available
at https://atm.amegroups.com/article/view/10.21037/atm-
22-1584/rc).

Methods
Data source

This study was a retrospective analysis, and all cases were
recruited from the SEER database maintained by the
National Cancer Institute. The SEER database collects
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information on cancer incidence and mortality from
various locations throughout the US since 1973 (https://
seer.cancer.gov/). Patients with cervical ABC and cervical
ACC diagnosed between 1975 and 2016 were included in
this analysis. Patients’ demographic and clinical data were
collected using the SEER*Stat software (version 8.3.8;
National Cancer Institute, Bethesda, Maryland, USA). The
data are public and do not involve the privacy of patients,
so the review and consent of the ethics committee were not
required. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Inclusion criteria and Variables

According to the SEER database coding manual, the specific
codes 8098/3 and 8200/3 of the International Classification of
Diseases for Oncology 3rd edition (ICD-O-3) were used to
confirm the histologically diagnosed cases for ABC and ACC,
respectively. The SEER historic staging system was used in
this study, which continued to assign cases into local, regional,
or distant disease throughout the study period, allowing us
to compare cases over the decades. SEER staging was based
on the theory of cancer growth. Clinical characteristics
abstracted in the study were age (<60, 60-70, 70-80, and
>80 years), race (black, white, and others), marital status
(married, others, and unmarried/single), primary site (cervix
uteri and others), regional nodes (>24, 0-24, and negative),
histology group (ABC, ACC), primary malignant tumor
(ves, no), surgery (yes, no), radiation (yes, no), chemotherapy
(ves, no), and combination of radiotherapy or chemotherapy,
such as none, radiotherapy(RT), chemotherapy(Chemo) and
chemoradiotherapy (CRT). Cases were excluded from the
study if they had incomplete information on any of these
characteristics. Patients who survived less than 1 month were
also excluded.

Statistical analysis

The outcome of interest of our study used for comparison
was overall survival (OS), measured in months. OS was
used as the event because this is the survival metric used by
the AJCC and avoids potential bias from attribution of the
cause of death. In our study, the clinical and pathological
characteristics of the training and validation sets were
compared between the live and death groups using
Pearson’s chi squared test for categorical variables. We also
constructed univariate and multivariate Cox proportional
hazards models to identify the prognostic value of patient
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characteristics and treatment use. All variables with P
value <0.05 were included in the final multivariate model
and were considered statistically significant. The Kaplan-
Meier (KM) technique was used to evaluate OS. Next,
we defined the predicted probability of treatment as a
propensity score to balance the clinicopathological factors
between the patients in the SEER cohort. All independent
prognostic factors were recruited into the construction
of the nomograms. Based on the variables of importance
score, the final variables were included in the prediction
model. The nomogram predicted the 5-, 10-, and
15-year survival probability with the observed mortality and
survival rates. The model performance for predicting the
survival outcomes was evaluated by time-dependent receiver
operating characteristic (ROC) curves and the C-index, and
the brier score was used to calculate the relevant parameters
of 5, 10, and 15 years.

In this study, we performed statistical analyses mainly
using R (version 4.0.5, https://www.r-project.org/) and IBM
SPSS (version 25).

Results
Patient clinicopathological and therapeutic characteristics

According to the study exclusion and inclusion criteria,
a total of 166 patients diagnosed with cervical ABC or
ACC during 1975-2016 were identified within the SEER
database. In the present study, 81 patients were stratified
into the live group, and 85 patients were stratified into
the death group. The database included 84 cervical ACC
patients and 82 ABC patients. Detailed clinicopathological
features were compared between the patients who
underwent different combinations of radiotherapy and
chemotherapy (1able 1). The ages of the patients ranged
from 62-78 years (median, 70 years). The ages of the
patients with cervical ACC ranged from 30-90 years
(median, 72 years) and the ages of the patients with cervical
ABC ranged from 28-89 years (median, 69 years). The
age distribution of these 2 tumors was similar, as the peak
incidence occurred at 70 and 80 years old, and there was
no significant difference. We divided all patients into age
groups, namely <60, 60-70, 70-80, and >80 years old, with
31, 43, 61and 31 patients in each group, respectively. As
presented in Tible 1, 106 (64%) of 166 patients who had
cervical ACC or ABC were white. In contrast, 42 (25%)
patients were black. Overall, 45 (27%) of 166 patients were
married at the time of cervical ACC or ABC diagnosis. A
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Table 1 Clinicopathological characteristics

Characteristics Total Live Death P value
Total patients 166 81 85 0.002
Survival months, median [IQR] 73.50 [32.00-129.50] 102.00 [39.00-154.00] 62.00 [30.00-104.00] 0.045
Histology group, n [%] <0.001
ABC 84 [51] 59 [73] 25 [29]
ACC 82 [49] 22 [27] 60 [71]
Age (years), median [IQR] 70 [62-78] 66 [58-73] 73 [68-80] <0.001
Age category (years), n [%] 0.002
<60 31[19] 23 [28] 8[9]
>80 31[19] 9[11] 22 [26]
60-70 43 [26] 24 [30] 19 [22]
70-80 61 [37] 25 [31] 36 [42]
Race, n [%] 0.017
Black 42 [25] 14 [17] 28 [33]
Others 18 [11] 13 [16] 5 [6]
White 106 [64] 54 [67] 52 [61]
Marital status, n [%] <0.001
Married 45 [27] 31 [38] 14 [16]
Others 92 [55] 31 [38] 61 [72]
Unmarried/single 29 [17] 19 [23] 10[12]
Primary site, n [%] 0.886
Cervix uteri 137 [83] 66 [81] 71 [84]
Others 29 [17] 15[19] 14 [16]
Is primary, n [%)] 0.906
No 21[13] 11 [14] 10[12]
Yes 145 [87] 70 [86] 75 [88]
Regional nodes, n [%] 0.087
>24 18 [11] 719] 11 [13]
0-24 41 [25] 26 [32] 15 [18]
Negative 107 [64] 48 [59] 59 [69]
Surgery, n [%] <0.001
No 56 [34] 11 [14] 45 [53]
Yes 110 [66] 70 [86] 40 [47]
Radiation, n [%)] 0.012
No 131 [79] 71 [88] 60 [71]
Yes 35 [21] 10[12] 25 [29]

Table 1 (continued)
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Table 1 (continued)
Characteristics Total Live Death P value
Chemotherapy, n [%] 1
No 147 [89] 72 [89] 75 [88]
Yes 19 [11] 9[11] 10[12]
CRT, n [%] 0.018
None 120 [72] 66 [81] 54 [64]
RT 27 [16] 6 [7] 21 [25]
Chemo 11[7] 5 [6] 6 [7]
CRT 8 [5] 415] 415]

ABC, adenoid basal carcinoma; ACC, adenoid cystic carcinoma; IQR, interquartile range; RT, radiotherapy; Chemo, chemotherapy; CRT,

chemoradiotherapy.

total of 137 (83%) had the primary site in the cervix uteri,
while 29 (17%) had the primary site in the endocervix,
exocervix, or overlapping lesion of the cervix uteri. A total
of 145 (87%) patients had ABC or ACC as the first primary
malignancy. A total of 59 (36%) patients had lymph node
involvement, 41 (25%) patients had positive lymph nodes
(range, 0-24), and 18 (11%) had positive lymph nodes >24.
A total of 110 (66%) patients underwent surgery (P<0.001),
while 35 (21%) patients were treated with radiotherapy
(P=0.012). In contrast to the high surgery rate, only 19
(11%) patients were treated with chemotherapy. We divided
the patients into the following 4 groups according to the
form of combination of chemotherapy or radiotherapy: (I)
neither RT nor Chemo (n=120); (II) only RT (n=27); (III)
only Chemo =11); and IV) CRT (n=8) (P=0.018).

Survival analysis

OS was regarded as the main study endpoint. Log-rank
testing was used to evaluate survival differences. The factors
significantly associated with KM curve analysis were age,
histological type, marital status, race, surgery, Chemo or/
and RT, and regional nodes (all P<0.05, Figure 14-1G).
Grouped by age, the <60 years old subgroup had a
significant survival benefit compared with other patients,
while the patients who were >80 years old had the worst
prognosis (P<0.001, Figure 14). The KM plots showed that
ABC patients had better OS than ACC patients (P=0.001,
Figure 1B). The 10-year survival rate of ACC patients was
36.94%, while the rate of ABC patients was 60.81%. In
addition, unmarried/single and black patients tended to

have worse OS (P<0.05, Figure 1C,1D). The KM plots
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showed that patients who underwent surgery had better
OS (P=0.005, Figure 1E). The median survival time of
patients who received surgery was 11.67 years, while the
median survival time of other patients without surgery
was 6.67 years. According to the form of combination of
radiotherapy and chemotherapy, the patients in the group
with neither RT nor Chemo had the best OS, while the
patients who were in the group of only RT had the worst
OS. Notably, compared with the CRT patients, Chemo
alone had a better prognosis (P=0.002, Figure 1F). The
median survival time of patients in the group with neither
radiotherapy nor chemotherapy was 11.67 years, while the
median survival time of patients with radiotherapy alone
was 5.83 years. Meanwhile, patients with regional nodes
0-24 had a better OS than others (Figure 1G).

Prognostic factors for OS

Several of the clinicopathological features mentioned earlier
were considered possible predictors. The Cox hazard ratio
model was used to further investigate prognostic factors
for ACC and ABC patients. Each variable satisfied the Ph
test (Figure S1). For univariate analysis, age >80 years (HR
=7.923, 95% CI: 2.719-23.093, P<0.001), age 60-70 years
(HR =4.305, 95% CI: 1.45-12.785, P=0.009), age
70-80 years (HR =5.902, 95% CI: 2.082-16.73, P<0.001),
unmarried/single (HR =1.081, 95% CI: 0.479-2.44,
P=0.852), marital status: others (divorce, widowhood,
separation or cohabiting partner) people (HR =2.457, 95%
CIL 1.371-4.402, P=0.003), only RT (HR =2.056, 95% CI:
1.232-3.429, P=0.006), only Chemo (HR =1.773, 95%
CI: 0.759-4.146, P=0.186), and CRT (HR =1.898, 95%
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Figure 1 Survival curves of overall survival among patients with cervical ACC and ABC. (A) Age; (B) histological group; (C) marital status;
(D) race; (E) surgery; (F) Chemo or/and RT; (G) regional nodes. Chemo, chemotherapy; RT, radiotherapy; CRT, chemoradiotherapy; ACC,

adenoid cystic carcinoma; ABC, adenoid basal carcinoma.

CI: 0.684-5.272, P=0.219) were found to be associated
with higher risk. Besides, patients who underwent surgery
showed a lower risk of mortality than those who did not
(HR =0.535, 95% CI: 0.344-0.832, P=0.006). ABC patients
showed better OS than ACC patients (HR =2.17, 95% CI:
1.349-3.492, P=0.001) (Figure 2). Subsequently, multivariate
Cox regression analysis was applied to further determine
the impact of prior cancer history on patients’ survival.

© Annals of Translational Medicine. All rights reserved.

After adjustment for age >80 years (HR =5.945, 95% CI:
1.912-18.485, P=0.002), age 70-80 years (HR =4.803, 95%
CI: 1.626-14.188, P=0.005) was marginally associated with
inferior OS. In terms of the impact of radiotherapy or
chemotherapy on prognosis that we are concerned about,
only RT (HR =1.522, 95% CI: 0.875-2.647, P=0.137), only
Chemo (HR =1.684, 95% CI: 0.677-4.19, P=0.262), and
CRT (HR =2.453, 95% CI: 0.789-7.621, P=0.121) had no
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Figure 2 Forest plots of the univariate and multivariate analysis of prognostic factors in patients. Chemo, chemotherapy; RT, radiotherapy;

CRT, chemoradiotherapy; ABC, adenoid basal carcinoma; ACC, adenoid cystic carcinoma.

significant effect on OS. However, combination treatment
had an unfavorable tendency to prognosis (Figure 2).

Subgroup analysis

To further determine the effects of Chemo/RT/CRT wvs.
none on various subgroups, we also performed a subgroup
analysis. As shown in Figure 34, Chemo/RT/CRT in age
60-70 years (HR =3.19, 95% CI: 1.157-8.791, P=0.025),
age 70-80 years (HR =2.451, 95% CI: 1.249-4.81,
P=0.009), marital status other (HR =2.168, 95% CI:
1.262-3.725, P=0.005), primary tumor (HR =2.299, 95%
CI: 1.429-3.697, P=0.001), surgery (HR =2.496, 95% CI:
1.275-4.887, P=0.008), ABC histology group (FIR =3.694,
95% CI: 1.587-8.599, P=0.002), and regional nodes 0-24
(HR =3.276, 95% CI: 1.138-9.435, P=0.028) were found to
be associated with a higher risk of mortality. These variables
were further studied by multivariate analysis (Figure 3B).
Opverall, patients in surgery, primary tumor: others and ABC
subgroup received Chemo/RT/CRT with a poor prognosis.
There were no meaningful interactions between the above 3
subgroups given the non-significant p values for interaction

(Figure 34,3B).
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Nomograms

The main endpoint was OS. We further used the machine
learning method of random survival forest to screen
variables. Based on the importance score of the variable,
the final 4 variables (age, marital status, pathological type,
and whether or not combination of radiotherapy and/
or chemotherapy was performed) were included in the
prediction model (Figure S2). Based on the multivariate
Cox models, the prognostic nomogram was constructed,
which could predict the 5-, 10-, and 15-year OS probability
of patients with ABC and ACC (Figure 44). In the
nomogram panels, the first row is the point assigned for
each variable. The sum of the points for each variable equals
the total points. A vertical line drawn from this point can
obtain the 5-, 10-, and 15-year probability of survival. In
terms of model diagnosis, the sensitivity and specificity of
predicting the prognosis of ABC and ACC were identified
by time-dependent ROC curves. Figure 4B illustrates the
5-, 10-, and 15-year values of the area under the curve
(AUC) regarding the nomogram for OS. The C-index of
the predictive models indicated a good ability to predict
outcome. The calibration plots showed good agreement of
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Figure 3 Forest plots of the univariate (A) and multivariate analysis (B) of subgroups. ABC, adenoid basal carcinoma; ACC, adenoid cystic

carcinoma.
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Figure 4 Nomogram model establishment and verification. (A) Nomogram predicting the 5-, 10-, and 15-year OS; (B) AUC of the

nomogram; (C) calibration plots for the 5-, 10-, and 15-year OS nomogram. *P<0.05, **P<0.01, ***P<0.001. Chemo, chemotherapy; RT,

radiotherapy; CRT, chemoradiotherapy; OS, overall survival; AUC, area under the receiver operating characteristic curve.

the prediction and observation in survival (Figure 4C).

Analysis for radiotherapy or chemotberapy patients

In general, there were too few patients in the Chemo/
RT/CRT groups to conduct further analyses. To further
evaluate and test the survival assessment model, we
performed KM survival analysis according to whether the
patient underwent Chemo/RT in enrolled patients. We
found that there was no statistically significant difference
between patients who received Chemo and those who
did not (Figure 5A, P=0.187). Survival analysis was also

© Annals of Translational Medicine. All rights reserved.

performed in 131 patients (no radiation) and 35 patients
who received radiation. The OS for patients without
radiation was better than for those who received radiation
(Figure 5B, P=0.005). Figure 6 shows the univariate and
multivariate analyses of potential predictors for OS. Each
variable satisfied the Ph test (Figure S3). Age >80 years, age
60-70 years, age 70-80 years, marital status at diagnosis
(marital: others), surgery, radiation, and histological group
were significantly associated as risk factors for OS in the
univariate analysis. Therefore, these significant risk factors
were included in the multivariate analysis. Multivariate
analysis identified that only race, age >80 years, and age
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Figure 6 Forest plots of the univariate and multivariate analysis of in patients received radiotherapy or chemotherapy. ABC, adenoid basal

carcinoma; ACC, adenoid cystic carcinoma.

70-80 years were independently able to predict survival
(Figure 6). Based on the multivariate Cox models, 4
variables (age, marital status, radiation, and histological
group) were finally included in the prediction model
(Figure S4), and the prognostic nomogram was
constructed, which could predict the 5-, 10-, and 15-year
OS probability of patients with ABC and ACC (Figure 74).

© Annals of Translational Medicine. All rights reserved.

In terms of model diagnosis, the sensitivity and specificity
of predicting the prognosis of ABC and ACC were
identified by time-dependent ROC curves. The AUC
values of the nomogram in predicting OS are displayed in
Figure 7B. In addition, the calibration curves demonstrated
that the nomograms had a high degree of reliability owing
to the minor deviations from the reference line (Figure 7C).
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Figure 7 Nomogram model establishment and verification for radiotherapy or chemotherapy patients. (A) Nomogram predicting the 5-,
10-, and 15-year OS; (B) AUC of the nomogram; (C) calibration plots for the 5-, 10-, and 15-year OS nomogram. ABC, adenoid basal

carcinoma; ACC, adenoid cystic carcinoma; OS, overall survival; AUC, area under the receiver operating characteristic curve.

Discussion

CC is one of the most common gynecological
malignancies (2). Human papillomavirus (HPV) infection,
the most common sexually transmitted infection, is a well-
established cause of CC (3). Despite effective diagnosis by
cytological screening and HPV vaccine prevention, the
incidence and mortality rates of CC in developing countries
have increased annually since 2000 (27,28). In China,
screening for CC has been available since 2009, and the
HPV vaccine was only approved in 2016. In addition, the

© Annals of Translational Medicine. All rights reserved.

coverage rate of screening in China is only 21.4% (27,29).
Now, China is aiming to establish optimal screening
programs and introduce the vaccine into the national
immunization program. ACC and ABC are rare tumors of
the cervix, and can easily be confused (14). Knowledge of
clinical outcomes in ACC and ABC consists almost entirely
of case series from a limited number of case reports and
small case series, and all the data are from retrospective
single institution series. Based on these previous reports,

ACC and ABC of the uterine cervix is rare and constitutes
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less than 1% of all CC (14,18,19). Based on the SEER
database, only 82 cervical ACC and 84 ABC cases were
included in this study.

Regardless of anatomical pathological features, the most
common treatment modalities for cervical ACC and ABC
are surgical resection, radiotherapy, or chemotherapy,
either alone or in a combined setting, which follows the
well-established protocols of CC treatment (30). Currently,
curative intent surgical resection remains the cornerstone
in the treatment of patients with cervical ACC and
ABC (31). In a previous article, Xing et 4l. (22) reported the
clinicopathological features and prognostic factors of ACC
and ABC in the lower female genital tract, but the factors
of radiotherapy and/or chemotherapy were not included.
Our results generally agree with previous study (22), as
in our nomograms OS was affected by age, marital status,
pathological type, and whether or not a combination of
radiotherapy and/or chemotherapy was performed.

Ferry et al. reported a distinct age distribution among
patients with ACC and ABC, and most cases occurred in
Western countries (19). Early reports indicated that the
median age of postmenopausal black women with cervical
ACC and ABC was mainly between the 60s and 70s (range,
50-86 years) (12,17,18,21). Consistent with previous
findings, the data of our study demonstrated that the median
age of cervical ACC and ABC patients was 70 years (range,
62-78 years). Recently, Chen et 4/. (21) and Teramoto
et al. (32) reported that ACC can occur in Asian women,
with an incidence of less than 0.2%. Comparatively, only 1
ACC patient was found in Chen ez 4/.’s article, and no ACC
case was identified among 2,600 cases of cervical neoplasms
in Teramoto et al.’s article (21,32). These findings indicate
that ACC of the uterine cervix is rare in Asian populations.

Our results indicate that the proportion of white patients
(64%) with cervical ACC and ABC was higher than black
patients (25%). However, initially, ABC was reported
to mainly occur in postmenopausal black women, our
result is inconsistent with that reported in other previous
studies (19). First, the incidence rates of CC vary
considerably between races, with the highest rates in
Africa and Asia and the lowest rates in the United States
and Northern Europe. A high HPV infection rate is
associated with an increased risk of cervical ACC and ABC.
In addition, the occurrence of cervical ACC and ABC is
1.4 times higher in the black population as compared to
the Caucasian population (33,34). Widowed, divorced, or
separated patients had a higher proportion of cervical ACC
and ABC than single adults who were never married (35).

© Annals of Translational Medicine. All rights reserved.
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While the causes and consequences of socioeconomic status,
racial/ethnic differences, and educational attainment can
affect the disease, this knowledge remains to be elucidated.

Generally, the age and marital status of patients in
this study were consistent with previous reports (22), and
these factors are largely associated with tumor histology.
Pathological type is an independent adverse prognostic
factor. In our study, cervical ABC had a better OS than
cervical ACC, which is confirmed by previous research
(4,7,9). Cervical ABC should be distinguished from ACC as
the latter carries recurrence and metastatic potential (32,36).
Currently, the classifications of ABC and ACC are based
primarily on differences in morphology. Morphologically,
ABC is composed of multiple small discrete epithelial nests
containing uniform basaloid cells that penetrate into the
cervical stroma without eliciting a stromal response (17).
Notably, patients with ABC have an excellent prognosis
and life expectancy, whereas prognosis and survival are less
favorable in ACC (36,37). Although the 2 tumors originate
from pluripotent reserve cells, they have different biological
behaviors. ABC seldom has local recurrence or metastasis
and has a good prognosis, while ACC is a high-grade
tumor with a poor prognosis, and has higher frequencies
of local invasion, recurrence, and metastasis. Therefore, it
is important to make an accurate differential diagnosis of
these 2 tumors on cervicovaginal smear.

Currently, complete surgical resection remains the
cornerstone treatment for patients with ACC and ABC,
but adjuvant treatment following radical resection is still
controversial (38,39). In our research, we found that 110
(66%) patients with cervical ABC or ACC underwent
surgery, and surgical treatment could significantly improve
the OS of patients. Meanwhile, 34% of patients did not
receive surgery due to inoperable disease, especially the
elderly, who are also often afflicted by other cancers,
diabetes, heart attack, and inflammatory disorders. The
outcome of patients is associated with the resection method
and margin condition (22,40). However, the SEER database
does not present this information, which limited the analysis
in our study.

Furthermore, as treatment options, RT and Chemo can
improve the prognosis of many cancers. RT is a medical
therapy which involves exposure to a radioactive substance.
It is not only used as an alternative option to surgery,
but also as an adjuvant therapy with or without with
Chemo after surgery to improve patient outcomes (20,41).
However, in this study, for ABC patients who underwent
surgery, RT and/or Chemo was not a good choice. In our
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results, 27 patients received only RT, 11 patients received
only Chemo, and 8 patients received CRT. In our analysis,
the prognosis of patients without RT or Chemo was better
than the Chemo group, CRT group, and RT group. RT
or Chemo had no significant effect on OS. However,
combination treatment had an unfavorable tendency to the
prognosis. Thus, we supposed that the poor prognosis may
be due to too few incident patients to allow meaningful
analysis for each treatment method.

Our study has some practical advantages. Firstly, the
SEER database includes a huge population, and we focused
on the significance of radiotherapy and chemotherapy.
Secondly, our analysis included many characteristics, such
as demographic characteristics and treatment strategies.
Therefore, our nomograms have good generalizability and
do not need to be limited by race and marital status. In
this way, our nomograms had good predictive performance
and accuracy. Additionally, our nomograms were tested
by ROC analysis and the C-index to predict the survival
of patients. Our study also has limitations. Firstly, in
this comprehensive analysis of the clinical features and
prognostic factors of cervical ABC and ACC patients, some
important information associated with patient prognosis
were missing in the SEER database, such as resection mode,
chemotherapy regimen or cycle, and dose of radiotherapy.
Secondly, this study has all the limitations inherent to
retrospective studies. Thirdly, there were too few incident
patients to allow meaningful analysis of each treatment
method, and all the cases in this study lacked central
pathological and radiographic review. Finally, due to the
limitations of the SEER database, data on surgical margin
status and chemoradiotherapy strategies were incomplete.
To ensure missing data did not affect results, subgroup
analyses were performed based on the dataset separating
the missing values. As technological advances continue
to improve prognosis, more important variables for this
nomogram would also need to be collected. Notably,
nomograms are a kind of reference information and do not
provide an absolutely accurate prognosis. More rigorous
nomograms need to need to be developed.

In conclusion, our study provides statistically significant
evidence for the clinicopathological features and predictors
of patients with cervical ABC or ACC based on the
SEER database. The nomogram provides a reliable and
practical tool for assessing the OS of patients. In the future,
prospective randomized clinical trials are needed to confirm
the observations described in the present study, and improve
the management of patients with cervical ABC or ACC.
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Figure S1 Proportional hazards for ACC and ABC patients. (A) Age; (B) race; (C) marital status; (D) surgery; (E) chemo or/and
radiotherapy; (F) primary site; (G) is primary; (H) histological group; (I) regional nodes. ABC, adenoid basal carcinoma; ACC, adenoid cystic

carcinoma; Chemo, chemotherapy; RT, radiotherapy.
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Figure S2 Random-forest screening variables for nomograms.
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Figure S4 Random-forest screening variables for nomograms for radiotherapy or chemotherapy patients.
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