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Survival prediction models for patients with anal carcinoma
receiving definitive chemoradiation: A population-based study
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Abstract. The present study aimed to develop two nomograms
in order to predict cancer-specific survival (CSS) and overall
survival (OS) of patients with anal carcinoma receiving
definitive chemoradiotherapy. Data from studies including
patients with anal carcinoma, who were determined to be
positive histologically and diagnosed between 2004 and 2010,
were obtained from the Surveillance, Epidemiology, and End
Results database. Significant prognostic factors for CSS and
OS of patients were screened to develop nomograms through
univariate and multivariate analyses. Nomograms were vali-
dated using internal and external data. The predictive abilities
of the generated models were evaluated by concordance index
(C-index) and calibration curves. Risk stratification was
performed for patients with the same TNM stage. A total of
1,473 patients and six independent prognostic factors for CSS
and OS, namely age, sex, ethnicity, marital status at diag-
nosis, T stage and N stage, were included in the nomogram
calculations. Calibration curves demonstrated that nomogram
prediction was in high accordance with actual observation. The
C-indices of nomograms were greater than those of models
based on the sixth edition of the American Joint Committee
on Cancer TNM staging system for CSS prediction (training
cohort, 0.72 vs. 0.70; validation cohort, 0.68 vs. 0.62) and OS
(training cohort, 0.70 vs. 0.66; validation cohort, 0.68 vs. 0.62).
Survival curves demonstrated significant survival differences
among the different risk groups. Nomograms were more accu-
rate than the conventional TNM staging system in prognosis
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prediction. In addition, survival performances of patients with
the same TNM stage could be further distinguished by risk
stratification, which provided individualized prediction for
patients. These survival prediction methods may aid clinicians
in patient counseling and in selecting more individualized
therapeutic strategies.

Introduction

Anal carcinoma accounts for 1.9% of digestive system cancer
cases, according to a report from 2009 (1,2). Currently, the
standard therapeutic method for locally advanced anal carci-
noma is concurrent chemoradiotherapy (3-6). Although the
TNM classification system is widely recognized and used as a
reliable method for the identification of the clinical stage of a
variety of cancer types and consequent improvement of diag-
nostic accuracy and therapeutic effect, the survival outcome
of patients with the same type of cancer and TNM stage is not
always similar in certain types of cancer, including non-small
and small cell lung cancer (7-9). It has been considered that
the TNM classification system may not be the sole decisive
factor for the survival status of patients with cancer (7-9).
Other factors, including age, sex, histology and treatment
strategies, may also affect the survival outcome of patients
with cancer (7-9).

Nomogram development has been regarded as a convenient
and reliable method to predict individualized probability of
survival in patients with cancer by scoring risk factors (10-16).
The predictive accuracy of nomograms has been found to
be higher than that of the TNM classification system in
some types of cancer, including non-small cell lung cancer,
nasopharyngeal cancer and non-metastatic head and neck
squamous cell carcinoma (13,17,18). However, the applica-
tion of nomograms in patients with anal carcinoma receiving
definitive chemoradiotherapy has not yet become available.
Cancer-specific survival (CSS) is the length of time from the
date of cancer diagnosis to the date of death from the disease.
Overall survival (OS) corresponds to the duration between
patients' diagnosis with cancer and the death from any causes.
The present study aimed to develop two reliable models and
nomograms to predict the CSS and OS of patients with anal
carcinoma, who underwent definitive chemoradiotherapy.
Furthermore, the Cox proportional hazard regression model
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was externally validated by assessing data from a separate
cohort of patients with anal cancer diagnosed between 2011
and 2012 in the Surveillance, Epidemiology, and End Results
(SEER) database.

Materials and methods

Dataretrieval and processing. The SEER program (https://seer.
cancer.gov/) is a reliable and recognized database maintained
by the National Cancer Institute that consists of diagnostic and
therapeutic data collected from patients with various types of
cancer. The original data of patients with anal carcinoma diag-
nosed histologically between 2004 and 2010 were released in
November 2017 and extracted from the SEER database using
the SEER*Stat software (version 8.3.5) (https://seer.cancer.
gov/seerstat/). In total, 10,073 records were searched using
this software. Any patients with histologically confirmed
anal carcinoma and tumor sites confined to the anus, anal
canal or anorectum, diagnosed between 2004 and 2010, were
considered. The inclusion criteria were as follows: i) Only one
primary malignant tumor; ii) T1-T4, NO-N3, MO confirmed
by MRI according to the sixth edition of the American Joint
Committee on Cancer TNM classification (19); iii) chemora-
diotherapy without surgery and no history of cancer-directed
surgery of primary site, lymph nodes or other relative sites;
iv) known ethnicity, histology type, marital status at diagnosis
and cause of death; and v) active follow-up with complete data
and known survival outcome. Additionally, only the following
pathological types were included: i) Squamous cell carcinoma;
ii) basaloid carcinoma; and iii) cloacogenic carcinoma. Other
types of carcinoma, including adenocarcinoma and neuroen-
docrine carcinoma, were excluded due to small sample sizes or
different therapeutic strategies. As a continuous variable, age
was transformed into a categorical variable according to recog-
nized cut-off values to minimize the loss of information (20).
In addition, a separate cohort, which met the aforementioned
inclusion criteria, was retrieved using the SEER*Stat program
from the SEER database based on eligible patients that were
diagnosed between 2011 and 2012, and considered as the
external validation cohort in order to assess the generaliz-
ability of the models.

Nomogram development. Univariate analysis for different vari-
ables, including age, sex, ethnicity, marital status at diagnosis,
T category, N category, stage category, histology and grade,
was conducted in the training cohort using the Kaplan-Meier
estimates. Furthermore, survival curves were plotted and
log-rank tests were performed to ensure the reliability of
the results. Variables with P<0.05, which was considered to
indicate a statistically significant difference, were entered into
the multivariate analysis using the Cox proportional hazard
regression model to exclude confounding factors. The univar-
iate and multivariate analyses were conducted using SPSS
software (version 20.0; IBM Corp.). Variance inflation factor
was calculated with the R statistical package (version 3.5.2;
R Core Team; http://www.r-project.org) prior to constructing
the model to prevent overfitting caused by multicollinearity.
The nomograms, which were based on the eligible results of
the multivariate Cox proportional hazard regression model,
were constructed using the ‘rms’ package (version 5.1-3) for R
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software (21). The Cox proportional hazard regression model
was selected according to a backward step-down process
based on the Akaike Information Criterion (22).

Validation and calibration of the nomograms compared with
the TNM classification system. The performance of the final
model was assessed by calculating the concordance index
(C-index) and plotting the calibration curves of 1-, 3- and
5-year CSS and OS after performing the internal validation
via 1,000 bootstrap resamples and external validation using
the validation cohort, respectively (23). The C-index values
ranged between 0.5 and 1.0, which was in accordance with
the predictive ability of the models. The C-indices of the
different models were compared using the ‘survcomp’ package
(version 1.32.0) (24,25).

Risk stratification and prediction of survival probability.
Discrimination ability was compared between the nomogram
and standard TNM staging system based on the C-indices and
the unique ability of nomogram was evaluated by risk strati-
fication. The patients were divided into different risk groups
in accordance with cut-off values of the total risk score that
were determined using X-tile software (version 3.6.1) (26).
These cut-off values were subsequently used for the external
validation cohort and Kaplan-Meier survival curves of the
corresponding risk groups were plotted. The survival prob-
ability of each patient was predicted.

Results

Basic data characteristics. Based on the aforementioned
search conditions, 10,073 records were retrieved from the
SEER database. In order to be included in the present study,
patients had to meet all inclusion criteria. In total, 1,473 and
638 eligible patients were included in the training and external
validation cohorts, respectively. The clinicopathological char-
acteristics and demographics of the eligible patients in both
cohorts are presented in Table SI.

Univariate and multivariate analyses of the training cohort.
Univariate and multivariate analyses for CSS and OS were
conducted in the training cohort to select significant and inde-
pendent risk factors. The results of the analysis and eligible
variables included in the final Cox proportional hazard regres-
sion model are shown in Tables SII and SIII. The variance
inflation factor results are shown in Table SIV and indicated
the normal range as 0-10 (Table SIV).

Nomogram development for CSS and OS. Nomograms were
constructed based on the incorporation of significant and
independent prognostic factors, including age, sex, ethnicity,
marital status at diagnosis, T stage and N stage. Two nomo-
grams are displayed in Fig. 1. The contributions of relative
covariates to nomogram prediction of the CSS of patients
with anal carcinoma were ranked in descending order: i) T
category; ii) N category; iii) age; iv) sex; v) ethnicity; and
vi) marital status at diagnosis. Furthermore, the contribu-
tions of relative covariates to nomogram prediction of the OS
of patients were ranked in descending order: i) T category;
ii) age; iii) N category; iv) sex; v) ethnicity; and vi) marital
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Figure 1. Nomogram for the prediction of 1-, 3- and 5-year CSS and OS. (A) Nomogram A, including age, sex, ethnicity, marital status, T6th and N6th, for 1-,
3- and 5-year CSS in patients with anal carcinoma. (B) Nomogram B, including age, sex, ethnicity, marital status, T6th and N6th, for 1-, 3- and 5-year OS in
patients with anal carcinoma. The nomograms provide the probability of 1-, 3- and 5-year CSS and OS in combination with covariates. For instance, if ‘Age’
is located and a vertical line drawn upwards to the ‘Points’ axis, the corresponding score belongs to ‘Age’. Other variables can be found by repeating the same
process. Subsequently, the total score of each patient can be calculated by summing up the score of each variable. According to the total score of each patient,
the location can be identified at the ‘Total Points’ axis and a vertical line can be drawn downwards in order to find the probability of 1-, 3- and 5-year CSS or
OS. T6th, T stage according to the sixth edition of the AJCC tumor-node-metastasis staging system; N6th, N stage according to the sixth edition of the AJCC
tumor-node-metastasis staging system; CSS, cancer-specific survival; OS, overall survival; AJCC, American Joint Committee on Cancer.

status at diagnosis. Additionally, the scores of these variables
in different nomograms were unequal. The total score of
each patient was calculated by summing up the score of each
subtype within these variables in the nomogram to predict the
probability of individualized survival.

Calibration and validation of the nomograms. In the training
cohort, the C-index of the nomogram for CSS was 0.72 (95%
CI, 0.69-0.75; P<0.05) and that of the nomogram for OS was
0.70 (95% CI,0.68-0.72; P<0.05), respectively. In addition, the

C-index of the TNM classification system for CSS was 0.70
(95% CI, 0.67-0.73; P<0.05) and that of the TNM classifica-
tion system for OS was 0.66 (95% CI, 0.63-0.69; P<0.05). In
the external validation cohort, the C-index of the nomogram
for CSS was 0.68 (95% CI, 0.62-0.73; P<0.05) and that of
the nomogram for OS was 0.68 (95% CI, 0.63-0.73; P<0.05),
respectively. Furthermore, the C-index of the TNM classifica-
tion system for CSS was 0.62 (95% CI, 0.56-0.69; P<0.05)
and that of the TNM classification system for OS was 0.62
(95% CI, 0.56-0.67; P<0.05). However, the C-index of the
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Figure 2. Bootstrap calibration of nomograms in the training cohort and external validation cohort Calibration curves of nomogram A for predicting CSS
at (A) 1, (B) 3 and (C) 5 years in the training cohort, and at (D) 1 and (E) 3 years in the external validation cohort. The calibration curves of nomogram B
for predicting OS at (F) 1, (G) 3 and (H) 5 years in the training cohort, and at (I) 1 and (J) 3 years in the external validation cohort. Nomogram-predicted
CSS or OS was plotted on the x-axis; actual CSS or OS was plotted on the y-axis. A plot along the 45-degree line demonstrates optimal agreement between
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Figure 3. Risk group stratification for cancer-specific survival. (A-E) Risk group stratification based on nomogram A within corresponding TNM stage for
(A) total patients and (B-E) stages I-IIIB in the training cohort. (F-J) Risk group stratification based on nomogram A within corresponding TNM stage for
(F) total patients and (G-J) stages I-11IB in the external validation cohort.
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nomogram predicting CSS was higher than that of the TNM
staging system predicting CSS (training cohort, 0.72 vs. 0.70,
respectively; P=0.07; external validation cohort, 0.68 vs. 0.62,
respectively; P<0.05). Similarly, the C-index of the nomogram
predicting OS was also significantly higher than that of the
TNM staging system predicting OS (training cohort, 0.70 vs.
0.66, respectively; P<0.05; external validation cohort, 0.68
vs. 0.62, respectively; P<0.05). Results from the calibration
curves revealed excellent agreement between nomogram
prediction and actual observation for 1-, 3- and 5-year CSS
and OS in the training cohort (Fig. 2). Additionally, this agree-
ment was similarly demonstrated in the calibration curves of
the external validation cohort (Fig. 2).

Performance of risk stratification and prediction of survival
probability. Patients in the training cohort were divided into
three risk groups according to the cut-off values of the total
risk scores derived from the corresponding nomogram. The
prognostic conditions of patients from each risk group are
presented in Table SV and Figs. 3 and 4. Following the appli-
cation of these cut-off values to the external validation cohort,
the survival differences of patients stratified into different risk
groups were clearly demonstrated by the Kaplan-Meier curves
within each stage category (Figs. 3 and 4). The 1-, 3- and
5-year survival probability of each patient was predicted and
presented in Tables SVI and SVII.

Discussion

Anal carcinoma accounts for 1.9% of digestive system cancer
cases, according to the 2009 report (1,2) and concurrent
chemoradiotherapy is the current standard therapeutic method
for locally advanced anal carcinoma (3-6). The application of
nomograms has been reported in survival time prediction of
patients with several types of cancer, including cervical cancer,
prostate cancer, rectal cancer, non-small-cell lung cancer and
breast cancer (10-14). However, to the best of our knowledge,
the use of nomograms as reliable tools for the prediction of
CSS and OS of patients with anal carcinoma receiving defini-
tive chemoradiotherapy has not yet been reported. According
to previous studies, the survival time of patients with different
types of cancer is markedly varied and the survival outcome of
patients with the same type of carcinoma and TNM stage also
varies widely, indicating that the TNM classification system is
limited with regards to predicting the individualized survival
of patients with cancer (7-9). An accurate prognostic system
capable of reflecting the prognosis of these patients is required.
Therefore, nomograms based on a large number of patient data
obtained from the SEER database were generated to predict
individualized survival. Risk stratification was performed to
further distinguish prognosis for patients with the same TNM
stage in the present study.

The training and external validation cohorts were formu-
lated based on diagnostic and therapeutic data of patients with
a variety of cancer types retrieved from the SEER database
and currently maintained by the National Cancer Institute.
A total of 2,111 eligible patients, specifically 1,473 in the
training cohort and 638 in the external validation cohort,
were analyzed. Age, sex, ethnicity, marital status at diagnosis,
T category and N category were selected and considered as
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significant prognostic factors, independent to the CSS and OS
of patients with anal carcinoma, through univariate and subse-
quent multivariate analyses. The results of univariate analysis
regarding the stage variable were statistically significant;
however, this variable was excluded due to evident association
with the T category prior to multivariate analysis. These find-
ings were in accordance with previous studies concerning risk
factors for anal carcinoma, which in indicated that patients
with anal carcinoma have a higher risk of mortality if they are
male, of higher age and black (27,28). Apart from common
risk factors in certain types of cancer, including prostate
cancer and oropharyngeal carcinoma (29,30), including age
or sex, marital status at diagnosis was also identified as an
independent prognostic factor in patients with anal carci-
noma in the present study and affected the CSS and OS. A
previous study also indicated that unmarried patients were at
significantly higher risk of presenting with metastatic cancer,
undertreatment and cancer-associated mortality (31). Though
chemoradiation is considered the standard treatment for
epidermoid anal cancer due to the findings of the first UK
Co-ordinating Committee on Cancer Research Anal Cancer
Trial (1996) and subsequent 13-year follow-up study (6,32),
the outcome of chemoradiation used as a treatment for anal
adenocarcinoma is not equal to anal squamous cell carci-
noma (33). Therefore, adenocarcinoma was excluded from the
present study. According to previous studies (34,35), certain
rare pathological types of anal cancer, including basaloid
carcinoma and cloacogenic carcinoma, were also taken into
consideration. Nomograms were constructed based on the
results of multivariate analysis. To prevent overfitting of the
model and to improve generalizability, the validation of the
model is indispensable (36). According to the C-indices of
the model and the calibration curves for CSS and OS, the
prediction results of the established nomograms closely
corresponded to the actual observation. The C-indices of
nomograms for CSS and OS in the training cohort were
>0.7, which suggested good predictive precision regarding
the survival time of patients. The calibration curves revealed
optimal agreement between nomogram prediction and actual
observation in the training and external validation cohorts,
which indicated the reliability of the established model.
Additionally, although calibration curves were only plotted for
the probability of 1- and 3-year CSS and OS for the external
validation cohort, which was due to the lack of 5-year survival
data after 2012 in the SEER database, the performance of
these calibration curves was satisfactory and demonstrated a
good degree of fit between nomogram prediction and actual
outcome. Compared with the conventional TNM staging
system, the C-indices of nomograms were significantly higher
in the CSS and OS of both cohorts, which suggested the supe-
riority of nomograms. It was concluded that the prognosis of
patients with the same TNM stage varied widely as shown
by the significantly different survival performances of risk
groups within the respective TNM stages. The difference of
stage IITA and IT1IB between low- and moderate-risk groups in
the training cohort (Fig. 3D and E) was more evident than that
of the external validation cohort (Fig. 31 and J). This result
was mainly affected by the small sample size of patients with
stage IIIA and I1IB anal carcinoma in the external validation
cohort.
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Although the classical TNM staging system is widely used
in the clinical setting, the survival outcome of patients with
cancer is not only influenced by the tumor itself. Additional
factors, including age, sex and therapeutic strategies, may
affect the prognosis of patients with certain types of cancer,
including urothelial carcinoma (37). The development of nomo-
grams, which are practical and convenient tools that evaluate
the survival probability of a specific outcome, and include
large influential factors and easily available and measurable
parameters, could successfully overcome the disadvantages of
the conventional TNM staging system (38,39).

Nomogram development may contribute to indi-
vidualized management decisions in the use of concurrent
chemoradiotherapy for patients with anal carcinoma, and
risk stratification may lead to improvement of the current
treatment strategies. For example, a 77 year-old, black,
male patient with anal carcinoma (T3NOMO) was found to
have 24.10 points and a 17% 5-year probability of OS in the
generated nomogram. Furthermore, a 40 year-old, white,
female patient with anal carcinoma (T3NOMO) was found
to have 7.17 points and a 80% 5-year probability of OS in
the constructed nomogram. The therapeutic strategies and
clinical decisions made for these patients were not identical
due to the significant survival difference. By contrast, both
patients would be diagnosed with stage II anal carcinoma
according to the conventional TNM staging system, which
would predict identical prognosis.

However, the present study had certain limitations. First,
the sample size used for constructing the nomograms was
relatively small due to the low morbidity of anal carcinoma
and strict inclusion criteria. Secondly, the retrospective infor-
mation from the SEER database may have contributed to the
risk of potential selection bias in the established nomograms.
Thirdly, the present study did not include data from Asian
populations due to limitations of the SEER database. Finally,
not all potential prognostic factors associated with survival
were included in the nomograms. For example, performance
status, nutritional conditions, comorbidities and financial
issues were excluded factors because they were not available.
A larger sample size and more comprehensive information,
including performance status, nutritional status, comorbidity
factors and financial issues, would be required to further
improve the predictive ability of the generated survival model
in future studies.

In conclusion, two nomograms were constructed to predict
the individualized survival of patients with anal carcinoma
receiving definitive chemoradiotherapy for the first time. The
nomograms were demonstrated to have higher accuracy than
the conventional TNM staging system in prognosis prediction
and the survival performances of patients with the same TNM
stage could be further distinguished by risk stratification.
Therefore, nomograms were capable of providing individual-
ized prediction for patients with anal carcinoma, and may aid
clinical decision-making and the selection of more individual-
ized therapeutic strategies according to the specific needs of
each patient.
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