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Background: There are few studies on the prognosis of elderly intrahepatic cholangiocar-
cinoma (iCCA) patients after liver resection. The aims of this study were to assess the 
cumulative incidences of cancer-specific mortality in elderly iCCA patients and to construct 
a corresponding competing risk nomogram for elderly iCCA patients.
Methods: We performed a retrospective analysis of elderly patients with iCCA who 
underwent liver resection between January 2006 and December 2019. Eligible elderly 
iCCA patients were randomly divided into training and validation sets at a ratio of 7:3. 
Based on the results of multivariate analysis using the Fine-Gray competing risk model, 
we developed a competing risk nomogram using data from the training set to predict the 
cumulative probabilities of iCCA-specific mortality. The performance of the nomogram 
was measured by the concordance index (C-index) and calibration curves. To evaluate the 
clinical usefulness of the nomogram, the clinical benefit was measured by using decision 
curve analysis (DCA). Furthermore, the patients were categorized into two groups 
according to the dichotomy values of the nomogram-based scores, and their survival 
differences were assessed using Kaplan–Meier and cumulative incidence function (CIF) 
curves.
Results: The 1-year, 3-year and 5-year cumulative iCCA-specific mortalities were 19.7%, 
48.3% and 56.1%, respectively, for elderly iCCA patients. The multivariate Fine-Gray 
analysis indicated that microvascular invasion, macroscopic vascular invasion and lymph 
node metastasis were related to a significantly higher likelihood of iCCA specific mortality. 
The established nomogram was well calibrated and had a good discriminative ability, with 
a concordance index (C-index) of 0.742 (95% CI, 0.708–0.748). Furthermore, the DCA 
indicated that the nomogram had positive net benefits compared with the conventional 
staging systems. In the training set and validation sets, the high-risk group had the higher 
probabilities of iCCA cancer-specific mortality than the low-risk group; meanwhile, the 
patients in the high-risk the group had significantly poorer overall survival (OS) than those 
in the low-risk group.
Conclusion: Elderly iCCA patients had comparable long-term outcomes with non-elderly 
iCCA patients. In addition, we constructed a prognostic nomogram for predicting survival in 
elderly iCCA patients based on the competing risk analysis. The competing risk nomogram 
displayed excellent discrimination and calibration.
Keywords: intrahepatic cholangiocarcinoma, iCCA, liver resection, elderly patients, 
competing risk analysis, nomogram

Correspondence: Wentao Wang  
Department of Liver Surgery and Liver 
Transplantation Center, West China 
Hospital of Sichuan University, Chengdu, 
People’s Republic of China  
Tel +86 18980601895  
Fax +86-28-85422871  
Email wwtdoctor02@163.com

submit your manuscript | www.dovepress.com Cancer Management and Research 2020:12 11015–11029                                              11015

http://doi.org/10.2147/CMAR.S272797 

DovePress © 2020 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

http://orcid.org/0000-0002-5069-3496
http://orcid.org/0000-0002-4737-171X
http://orcid.org/0000-0002-6966-2665
mailto:wwtdoctor02@163.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


Background
Intrahepatic cholangiocarcinoma (iCCA) is the second 
most common primary liver cancer after hepatocellular 
carcinoma (HCC).1 As the incidence and related mortality 
of iCCA are dramatically increasing worldwide, iCCA has 
become the focus of increasing concern.2,3 Despite 
improvements in iCCA surveillance and in the application 
of targeted therapy and immunotherapy, iCCA patients, 
especially in elderly patients, still have poor survival 
rates.4 Surgical resection remains the mainstay of poten-
tially curative therapy for iCCA.5–7 As the aging of the 
population intensifies, the number of elderly iCCA patients 
has also increased dramatically. It was worth noting that 
the incidence of iCCA increases with age, and elderly 
patients tend to have a higher incidence of iCCA than 
younger patients.8 Elderly patients often have a higher 
incidence of chronic disease, worse health status, and 
organ dysfunctions. It is also undetermined whether these 
elderly patients benefit substantially more from surgical 
therapies. Therefore, it is necessary to comprehensively 
evaluate the safety of surgery and prognosis of elderly 
patients with iCCA.

Although there have been some reports of risk factors 
associated with elderly iCCA patient survival, most of 
them were based on Cox proportional hazards regression 
models and Kaplan-Meier estimates.9,10 The above 
method does not take into account competing risk events 
when is performed; thus, the probabilities of iCCA- 
specific death would be overestimated.11,12 In this context, 
the competing risk model is superior to the conventional 
methods because it takes into consideration competing 
events and can differentiate between the effects of therapy 
and risk factors on specific events without the assumption 
of independence between event types.13 Considering the 
high risk of competing events (various comorbidities) in 
elderly patients,4,14 it is essential to take other cause- 
specific mortality into account when performing survival 
analysis for elderly iCCA patients. To date, no studies 
have adopted a competing risk model to examine the 
factors influencing the prognosis of elderly patients with 
iCCA.

Therefore, a competing risk analysis was performed to 
determine the predictive factors for iCCA-specific mortal-
ity in elderly patients. We developed a nomogram to offer 
clinicians a quantitative means to assess the individual 
cumulative incidences of iCCA-specific mortality to 
improve clinical decision making.

Patients and Methods
Patients and Study Design
In accordance with the definition of the World Health 
Organization, elderly patients were defined as those aged 
60 years or older.15 A total of 328 elderly patients (≥60 
years) who underwent liver resection for iCCA between 
January 2006 and December 2019 at West China Hospital 
were enrolled in this study. Our selection criteria for 
patients in this study included the following (1) patients 
aged ≥60 years; (2) patients who underwent curative liver 
resection, with tumor tissues pathologically confirmed as 
iCCA, which was defined as the complete removal of all 
macroscopic nodules with a clear margin (R0 resection); 
(3) patients with Child-Pugh A or B7 (score ≤7) liver 
function; and (4) patients with detailed clinical character-
istics. Our exclusion criteria for this study were as follows: 
(1) patients with postoperative pathology confirmed R1 
excision or tumor margin that was not specified in detail; 
(2) patients with a history of other extrahepatic malignan-
cies. (3) Poor clinical data integrity. We used data from 
non-elderly people (age<60years) in the same period to 
explore the difference in prognosis between non-elderly 
and elderly iCCA patients after liver resection. To over-
come possible selection bias between the elderly group 
and non-elderly group, we used the method of propensity 
score matching (PSM) analysis according to sex, hepatitis 
B surface antigen (HBsAg), portal hypertension, tumor 
size, tumor number, microvascular invasion (MVI), 
macroscopic vascular invasion (MCI), satellite nodules, 
lymph node metastasis (LNM), tumor location and extent 
of liver resection to randomly match patients with non- 
elderly groups (age<60years) as a control group to patients 
with elderly patients at a 1:1 ratio by using the “nearest 
neighbor” method with a caliper of 0.02.16 In addition, the 
whole group (age ≥60 years) was randomly divided into 
two groups, 230 (70%) were in the training set and 98 
(30%) were in the validation set. The training set was used 
to develop the nomograms for predicting the prognosis of 
elderly iCCA patients, whereas the validation set was used 
to verify the models. The flowchart of this present study 
process is shown in Figure 1 and the clinicopathologic 
characteristics of the patients in the training and validation 
sets are listed in Table 1. The study was approved by 
ethics committee of Sichuan University West China hospi-
tal and informed consent was taken from all the patients. 
The study was conducted in accordance with the 
Declaration of Helsinki.
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Data Collection and Definitions
Clinical data were gathered for all patients with iCCA includ-
ing demographics, preoperative serum biochemistry data, pre-
operative serum tumor markers, imaging characteristics of 
tumors, histological reports, 8th American Joint Committee 
on Cancer (AJCC) TNM stage,17 Okabayashi stage,18 the 
Liver Cancer Study Group of Japan (LCSGJ) stage.19 Portal 
hypertension was defined as the presence of either esophageal 
varices or splenomegaly with a decreased platelet count 
(100 × 109/L or less). Macroscopic vascular invasion included 
major hepatic vessel invasion, defined as invasion of the first- 
and second-order branches of the portal veins or hepatic 
arteries, or as invasion of one or more of the three hepatic 
veins. Major resection was defined as resection of 3 or more 
Couinaud segments, while minor resection was defined as 
resection of fewer than 3 Couinaud segments.20 

Postoperative surgical complications were defined according 
to the Clavien–Dindo classification.21 Prognostic nutritional 
index (PNI) was used to assess the nutritional status of 

patients. It is based on the serum albumin concentration and 
absolute lymphocyte count; PNI=serum albumin concentra-
tion (g/L) + 5×total lymphocyte count (×109/L).22 The patients 
were classified into “PNI-low” (PNI<45) and “PNI-high” 
(PNI≥45) groups as reported previously.23,24 We used the 
Eastern Cooperative Oncology Group (ECOG) score to assess 
the physical status of each iCCA patients, In general, the 
ECOG score of iCCA patients who underwent liver resection 
could not exceed 2 points.25

Follow-Up and Recurrence Treatment
In general, all patients who received liver resection were 
prospectively followed up through outpatient clinic visits 
or phone calls at intervals of 2–3 months during the 
first year after the operation and 3–6 months later. The 
diagnosis of recurrence was based on CT or MRI imaging 
findings, increased serum carbohydrate antigen19-9 
(CA19-9) levels. Chest CT examination and bone scinti-
graphy were performed when extrahepatic tumor 

Figure 1 Flowchart of the patient selection process.
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Table 1 The Comparison of Clinicopathological Factors Between Training Set and Validation Set

Characteristics Patients P value

Training Set(n=230) Validation Set(n=98)

Age (years), median (IQR) 63 (61–67.25) 63(61–69.25) 0.924

Gender, (male/female) 136/94 54/44 0.499

HbsAg positive, n (%) 82(35.7%) 29(29.6%) 0.288

Portal hypertension, n (%) 45(19.6%) 15(15.3%%) 0.361

Baseline laboratory investigations

WBC count ×109/L, median (IQR) 6.2 (5.20–7.60) 5.81 (4.93–7.63) 0.603

NEUT count ×109/L, median (IQR) 4.04 (3.11–5.36) 3.845(2.88–5.34) 0.381

PLT count ×109/L, median (IQR) 148(112–193) 157.5(112–217.5) 0.461

ALT (U/L), median (IQR) 25.5 (17–39) 24(16–32) 0.139

AST (U/L), median (IQR) 30(23–40) 29.5(24–36.5) 0.671

GGT (U/L), median (IQR) 69(36.75–125.75) 29.5(24–36.25) 0.962

TBIL (μmol/L), median (IQR) 10.9 (6.8–14.8) 9.95 (5.65–16.3) 0.381

ALB (g/L), median (IQR) 42.25(39.3–45.2) 42.2(38.75–45.03) 0.516

PT(s), median (IQR) 11.7 (11.1–12.3) 11.5(11.1–12.1) 0.335

INR, median (IQR) 1.03(0.97–1.09) 1.02(0.96–1.08) 0.372

CA19-9 level(U/mL), median (IQR) 76.2(19.1–405.5) 49.75(15.58–463.78) 0.529

PNI 0.518

≥45 190(82.6%) 78(79.6%)

<45 40(17.4%) 20(20.4%)

Tumor size (cm), median (range) 5.3(3.875–7.125) 4.9(1.5–13) 0.348

Tumor number, (Multiple/solitary) 0.329

Multiple 71(30.9%) 25(25.5%)

Solitary 159(69.1%) 73(74.5%)

Tumor location, n(%) 0.714

Left lobe 88(38.3%) 39 (39.8%)

Right lobe 88(38.3%) 40 (40.8%)

Both lobes 54(23.4%) 19(19.4%)

Extent of liver resection, n(%) 0.106

Major 121(52.6%) 42(42.9%)

Minor 109(47.4%) 56(57.1%)

MVI, n (%) 0.279

Yes 42 (18.26%) 23 (23.47%)

No 188 (81.74%) 75 (76.53%)

Macroscopic vascular invasion, n(%) 0.996

Yes 68 (29.57%) 29(29.59%)

No 162 (70.43%) 69(70.41%)

Satellite nodules, n(%) 0.959

Yes 31(13.5%) 13(13.3%)

No 199(86.5%) 85(86.7%)

Lymph node metastasis, n (%) 0.384

Present 53 (23.0%) 27(27.55%)

Absent 177 (77.0%) 71(72.45%)

Tumor encapsulation, n(%) 0.697

Incomplete 119(51.7%) 53(54.1%)

Complete 111 (48.3%) 45(45.9%)

(Continued)
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recurrence was suspected. Survival information, including 
cancer-specific survival (CSS), OS, CSS was collected 
until May 31, 2020. OS was defined as the interval 
between resection and death, or the period up to the 
observation point. CSS referred to the duration from diag-
nosis to death from iCCA or tumor recurrence, patients 
who were alive at the point of last follow-up were con-
sidered as censored events.

Statistical Analysis
Continuous variable data are expressed as median and 
interquartile ranges (Q1-Q3). Categorical data are 
expressed as numbers and percentages. For comparisons 
between the different groups, the Chi-square test was used 
for categorical variables, and the Mann–Whitney U-test 
was used for continuous variables. First, the PSM analysis 
model was used to eliminate possible selection bias and 
increase the evidence level of this retrospective study. 
Second, considering that death from other causes might 
be a competitive event of elderly patients with iCCA- 
related death, we regarded other causes of death other 
than iCCA as competing events in our analysis of compet-
ing risks. Fine and Grey’s models were adopted to evaluate 
the cumulative incidence function (CIF) of the variables 
on cancer-specific mortality and non-cancer-specific 
mortality.26,27 Univariate analysis was performed using 
the CIF to show the probability of each event and Gray’s 
test to estimate the difference in the CIF between groups.12 

Multivariate analysis with the Fine-Gray model was used 
to identify factors affecting the cumulative incidence of 

iCCA. Hazard ratio (HR) and the associated 95% confi-
dence interval (CI) were calculated. We also compared the 
results from a Cox regression model with those from the 
Fine-Gray model.

A competing risk nomogram was built on the basis of 
the Fine and Grey’s model. The discrimination and cali-
bration power are two important aspects of the perfor-
mance of the established nomograms and they were 
evaluated by the concordance index (C-index) and calibra-
tion curves, respectively.28,29 The C-index reflects the 
probability of changes in the predicted survival along 
with the variation in predicted scores. The larger the 
C-index is, the more accurate the nomogram is in predict-
ing the prognosis. Moreover, in order to reduce the over-
fitting, calibration was evaluated by comparing the actual 
probabilities and the plot of the nomogram using 1,000 
bootstrap samples. Finally, decision curve analysis (DCA) 
was conducted to assess the clinical usefulness and net 
benefit of the competing risk model.30,31 To determine 
whether the nomogram could successfully distinguish 
high-risk from low-risk elderly iCCA patients, each 
patient’s prediction score was derived according to the 
nomogram, and the patients were categorized into the 
high-risk and low-risk groups based on the dichotomy 
values of the risk scores. Subsequently, the Kaplan-Meier 
and corresponding CIF curves of the two groups were 
plotted for the training set and validation set.

All statistical analyses were performed using, SPSS 25.0 
for Mac (SPSS Inc, Chicago, IL, USA), Empower Stats 
(version 2018-12-22; http://www.empowerstats.com/cn/), 

Table 1 (Continued). 

Characteristics Patients P value

Training Set(n=230) Validation Set(n=98)

Operation approach, n(%) 0.394

LLR 19(8.3%) 11(11.2%)

OLR 211(91.7%) 87(88.8%)

Complication, Clavien-Dindo ≥3, n (%) 0.600

Yes 28(12.2%) 14(14.3%)

No 202(87.8%) 84(85.7%)

Survival status 0.157

Cancer-specific death 111(48.3%) 63(64.3%)

Non-cancer-specific death 27(11.7%) 8(8.2%)

Alive 92(40%) 27(27.5%)

Abbreviations: HBsAg, hepatitis B surface antigen; WBC, white blood cell; NEU, neutrophil; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate transaminase; 
GGT, γ-glutamyl transferase; TBIL, total bilirubin; ALB, albumin; PT, prothrombin time; INR, international normalized ratio; CA19-9, carbohydrate antigen 19–9; PNI, 
Prognostic Nutritional Index; MVI, microvascular invasion; LLR, laparoscopic liver resection; OLR, open liver resection.
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and R statistical software (version 4.0.0; https://www.r-pro 
ject.org/). All statistical tests were two-sided, with P < 0.05 
considered to be indicative of statistical significance.

Results
Patient Characteristics
A total of 328 elderly patients with iCCA (age≥60) who 
underwent liver resection who met the inclusion criteria 
were enrolled in this study. The included patients had 
a median age of 63 years (Q1-Q3, 61–67 years), and 
57.9% were male. The median follow-up time was 18.1 
months (range 1–112 months). In total, 209/358 (58.4%) 
patients died, 174 (53.0%) cancer-specific deaths and 35 
(10.7%) non-cancer-specific deaths were observed. Among 
the 35 patients who died of noncancer-specific death, 8 
patients died of sudden cardiovascular disease, 7 patients 
died of fractures caused by slipping or falls, 3 patients died 
of stroke, 4 patients died of severe respiratory diseases, 
and 13 patients died of unexplained accidental disease (no 
evidence of tumor recurrence or poor condition caused by 
cancer before death). The 1-year, 3-year, and 5-year iCCA 
cancer-specific mortality rates were 19.7%, 48.3% and 
56.1%, respectively. The baseline characteristics of the 
two different age groups differed before PSM, After 
PSM, 70 patients were included in each group, and the 
baseline characteristics of the patients in the two groups 
were comparable (listed in Supplementary Table 1). In 
addition, there were no obvious differences between the 
groups in OS or CSS before and after PSM analysis, as 
shown in Supplementary Figure S1. The demographic and 
clinical characteristics of the patients in the training and 
validation sets are listed in Table 1. The baseline demo-
graphic and clinical characteristics of the patients in the 
training and validation sets were similar (P > 0.05).

The univariate analysis included Gray’s test and the CIF. 
When competing risks were present, the results of Gray’s 
test showed that CA19-9, maximum tumor size, tumor 
number, MVI, macroscopic vascular invasion (MCI), satel-
lite nodules, LNM exerted statistically significant effects on 
iCCA (P < 0.05). The CIF for almost all variables increased 
over 1, 3, and 5 years. The corresponding CIF curves were 
shown in Figure 2 and the data are listed in detail in Table 2. 
When competing events were present, we included statisti-
cally significant variables in the univariate analysis in the 
Fine-Gray model into the multivariate analysis. The multi-
variate analysis indicated that MVI (presence vs absence, 
HR, 1.843, 95% CI, 1.138–2.962), MCI (presence vs 

absence, HR, 2.405, 95% CI, 1.602–3.591) and LNM (Yes 
vs no, HR, 1.796, 95% CI, 1.141–2.823) were significantly 
associated with a higher likelihood of iCCA specific mor-
tality. Meanwhile, we compared the results of multivariate 
Cox regression with the results of Gray’s test. Different 
from Fine-Gray multivariate analysis, multivariate Cox 
regression analysis identified that age (≥70 vs <70 years, 
HR, 1.706, 95% CI, 1.101–2.645), MVI (presence vs 
absence, HR, 1.699, 95% CI, 1.093–2.641), MCI (presence 
vs absence, HR, 2.398, 95% CI, 1.648–3.489), and LNM 
(yes vs no, HR, 4.059, 95% CI, 2.733–6.028) were inde-
pendent predictors in patients after liver resection for iCCA, 
the data are listed in detail in Supplementary Table 2 and 
Table 3. Based on the results of the multivariate competing 
risk model analysis, a nomogram integrating all significant 
independent factors were constructed to calculate the 
1-year, 3-year and 5-year cumulative iCCA cancer- 
specific mortality probabilities (Figure 3). The C-index of 
prediction of cancer specific survival in training set were 
0.728 (95% CI, 0.708–0.748) and 0.683 (95% CI, 0.659–-
0.721), respectively. The calibration plot was close to the 
45-degree diagonal line, indicating that there was optimal 
agreement between the nomogram prediction and actual 
observations in the training set, as shown in Figure 4. 
Furthermore, we found that for our nomogram, the clinical 
net benefit gained from the competing risk model was 
higher than that from the Okabayashi staging system, the 
LCSGJ staging system and the 8th edition AJCC staging 
system in DCA, as shown in Figure 4. According to the 
dichotomy values of the nomogram-based scores derived 
from the training set, the patients were categorized into 
high-risk and low-risk groups in the training set and valida-
tion set. Kaplan-Meier analysis showed that the OS rates in 
high-risk group were significantly lower than those in the 
low-risk groups in the training set and validation set. (both 
P <0.001) The high-risk group had the higher probabilities 
of iCCA cancer-specific mortality than the low-risk group 
in the training set and validation set (both P <0.001), as 
shown in Figure 5. Therefore, when using the nomogram as 
a predictive tool, clinicians could successfully discriminate 
among different risk groups.

Discussion
In medical research, the research objects usually do not 
experience only one type of event; instead, multiple end-
points that compete with each other are commonly present, 
that is, in the form of a competing event. Most medical 
research generally has competing risks. When discussing 
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specific causes of death, the occurrence of competing 
events affects the analysis of end events and may over-
estimate the cumulative incidence of each variable using 
the traditional analysis method (including Kaplan-Meier 

estimates of survival curves and Cox regression 
analyses).32–34 iCCA usually has locally aggressive beha-
viors, such as lymph node involvement, intrahepatic 
metastasis, peritoneal dissemination, and vascular 

Figure 2 Cumulative cancer-specific and competing mortality curves for elderly iCCA patients stratified by the following patient characteristics: (A) age; (B) sex; (C) CA19- 
9; (D) maximum tumor size; (E) tumor number; (F) MVI status; (G) MCI status; (H) SAT status; (I) LNM status. 
Abbreviations: CA19-9, carbohydrate antigen 19–9; MVI, microvascular invasion; MCI, macroscopic vascular invasion; SAT, satellite nodules; LNM, lymph node metastasis.
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Table 2 Univariable Analysis in Elderly Patients with iCCA by Using Competing Risk Model in the Training Set

Variables Gray’s Test P-value Cumulative Incidence Function

12-mo 36-mo 60-mo

Age 0.119 0.729

≥70years 0.229 0.477 0.517
<70years 0.174 0.421 0.522

Sex 1.665 0.197
Male 0.201 0.460 0.583

Female 0.163 0.391 0.425

Child-pugh score 0.745 0.388

B 0.250 0.250 0.594

A 0.180 0.444 0.525

HbsAg 0.224 0.636

Positive 0.212 0.418 0.529
Negative 0.171 0.436 0.518

Portal hypertension 2.649 0.104
Present 0.136 0.318 0.415

Absent 0.230 0.460 0.546

CA19-9 level 6.672 0.010
>79 U/mL 0.247 0.524 0.569
≤79 U/mL 0.128 0.346 0.477

Maximum tumor size 5.653 0.017
>5cm 0.243 0.508 0.609

≤5cm 0.121 0.344 0.412

Tumor number 4.721 0.030
Multiple 0.310 0.552 0.581

Single 0.128 0.378 0.493

Tumor encapsulation 1.575 0.209

Incomplete 0.202 0.508 0.547
Complete 0.167 0.348 0.489

MVI 19.429 <0.001
Yes 0.357 0.724 0.775

No 0.146 0.365 0.463

Macroscopic vascular invasion 35.591 <0.001
Yes 0.358 0.679 0.761

No 0.113 0.323 0.412

Satellite nodules 4.260 0.039
Yes 0.232 0.622 0.811
No 0.178 0.407 0.487

Lymph node metastasis 7.687 <0.001
Yes 0.306 0.662 0.683

No 0.149 0.363 0.472

Extent of liver resection 0.243 0.622

Major 0.226 0.442 0.529

Minor 0.140 0.421 0.512

(Continued)
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invasion.35 Given the increasing population of elderly 
people worldwide, geriatric patients constitute a large pro-
portion of iCCA patients each year. Elderly patients often 
have comorbidities including metabolic and cardiovascular 
diseases, which can prevent them from receiving curative 
treatments because of the anesthetic and surgical risks 
involved. In studies of predictive factors for elderly 
patients, Cox regression on the event of interest would 
bring problems because a factor that increases the rate of 
the outcome event might not increase the risk of it in fact 
due to the high incidence of comorbidities in the elderly 
individuals. To date, there are few studies on iCCA in 
elderly patients undergoing surgery, which is a special 
group, and the prognostic factors of this group of patients 
after liver resection are rarely reported. Therefore, it is 
necessary to use the competing-risks model to address 
multiple end events in elderly iCCA patients. To the best 
of our knowledge, our study was the first one reported to 
date to apply the competing risk analysis model in the 
evaluation of prognostic factors in elderly patients with 
iCCA after liver resection based on a large number of 

elderly iCCA patients. In our study, we found that there 
was no significant difference in the extent of surgical 
resection between the youth group and the elderly group, 
indicating that patients’ age had no influence on resect-
ability or the extent of surgery. Liver resection for elderly 
iCCA patients is safe and feasible. In addition, our study 
found that elderly iCCA patients (age≥60 years) had com-
parable long-term outcomes with non-elderly iCCA 
patients (age<60 years) except that the ≥60-years group 
had a relatively higher incidence of major complications. 
In addition to the cut-off of 60 years, we further differ-
entiated the ≥60-year group in <70 and ≥70 years. In the 
Cox regression analysis, we found that (age ≥70 years, 
HR, 1.706, 95% CI, 1.101–2.645) was an independent risk 
factor affecting the prognosis of elderly iCCA patients, 
however, in fact, the Cox regression overestimated the 
impact of age risk on survival outcomes because competi-
tive events were not taken into account. Our competing 
risk analysis indicated that age was not a statistically sig-
nificant factor for iCCA specific survival. Different from 
the Cox regression analysis, we selected three independent 

Table 2 (Continued). 

Variables Gray’s Test P-value Cumulative Incidence Function

12-mo 36-mo 60-mo

Operation approach 0.594 0.441
LLR 0.222 0.575 0.575

OLR 0.182 0.421 0.514

Note: Bold indicates statistically significant difference. 
Abbreviations: HBsAg, hepatitis B surface antigen; CA19-9, carbohydrate antigen 19–9; MVI, microvascular invasion; LLR, laparoscopic liver resection; OLR, open liver 
resection.

Table 3 Multivariable Analysis in Elderly Patients with iCCA

Cox Regression Analysis Fine-Gray Regression Analysis

Variables HR 95% CI P value HR 95% CI P value

Age (≥70 vs <70 years) 1.706 1.101–2.645 0.017 1.176 0.687–2.013 0.560

Sex (female vs male) 0.959 0.673–1.367 0.817 0.781 0.520–1.173 0.230
CA19-9 (>29.5 vs ≤29.5 U/mL) 1.332 0.941–1.886 0.106 1.283 0.875–1.862 0.210

Maximum tumor size (>5 vs ≤5cm) 0.982 0.685–1.408 0.982 1.082 0.711–1.643 0.720

Tumor number (multiple vs single) 1.314 0.902–1.914 0.154 1.232 0.797–1.912 0.340
Tumor encapsulation (incomplete vs complete) 1.188 0.830–1.702 0.346

MVI (presence vs absence) 1.699 1.093–2.641 0.019 1.843 1.138–2.962 0.013
Macroscopic vascular invasion (presence vs absence) 2.398 1.648–3.489 <0.001 2.405 1.602–3.591 <0.001
Satellite nodules (yes vs no) 1.463 0.901–2.384 0.120

Lymph node metastasis (yes vs no) 4.059 2.733–6.028 <0.001 1.796 1.141–2.823 0.011

Note: Bold indicates statistically significant difference. 
Abbreviations: HBsAg, hepatitis B surface antigen; CA19-9, carbohydrate antigen 19–9; MVI, microvascular invasion; LLR, laparoscopic liver resection; OLR, open liver 
resection.
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predictors (including MVI, MCI and LNM) through the 
competing risk analysis after controlling for other compet-
ing factors and included them in the prognostic nomo-
gram. The established nomogram was derived from 
retrospectively collected data on 230 patients from single- 
center, showing favorable discrimination and calibration. 

To assess the clinical usefulness of the nomogram. DCA 
was employed to determine whether nomogram-based 
decisions could improve patients’ survival outcomes. We 
could find that our nomogram showed that the clinical net 
benefit gained from the competing risk model was higher 
than other iCCA clinical stages in the DCA. Furthermore, 

Figure 3 Competing risk nomogram predicting the 1-year, 3-year and 5-year cumulative probabilities of death from cancer-specific mortality in elderly iCCA patients.
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with the assistance of the nomogram, clinicians could 
successfully discriminate among different risk groups, 
thereby improving clinical decision making.

Many previous studies have shown MVI and LNM 
were strong indicators of worse outcomes among patients 
with iCCA after liver resection.36 In this study, it was 
found that the above factors were also important predictors 
in elderly iCCA patients. When MVI and LNM were 
present, the tumor was more aggressive and more likely 
to have intrahepatic metastasis and recurrence. Elevated 
CA19-9 levels are associated with poor prognosis due to 
higher tumor burden,37,38 However, in our multivariate 
analysis, CA19-9 was not an independent risk factor for 
survival, which may be related to the selection of cutoff 
values for CA19-9. Whether in Cox regression analysis or 
competitive risk analysis, tumor size was not a factor in 
evaluating prognostic outcomes in our study. This could 
partly explain why other iCCA classifications did not 
exhibit satisfactory discrimination in survival curves 

based on different stages. In recent years, studies have 
reported that radiofrequency ablation has potential appli-
cation value for the treatment of iCCA,39 which may 
provide a new treatment option for elderly iCCA patients 
who could not tolerate major surgery or are unwilling to 
undergo liver resection. Whether adjuvant therapy could 
bring survival benefits to patients after iCCA surgery is 
still controversial.40–42 In our study, it was found that 
adjuvant therapy had no effect on improving the prognosis 
of elderly iCCA patients, which may be related to the poor 
physical status of the elderly patients after surgery and the 
lower likelihood of these patients to tolerate adjuvant 
therapy. Moreover, age may influence a provider’s choice 
to offer adjuvant therapy to elderly patients.

Although the main advantage of this present study is that 
it had a large enough sample size and established 
a nomogram to predict the prognosis of elderly iCCA 
patients based on the competitive risk model, there are still 
many limitations. First, the study came from a single- 

Figure 4 The 3-year and 5-year calibration curves for the training set (A and C, red) and validation set (B and D, blue). The X-axes represent the mean predicted mortality 
probability according to the prediction model. The Y-axes represent the observed cumulative incidence of mortality. The grey diagonal line indicates equality between the 
predicted and observed values. Decision curve analysis was used to compare the clinical net benefit of our nomogram with that of the Okabayashi staging system, the Liver 
Cancer Study Group of Japan (LCSGJ) staging system, and the 8th edition AJCC staging system in terms of the 3-year and 5-year survival of elderly iCCA patients in the 
training set (E and G) and validation set (F and H).
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institutional study with potential selection bias due to the 
characteristics of retrospective studies, Moreover, all 
patients were used to form the training set to develop the 
nomogram, and 70% of patients were randomly selected to 
serve as an internal validation set in this study. Although this 

is a generally accepted method for nomogram construction 
and validation, external validation based on other popula-
tions is still needed to estimate model accuracy. Second, our 
study object was iCCA patients undergoing liver resection, 
so we lack comparison with other treatment methods.

Figure 5 Kaplan–Meier analysis of overall survival (OS) between high-risk and low-risk groups for the training set and validation set (A and C). Cumulative incidence 
function curves with the P-value of Gray’s test between the high-risk and low-risk groups for the training set and validation set (B and D).
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In conclusion, we found that elderly iCCA patients 
undergoing liver surgery had comparable long-term CSS 
and OS rates that were comparable to those of non-elderly 
patients. As such, age was not a contraindication for liver 
resection in iCCA patients. When judging whether an 
iCCA patient can obtain survival benefits from surgery, 
we should consider the resectability of the tumor lesion 
and the patient’s body status rather than simply age. 
Moreover, we constructed and validated a nomogram that 
could objectively and accurately predict the prognosis of 
elderly iCCA patients.
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