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Objective: Anal canal cancer is a rare malignancy with increasing incidence in recent times.
This study aimed to develop two nomograms to predict the overall survival (OS) and cancer-
specific survival (CSS) of patients with anal canal cancer.

Methods: Information of patients with anal canal cancer from 2004 to 2015 was extracted
from the surveillance, epidemiology, and end results (SEER) database. Cox analysis was
used to select the risk factors for prognosis, and nomograms were constructed using the
R software. The C-index, area under the curve (AUC) of time-dependent receiver operating
characteristic (ROC) curves, calibration plot and decision curve analysis (DCA) were used to
assess the clinical utility of the nomograms.

Results: A total of 2458 patients with malignant tumours of the anal canal were screened
out. Sex, age, marital status, histological type, grade, tumour size, AJCC stage, SEER stage
and chemotherapy were independent prognostic factors for OS, whereas sex, age, race,
histological type, grade, tumour size, AJCC stage, SEER stage and radiotherapy were
independent prognostic factors for CSS. In the training cohort, the C-index value for OS
nomogram was 0.73 (95% CI, 0.69-0.77), and the AUC values that predicted the 1-, 3- and
S-year survival rates were 0.764, 0.758 and 0.760, respectively, whereas the C-index value
for CSS nomogram model was 0.74 (95% CI, 0.69-0.79), and the AUC values were 0.763,
0.769 and 0.763, respectively. The calibration plot and DCA curves demonstrated good
prediction performance of the model in both the training and validation cohorts.
Conclusion: The established nomogram is a visualisation tool that can effectively predict
the OS and CSS of patients with anal canal cancer.

Keywords: anal canal cancer, cancer specific survival, nomogram, overall survival,

prognosis

Introduction

Anal canal cancer is a malignancy that develops in the terminal part of the
intestinal tract, extending from the anal margin to the dentate line. Although it
is a rare cancer accounting for only 2.6% of gastrointestinal cancers,’ morbid-

ity is increasing at an average rate of 2.2% every year.’

Histologically,
columnar tissue lines the upper anal canal, whereas the squamous and transi-
tional epithelia line the canal below the pectinate line.> In Western countries,
approximately 90% of anal canal malignancies have a squamous differentia-
tion, whereas in Asian countries, adenocarcinoma is the dominant pathological

type,4’5 with mucinous, melanoma, small cell carcinoma and undifferentiated
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cancer accounting for the remaining proportion.®
Although concurrent chemoradiotherapy with 5-fluor-
ouracil (FU) and mitomycin (MMC)”* is recommended
for patients with squamous epithelium malignancy
(SEM), approximately 30% of patients do not respond
entirely to this treatment.” In addition, owing to the
low incidence of the remaining types, oncologists
encounter a challenge in conducting in-depth research
for clinical outcomes. Currently, the American Joint
Committee on Cancer (AJCC) staging system is the
prevalent tool that is recommended by National
Comprehensive Cancer Network guidelines to predict
prognosis. Notably, the impact of several related fac-
tors on the prognosis cannot be reflected in the staging,
such as age, sex, histological type and treatment
strategies.'”

The nomogram is a new graphic multivariate model
with the ability to integrate the relative contribution of
each prognostic variable on the outcome for prognosis
prediction. In addition, a nomogram can display prog-
nosis prediction results and guide individualised treat-
ment for patients with tumours based on their personal
and disease characteristics.''"'? Tsikitis et al'’> con-
structed nomograms of overall survival (OS) and sal-
vage abdominoperineal resection for anal cancer
patients based on data from 1778 anal cancer patients
in the US National Cancer Database between 1998 and
2010. Although the potency of nomograms'*!” has
been verified in various cancers, sufficient studies
have not been performed on its application in patients
with anal canal cancer. Therefore, using data from the
Surveillance, Epidemiology, and End Results (SEER)
database, this study aimed to establish a valuable
nomogram based on the Cox proportional hazard
regression model to predict the 1-, 3- and 5-year sur-
vival of patients with different pathological types of
anal canal cancer and validate it.

Materials and Methods

Patients

Our research relied on the SEER program, which is one
of the most widely used and reliable publicly accessi-
ble cancer databases, covering approximately 28% of
the US population.'® We extracted patients primarily
with malignant tumours in the anal canal from the
database (SEER 18 Regs Custom Data, released in
April 2019) between 2004 and 2015 by using

SEER*Stat (version 8.3.8) software, with the following
extraction criteria: (1) site and morphology: primary
site-labelled C21.1’Anal Canal’, (2) year of diagnosis:
2004-2015.

A total of 8269 patients with their original infor-
mation along with their demographic and baseline
clinicopathological  characteristic ~ variables  were
retrieved from the database, including a patient ID
number, age at diagnosis, primary tumour sites, sex,
race, marital status, histological type (ICD-O-3 Hist/
Behav, malignant), tumour size, tumour stage and dif-
ferentiation. Surgical information, chemotherapy data
and radiotherapy information were also extracted in
terms of treatment. The clinical outcome was OS and
cancer-specific survival (CSS). OS was defined as the
time from initial diagnosis of anal canal cancer to the
last follow-up or death. CSS was defined as the survi-
val time from the initial diagnosis to death attributable
to anal canal cancer. Patients with the following con-
ditions were excluded from our study: (1) multiple
primary tumours, (2) unclear diagnosis outcomes, (3)
death to follow-up, (4) unclear TNM stage classifica-
tion according to AJCC sixth edition, (5) unclear his-
tological differentiation degree, (6) unclear race
information, (7) unclear marital status, (8) unclear
surgical information and (9) unclear tumour size.
Finally, 2458 patients were selected for further analy-
sis. The censoring process was depicted in Figure 1 as
a flow chart.

The study followed the Declaration of Helsinki (as
revised in 2013) and used previously collected de-
identified data'® that was deemed exempt from review
by the Ethics Committee of the Liyang People’s

Hospital.

Statistical Analysis

The X-tile software (version 3.6.1; copyright Yale
University) was used to calculate the optimal cut-off
value for tumour size and age at diagnosis to translate
the two parameters into categorical variables. The Cox
proportional hazard regression models were constructed
for univariate and multivariate survival analysis and to
select the independent prognostic factors associated
with survival outcomes using SPSS software (IBM
corporation, version 24.0.0). The independent prognos-
tic factors were incorporated to plot the nomograms to
predict the 1-, 3- and 5-year CSS and OS of patients
with anal canal cancer. In this study, the nomograms

10066 "

Dove!

International Journal of General Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Tang et al

n = 8269

Anal canal patients from SEER database 2004-2015

\ 4

Cases with other malignancies
n =2635

One primary only

Cases without confirmed histological
n =56

n =5634
\ 4
Positive histology
n = 5578

\ 4

Cases without follow-up information
n =47

Available survival time
n =5531

A 4

A 4

Screened cases
n = 2458

Cases without complete information
Unknown TNM stage (n = 1465)
Unknown grade (n = 1060)

Unknown race (n = 16)

Unknown marital status (n = 145)
Unknown surgery information (n = 8)

Unknown tumor size (n = 379)

A 4

Other subtypes (n =108)

Squamous epithelial-derived malignancy (n = 2193)

Adeno epithelial-derived malignancy (n = 157)

Figure | Flow diagram for the selection of patients with anal canal cancer from the SEER database between 2004 and 2015.
Abbreviations: SEM, squamous epithelial-derived malignancy; AEM, adeno epithelial-derived malignancy.

were constructed by the training set and were validated
in the validation set. The area under the curve (AUC)
of time-dependent receiver operating characteristic
(ROC) curves and the concordance indices (C-indices)
were computed and the calibration curves were plotted
to assess the predictive ability of the model. The deci-
sion curve analysis (DCA) was used to evaluate the
utility of the nomogram for decision-making.?® Patients

were classified into the high- and low-risk groups
based on the nomogram, and Kaplan—Meier curves
were used to plot survival curves for the high- and
low-risk groups. The analysis was performed using
the R package (rms, Hmisc, lattice, survival, formula,
ggplot2, rmda, time ROC and foreign) loaded in
R software (version 1.1.463). P-value < 0.05 was
deemed statistically significant.
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Table | Demographic and Clinical Data of the Patients with Anal Canal Cancer

Characteristics Train Cohort Validation Cohort P-value
n=1720(%) n=738(%)

Gender Male 594(34.5) 246(33.3) 0.565
Female 1126(65.5) 492(66.7)

Age (years) Range 26-104 22-97 0.954
Median 59 59
Mean 60.3+12.1 60.2+12.3

Race White 1487(86.5) 642(87.0) 0.579
Black 184(10.7) 71(9.6)
Other/NA 49(2.8) 25(3.4)

Marital status Married 750(43.6) 338(45.8) 0.315
Non-married 970(56.4) 400(54.2)

Tumor size (cm) Range 0.1-88.8 0.1-15.0 0.525
Median 3.1 3.3
Mean 3.9+3.3 3.8+2.3

Grade WVell, | 211(12.3) 84(11.4) 0.795
Moderately, Il 784(45.6) 352(47.7)
Poorly, Il 691(40.2) 288(39.0)
Anaplastic, IV 34(2.0) 14(1.9)

Histological type SEM 1529(88.9) 664(90.0) 0.505
AEM 110(6.4) 47(6.4)
Other 81(4.7) 27(3.6)

AJCC stage | 366(21.3) 167(22.6) 0.277
Il 694(40.3) 319(43.2)
A 208(12.1) 88(11.9)
B 353(20.5) 125(16.9)
v 99(5.8) 39 (5.3)

T stage TI 440(25.6) 194(26.3) 0.957
T2 857(49.8) 362(49.1)
T3 286(16.6) 126(17.1)
T4 137(8.0) 56(7.6)

N stage NO 1137(66.1) 522(70.7) 0.127
NI 204(11.9) 77(10.4)
N2 236(13.7) 92(12.5)
N3 143(8.3) 47(6.4)

(Continued)
10068 e International Journal of General Medicine 2021:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Tang et al
Table | (Continued).
Characteristics Train Cohort Validation Cohort P-value
n=1720(%) n=738(%)

M stage MO 1621(94.2) 699(94.7) 0.642
MI 99(5.8) 39(5.3)

SEER stage Localized 846(49.2) 383(51.9) 0.445
Regional 682(39.7) 274(37.1)
Distant 192(11.2) 81(11.0)

Surgery No Surgery 1027(59.7) 456(61.8) 0.443
Local Resection 576(33.5) 228(30.9)
Radical Resection 117(6.8) 54(7.3)

Chemotherapy Yes 1458(84.8) 620(84.0) 0.634
No/NA 262(15.2) 118(16.0)

Radiotherapy Yes 1496(87.0) 648(87.8) 0.573
No/NA 224(13.0) 90(12.2)

Survival Months Range 1-155 1-155 0.174
Median 42 40
Mean 53.8+40.5 51.4+39.8

Abbreviations: SEM, squamous epithelial-derived malignancy; AEM, adeno epithelial-derived malignancy; SEER, surveillance, epidemiology, and end results; AJCC, American

Joint Committee on Cancer.

Results
Clinicopathologic and Demographic

Characteristics

After applying a rigorous selection process, 2458
patients with anal canal cancer were retrieved from
the SEER database. According to a 7:3 ratio, 1720
patients were randomly assigned to the training cohort
and 738 patients were randomly assigned to the valida-
tion cohort. Table 1 presents the detailed clinicopatho-
logic and demographic information. The sample
consisted of approximately 65.8% females, and the
majority of the sample was white (n = 2129) and non-
married patients (n = 1370). X-tile software was
applied to calculate the optimal cut-off value for
tumour size and age. Patients were categorised into
two age groups (22-76 years and >76 years) and
three tumour size groups (<2.8 cm, 2.8-6.2 cm and
>6.2 cm). Anal canal cancer is a highly heterogeneous
tumour with as many as 31 pathological subtypes

(Table 2). In our study, they were categorised into
SEM, adeno epithelium malignancy (AEM), and other
rare subtypes, with SEM accounting for approximately
89.2% of the total. In addition, patients with low dif-
ferentiation, early-stage disease (stage I/II, stage T1/
T2), lack of lymph node metastasis and lack of distant
metastasis accounted for a large proportion.
Chemotherapy and radiotherapy were performed in
84.5% and 87.2% of patients, respectively. However,
32.7% of patients underwent local resection surgery
with 171 patients undergoing intestinal resection or

laparotomy operation.

Identification of Prognostic Factors

Univariate analysis indicated that the factors presented
in Tables 3 and 4 with P values < 0.05 were closely
related to patient OS and CSS, respectively. In the
multiple analysis, it was indicated that patients who

were men, aged >76 years, unmarried and presented
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Table 2 ICD-O-3 Code

ICD-O-3 Hist/Behav n
Code
8010/3 Carcinoma, NOS 8
8020/3 Carcinoma, undifferentiated, NOS |
8041/3 Small cell carcinoma, NOS 10
8045/3 Combined small cell carcinoma |
8051/3 Verrucous carcinoma, NOS 7
8052/3 Papillary squamous cell carcinoma 3
8070/3 Squamous cell carcinoma, NOS 1715
8071/3 Squamous cell carcinoma, keratinizing, NOS 224
8072/3 Squamous cell carcinoma, large cell, 92
nonkeratinizing, NOS
8073/3 Squamous cell carcinoma, small cell, |
nonkeratinizing
8074/3 Squamous cell carcinoma, spindle cell 2
8076/3 Squamous cell carcinoma, micro-invasive |
8083/3 Basaloid squamous cell carcinoma 151
8094/3 Basosquamous carcinoma 4
8120/3 Transitional cell carcinoma, NOS |
8123/3 Basaloid carcinoma 21
8124/3 Cloacogenic carcinoma 30
8140/3 Adenocarcinoma, NOS 108
8210/3 Adenocarcinoma in adenomatous polyp 7
8215/3 Adenocarcinoma of anal glands 3
8246/3 Neuroendocrine carcinoma, NOS 10
8255/3 Adenocarcinoma with mixed subtypes 5
8261/3 Adenocarcinoma in villous adenoma 4
8263/3 Adenocarcinoma in tubulovillous adenoma 7
8430/3 Mucoepidermoid carcinoma 2
8480/3 Mucinous adenocarcinoma 18
8481/3 Mucin-producing adenocarcinoma 5
8490/3 Signet ring cell carcinoma 4
8542/3 Paget disease, extramammary (except Paget 3
disease of bone)
8560/3 Adenosquamous carcinoma 8
8574/3 Adenocarcinoma with neuroendocrine 2
differentiation

with a large tumour size, poorly differentiated (grade
IV) tumour, AEM or other rare subtypes, an advanced
AJCC stage, distant stage in the SEER system and
a lack of chemotherapy had a poorer OS than their
counterparts (Table 3). However, the outcome of CSS
was affected by risk factors including sex, age, race,
histological type, grade, tumour size, AJCC stage,
SEER stage and radiotherapy (yes or no), which were
recognised as independent prognostic factors for CSS
(Table 4).

Construction of the Prognostic

Nomogram

Based on the independent prognostic factors selected by
multivariate Cox analysis, two nomograms were estab-
lished for OS (Figure 2A) and CSS (Figure 2B). The
nomogram demonstrated that age had the greatest contri-
bution, followed by the AJCC stage, SEER stage and
tumour size, to the prediction of OS of patients with anal
canal cancer. Every significant variable was ascribed
a weighted score ranging from 1 to 100. The scores were
then summed up to determine the value of the perpendi-
cular intersection of the survival probability axis and the
total score axis, implying a 1-, 3-, 5-year survival prog-
nosis for patients with anal canal cancer. This method was
used for the construction of a nomogram for CSS.

Validation of a Prognostic Nomogram
The C-index, ROC curve and calibration plot were
used to differentiate and calibrate the utility of the
two nomograms. In the training cohort, the C-index
value was 0.73 (95% CI, 0.69-0.77) and the AUC
values of the ROC curve that predicted 1-, 3- and
S5-year OS were 0.764, 0.758 and 0.760, respectively
(Figure 3A). However, the C-index value was 0.74
(95% CI, 0.69-0.79) and the AUC values that pre-
dicted 1-, 3- and 5-year CSS were 0.763, 0.769 and
0.763, respectively (Figure 3B). In addition, calibration
plots of OS and CSS nomograms revealed a high
degree of consistency between nomogram prediction
and actual data (Figure 4A-F).

The C-index values were 0.72 (95% CI, 0.66—0.78)
for nomogram predicting OS and 0.73 (95% CI, 0.66—
0.80) for nomogram predicting CSS in the validation
cohort. As presented in Figure 3C and D, the AUC
values were 0.767, 0.725 and 0.771 for the projected
1-, 3- and 5-year OS, respectively, and 0.767, 0.747
and 0.771 for the projected 1-, 3- and 5-year CSS,
respectively. In addition, satisfactory performance of
predicted and actual values was exhibited by the cali-
bration plot in the validation cohort (Figure 5SA—F).

Comparison of the Nomogram and
Other Staging Systems

To compare the nomogram model to the sixth edition
AJCC TNM staging and SEER staging systems, we
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Table 3 Survival Analyses of Overall Survival for Anal Canal Cancer Patients
Characteristics Univariate Analysis Multivariate Analysis
HR (95% CI) P-value HR (95% CI) P-value
Gender
Male Reference Reference
Female 0.629(0.533-0.742) <0.001 0.565(0.475-0.671) <0.001
Age (years)
<76 Reference Reference
>76 2.805(2.285-3.445) <0.001 3.040(2.444-3.780) <0.001
Race
White Reference Reference
Black 1.524(1.206-1.927) <0.001 - 0.106
Other 1.128(0.713-1.784) 0.608 - 0.907
Marital status
Married Reference Reference
Non-married 1.451(1.223-1.721) <0.001 1.219(1.023-1.454) 0.027
Tumor size (cm)
<2.8 Reference Reference
2.8-6.2 1.720(1.415-2.091) <0.001 1.389(1.071-1.802) 0.013
>6.2 3.126(2.406—4.061) <0.001 2.038(1.482-2.803) <0.001
Grade
| Reference Reference
1l 1.108(0.839—1.464) 0.470 1.186(0.891-1.581) 0.243
1] 1.304(0.987-1.723) 0.062 1.418(1.060—1.898) 0.019
v 2.113(1.250-3.571) 0.005 2.287(1.298-4.029) 0.004
Histological type
SEM Reference Reference
AEM 1.899(1.439-2.506) <0.001 1.531(1.145-2.047) 0.004
Other 1.921(1.423-2.593) <0.001 1.698(1.224-2.356) 0.002
AJCC stage
| Reference Reference
1l 1.790(1.374-2.332) <0.001 1.317(0.931-1.865) 0.120
A 1.991(1.434-2.765) <0.001 1.233(0.781-1.946) 0.370
B 2.758(2.077-3.663) <0.001 1.666(1.092-2.542) 0.018
v 7.051(5.057-9.830) <0.001 2.761 (1.567—4.866) <0.001
(Continued)
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Table 3 (Continued).

Characteristics Univariate Analysis Multivariate Analysis
HR (95% CI) P-value HR (95% CI) P-value

T stage

Tl Reference Reference

T2 1.572(1.253-1.973) <0.001 - 0.279

T3 2.469(1.898-3.212) <0.001 - 0.901

T4 2.689(1.962-3.686) <0.001 - 0.702
N stage

NO Reference Reference

NI 1.521(1.188-1.947) 0.001 - 0.174

N2 1.681(1.336-2.115) <0.001 - 0.200

N3 2.322(1.790-3.013) <0.001 - 0.396
M stage

MO Reference Reference

Ml 3.904(3.028-5.033) <0.001 - >0.05
SEER stage

Localized Reference Reference

Regional 1.629(1.356—1.957) <0.001 1.405(1.083—1.824) 0.011

Distant 3.711(2.946—4.675) <0.001 2.223(1.441-3.428) <0.001
Surgery

No surgery Reference Reference

Local resection 0.752(0.624-0.906) 0.003 - 0.946

Radical resection 1.639(1.253-2.144) <0.001 - 0.847
Chemotherapy

Yes Reference Reference

No/NA 1.485(1.207-1.825) <0.001 1.783(1.429-2.226) <0.001
Radiotherapy

Yes Reference Reference

No/NA 1.488(1.195-1.853) <0.001 - 0.504

Abbreviations: SEM, squamous epithelial-derived malignancy; AEM, adeno epithelial-derived malignancy; SEER, surveillance, epidemiology, and end results; AJCC, American

Joint Committee on Cancer.

used DCA to evaluate the utility of the new model for
predicting prognosis. As presented in Figure 6, this
novel model was clinically useful, having a larger net
benefit in predicting OS (Figure 6A and C) and CSS
(Figure 6B and D) than that of AJCC stage and SEER

staging systems both in the training and validation
cohorts.

In addition, in the training and validation cohorts,
we divided patients into the high and low-risk groups
based on the nomogram. The Kaplan—Meier curves
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Table 4 Survival Analyses of Cancer-Specific Survival for Anal Canal Cancer Patients
Characteristics Univariate Analysis Multivariate Analysis
HR (95% CI) P-value HR (95% CI) P-value

Gender

Male Reference Reference

Female 0.545(0.447-0.665) <0.001 0.499(0.406-0.614) <0.001
Age (years)

<76 Reference Reference

>76 1.934 (1.468-2.548) <0.001 2.500(1.877-3.331) <0.001
Race

White Reference Reference

Black 1.792(1.369-2.345) <0.001 1.410(1.069-1.859) 0.015

Other 1.363(0.812-2.288) 0.242 1.233(0.729-2.088) 0.435
Marital status

Married Reference Reference

Non-married 1.280(1.044—1.568) 0.017 - 0.615
Tumor size (cm)

<28 Reference Reference

2.8-6.2 1.792(1.404-2.286) <0.001 1.723(1.138-2.608) 0.010

>6.2 3.812(2.806-5.180) <0.001 2.644(1.560—4.480) <0.001
Grade

| Reference Reference

I 1.184(0.831-1.685) 0.350 1.238(0.861-1.779) 0.249

1] 1.531(1.079-2.173) 0.017 1.625(1.128-2.341) 0.009

v 2.454(1.307-4.608) 0.005 2.479(1.245-4.939) 0.010
Histological type

SEM Reference Reference

AEM 2.072 (1.501-2.859) <0.001 1.649(1.171-2.322) 0.004

Other 2.213(1.560-3.138) <0.001 1.904(1.295-2.800) 0.001
AJCC stage

| Reference Reference

Il 1.914(1.344-2.727) <0.001 2.444(1.3854.314) 0.002

nA 2.608(1.726-3.940) <0.001 2.384 (1.267-4.486) 0.007

B 3.514(2.439-5.065) <0.001 3.093(1.690-5.661) <0.001

v 11.002(7.389-16.383) <0.001 4.998(2.247-11.117) <0.001

(Continued)
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Table 4 (Continued).

Characteristics Univariate Analysis Multivariate Analysis
HR (95% CI) P-value HR (95% CI) P-value

T stage

TI Reference Reference

T2 1.533(1.152-2.039) 0.003 - 0.043

T3 2.991(2.184-4.096) <0.001 - 0.868

T4 3.106(2.135-4.519) <0.001 - 0.929
N stage

NO Reference Reference

NI 1.898(1.425-2.528) <0.001 - 0.225

N2 1.993(1.520-2.613) <0.001 - 0.327

N3 2.979(2.218-4.000) <0.001 - 0.394
M stage

MO Reference Reference

MI 5.262(4.014-6.897) <0.001 - >0.05
SEER stage

Localized Reference Reference

Regional 2.058 (1.631-2.598) <0.001 1.514(1.085-2.114) 0.015

Distant 5.421(4.133-7.111) <0.001 2.717(1.402-5.264) 0.003
Surgery

No surgery Reference Reference

Local resection 0.676(0.535-0.853) 0.001 - 0.766

Radical resection 1.938(1.436-2.615) <0.001 - 0.330
Chemotherapy

Yes Reference -

No/NA 1.262(0.972—-1.639) 0.081 - -
Radiotherapy

Yes Reference Reference

No/NA 1.508(1.159-1.962) 0.002 1.664(1.250-2.214) <0.001

Abbreviations: SEM, squamous epithelial-derived malignancy; AEM, adeno epithelial-derived malignancy; SEER, surveillance, epidemiology, and end results; AJCC, American
Joint Committee on Cancer.

revealed that low-risk patients had better OS and CSS
than high-risk patients both in the training and valida-
tion cohorts (Figure 7).

gastrointestinal

Discussion
Although anal canal malignancies are uncommon in

neoplasms,

incidence
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Figure 2 Nomogram predicting |-, 3- and 5-year overall survival (OS) and cancer-specific (CSS) survival rate of patients with anal canal cancer. (A) Nomogram to predict |-,
3- and 5-year OS for patients with anal canal cancer; (B) Nomogram to predict |-, 3- and 5-year CSS for patients with anal canal cancer.
Abbreviations: AJCC, American Joint Committee on Cancer; SEER, surveillance, epidemiology, and end results; OS, overall survival; CSS, cancer-specific survival; SEM,

squamous epithelial-derived malignancy; AEM, adeno epithelial-derived malignancy.

increased rapidly over the last 20 years owing to
human immunodeficiency virus (HIV) and human
(HPV) the
HPV16 subtype.**'* Currently, the prognosis predic-

papillomavirus infections, particularly
tion tool used for anal canal cancer is the TNM sta-
ging system, although it has a limitation of not
considering other significant factors that have an
impact on survival. Therefore, we constructed
a nomogram model for patients with anal canal cancer
to comprehensively and precisely predict the survival
prognosis to supplement the vacancy of application of
this novel model in patients with anal canal cancer.
After screening in the SEER database, a total of
2458 patients with anal canal cancer with their diag-
nostic data, therapeutic data and survival outcomes
were retrieved. Of the 2458 patients, 1720 patients
were assigned to the training cohort and 738 patients
were assigned to the validation cohort in our study.
Sex, age, marital status, histological type, grade,

tumour size, AJCC stage, SEER stage and

chemotherapy measurement were identified as indepen-
dent prognostic factors for OS after univariate and
multivariate analyses, whereas sex, age, race, histolo-
gical type, grade, tumour size, AJCC stage, SEER
stage, and radiotherapy were independent prognostic
factors for CSS. Our results revealed that factors asso-
ciated with worse OS and CSS included male sex, age
more than 76 years and large tumour size, which was
consistent with previous studies.’*?° Furthermore,
of Black
a poorer CSS than patients of other races, which is

patients race were observed to have
consistent with other studies that have revealed that
Black patients had a worse prognosis.”** We observed
that non-married patients had worse OS than that of
married patients, which may be related to the lack of
perianal or stoma care, which leads to perianal and
stoma infection detection and tumour recurrence.’’
Tumour grade was proven to be an independent prog-
nostic predictor of OS and CSS in our study. Previous

studies have reported that the grade of tumour
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Figure 3 Time-dependent ROC curves. (A) Time-dependent ROC curves of the OS nomogram reveal that the AUCs in the training cohort are 0.767, 0.728 and 0.768 for
predicting |-, 3- and 5-year OS, respectively; (B) Time-dependent ROC curves of the CSS nomogram in the training cohort reveal that the AUCs are 0.780, 0.744 and 0.768
for predicting |-, 3- and 5-year CSS, respectively; (C) Time-dependent ROC curves of the OS nomogram reveal that the AUCs in the validation cohort are 0.757, 0.757 and
0.738 for predicting |-, 3- and 5-year OS, respectively; (D) Time-dependent ROC curves of the CSS nomogram in the validation cohort reveal that the AUCs are 0.743,

0.754 and 0.729 for predicting |-, 3- and 5-year CSS, respectively.

Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; OS, overall survival; CSS, cancer-specific survival.

differentiation is related to the likelihood of metastasis
and is a significant prognostic factor.®

It is acknowledged that the AJCC system is con-
sidered the gold standard to predict the prognosis of
patients with tumours.'? In our study, the hazard ratio
(HR) values of stage II relative to stage I were 1.317
(P = 0.120) and 2.444 (P = 0.002) for OS and CSS,
respectively, while the HR values for stage IV relative
to the stage I increased to 2.761 (P < 0.001) and 4.998
(P < 0.001), indicating that as the tumour progresses,
the HR values of OS and CSS gradually increase. Yu
et al demonstrated that the SEER stage was statisti-
cally associated with CSS in gastric cancer. However,
in our study, the SEER stage was the independent

factor for OS and CSS in anal canal cancer.”® In
addition, based on univariate and multivariate ana-
lyses, we observed that patients with AEM and other
rare subtypes had poor OS and CSS, which was con-
sistent with previous findings indicating that AEM and
other rare subtype neoplasms are more aggressive.”’ In
our study, receiving chemotherapy was a good inde-
pendent prognostic factor for OS, and radiotherapy
CSS.
Chemoradiotherapy was generally accepted to be the
first line of treatment for patients with SEM.? 2

However, there is still controversy on the treatment

was an independent prognostic factor for

strategy for adenocarcinoma and neuroendocrine carci-
noma, which have very low incidence. Considering
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Abbreviations: OS, overall survival; CSS, cancer-specific survival.

that our study investigated all types of anal canal
cancer, the result mentioned above seems reasonable.
In addition, surgery was not an independent factor of
OS or CSS because surgery is often the salvage

bleeding.?

the rectum and anus,

measure for patients with intestinal obstruction and

The anal canal is the excretion tube that connects
making surgery measuring
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Figure 6 DCA curves of the nomogram, AJCC stage and SEER staging system. (A) DCA curves for OS in the training cohort; (B) DCA curves for CSS in the training
cohort; (C) DCA curves for OS in the validation cohort; (D) DCA curves for CSS in the validation cohort.
Abbreviations: DCA, decision curve analysis; AJCC, American Joint Committee on Cancer; SEER, Surveillance, epidemiology, and end results; OS, overall survival; CSS,

cancer-specific survival.

complicated. With the development of minimally inva-
sive and endoscopic techniques, surgeons and patients
always want to preserve the sphincter and anal func-
tion as much as possible. In our study, it was pre-
sented that the prognosis of patients in the local
resection surgery group was better than those in the
non-surgical and radical surgery groups. Radical sur-
gery for anal cancer requires complete resection of the
anus and abdominal stoma, which is a time-consuming
and traumatic operation and postoperative stoma care
is difficult, all of which plays a greater impact on the
early recovery and prognosis of patients with anal
cancer.”” In our data, patients in the radical surgery
group have an advanced AJCC stage and a larger
tumour size than the local surgery group (Table 5).
These advanced tumours often invade the tissues sur-
rounding the intestine (vaginal and perineal tissues).
Surgeons should select extended surgery methods
(such as Miles) to ensure negative margins and reduce
the recurrence rate, resulting in large wounds and
a poor prognosis. This also explains why patients in
the radical surgery group have a worse prognosis than
patients in the local resection group.

Nomograms were constructed based on the multi-
variate results and required validation to avoid over-
fitting and to improve generalisability.>®> The C-index
and AUC values were used to assess the accuracy and
discriminative ability of nomograms of OS and CSS
for patients with anal canal cancer.* Here, the
C-index values of nomograms for 1-, 3- and 5-year
OS and CSS prediction were over 0.72 and the AUC
values were higher than 0.73, with the calibration
curves plotted indicating the good performance of
this novel model."' Additionally, DCA was employed
to ensure that the nomogram is a relatively good pre-
dictor for the survival time of patients with anal canal
cancer.

This retrospective study based on the SEER data-
base has certain limitations. First, samples with incom-
plete and unknown information recorded in the SEER
database would be removed before analysis, owing to
a degree of bias. Second, possible significant prognos-
tic factors such as the volume and dose of radiother-
apy, the specific chemotherapy regimens and HPV
in the

infection information were not documented

SEER database and hence could not be analysed in
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Figure 7 Kaplan—Meier curves survival curves for the high- and low-risk groups. (A) Kaplan—-Meier curve for OS in the training cohort; (B) Kaplan-Meier curve for CSS in
the training cohort; (C) Kaplan—Meier curve for OS in the validation cohort; (D) Kaplan—Meier curve for CSS in the validation cohort.

Abbreviations: OS, overall survival; CSS, cancer-specific survival.

our study. Third, if the nomogram can be tested in the
clinical data for multiple regions and centres, the pre-
cision accuracy will be more convincing. Last, there is
a lack of systematic analysis of rare tumour subtypes
such as anal adenocarcinoma, basal cell carcinoma and
neuroendocrine carcinoma owing to the small size of
samples obtained from the SEER database and would
require further investigation.

Conclusion
In conclusion, our study constructed and verified two
nomograms based on the SEER database as a universally

applicable and reliable prediction model for patients with
anal canal cancer, which can predict the dynamic survival
rate of patients at different time points, using a large
number of patients and various clinical information.
Nomograms may be applied to guide clinicians more con-
cisely to judge the prognosis, provide a guideline for
follow-up treatment and improve the prognosis of patients.

Abbreviations

OS, overall survival; CSS, cancer-specific survival; ROC,
receiver operating characteristic; AUC, area under the curve;
SEER, surveillance, epidemiology, and end results; DCA,
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Table 5 Comparison of AJCC Stage and Tumor Size Between Local Resection Group and Radical Resection Group

Characteristics Local Resection N (%) Radical Resection N (%) P-value
Tumor size (cm)
<28 454(50.8) 37(20.0) <0.001
2.8-54 281(31.5) 78(42.2)
>5.4 158(17.7) 70(37.8)
AJCC stage
1 714(80.0) 92(49.7) <0.001
nnv 179(20.0) 93(50.3)

Abbreviation: AJCC, American Joint Committee on Cancer.

decision curve analysis; AJCC, American Joint Committee on
Cancer; C-indices, concordance indices; SEM, squamous
epithelium malignancy; AEM, adeno epithelium malignancy;
HIV, human HPV, human
papillomavirus.

immunodeficiency virus;
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