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Abstract

Background The prognosis of patients with extrahepatic cholangiocarcinoma (ECCA) must be determined with pre-
cision. However, the usual TNM staging system has the drawback of ignoring age, adjuvant therapy, and gender

and lacks the ability to more correctly predict patient prognosis. Therefore, we determine the risk factors of survival
for patients with advanced ECCA patients and developed brand-new nomograms to forecast patients with advanced
ECCA's overall survival (OS) and cancer-specific survival (CSS).

Method From the Epidemiology and End Results (SEER) database, patients with advanced ECCA were chosen
and randomly assigned in a ratio of 6:4 to the training and validation subgroups. The cumulative incidence func-
tion (CIF) difference between groups was confirmed by applying Gray’s and Fine test and competing risk analyses.
Next, the cancer-specific survival (CSS) and overall survival (OS) nomograms for advanced ECCA were developed
and validated.

Results In accordance with the selection criteria, 403 patients with advanced ECCA were acquired from the SEER
database and then split at random into two groups: a training group (n=241) and a validation group (n=162). The

1-, 2-,and 3-year cancer-specific mortality rates were 58.7, 74.2, and 78.0%, respectively, while the matching mortal-
ity rates for the competition were 10.0, 13.8, and 15.0%. Nomograms were generated for estimating OS and CSS,

and they were assessed using the ROC curve and the C-index. The calibration curves showed that there was a fair
amount of agreement between the expected and actual probabilities of OS and CSS. Additionally, greater areas

under the ROC curve were seen in the newly developed nomograms for OS and CSS when compared to the 7th AJCC
staging system. The advanced ECCA patients were divided into groupings with an elevated risk and those with a low
risk and the Kaplan-Meier method was used for the survival analysis, which showed that survival time was shorter

in the high-risk group than in the low-risk group.
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Conclusion The proposed nomograms have good predictive ability. The nomograms may can help doctors deter-
mine the prognosis of patients with advanced ECCA as well as provide more precise treatment plans for them.

Keywords Advanced ECCA, Nomogram, Oversurvival, Cancer-specific survival

Introduction

Cholangiocarcinoma (CCA) is the second most wide-
spread malignant tumor after hepatocellular carcinoma
(HCC) [1], and it is an extremely deadly tumor that devel-
ops from the bile duct epithelium. The anatomical divi-
sion of CCA include intrahepatic cholangiocarcinoma
(ICCA) and extrahepatic cholangiocarcinoma (ECCA)
with the latter accounting for roughly 70-90% and the
former for merely 10-20% of all CAA, respectively [2].
Nevertheless, the majority of patients were discovered at
an advanced stage and missed the optimal opportunity
to be treated [3] owing to the poor clinical presentation
[4], the lack of evidence of identifiable biochemical indi-
cations, and the high level of aggressiveness. Hence, the
prognosis for ECCA is often poor [5, 6], with a 5-year
survival rate of 11-31% [7]. The sole curative approach
for ECCA is surgery and about one-third of patients are
candidates for surgery.

Additionally, much advanced ECCA patients have a
combination of several comorbidities, such as hyperten-
sion, diabetes, and heart disease, and the mortality from
these diseases increases with age [8—10]. Therefore, these
risk factors need to be taken into account when assessing
prognosis, however, the presence of competing risks has
not been taken into account in previous studies, biasing
the conclusions obtained [11, 12]. Hence, competing risk
factors should be included in the analysis when assessing
the prognosis more accurately.

The prognosis of patients with ECCA is frequently
assessed through the American Joint Committee on
Cancer (AJCC) Tumor-Node-Metastasis (TNM) [13]
approach, although this system solely assesses tumor fea-
tures without taking other clinical features into account
such as gender, age, and adjuvant therapy. It is not effec-
tive in predicting the overall prognosis of ECCA patients,
therefore, a more comprehensive and effective staging
system is warranted to predict the prognosis of patients
with advanced ECCA. Nowadays, it is common practice
to forecast the prognosis of a wide range of diseases uti-
lizing clinically based nomograms, which incorporate all
risk variables into a thorough analysis [14—17]. In addi-
tion to making clinical forecasts and better individual-
ized treatment plans, it is more intuitive and can aid
physicians.

According to the 7th AJCC-TNM stage used in this
investigation, we classified the patients with stage IIIA
to IVB as having advanced ECCA. The competing risk

factors were assessed, and appropriate nomograms were
developed based on data screened from the Surveillance,
Epidemiology, and End Results (SEER) database to inves-
tigate the overall survival (OS) and cancer-specific sur-
vival (CSS) of patients with advanced ECCA.

Materials and methods

Patients

A retrospective examination of patients who had an
advanced ECCA diagnosis during 2000-2020 was per-
formed in the SEER database. Data on cancer conse-
quences is available in the database from 18 cancer
registries, which account for 30% of the US population
[18]. Since the SEER database is accessible to the gen-
eral public and does not include any data that could be
used to identify patients, institutional ethical approval
and informed permission are not required. The follow-
ing conditions must be met: 1. ECCA diagnosis 2. TNM
stage identified as advanced 3. full clinical and pathologi-
cal data. The following are the exclusion requirements: 1.
no confirmed diagnosis 2. insufficient clinical or patho-
logical data 3. incomplete follow-up informations 4. indi-
viduals having an early ECCA diagnosis. The flow chart in
Fig. S4 shows the process of screening. The trial included
403 individuals with the aforementioned illnesses in total,
then these patients were randomly divided into the train-
ing and validation groups (6:4).

Data collection

Patients’ clinical and pathological data, such as gender,
age, race, TNM stage, grade, method of diagnosis, year
of diagnosis, surgery, radiation, chemotherapy, follow-
up data, and reason of death, were gathered and evalu-
ated. The 7th AJCC staging was used to stage the tumors
in this study, and it included two event endpoints: OS,
which was defined as the period from the time of diag-
nosis up to the time of one’s final follow-up visit or death
from whatever reason occurred, and CSS, which was
defined as the time from the diagnosis to the date of
cancer death [19], excluding deaths from other causes.
In addition, patients who are lost to follow-up are not
included.

Statistical analysis

With regard to baseline characteristics, categorical vari-
ables were compared between the training and validation
groups using the chi-quared test or Fisher’s exact test.
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Variables were depicted as frequencies and proportions,
while survival times were shown as median and inter-
quartile range (IQR) values. Fatalities related to cancer
and fatalities not related to cancer were viewed as com-
peting events. The cumulative incidence function (CIF)
difference between groups was confirmed using the Fine
and Gray’s test. The OS was analyzed using the Kaplan-
Meier method, and the log-rank test was performed to
assess survival disparities. Univariate analysis was used to
identify prognostic factors that had a substantial impact
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on OS and CSS, and positive factors (p<0.05) were then
subjected to multifactorial analysis. Then nomograms
were created using the identified parameters to forecast
the prognoses of advanced ECCA patients at 1-, 2-, and
3-year. The receiver operating characteristic curve (ROC)
and concordance index (C-index) were used to rate the
nomograms’ capacity for judgment [20]. To compare
the real with anticipated values, calibration curves were
created. And for further contrasting the accuracy of the
nomograms and the 7th AJCC staging, the integrated
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Fig. 1 Cumulative cancer-specific and competing mortality stratified by patient characteristics: A stage; B M stage; C N stage; D surgical treatment
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discriminant improvement (IDI) and net reclassification
improvement (NRI), respectively, were computed. Finally
the advanced ECCA patients were divided into group-
ings with an elevated risk and those with a low risk based
on their total score after the addition of the nomogram-
based criteria. The log-rank test was used to assess the
prognostic characteristics of the two groups, and the
Kaplan-Meier method was used for the survival analysis.

In order to complete all statistical analyses, R software
(version 4.1.2) was used. Statistics were considered sig-
nificant if p<0.05.

Results

Personalities of patients

In accordance with the selection criteria, 403 patients
with advanced ECCA were acquired from the SEER data-
base and then split at random into two groups: a training
group (n=241) and a validation group (n=162). Over-
all, 58.6% of patients were under 65years old, 92.1% of
patients were white, and 52.4% of patients were men. Less
than half of the patients (48.6%) did not have lymph node
metastasis(NO), and only 6.5% had farther lymph node
metastasis (N2). Only 22.8% of patients underwent sur-
gery, but there are 44.7 and 27.0% of patients underwent
chemotherapy and radiotherapy, respectively. Patient
demographics, clinicopathology, and features did not dif-
fer statistically significantly (Table S1).

We recorded 390 deaths throughout the course of the
10-month follow-up period, including 324 deaths from
cancer and 66 deaths from other causes. According to
Table 1, the incidence of OS was 31.3, 12.0, and 7.0%,

A
Variable HR(95%Cl) Pvalue
sexMale 0.81(0.612-1.072) 0.141
T 0.127(0.016-0.987) — 0.049
T2 0.204(0.026-1.59) S 0.129
T3 0.135(0.017-1.059) — 0.057
T4 0.143(0.018-1.119) —t 0.064
MM1 2.728(1.947-3.821) — <0.001
surgicalYes 0.301(0.203-0.446) <0.001
gradell 0.507(0.333-0.773) 0.002
gradelll 0.494(0.325-0.751) 0.001
gradelV 0.892(0.203-3.91) — 0.879
chemtherapyYes 0.712(0.543-0.934) 0.014
r T T T T T T 1

005115 2253 35 4
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respectively, at 1-, 2-, and 3-year but the correspond-
ing cumulative incidence of ECCA fatalities was 58.7,
74.2, and 78.0%. Distant metastases, TNM stage, T stage,
and surgical intervention were identified by univari-
ate analysis as possible risk factors for ECCA death and
only the earlier year of diagnosis was connected to con-
flicting reasons for death, though. The appropriate CIF
curves (Fig. 1) and the OS layered in accordance with the
aforementioned features (Fig. 2) showing that under age
65years, earlier T stage, no distant lymph node metas-
tases, no distant metastasis, earlier TNM stage, earlier
tumor grading, surgical intervention, and radiation treat-
ment were associated with greater OS.

Factor analysis for OS and CSS in univariate

and multivariate form

Gender, race, T stage, N stage, distant metastases, grade,
and surgical treatment were substantially linked with
survival in the univariate COX analysis of OS, as shown
in Table S2. Additionally, gender, T stage, lymph node
metastasis, distant metastasis, TNM stage and surgi-
cal treatment were all found to be substantially linked
with OS and CSS by univariate competing risk analysis.
Although neither radiotherapy nor chemotherapy was
significantly correlated with OS and CSS in the univari-
ate analysis, they were frequently associated with prog-
nosis in the clinical setting. Consequently, chemotherapy,
radiation, and the relevant prognostic variables listed
above were combined to create a multifactorial COX
analysis. As Fig. 3 showed that the independent risk vari-
ables for OS and CSS were revealed to be T stage, distant

B
Variable HR(95%CI) Pvalue
sexMale 0.788(0.581-1.069) I- 0.126
T 0.109(0.014-0.855) — 0.035
T2 0.195(0.025-1.544) —_— 0.122
TT3 0.126(0.016-0.998) — 0.05
T4 0.126(0.016-0.995) — 0.049
MM1 2.524(1.752-3.636) — <0.001
surgicalYes 0.252(0.162-0.393) <0.001
gradell 0.498(0.317-0.782) 0.002
gradelll 0.473(0.301-0.742) 0.001
gradelV 1.112(0.249-4 958) — 0389
chemtherapyYes 0.722(0.538-0.969) 0.03

f T T T T T T T T 1

0051152253354455

Fig. 3 Multivariate analyses of survival in patients with advanced ECCA: A Overall survival; B Cancer-specific survival
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metastasis, surgical intervention, grading, and chemo-
therapy treatment.

The nomogram’s creation and validation

As illustrated in Fig. 4, based on the results of the multi-
factor analysis the nomograms were developed utilizing
the aforementioned predictors to anticipate OS and CSS
at 1-, 2-, and 3-year. For the training cohort and valida-
tion cohort, respectively, the C-indexes with regards to
nomograms used for predicting OS were 0.71 (95% CI:
0.68-0.75) and 0.65 (95% CI: 0.60—0.69). The nomograms
for predicting CSS for the training and validation groups
had C-indexes of 0.73 (95% CI: 0.69-0.76) and 0.68 (95%
CIL: 0.62-0.73), respectively. For OS the model’s strong
clinical predictive ability was demonstrated by its 1-, 2-,
and 3-year AUC values in the training cohort and valida-
tion cohort, which were 0.718, 0.720, 0.754 (Fig. 5A), and
0.631 0.718, 0.723 (Fig. 5B), respectively. The compara-
ble ROC curves were shown in Fig. S1 for CSS. Further
decision curve analysis (DCA) of OS and CSS revealed
excellent potential for clinical application as well as nice
positive net benefits in both the training and validation
groups (Fig. 6, S2). The predicted and observed values
of 1-, 2-, and 3-year were highly comparable in both the
training and validation groups, as shown by the OS cali-
bration curve (Fig. 7) and CSS calibration curve (Fig. S3),
demonstrating the nomograms had great accuracy.

Clinical value of nomograms based on AJCC staging
compared with tumor staging

Using the C-index, NRI, ROC, and IDI, we assessed the
precision of the nomograms and the 7th AJCC staging.

1.00-
0.754
2
3
‘2 0.50
-3
w
) ~— 1year AUC=0.718
0.251 1 — 2year AUC =0.741

~— 3 year AUC =0.720

0.00+
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1-Speciticity
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The staged C-index for the 7th AJCC stage was much
lower at 0.651 than the OS and CSS C-indices in the
training cohort, which were 0.714 and 0.725, respec-
tively. Similar to this, as showed in Table 2, the OS and
CSS C-indices for the validating cohort were 0.647 along
with 0.675, respectively, and the AJCC staging C-index
was lower. For the 1-year, 2-year, and 3-year in the OS
training cohort, the NRI was 0.56 (95% CI: 0.36—0.77),
0.55 (95% CI 0.31-0.80), and 0.49 (95% CI: 0.24—0.72),
respectively. The corresponding NRI of CSS 0.66 (95%
CL: 0.43-0.88), 0.59 (95% CI: 0.35-0.77), and 0.49 (95%
CI: 0.32-0.67) were found in the CSS training cohort,
respectively. Additionally, the IDI was 0.12 (p<0.001),
0.14 (p<0.001), and 0.13 (p<0.001) for the 1-year, 2-year,
and 3-year OS and the same conclusion was reached that
the IDI for CSS was 0.13 (p<0.001), 0.14 (p<0.001), and
0.13 (p<0.001), separately. As evidence of the model’s
potent predictive power, the areas under the ROC curves
(AUCs) for the nomograms at 1-year, 2-year, and 3-year
were 0.718, 0.741, and 0.720 for OS, which were higher
than as opposed to areas for the AJCC staging method
(Table 3). Similar to the previous example, it showed CSS
nomograms also had a great prediction capacity, and
its AUCs were much higher than those of the 7th AJCC
stage (Table S3). Using DCA, the net advantages of nom-
ograms and traditional clinical staging were evaluated.

Using the nomogram to create a tiered risk management
system

Patients with advanced ECCA were divided into high-
risk and low-risk categories according to risk stratifica-
tion that was done using the median of the cumulative
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Table 2 C-indexes for the nomograms and TNM stage systems
in patients with advanced ECCA

C-index Training cohort Validation cohort
HR 95%Cl HR 95%Cl
Overall survival 0714  0677-0.751 0647  0.600-0.694
Cancer-specific survival 0725  0.688-0.762 0675 0.624-0.726
AJCC 0.651 0.612-0.690  0.591 0.548-0.634

scores derived from the nomogram scores as a threshold.
The revised prognostic column plots then showed a sub-
stantial grading capacity according to Kaplan-Meier sur-
vival curve analysis (p<0.0001). In both the training and
validation groups for OS and CSS, the low-risk group dis-
covered a favorable prognosis (Fig. 8).

Discussion

ECCA, as a rare epithelial malignancy, has been increas-
ing in mortality and morbidity in recent years [21]. Previ-
ous studies of ECCA patients have shown that age, stage,
surgery, and chemotherapy were associated with overall
survival [22]. However, there are no studies evaluating
prognostic events in patients with advanced ECCA and
the competing risk factors were not analyzed. Conse-
quently, we employed CSS in addition to OS, which does
not account for competing risk factors, to assess factors
that affect patient prognosis, removing the impact of
competing causes of mortality. And the nomograms with
excellent discrimination and calibration were constructed
to predict OS and CSS in patients with advanced ECCA
in this study for the first time. Furthermore, higher AUC
values and C-indexes in patients with advanced ECCA
both confirmed the superior discrimination of the nomo-
grams compared with the 7th AJCC stage. By the time of
follow-up, we found a 3-year cumulative mortality rate of
78.0 and 15.0% for CSS and non-cancer-specific mortal-
ity, respectively, indicating a large competitive relation-
ship between them. Generally, a higher age is the main
reason for a competitive relationship [23]. However, in the
present study, increasing age was not significantly associ-
ated with OS in patients with advanced ECCA and was
more irrelevant in CSS. This is contrary to the conclu-
sions obtained from previous studies [24], may be related
to the low overall survival rate of ECCA and the study
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population of advanced patients. Therefore, age may be
temporarily excluded as a consideration when assessing
whether patients with advanced ECCA have a favorable
prognosis. Gender was a predictive factor in univariate
analysis in the current study (OS:P=0.018, CSS:P=0.017),
but it had no statistically significant impact with regard
to any of the multifactorial variables (OS:P=0.141,
CSS:P=0.126). However, investigations on other cancers
revealed that gender was an independent prognostic fac-
tor and that males’ survival times were much shorter than
females’ Both the study of Yu et al. study on elderly colo-
nized patients [25] and the study of Wang et al. study on
SCLC patients came to the same conclusions [26].

The survival of patients suffering from advanced ECCA
is related to other predictors, such as the T stage and M
stage, in the nomograms to predict OS as well as CSS.
However, in both OS and CSS, the univariate analysis
revealed that the N stage and TNM stage were the inde-
pendent predictive indicators and not in the multifac-
torial analysis. This may be due to the small number of
lymph node metastases in the current study, particularly
N2, and the brief follow-up observation period. In addi-
tion, tumor grade, an inherent characteristic, was taken
into account when assessing survival in patients with
advanced ECCA. This study determined that grade was
connected to both OS and CSS and was a distinct risk
factor for patients who had advanced ECCA, which is
consistent with other prior related studies. As accord-
ing to Khan et al., patients with higher grades were more
likely to have shorter survival time [22] and in other stud-
ies the same conclusion has been presented [27]. Addi-
tionally, this study included diagnostic techniques in the
observed variables, but due to variations in subgroups,
sample sizes, and study periods, there was no significant
link with the prognosis of patients with advanced ECCA.

Radical surgical resection is the only way to treat bile
duct cancer [28], achieving a negative margin RO can dra-
matically improve patient survival. It has been indicated
that lymph node status is one of the major prognostic
factors after RO resection for cholangiocarcinoma [29,
30], so local lymph node dissection with a clear scope of
lymphatic resection is important to improve the over-
all survival rate of patients [31]. For patients who can-
not be operated on or who need further care following
surgery, adjuvant therapy is aslo crucial. Capecitabine

Table 3 Comparison of the AUC values between the OS nomograms and TNM stage

AUC Training cohort Validation cohort

1-year 2-year 3-year 1-year 2-year 3-year
Nomogram 0.718 0.741 0.720 0.634 0.644 0.718
7th edition TNM stage 0.562 0.604 0.626 0.591 0618 0.636
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is currently considered a conventional adjuvant chemo-
therapy agent [6], and fluorouracil and gemcitabine are
also frequently used [32]. In this study, it was shown that
patients can have a good prognosis after treatment with

surgery or chemotherapy. The result is in line with the
prior finding, as Greenberg et al. suggested that patients
with ECCA had been demonstrated to experience signifi-
cant prognostic advantages from adjuvant chemotherapy
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[33]. However, the present study obtained results con-
trary to previous studies that showed radiotherapy did
not provide any benefit to patients with advanced ECCA.
Although Razumilava et al. showed that a strong associa-
tion between radiotherapy and the prognosis of ECCA
patients [34]. And radiotherapy can support surgical
treatment to assist patients experience larger advantages,
according to Wang et al. [35].

AJCC staging is widely used to determine a patient’s
prognosis for cancer with the disadvantage of not taking
age, disease grading, and adjuvant therapy into account
[7]. In this study using an extensive database, we carried
out a risk assessment analysis and created nomograms to
forecast the influencing factors impacting OS and CSS
of patients with advanced ECCA for the first time. The
nomogram facilitates the development of individual-
ized treatment regimens by physicians, offers more pre-
cise prognostic predictions, and has been applied to the
evaluation of a variety of malignancies such as colorectal
cancer,osteosarcoma and lung cancer [36-38]. Prognos-
tic nomogram establishment was carried out in ECCA
patients by Fang et al. showed that nomograms are more
predictive for patient survival than AJCC staging [23]. As
in our study, in comparison to the 7th AJCC stage, the
produced nomograms displayed higher time-dependent
C-indexes and AUC values, demonstrating their modified
discriminative ability to predict OS and CSS. It was also
observed that the actual survival rate had a high agree-
ment with the predicted raw survival rate of the nomo-
grams based on the calibration plots, demonstrating the
reliability of the nomograms. Moreover, the DCA results
showed that the nomograms had more predictive power
for survival compared to the AJCC stage and the results
of IDI and NRI also supported the view that nomograms
were reliable and accurate.

We divided the patients into groups with high and low
risk in accordance with the general nomogram scores
before doing the Kaplan-Meier survival analysis. Accord-
ing to the score information, patients in the group with
a high risk showed considerably worse OS and CSS sur-
vival rates compared with those in the group with a low
risk. In this study, to get a result that can be broadly
applied in the current investigation, we used a substan-
tial sample size. It can assist physicians in the treatment
process to stratify risk according to the nomograms, to
better assess the predictive characteristics of patients,
and to take more aggressive treatment measures for high-
risk patients, while overtreating low-risk patients can be
avoided. In the future, receiving more specialized, per-
sonalized medical care will be possible.

One of the limitations of the study is that the normal
clinical findings of CA19-9, CEA, and degree of vascu-
lar invasion were not collected in the SEER database,
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making it unable to assess these variables. The accuracy
of determining the prognosis of patients with ECCA has
been reported to be improved by including CA19-9 in
the AJCC staging [39]. In addition, because this study
was retrospective and did not obtain information on
any specific surgery. It is not yet clear in analyzing the
relationship between surgical modality and prognosis,
and further research is needed. Meanwhile this study’s
accuracy aslo needs to be further improved and a big-
ger sample size was required for the external validation
examination in the future.

Conclusion

In conclusion, we developed a new large-scale popula-
tion-based staging system to estimate OS and CSS in
patients with advanced ECCA. The nomogram provides
precise information and aids clinicians in more thor-
oughly identifying potential risk factors and classifying
patients into high- and low-risk categories because to its
statistical foundation and reliable predictive power. As
a result, doctors can utilize the model to direct patients
down the right therapy courses, increasing individual
survival. In the future, the large clinical trials and exter-
nal validation will support our findings.
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