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Background: The treatment strategies and prognostic factors for uterine cervical adenocarcinoma (UAC) 
primarily refer to that for squamous cell carcinoma (SCC). However, the biological behavior, treatment 
outcomes of UAC differ from that of SCC. This study aimed to develop and validate a prognostic nomogram 
for predicting the probability of 3- and 5-year cancer-specific survival (CSS) in patients with UAC. 
Methods: A total of 8,991 UAC patients from the Surveillance, Epidemiology, and End Results (SEER) 
database were included in this study. Patients diagnosed between 1988 and 2010 (n=5,655) were enrolled for 
model development and internal validation, and those diagnosed between 2011 and 2016 (n=3,336) were used 
for temporal validation. The least absolute shrinkage and selection operator (LASSO) regression analysis was 
used to select predictors of CSS. Cox hazard regression analysis was used to construct the model, which was 
presented as a static nomogram and web-based dynamic nomogram. The nomogram was internally validated 
using the bootstrap resampling method and underwent temporal validation. 
Results: Tumor grade, stage T, stage N, stage M, tumor size, and surgery of the primary site were 
identified as independent prognostic factors for CSS and subsequently incorporated into construction of the 
nomogram. The nomogram could accurately predict 3- and 5-year CSS with an optimism adjusted c-statistic 
of 0.90 [95% confidence intervals (CI): 0.89–0.91] and 0.89 (95% CI: 0.88–0.91) after internal validation, 
respectively; while, after temporal validation, the statistics were 0.89 (95% CI: 0.87–0.91) and 0.88 (95% CI: 
0.83–0.94), respectively. The internal and temporal calibration plots demonstrated good consistency between 
the predicted and observed values of CSS. Based on the model, the cases were stratified into high- and low-
risk groups. The Kaplan-Meier plot showed that high-risk patients exhibited significantly poorer survival 
than those at low risk (P<0.0001). The prediction model exhibited a good discriminative ability and an 
optimal accuracy. 
Conclusions: In the form of a static nomogram or an online calculator, an effective and convenient 
nomogram was developed and validated to help clinicians quantify the risk of mortality, make personalized 
survival assessments, and create optimal treatment plans for UAC patients.
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Introduction

Uterine cervical cancer has shown a steady decline in overall 
incidence and mortality in the United States; however, it 
has remained a serious health threat in developing countries 
(1,2). Uterine cervical adenocarcinoma (UAC), the 
second most common histologic type of invasive cervical 
carcinoma, has shown an upward trend in both true and 
relative incidence over the past two decades (3). 

According to the National Comprehensive Cancer 
Network (NCCN) guidelines, the current treatment 
strategies and prognostic factors for squamous cell 
carcinoma (SCC) were employed for UAC, which is 
primarily determined by the International Federation of 
Gynecology and Obstetrics (FIGO) stage (4). Although 
retroperitoneal lymph node status was incorporated into 
the revised FIGO staging system in 2018, FIGO stage 
is still a clinically based staging system (5), and patients 
with the same FIGO stage often have different prognoses, 
especially those with large tumor size or endocervical 
adenocarcinoma. Increasing evidence has suggested 
that the biological behavior, treatment outcomes, and 
prognostic factors of UAC differ from those of SCC. Hu 
et al. (6) demonstrated that patients with UAC had poorer 
overall survival (OS) and disease-free survival (DFS) than 
those with stage IB–IVA SCC, regardless of whether 
they were treated with radiotherapy alone or concurrent 
chemoradiotherapy (CCRT). Therefore, it is necessary to 
develop an individualized predictive model that supplements 
the FIGO staging system for predicting prognosis and 
optimizing treatment strategies in UAC. However, due 
to its relatively low incidence, few studies on UAC have 
focused on the prediction of patient prognosis or treatment 
outcomes (7-9). 

Prediction models have been widely accepted as reliable 
tools to aid in the assessment of prognosis and clinical 
decision-making for numerous malignancies, including 
uterine SCC, prostate cancer, pulmonary carcinoma, 
and gastric cancer (10-13). In this study based on the 
Surveillance, Epidemiology, and End Results (SEER) 
database, the prognostic factors predicting cancer-specific 
death in UAC patients were explored, and a practical 
prognostic model was constructed and validated for optimal 
clinical management and individualized patient counselling. 
We present the following article in accordance with the 
transparent reporting of a multivariable prediction model 
for prognosis or diagnosis (TRIPOD) reporting checklist 
(available at: http://dx.doi.org/10.21037/atm-20-6201). 

Methods 

Study design and data extraction 

Data from the SEER database (SEER 18 registries, 
November  2019 data  submiss ion) ,  which covers 
approximately 27.8% of the U.S. population, were extracted 
using SEER*Stat 8.3.6 software (www.seer.cancer.gov) and 
retrospectively analyzed (14,15). Cases with malignant 
adenocarcinomas were identified using the International 
Classification of Diseases for Oncology, third edition 
(ICD-O-3). The primary tumor site codes were: C53.0-53.1 
and C53.8-53.9 (uterine cervix). The histology codes were: 
8140/3, 8144/3, 8147/3, 8200/3, 8210/3, 8241/3, 8244/3, 
8255/3, 8260/3, 8261/3, 8262/3, 8263/3, 8310/3, 8313/3, 
8323/3, 8380/3, 8382/3, 8384/3, 8430/3, 8441/3, 8460/3, 
8461/3, 8480/3, 8481/3, 8482/3, and 8490/3 (16,17).

The inclusion criteria were: histologically proven 
malignant adenocarcinoma as the first primary tumor; 
diagnosed between 1988 and 2016; and known survival 
months and cause of death. The exclusion criteria were: 
diagnosed with cervical intraepithelial neoplasia (CIN) or 
another histologic type of cervical cancer including SCC, 
undifferentiated carcinoma, neuroendocrine tumors, adeno-
squamous carcinoma, mesenchymal tumors, or mixed 
epithelial and mesenchymal tumors as adenosarcoma; 
diagnosed through autopsy or death certificate; unknown 
cause of death; and follow-up time or survival time 
unavailable. 

Institutional review board approval was not required due 
to the SEER database being an open public database. Signed 
authorization and received permission were provided by the 
SEER program for access and use of the dataset. 

Since most data of the participants diagnosed between 
1973 and 1988 were unavailable, January 1988 was set as the 
starting point of the study. Patients diagnosed between 1988 
and 2010 (n=5,655) were used to develop the model, and 
those diagnosed between 2011 and 2016 (n=3,336) were used 
for temporal validation. The process flowchart is presented in 
Figure 1. The following data were collected from the SEER 
database: age, race, year of diagnosis, histologic subtype, 
grade, SEER summary stage (localized, regional, or distant), 
American Joint Committee on Cancer (AJCC) staging system 
tumor, node, metastasis (TNM) stage, AJCC stage, surgery 
of the primary site, surgery of regional lymph nodes (LNs), 
surgery of metastasis, radiation, chemotherapy, tumor size, 
number of regional LNs examined, number of positive LNs, 
sequence number of multi-primary tumors, survival time, 
cause of death, and vital status. 

http://dx.doi.org/10.21037/atm-20-6201
http://www.seer.cancer.gov


Annals of Translational Medicine, Vol 9, No 4 February 2021 Page 3 of 16

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(4):293 | http://dx.doi.org/10.21037/atm-20-6201

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) (18).

Outcomes 

The primary endpoint of the study was death specifically 
attributed to UAC. The survival time was the interval from 
the date of diagnosis to the date of death or the last follow-
up. Participants with an unknown cause of death, unknown 
survival time, or a survival time of zero were excluded from 
the study. Participants who were alive at the time of last 
follow-up were counted as censored observations. 

Predictors

The following variables acquired from the SEER database 
were incorporated into further analyses: age, race, grade, 
AJCC TNM stage, surgery of the primary site (yes or 
no), surgery of regional lymph nodes (LNs) (yes or no), 
surgery of metastasis (yes or no), radiation (yes or no), 
chemotherapy (yes or no), tumor size, number of regional 
LNs examined, number of positive LNs, and sequence 
number of multi-primary tumors. These 15 factors were 
included in the subsequent analysis as candidate predictors, 
which determined the minimum number of outcome events 

and sample size of the study.

Handling of missing data 

The percentage of missing values in the present study was 
<20%, which were as follows: 52 (0.5%) cases with race 
missing, 1,596 (17.7%) cases with grade missing, 233 (2.5%) 
cases with number of LNs examined missing, and 816 (9.0%) 
cases with the number of positive LNs missing. To control 
bias and reach valid conclusions for the target cohort, we 
analyzed the correlation between the variables with missing 
data and assumed the data were missing at random. The 
missing data were handled with a multiple imputation 
method by chained equations for a total of 20 times (19). In 
all, 2,697 (1.4%) of the 188,811 values were multi-imputed 
for further analysis. 

Transformation of the predictors 

After analysis with restricted cubic splines, the associations 
between continuous variables and outcomes were 
found to be nonlinearly related (data not shown). The 
continuous variables were further confirmed to have a non-
normal distribution, even after log-transformation. Hence, 
they were converted into categorical variables. Age at 
diagnosis was categorized as: ≤39, 40–59, >60 years. Tumor 
size, defined as the largest measurement of horizontal 
spread or surface diameter in the field, was stratified into 
three groups according to the FIGO staging system: ≤20, 
21–40, and >40 mm (5). Based on the U-shaped relation 
between the number of dissected LNs and cause-specific 
mortality (data not shown), the number of LNs examined 
was classified as: 0, 1–15, 16–30, and >30. The number of 
positive LNs was grouped as: 0, 1–3, and >3, according 
to previous studies (20). With regard to tumor grade, cases 
with grade III and IV were incorporated as a single group 
due to the limited number of grade IV (270, 3%) cases. 
Thus, tumor grade was reclassified into three groups: 
grade Ⅰ, grade Ⅱ, and grade III plus IV. SEER summary 
stage was categorized into localized, regional, and distant 
groupings. The regional group included those with direct 
extension only, those with both direct extension and lymph 
node involvement, and those with lymph node involvement 
only. The distant group included the cases with distant 
site/nodal involvement. The AJCC stage and AJCC stage 
T were reclassified as IA, IB, II, III, IV, and T1a, T1b, 
T2, T3, and T4, respectively. Due to the difference in 
prognosis between IA and IB. AJCC stage N and stage M 

18,337 patients 
diagnosed with UAC

8,991 patients include 
in the final studly

9 with unknown survival 
time excluded

377 with survival time of 
0 excluded

2,583 with incomplete 
AJCC stage (TNM) 

excluded

5,677 with unknown 
tumor size excluded

700 with unknown 
cause of death, also 

with UAC as 2nd or 3rd 
of 2 or more primary 

tumors

Figure 1 Flowchart of the data process.
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were described as N0, N1, and M0, M1. Rather than having  
3 groups for the sequence number of multi-primary tumors, 
2 groups (the 1 primary only group and the 1st of 2 or more 
primaries group) were formed, because 700 patients with 
unknown causes of death were excluded and for them, UAC 
was found as the second or more of primaries. 

Predictor selection

To identify the potential risk factors for cancer-specific 
death (CSD), all the predictors were enrolled into a 
least absolute shrinkage and selection operator (LASSO) 
regression analysis with the development cohort. The 
LASSO regression analysis was used via cross-validation to 
prevent overfitting of the variables from the development 
dataset, which penalized the absolute value of the regression 
coefficients. With larger penalties, the estimates of weaker 
factors shrank toward zero, so that only the most effective 
predictors were retained in the model. LASSO regression 
analysis was applied to determine the most important 
predictors from the derivation dataset. In the process, a 
total of 15 variables with non-zero coefficient value were 
identified with corresponding lambda value and likelihood 
of deviance. Ten variables were included with 1 standard 
error criterion (Figure S1). To refine the model for clinical 
use, the predictive power of the models with 5 to 10 
variables were compared. The results showed the area under 
the ROC (AUC) varied from 0.848 to 0.853 when 7 to 10 
variables were incorporated into the model, whereas AUC 
of the model was 0.837 with 6 variables (data not shown). 
Therefore, 7 variables with the corresponding lambda value 
were ascertained into subsequent analysis: grade, stage T, 
stage N, stage M, tumor size, number of positive LNs and 
surgery of the primary site. In the multi-collinearity analysis 
performed among the 7 variables, the variance inflation 
factor (VIF) was 5.16 and 5.22 for stage N and number of 
positive LNs respectively, whereas VIFs for the other 5 
variables were all <2 (data not shown). This result revealed 
the multi-collinearity between the two variables, which 
would have reduced the stability and accuracy of the model. 
Therefore, the number of positive LNs was excluded. 
Consequently, 6 variables, including grade, stage T, stage N, 
stage M, size of the tumor, and surgery of the primary site, 
were recruited into the final model.

Model development and validation 

The model was developed using the Cox proportional 

hazards risk regression analysis. The Cox proportional 
hazards assumption was tested and proved to be satisfied 
for the validity of the estimators (data not shown). To 
visualize and quantify the effect of each selected variable 
on the estimated 3- and 5-year cancer-specific survival 
(CSS) probability, a nomogram was further constructed 
and validated. A bootstrap resampling method was used 
for internal validation, in which replacement from the 
development cohort was performed and the Cox regression 
models were fitted in 500 bootstrapping replicates. 
Receiver operating characteristic (ROC) curves and 
calibration curves for 3- and 5-year CSS were depicted 
separately. Discrimination could be quantified with AUC 
or concordance (c)-statistic. Three optimism-adjusted 
statistics—Harrell’s c-statistic, time-dependent c-statistic, 
and Brier score—were computed. The dataset from 
the SEER database diagnosed between 2011 and 2016 
(n=3,336) was used for external temporal validation, and the 
performance of the model was further estimated using the 
c-statistic, Brier score, baseline survival, calibration slope, 
and calibration curve. To allow clinicians to calculate CSS 
with 95% confidence intervals (CI), a free-access online 
calculator was developed based on the dynamic nomogram 
(https://betteryuan66.shinyapps.io/dynnomapp/). The 
c-statistic of the nomogram was also compared to those 
of AJCC stage and SEER summary stage, with a larger 
c-statistic indicating a higher prognostic prediction 
accuracy.

Statistical analysis

Continuous variables were described as mean ± standard 
deviation (SD) or median with interquartile range (IQR) 
values depending on whether they had normal or non-
normal distribution. Categorical variables were displayed 
with numbers and percentages per group. LASSO regression 
analysis was used to select predictors of CSS. Cox hazard 
regression analysis was used to construct the predictive 
model, which was presented as a static nomogram and web-
based dynamic nomogram. The nomogram was internally 
validated with a bootstrap resampling method and temporal 
validation. Using the prediction model, the risk score was 
calculated for each patient in the development cohort, 
and they were individually stratified into a low- or high-
risk group according to the optimal cutoff value calculated 
with X-tile software (Yale University, New Haven, CT, 
USA) (21). Cases with the same cut-off values of risk score 
in the validation cohort were pooled. Survival curves were 

https://cdn.amegroups.cn/static/public/ATM-20-6201-supplementary.pdf
https://betteryuan66.shinyapps.io/dynnomapp/
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depicted using Kaplan-Meier analysis and compared with 
log-rank test in both the development and validation 
cohorts. All the statistical analyses were conducted with R 
software (https://www.r-project.org/, version 3.6.3). The 
R packages glmnet, MASS, rms, survival, survminer, and 
DynNom were used for the analysis. A P value <0.05 was 
considered statistically significant.

Results

Demographic and clinical characteristics 

A total of 8,991 patients diagnosed with UAC between 
1988 and 2016 from the SEER database were included 
in our study. The cases diagnosed between 1988 and 
2010 (n=5,665) were enrolled for the development of 
the predictive model, and those diagnosed between 2011 
and 2016 (n=3,336) were used for temporal validation. 
The patients’ baseline characteristics are summarized in  
Table 1. The entire cohort had a median age of 45, with 
an IQR of 38–56 years. The 3- and 5-year survival rates 
(standard error) were 84.0% (0.4) and 79.6% (0.5), 
respectively, for all patients. Of the patients, 2,739 (31.1%), 
4,492 (50.0%), and 1,706 (19.0%) were aged ≤39, 40–59, 
and ≥60 years, respectively; and 3,934 (43.8%), 2,460 
(27.4%), and 2,597 (28.9%) had a tumor size of ≤20, 
21–40, and ≥41 mm, respectively. Table S1 presents the 
characteristics of the development and validation cohorts 
from after the handling of missing data and reclassification. 
The number of patients with 0, 1–3, and >3 positive 
LNs was 7,365 (81.9%), 1,139 (12.7%), and 487 (5.4%), 
respectively; and the number of patients with 0, 1–15, 
16–30, and >30 LNs examined was 3,283 (36.5%), 2,407 
(26.8%), 2,467 (27.4%), and 834 (9.3%), respectively. 

Predictor selection

To identify the independent risk factors for CSS, all 
the candidate variables were enrolled into multivariate 
Cox regression analysis. As shown in Table 2, 12 of the 
15 variables were found to be independently correlated 
with prognosis for UAC-specific survival (all P<0.05); the 
exceptions were surgery of regional LNs, surgery of distant 
metastases, and number of positive LNs. To prevent over-
fitting of the variables and to simplify the model, LASSO 
regression analysis was used to penalize the absolute value 
of the coefficients (Figure S1). Combined with the results 
of the LASSO and multi-collinearity analysis, six variables, 

including grade, stage T, stage N, stage M, size of the 
tumor, and surgery of the primary site, were entered into 
the construction of the static nomogram and web-based 
dynamic nomogram (Table S2).

Construction of the nomogram

The Cox proportional hazards model was fitted with tumor 
grade, stage T, stage N, stage M, tumor size, and surgery 
of the primary site. The results were summarized in a 
forest plot, which demonstrated the independent impact 
of the predictors of CSS on UAC patients using hazard 
ratio (HR) and 95% CI (Figure 2). With regard to tumor 
grade, using well-differentiated tumor as a reference, 
moderately differentiated and poorly or undifferentiated 
tumors were associated with a relatively worse prognosis 
(HR =1.41, 95% CI: 1.20–1.67, P<0.001; HR =2.10, 95% 
CI: 1.78–2.48, P<0.001, respectively). In comparison with 
stage T1a, stage T1b, T2, T3, and T4 were associated with 
poor prognosis (HR =3.74, 95% CI: 2.45–5.70, P<0.001; 
HR =7.87, 95% CI: 5.07–12.20, P<0.001; HR =12.81, 95% 
CI: 8.14–20.14, P<0.001; HR =14.10, 95% CI: 8.77–22.69, 
P<0.001, respectively). Both the presence of lymph node 
metastases (HR =1.79, 95% CI: 1.58–2.02, P<0.001) and 
the presence of distant metastases (HR =1.71, 95% CI: 
1.44–2.03, P<0.001) was associated with poor prognosis. 
The prognosis was poorer with tumor sizes of 21–40 and  
>40 mm (HR =1.90, 95% CI: 1.58–2.29, P<0.001; HR 
=2.35, 95% CI: 1.93–2.84, P<0.001, respectively) than 
with tumor sizes of <21 mm. Surgery of the primary site 
was identified as an advantageous factor for prognosis (HR 
=0.56, 95% CI: 0.49–0.63, P<0.001). Based on the model, 
estimated regression coefficients were converted to point 
values and the sum of the points was used to predict the 
probability of 3- and 5-year CSS, which was shown in the 
nomogram (Figure 3). Detailed points of each prognostic 
factor in the nomogram are listed in Table S3. 

Internal validation and temporal validation of the 
nomogram 

The overall performance of the nomogram was assessed, 
producing a c-statistic of 0.85 (95% CI: 0.84–0.86). 
After internal validations with bootstrap resampling, 
the optimism-adjusted c-statistics at 3 and 5 years were 
0.90 (95% CI: 0.89–0.91) and 0.89 (95% CI: 0.88–0.91), 
respectively, indicating the adequate discriminative ability 
of this prediction model. In the temporal validation, the 

http://www.r-project.org/
https://cdn.amegroups.cn/static/public/ATM-20-6201-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-6201-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-6201-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-6201-supplementary.pdf
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Table 1 Demographic and clinical characteristics of the development cohort and the temporal validation cohort from raw data 

Overall (n=8,991) Development cohort (n=5,655) Validation cohort (n=3,336) P

Age (years)# 0.010

Median [IQR] 45.0 [38.0, 56.0] 45.0 [37.0, 55.0] 46.0 [38.0, 56.0]

Race (%) 0.816

White 7,329 (82.0) 4,607 (81.9) 2,722 (82.2)

Black 600 (6.7) 385 (6.8) 215 (6.5)

Other 1,010 (11.3) 636 (11.3) 374 (11.3)

Missing 52 (0.6) 27 (0.5) 25 (0.7)

Grade (%) 0.070

Grade I 2,344 (31.7) 1,425 (30.7) 919 (33.3)

Grade II 3,034 (41.0) 1,925 (41.5) 1,109 (40.2)

Grade III and IV 2,017 (27.3) 1,286 (27.7) 731 (26.5)

Missing 1,596 (17.8) 1,019 (18.0) 577 (17.3)

Summary stage (%) 0.202

Localized 5,690 (63.3) 3,593 (63.5) 2,097 (62.9)

Regional 2,543 (28.3) 1,608 (28.4) 935 (28.0)

Distant 758 (8.4) 454 (8.0) 304 (9.1)

AJCC_stage (%) 0.019

IA 1,590 (17.7) 973 (17.2) 617 (18.5)

IB 4,361 (48.5) 2,820 (49.9) 1,541 (46.2)

II 959 (10.7) 594 (10.5) 365 (10.9)

III 1,308 (14.5) 801 (14.2) 507 (15.2)

IV 773 (8.6) 467 (8.3) 306 (9.2)

Stage T (%) <0.001

T1a 1,620 (18.0) 987 (17.5) 633 (19.0)

T1b 5,030 (55.9) 3,234 (57.2) 1,796 (53.8)

T2 1,455 (16.2) 857 (15.2) 598 (17.9)

T3 606 (6.7) 370 (6.5) 236 (7.1)

T4 280 (3.1) 207 (3.7) 73 (2.2)

Stage N (%) 0.655

N0 7,332 (81.5) 4,620 (81.7) 2,712 (81.3)

N1 1,659 (18.5) 1,035 (18.3) 624 (18.7)

Stage M (%) 0.180

M0 8,298 (92.3) 5,236 (92.6) 3,062 (91.8)

M1 693 (7.7) 419 (7.4) 274 (8.2)

Surgery of primary site (%) 0.001

No 1,886 (21.0) 1,123 (19.9) 763 (22.9)

Yes 7,105 (79.0) 4,532 (80.1) 2,573 (77.1)

Table 1 (continued)
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Table 1 (continued)

Overall (n=8,991) Development cohort (n=5,655) Validation cohort (n=3,336) P

Surgery of regional LNs (%) <0.001

No 4,105 (45.7) 2,793 (49.4) 1,312 (39.3)

Yes 4,886 (54.3) 2,862 (50.6) 2,024 (60.7)

Surgery of distant metastasis (%) <0.001

No 8,805 (97.9) 5,474 (96.8) 3,331 (99.9)

Yes 186 (2.1) 181 (3.2) 5 (0.1)

Radiation (%) 0.367

No 4,978 (55.4) 3,152 (55.7) 1,826 (54.7)

Yes 4,013 (44.6) 2,503 (44.3) 1,510 (45.3)

Chemotherapy (%) <0.001

No 5,957 (66.3) 3,978 (70.3) 1,979 (59.3)

Yes 3,034 (33.7) 1,677 (29.7) 1,357 (40.7)

Treatment (%) <0.001

Surgery alone 4,533 (50.4) 2,894 (51.2) 1,639 (49.1)

Surgery and radiotherapy 889 (9.9) 671 (11.9) 218 (6.5)

Surgery and chemotherapy 192 (2.1) 107 (1.9) 85 (2.5)

Surgery and CCRT 1,617 (18.0) 940 (16.6) 677 (20.3)

Radiotherapy 363 (4.0) 297 (5.3) 66 (2.0)

Chemotherapy 81 (0.9) 35 (0.6) 46 (1.4)

CCRT 1,144 (12.7) 595 (10.5) 549 (16.5)

None 172 (1.9) 116 (2.1) 56 (1.7)

Tumor size (mm)# 0.175

Median [IQR] 25.0 [11.0, 45.0] 25.0 [10.0, 45.0] 25.0 [11.0, 47.0]

Number of LNs examined# <0.001

Median [IQR] 10.0 [0.0, 20.0] 11.0 [0.0, 21.0] 9.0 [0.0, 19.0]

Missing (%) 233 (2.6) 207 (3.7) 26 (0.8)

Number of positive LNs# 0.004

Median [IQR] 0.0 [0.0, 0.0] 0.0 [0.0, 0.0] 0.0 [0.0, 0.0]

Missing (%) 816 (9.1) 482 (8.5) 334 (10.0)

Multi-primary tumors (%) <0.001

One primary only 8,183 (91.0) 5,022 (88.8) 3,161 (94.8)

1st of 2 or more primaries 808 (9.0) 633 (11.2) 175 (5.2)

Event (%) <0.001

Censored 7,200 (80.1) 4,277 (75.6) 2,923 (87.6)

UAC specific death 1,791 (19.9) 1,378 (24.4) 413 (12.4)
#The variables were non-normally distributed. IQR, interquartile range; AJCC, American Joint Committee on Cancer; stage T, stage of 
primary tumor; stage N, stage of lymph nodes; stage M, stage of metastasis; LNs, lymph nodes; CCRT, concurrent chemoradiotherapy; 
UAC, uterine cervical adenocarcinoma.
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Table 2 Multivariate Cox hazards regression analysis of CSS in the 
development cohort with UAC

Variables HR 95% CI P value

Age (years)

≤39 Reference

40–59 1.08 0.93–1.25 0.31

≥60 1.56 1.32–1.83 <0.001***

Race

White Reference

Black 1.31 1.11–1.55 0.001**

Other 1.19 1.01–1.39 0.03*

Grade

Grade I Reference

Grade II 1.43 1.21–1.69 <0.001***

Grade III and IV 2.09 1.77–2.47 <0.001***

Stage T

T1a Reference

T1b 3.86 2.52–5.91 <0.001***

T2 7.30 4.67–11.40 <0.001***

T3 10.81 6.81–17.14 <0.001***

T4 13.60 8.42–21.98 <0.001***

Stage N

N0 Reference

N1 1.87 1.42–2.66 <0.001***

Stage M

M0 Reference

M1 1.79 1.50–2.14 <0.001***

Surgery of primary site

No Reference

Yes 0.79 0.68–0.92 0.003**

Surgery of regional LNs

No Reference

Yes 1.02 0.84–1.23 0.88

Surgery of distant metastasis

No Reference

Yes 0.84 0.64–1.11 0.221

Table 2 (continued)

Table 2 (continued)

Variables HR 95% CI P value

Radiation

No Reference

Yes 1.24 1.07–1.45 0.005**

Chemotherapy

No Reference

Yes 0.88 0.77–1.00 0.045*

Tumor size (mm)

≤20 Reference

21–40 1.82 1.51–2.21 <0.001***

>40 2.21 1.81–2.69 <0.001***

Number of positive LNs

None Reference

1–3 2.27 0.72–7.10 0.16

>3 2.16 0.68–6.80 0.189

Number of LNs examined

None Reference

1–15 0.71 0.57–0.88 0.002**

16–30 0.59 0.46–0.75 <0.001***

>30 0.60 0.45–0.79 <0.001***

Multi-primary tumors

One primary only Reference

1st of 2 or more 
primary tumors

0.68 0.56–0.81 <0.001***

*, two sided P values <0.05; **, two sided P values <0.01; ***, 
two sided P values <0.001. CSS, cancer-specific survival; UAC, 
uterine cervical adenocarcinoma; stage T, stage of primary 
tumor; stage N, stage of lymph nodes; stage M, stage of 
metastasis; LNs, lymph nodes; HR, hazard ratio; CI, confidence 
interval.

c-statistics for the nomogram for predicting 3- and 5-year 
CSS were 0.89 (95% CI: 0.87–0.91) and 0.88 (95% CI: 
0.83–0.94), respectively. The c-statistic was almost identical 
to the AUC of the ROC curve, which plotted the sensitivity 
(true positive rate) against 1-specificity (false positive rate) 
for the probability of an outcome (Figure 4). This finding 
implied the sufficient and stable discriminative ability of the 
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Figure 2 Forest plot demonstrating the multivariate Cox regression model for predicting CSD in the development cohort (n=5,655) with 
UAC. CSD, cancer-specific death; UAC, uterine cervical adenocarcinoma; surg_prim, surgery of the primary site.

prediction model. By comparing the nomogram-predicted 
and observed probabilities of 3- and 5-year CSS, the 
calibration was assessed with the calibration slope and Brier 
score, and visualized with calibration plots. The Brier score 
could also be used to reflect the overall performance of the 
model (22), with a score of 0 indicating perfect prediction 
accuracy and a score of 1 indicating poor prediction 
accuracy. In the internal validation, the optimism-adjusted 
Brier scores for the prediction of 3- and 5-year CSS were 
0.09 (95% CI: 0.08–0.09) and 0.10 (95% CI: 0.10–0.11), 
respectively. In the temporal validation, the Brier scores 
were 0.08 (95% CI: 0.00–0.25) and 0.10 (95% CI: 0.00–
0.38), respectively, and the calibration slope was 1.09, which 
is close to 1.0. The internal and temporal calibration curve 
demonstrated good consistency between the predicted and 
observed values of CSS (Figure 5).

Application of the nomogram

The nomogram could be used to predict the CSS of 
individual patients with UAC in clinical practice. For 
instance, a 50-year-old patient with a primary tumor of  
45 mm in size (32 points), grade III (28 points), stage T2 (78 
points), N0 (0 points), and M0 (0 points), who was treated 
with radical hysterectomy and lymph node dissection 
(0 points), had a total of 138 points. Correspondingly, 
the 3- and 5-year CSS probabilities were 71% and 63%, 
respectively. To allow for a more convenient estimate 
of CSS, the nomogram was incorporated into an online 
calculator with free access (https://betteryuan66.shinyapps.
io/dynnomapp/), and a patient’s survival probability with 
95% CIs could be derived by entering the values of the 
six variables and time. Utilizing the formula based on the 

https://betteryuan66.shinyapps.io/dynnomapp/
https://betteryuan66.shinyapps.io/dynnomapp/
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Figure 3 Nomogram for predicting the probability of 3- and 5-year CSS in UAC patients. To use the nomogram, draw a vertical line 
from each variable to the corresponding points scale to obtain its points, calculate the sum of all the points, and draw a vertical line from 
the total points scale to the 3- and 5-year CSS axis to obtain the probability of CSS. CSS, cancer-specific survival; UAC, uterine cervical 
adenocarcinoma; surg_prim, surgery of the primary site.
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model, the 5-year survival probability for the 15th patient 
in the development cohort was computed at 85%, which 
was close to the result (83%, 95% CI: 0.81–0.86) from the 
online calculator, which verified this calculator’s accuracy 
(Figure S2).

Additionally, the c-statistic of the nomogram was 
compared to those of the AJCC and SEER summary 
staging systems. The optimism-adjusted c-statistic of 
our nomogram for predicting CSS was 0.85 (95% CI: 
0.84–0.86), which was higher than that of the AJCC (0.80, 
95% CI: 0.79–0.81, P<0.001) and SEER summary staging 
systems (0.78, 95% CI: 0.77–0.79, P<0.001). These results 
indicated that the discriminative ability of this model was 
superior to that of the AJCC and SEER summary staging 
systems.

To further analyze the feasibility and validity of the 
prediction model, participants in the development cohort 
were stratified into high-risk and low-risk groups according 
to their prognostic scores derived from the model. The 
optimal cut-off value of risk-score was determined using the 
X-tile program (data not shown). Cases in the validation 
cohort were pooled with the same cut-off values of risk 

score, and the corresponding Kaplan-Meier survival curves 
were delineated respectively with significantly different 
prognosis (P<0.001), showing that patients at high risk of 
cancer-specific death could be identified through the model 
(Figure 6). The Kaplan-Meier survival curves showed that 
patients at high-risk exhibited a significantly poorer OS 
compared to those at low-risk.

Discussion 

The identification of independent prognostic factors 
and the development of an accurate predictive model are 
crucial for optimal treatment planning, counselling, and 
follow-up for patients with UAC. By using SEER data, 
the present study identified tumor grade, stage T, stage N, 
stage M, tumor size, and surgery of the primary site to be 
independent prognostic factors of UAC, and constructed 
a novel nomogram for predicting the 3- and 5-year CSS 
of patients with the disease. The prediction model showed 
a satisfactory performance with accurate discrimination. 
After internal validation with bootstrap resampling and 
temporal validation, the model not only displayed a good 

https://cdn.amegroups.cn/static/public/ATM-20-6201-supplementary.pdf
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Figure 4 The ROC curve of the nomogram for 3- and 5-year CSS in patients with UAC. (A) 3-year and (B) 5-year ROC curve with internal 
validation in the development cohort; (C) 3-year and (D) 5-year ROC curve with temporal validation in the verification cohort. ROC, 
receiver operator characteristic; CSS, cancer-specific survival; UAC, uterine cervical adenocarcinoma.
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discriminative ability, but also demonstrated an optimal 
agreement between the predicted and observed outcomes. 
Overall, the results of the present study showed that the 
model was both internally and temporally valid. Based 
on the model, each prognostic factor was quantified and 
visualized with the static nomogram so that patients’ 
3- and 5-year UAC-specific survival probabilities could 
be predicted individually. For easier application of the 
model, we developed a web-based calculator (https://
betteryuan66.shinyapps.io/dynnomapp/), from which a 
patient’s survival probability with 95% CI can be obtained 
after the values of six variables and time have been input. 
By using our prediction model, physicians will be able to 
judge individual risk based on a few known factors, predict 
the outcomes, and choose the therapies and follow-up for 
patients with UAC. Since patients classified as high risk 
have a higher likelihood of CSD, these patients should be 
administered comprehensive treatments and followed up 
closely.

To investigate the effect of treatment options on 
the prognosis of UAC, treatment modalities such as 
surgery, chemotherapy, and radiotherapy were enrolled 

as candidate variables. The results verified surgery of the 
primary tumor to be an independent beneficial factor. 
Incorporating therapeutic factors and tumor size and 
grade, the prognostic nomogram had added predictive 
value compared to the AJCC and SEER summary staging 
systems, which indicated that it could play a supplementary 
role. Combined treatments were not analyzed due to 
the number of cases in different groups being obviously 
different. In the development cohort, 2,894 (51.1%) 
patients received primary surgery, 671 (11.8%) received 
primary surgery and radiotherapy, 107 (1.8%) underwent 
primary surgery and chemotherapy,  940 (16.6%) 
underwent primary surgery and CCRT, 595 (10.5%) 
underwent CCRT, 297 (5.2%) received radiotherapy only, 
35 (0.6%) received chemotherapy only, and 116 (2.0%) did 
not receive any treatment. Consequently, the present study 
has provided a basis for further research using a greater 
sample size. 

To our knowledge, this was the first study to develop a 
prognostic model for UAC. A few nomograms have been 
developed for cervical cancer overall; however, due to 
its rarity, UAC has not been a specific focus of studies to 

https://betteryuan66.shinyapps.io/dynnomapp/
https://betteryuan66.shinyapps.io/dynnomapp/


Ni et al. Prognostic nomogram for cervical adenocarcinoma

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(4):293 | http://dx.doi.org/10.21037/atm-20-6201

Page 12 of 16

0% 25% 50% 75% 100%
Predicted risk

0% 25% 50% 75% 100%
Predicted risk

0% 25% 50% 75% 100%
Predicted risk

0% 25% 50% 75% 100%
Predicted risk

O
bs

er
ve

d 
fr

eq
ue

nc
y

O
bs

er
ve

d 
fr

eq
ue

nc
y

O
bs

er
ve

d 
fr

eq
ue

nc
y

O
bs

er
ve

d 
fr

eq
ue

nc
y

100% 

75% 

50% 

25% 

0%

100% 

75% 

50% 

25% 

0%

100% 

75% 

50% 

25% 

0%

100% 

75% 

50% 

25% 

0%

B

D

A

C

0 10 20 30
Time (years)

0 1 2 3 4 5 6
Time (years)

Kaplan-Meier Curve of Risk Level Kaplan-Meier Curve of Risk Level

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

1.00 

0.75 

0.50 

0.25 

0.00

1.00 

0.75 

0.50 

0.25 

0.00

P<0.0001 P<0.0001

BA

Figure 5 Calibration curves of the nomogram for 3- and 5-year CSS in patients with UAC. (A) 3-year and (B) 5-year calibration curves 
with internal validation in the development cohort; (C) 3-year and (D) 5-year calibration curves with temporal validation in the verification 
cohort. The gray line represents a perfect fit between the nomogram predicted probability (x-axis) and the observed probability from 
Kaplan-Meier estimates (y-axis). The black line represents performance of the present nomogram. Closer distances between the 2 lines 
indicate higher prediction accuracy. CSS, cancer-specific survival; UAC, uterine cervical adenocarcinoma.

Figure 6 Kaplan-Meier survival curve in patients with UAC. (A) Kaplan-Meier survival curve according to risk score of the prediction 
model in the development cohort. (B) Kaplan-Meier survival curve according to risk score of the prediction model in the temporal validation 
cohort. By calculating the risk score for each patient based on the model in the development and temporal validation cohort, patients were 
classified into the high- and low-risk groups with the same cut-off values. The high‐risk group was associated with an increased probability 
of CSD compared with the low-risk group (P<0.001). UAC, uterine cervical adenocarcinoma; CSD, cancer-specific death.
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date. Polterauer et al.’s study (23) included 528 participants 
with invasive cervical cancer after surgical staging and 
developed a nomogram to predict 3- and 5-year OS. Their 
study involved 86 (16.3%) patients with adenocarcinoma, 
and the estimated optimism-corrected c-statistic of the 
model was 0.723 for the prediction of OS. Zhou et al. (12) 
retrospectively analyzed 1,563 patients with surgically 
treated stage IA–IIB cervical cancer and established a 
nomogram to predict 5-year OS with a c-statistic of 0.71. 
In this population, a total of 168 (10.7%) participants were 
with non-squamous carcinoma. In Lee’s study involving 
10 centers (24), 1,702 patients with stage IB–IIA cervical 
cancer who were treated with radical hysterectomy followed 
by adjuvant radiotherapy were analyzed, and a nomogram 
to predict 5-year OS was developed with a c-statistic of 
0.69. Based on an analysis of 209 patients with stage IB2–
IVA cervical cancer treated with definitive CCRT, Shim 
et al. (25) constructed a nomogram to predict the 5-year 
OS, and the c-statistic was 0.69. Utilizing SEER data from 
between 1988 and 2005, Galic et al. (26) explored the effect 
of tumor histology on the outcomes of women with cervical 
carcinoma and concluded that both early- and advanced-
stage UAC had inferior survival to SCC. As revealed 
in these studies, histologic type was a vital independent 
prognostic factor for 5-year OS prediction. 

A fundamental distinction of UAC from squamous 
lesions is its more aggressive behavior and worse prognosis. 
The present study, which included 5,655 UAC patients from 
the SEER database, constructed a prediction nomogram 
for 3- and 5-year CSS with optimism-adjusted c-statistics 
of 0.90 (95% CI: 0.89–0.91) and 0.89 (95% CI: 0.89–0.91), 
respectively. This prediction nomogram was internally and 
temporally validated. The c-statistic, which ranges from 0.5 
to 1.0, is commonly used to assess the discriminative ability 
of a model, and a larger c-statistic suggests higher accuracy 
for distinguishing patient outcomes. Therefore, the present 
model displayed good accuracy and temporal validity for 
predicting CSS in UAC patients. 

As well as histologic type, several factors, including age, 
FIGO stage, tumor size, stromal invasion, lympho-vascular 
space invasion (LVSI), parametrial involvement, and the 
use of concurrent chemotherapy, have been identified in 
previous studies on cervical carcinoma and incorporated 
into prediction models (12,23-25). In our study with UAC, 
the following were identified as independent prognostic 
factors and subsequently incorporated into the model: 
tumor grade, stage T, stage N, stage M, size of the tumor, 
and surgery of the primary site, which was consistent with 

the findings of other studies (7-9,27). In the nomogram, 
stage T made the largest contribution to prognosis, 
followed by tumor size and tumor grade. According to the 
NCCN guidelines, tumor grade was not listed as one of 
the high- or intermediate risk factors for SCC (4). In our 
study, tumor grade II (moderately differentiated), grade III 
and IV (poorly differentiated or undifferentiated) increased 
the risk of poor prognosis (HR =1.41, 95% CI: 1.20–1.67, 
P<0.0001; HR =2.10, 95% CI: 1.78–2.48, P<0.0001, 
respectively). Baalbergen et al. (7) retrospectively analyzed 
305 cases with UAC and found FIGO stage, tumor grade, 
and lymph node metastases to be significant prognostic 
factors for survival. Gadducci et al. (28) concluded that the 
most investigated clinical-pathological prognostic factors 
for UAC were FIGO stage, lymph nodal status, tumor size, 
tumor grade, patient age, depth of cervical invasion, LVSI, 
and parametrial involvement. Tumor size was established 
as another independent prognostic factor, although it is 
also a determining factor of AJCC stage T1a-2a. Our 
study incorporated treatment strategies into the predictive 
variables for the Cox hazard regression analysis, which was 
distinct from other studies. As shown in Table S2, cases 
who received surgery of the primary site showed improved 
outcomes (HR =0.56, 95% CI: 0.49–0.63, P<0.001). The 
results suggested that increased tumor burden (tumor size 
and TNM stage) and tumor biological behavior (histologic 
grade) indicated poor prognosis, whereas surgery of the 
primary site was associated with improved outcomes. 
Regarding the association between the number of lymph 
nodes involved and the prognosis, no significant difference 
was found in the multivariate Cox regression analysis 
of our study. Zhou et al. (29) retrieved data of 312 UAC 
patients with stage I–IIB and found that the number of 
positive pelvic nodes and age at surgery were independent 
prognostic factors for OS, while postoperative tumor 
diameter (≥4 cm) and the number of positive nodes were 
independent prognostic factors for relapse-free survival 
(RFS). The discrepancy in results may be attributable to the 
following reasons. First, 816 cases for whom the number of 
positive lymph nodes was missing were at an advanced stage, 
including 327 (40%) with AJCC stage III and 359 (43.9%) 
with AJCC stage IV. Among these cases, 742 (90.9%) 
presented with LN involvement and 74 (9.1%) without 
LN involvement. If the cases with missing data were 
deleted, the conclusions would have been biased and not 
applicable to the UAC population as a whole. To control 
bias and to reach valid conclusions for the target cohort, 
we analyzed the relationship between missing data on the 

https://cdn.amegroups.cn/static/public/ATM-20-6201-supplementary.pdf
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number of lymph nodes examined and those on the number 
of lymph nodes involved, and assumed the data were 
missing at random. The missing data were handled with 
a multiple imputation method by chained equations (19).  
In the procedure, the risk of bias due to missing data 
was minimized rather than fully eliminated, because full 
elimination could have produced different results. Second, 
>20 histologic subtypes of UAC were included in the 
analyses, and the heterogeneity of histology could also 
have influenced the outcomes. Therefore, prospective 
randomized studies are further warranted. 

By using the SEER database, the present study developed 
a novel predictive model for UAC patients, which was 
verified as a more individualized tool than the AJCC staging 
system for evaluating the prognosis of UAC. However, the 
present study had several limitations. First, the model was 
based on retrospective analysis, which may have caused 
biases due to the lack of random assignment, patient 
selection, and some missing values. Second, information on 
some potential independent prognostic variables, such as 
parametrial involvement, margin status, stromal invasion, 
and LVSI, were unavailable from the SEER database, which 
could also have increased the performance index of the 
model. Since the information of the database spans nearly 
30 years, the details of adjuvant treatment have varied, 
which may appear as a confounding factor for predicting 
prognosis (30,31). Third, although the prediction model 
has been internally and temporally validated with the SEER 
database, more institutions, especially those outside of 
the United States, are encouraged to validate the model 
externally before it is applied to the general population.

Conclusions

In conclusion, the present study identified tumor grade, 
stage T, stage N, stage M, tumor size, and surgery of 
the primary site as independent prognostic factors and 
constructed a novel nomogram to predict 3- and 5-year 
CSS for UAC patients. The nomogram displayed a good 
discriminative ability and an optimal accuracy. In the form 
of a static nomogram or an online prediction tool (available 
at https://betteryuan66.shinyapps.io/dynnomapp/), this 
nomogram could assist clinicians to quantify the risk of 
mortality, optimize the treatment plan, and personalize 
follow-up for UAC patients in an effective and convenient 
way. Large prospective multicenter studies are warranted 
for additional external validation, generalization, and 
application of this prediction model. 
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Figure S1 Selection of predictors using LASSO regression analysis. (A) LASSO coefficient profiles of the 15 variables. (B) A 10-fold cross-
validation was used in the LASSO regression. Binomial deviance was plotted versus log (lambda). The left dotted vertical line represents 
the optimal values with the minimum criteria and the right vertical dotted line represents the one standard error criterion. LASSO, least 
absolute shrinkage and selection operator.
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Table S1 Demographic and clinical characteristics of the development cohort and the temporal validation cohort from multi-imputed and 
categorized data 

Overall (N=8,991) Development cohort (N=5,655) Validation cohort (N=3,336) P

Age (%) 0.028

≤39 years 2,793 (31.1) 1,809 (32.0) 984 (29.5)

40-59 years 4,492 (50.0) 2,805 (49.6) 1,687 (50.6)

≥60 years 1,706 (19.0) 1,041 (18.4) 665 (19.9)

Race (%) 0.795

White 7,371 (82.0) 4,630 (81.9) 2,741 (82.2)

Black 603 (6.7) 387 (6.8) 215 (6.5)

Other 1,017 (11.3) 638 (11.3) 374 (11.4)

Grade (%) 0.052

Grade I 2,858 (31.8) 1,746 (30.9) 1,112 (33.3)

Grade II 3,685 (41.0) 2,354 (41.6) 1,331 (39.9)

Grade III and IV 2,448 (27.2) 1,555 (27.5) 893 (26.8)

Summary stage (%) 0.202

Localized 5,690 (63.3) 3,593 (63.5) 2,097 (62.9)

Regional 2,543 (28.3) 1,608 (28.4) 935 (28.0)

Distant 758 (8.4) 454 (8.0) 304 (9.1)

AJCC_stage (%) 0.019

IA 1,590 (17.7) 973 (17.2) 617 (18.5)

IB 4,361 (48.5) 2,820 (49.9) 1,541 (46.2)

II 959 (10.7) 594 (10.5) 365 (10.9)

III 1,308 (14.5) 801 (14.2) 507 (15.2)

IV 773 (8.6) 467 (8.3) 306 (9.2)

Stage T (%) <0.001

T1a 1,620 (18.0) 987 (17.5) 633 (19.0)

T1b 5,030 (55.9) 3,234 (57.2) 1,796 (53.8)

T2 1,455 (16.2) 857 (15.2) 598 (17.9)

T3 606 (6.7) 370 (6.5) 236 (7.1)

T4 280 (3.1) 207 (3.7) 73 (2.2)

Stage N (%) 0.655

N0 7,332 (81.5) 4,620 (81.7) 2,712 (81.3)

N1 1,659 (18.5) 1,035 (18.3) 624 (18.7)

Stage M (%) 0.180

M0 8,298 (92.3) 5,236 (92.6) 3,062 (91.8)

M1 693 (7.7) 419 (7.4) 274 (8.2)

Surgery of primary site 0.001

No 1,886 (21.0) 1,123 (19.9) 763 (22.9)

Yes 7,105 (79.0) 4,532 (80.1) 2,573 (77.1)

Surgery of regional LNs <0.001

No 4,105 (45.7) 2,793 (49.4) 1,312 (39.3)

Yes 4,886 (54.3) 2,862 (50.6) 2,024 (60.7)

Surgery of distant metastasis <0.001

No 8,805 (97.9) 5,474 (96.8) 3,331 (99.9)

Yes 186 (2.1) 181 (3.2) 5 (0.1)

Radiation (%) 0.367

No 4,978 (55.4) 3,152 (55.7) 1,826 (54.7)

Yes 4,013 (44.6) 2,503 (44.3) 1,510 (45.3)

Chemotherapy (%) <0.001

No 5,957 (66.3) 3,978 (70.3) 1,979 (59.3)

Yes 3,034 (33.7) 1,677 (29.7) 1,357 (40.7)

Treatment (%) <0.001

Surgery alone 4,533 (50.4) 2,894 (51.2) 1,639 (49.1)

Surgery and radiotherapy 889 (9.9) 671 (11.9) 218 (6.5)

Surgery and chemotherapy 192 (2.1) 107 (1.9) 85 (2.5)

Surgery and CCRT 1,617 (18.0) 940 (16.6) 677 (20.3)

Radiotherapy 363 (4.0) 297 (5.3) 66 (2.0)

Chemotherapy 81 (0.9) 35 (0.6) 46 (1.4)

CCRT 1,144 (12.7) 595 (10.5) 549 (16.5)

None 172 (1.9) 116 (2.1) 56 (1.7)

Tumor size (%) 0.163

≤20 mm 3,934 (43.8) 2,496 (44.1) 1,438 (43.1)

21-40 mm 2,460 (27.4) 1,565 (27.7) 895 (26.8)

≥41 mm 2,597 (28.9) 1,594 (28.2) 1,003 (30.1)

Number of LNs examined (%) <0.001

None 3,283 (36.5) 1,984 (35.1) 1,299 (38.9)

1-15 2,407 (26.8) 1,486 (26.3) 921 (27.6)

16-30 2,467 (27.4) 1,594 (28.2) 873 (26.2)

>30 834 (9.3) 591 (10.5) 243 (7.3)

Number of positive LNs (%) 0.122

None 7,365 (81.9) 4,631 (81.9) 2,734 (82.0)

1-3 1,139 (12.7) 699 (12.4) 440 (13.2)

>3 487 (5.4) 325 (5.7) 162 (4.9)

Multi-primary tumors (%) <0.001

One primary only 8,183 (91.0) 5,022 (88.8) 3,161 (94.8)

1st of 2 or more primaries 808 (9.0) 633 (11.2) 175 (5.2)

Event (%) <0.00

Censored 7,200 (80.1) 4,277 (75.6) 2,923 (87.6)

UAC specific death 1,791 (19.9) 1,378 (24.4) 413 (12.4)

AJCC, American Joint Committee on Cancer; stage T, stage of primary tumor; stage N, stage of lymph nodes; stage M, stage of 
metastasis; LNs, lymph nodes; CCRT, concurrent chemoradiotherapy; UAC, uterine cervical adenocarcinoma.
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Table S2 The selected variables for the model construction

Variables Coefficient HR 95% CI P

Grade

Grade I Reference Reference

Grade II 0.35 1.41 1.20-1.67 <0.001***

Grade III and IV 0.74 2.10 1.78-2.48 <0.001***

Stage T

T1a Reference Reference

T1b 1.32 3.74 2.45-5.70 <0.001***

T2 2.06 7.87 5.07-12.20 <0.001***

T3 2.55 12.81 8.14-20.14 <0.001***

T4 2.65 14.10 8.77-22.69 <0.001***

Stage N

N0 Reference Reference

N1 0.58 1.79 1.58-2.02 <0.001***

Stage M

M0 Reference Reference

M1 0.54 1.71 1.44-2.03 <0.001***

Surgery of primary site

No Reference Reference

Yes -0.59 0.56 0.49-0.63 <0.001***

Tumor size (mm)

≤20 Reference Reference

21-40 0.64 1.90 1.58-2.29 <0.001***

>40 0.85 2.35 1.93-2.84 <0.001***

***, two sided P values <0.001. Stage T, stage of primary tumor; stage N, stage of lymph nodes; stage M, stage of metastasis; HR, hazard 
ratio; CI, confidence interval.

Table S3 Scores of each prognostic factor in the CSS nomogram

Characteristics Points

Grade 

Grade I 0

Grade II 13

Grade III and IV 28

Stage T

T1a 0

T1b 50

T2 78

T3 96

T4 100

Stage N

N0 0

N1 22

Stage M

M0 0

M1 20

Surgery of primary site

No 22

Yes 0

Tumor size (mm)

≤20 0

21-40 24

>40 32

CSS, cancer-specific survival; stage T, stage of primary tumor; 
stage N, stage of lymph nodes; stage M, stage of metastasis.
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Figure S2 The web-based nomogram presented as an online calculator based on the model for predicting the probability of CSS in UAC 
patients, free for access. (https://betteryuan66.shinyapps.io/dynnomapp/). The web screenshots show that the 5- and 10-year probability 
of CSS based on the model was 0.83 (95% CI: 0.81–0.86) and 0.78 (95% CI: 0.75–0.81), respectively, for a UAC patient with tumor grade 
III, stage T1b, N0, M0, and a tumor size of 30 mm, who received surgery of the primary site. CSS, cancer-specific survival; UAC, uterine 
cervical adenocarcinoma.

https://betteryuan66.shinyapps.io/dynnomapp/
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