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Evaluation of nodal status in intrahepatic cholangiocarcinoma: a 
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Background: Lymph node metastasis (LNM) is a well-established prognostic factor for intrahepatic 
cholangiocarcinoma (ICC), but there are still some controversies relating to the evaluation of nodal status. 
Therefore, we investigated the role of lymph node dissection (LND), compared the prognostic performances 
of different nodal staging systems, and then developed and validated a nomogram to predict cancer-specific 
survival (CSS) of ICC patients.
Methods: The study cohort was taken from the Surveillance, Epidemiology, and End Results database. 
Akaike information criterion, Bayesian information criterion, Harrell’s C-index and area under the receiver 
operating characteristic curves were calculated to evaluate the different staging models. The nomogram for 
the CSS was constructed based on Cox regression models and validated by calibration curves. Decision curve 
analysis was introduced to examine the clinical value of the models.
Results: A total of 664 patients were enrolled, and 331 (51.4%) patients underwent LND. An increasing 
number of lymph nodes retrieved showed no oncologic benefit (P=0.876). LNM was identified in 103 (31.1%) 
patients, which was the cause of their poor prognoses (5-yr CSS 13.1% versus 44.9%, P<0.001). Patients 
without LNM could not benefit from adjuvant therapy after propensity score matching (P=0.140). Based on 
the Youden index, 4 or more lymph nodes retrieved might be adequate for accurate staging. The lymph node 
ratio (LNR) classification, with an optimal cut-off value of 0.15, displayed the best prognostic performance. 
Age, size, tumor number, T Stage, grade and the LNR classification were independent predictive factors 
for the CSS in ICC patients. The nomogram for predicting the CSS of ICC patients according to the 
independent factors was well calibrated and it showed better discrimination power and higher net benefits 
than the American Joint Committee on Cancer (8th edition) staging system.
Conclusions: LNM is an independent prognostic factor in ICC. Although it shows no oncologic benefits, 
LND should still be considered as a method of stratifying patients, with 4 or more lymph nodes retrieved 
potentially enough to do so. LNR appears to be a promising and easy-to-use prognosticator for nodal 
staging. The constructed nomogram could serve as an effective tool to predict the CSS probabilities of ICC 
patients.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) accounts for 
approximately 15% of primary liver cancers and 3% 
of gastrointestinal cancers. In the past few decades, the 
morbidity and mortality of ICC have increased worldwide, 
especially in Eastern Asia (1-4). Radical surgery is still the 
unique curative treatment for patients suffering ICC, with 
an expected median overall survival time of 51.1 months  
(3-5). ICC could be divided into two subtypes with different 
biological behaviors according to the tumor location: the 
hilar type and the peripheral type (6). Due to the similar 
surgical approach and perioperative management, the hilar 
type of ICC and hilar cholangiocarcinoma (Klatskin tumor) 
are often divided into the same category, known as perihilar 
cholangiocarcinoma (7,8). Therefore, the main focus of this 
study was the peripheral type of ICC.

Lymph node metastasis (LNM) has been considered 
one of ICC’s most widely accepted prognostic factors. 
However, the therapeutic value of regional lymph node 
dissection (LND) is still controversial (9-14). Several studies 
demonstrated no benefits of routine LND because of the 
similar survival, prolonged hospital-stays and increased 
surgical risks compared with patients not receiving LND 
(11,13-18). In addition, the minimum requirements of the 
total lymph node count (TLNC) also remain a matter of 
debate. The current American Joint Committee on Cancer 
(AJCC) staging system (8th edition) recommends having 
6 or more lymph nodes to be eligible for evaluation, but 
only a few patients could meet this criterion in previous 
studies (23.8–43.3%) (10,13,17-21). In this context, the first 
aim of this study is to investigate the role and minimum 
requirement of LND in patients with ICC.

An adequate assessment of nodal status is critical for 
selecting patients to receive adjuvant therapies (AT), 
and the current AJCC staging system (8th edition) only 
differentiates between LNM and non-LNM disease. Except 
for the number of positive lymph nodes (pLN), 2 promising 
schemes are proposed for nodal assessment have been 
identified, namely the lymph node ratio (LNR) and the log 
odds of positive lymph nodes (LODDS). Therefore, this 
study also aims to compare prognostic performances among 
the different nodal staging schemes and then develop a 
nomogram to predict prognosis in patients with ICC.

We present the following article following the STROBE 
reporting checklist (available at https://dx.doi.org/10.21037/
atm-21-2785). This population-based study was conducted 
using the Surveillance, Epidemiology, and End Results 
(SEER) database, which is an authoritative source of 
information on cancer incidence and survival in the United 
States, and it covers approximately 34.6% of the U.S. 
population. Data was downloaded with SEER*Stat software 
(Version 8.3.9; The SEER Program, https://seer.cancer.gov).

Methods

Patients

This study is a retrospective cohort study following the 
Declaration of Helsinki (as revised in 2013). Patients with 
diagnosed intrahepatic bile duct cancer from 2004 to 2013 
in the SEER database (with additional treatment fields) 
were enrolled. The inclusion criteria were as follows: (I) age 
≥18 years old; (II) diagnosis of ICC with positive histology 
(TNM 7/CS v0204+ Schema=BileDuctIntraHepat, 
ICD-O-3 Topography code=C22.1, ICD-O-3 Histology 
Code=8160/3); (III) without distant metastasis or previous 
history of other malignancies; (IV) surgery performed; (V) 
had a complete 5-year follow-up and survived at least 1 
month after surgery; (VI) with complete clinicopathological 
data. The stepwise extraction process from the SEER 
database is shown in Figure S1. As the SEER database is 
public and desensitized, an ethical review was exempted, 
and no consent was needed in this study.

Definitions

The primary outcome was cancer-specific survival (CSS), 
defined as either the time from the patient’s diagnosis until 
their death caused by ICC or their most recent follow-
up. The T stage was re-staged according to the current 
AJCC staging system (8th edition). The pLN model was 
defined as the number of positive lymph nodes (LN) and 
the LNR model was defined as the ratio of pLN to TLNC. 
The LODDS model is defined as the natural logarithm of 
the probability ratio between LN with or without tumor 
invasion and is calculated as ln [(positive LN+0.5)/(negative 
LN+0.5)].
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Statistics

Survival curves were plotted using the Kaplan-Meier method 
and compared by the log-rank test. Clinicopathological 
variables possibly related to survival were evaluated by 
a multivariate analysis using the Cox regression model. 
Propensity score matching (PSM) was used to reduce 
selection bias between groups. A one-to-one match was 
performed by the nearest-neighbor method within 0.20 
standard deviations between the two groups. Independent 
risk factors were analyzed by a multivariable binary logistic 
regression analysis with a threshold of P<0.10. The Youden 
Index was used to determine the optimal cut-off value for 
the TLNC to find a positive lymph node. X-tile software  
(Version 3.6.1; Yale University, New Haven, CT, USA) was 
used to determine the optimal outcome-based cut-off value 
of each nodal staging scheme (22).

The study cohort was randomly divided into a training set 
and a validation set, with a ratio of 3:1. Models were developed 
using the training set, and external validation was performed 
using the validation set. Akaike information criterion (AIC), 

Bayesian information criterion (BIC), Harrell’s C-index, 
and the area under receiver operating curves (AUROC) of 
CSS probability were calculated to compare the prognostic 
performances of different schemes. A nomogram was 
constructed based on multivariate survival analysis to 
provide a visual tool for clinical use. Calibration curves to 
evaluate the predictive accuracy of models were plotted via 
bootstrapping with 1,000 resamples. A decision curve analysis 
(DCA) was performed to estimate the clinical utility of the 
models by quantifying the net benefits at different threshold  
probabilities (23). A result was considered statistically 
significant when two-tailed P<0.05. All statistical analyses were 
completed using R software (Version 3.6.3; The R Foundation 
for Statistical Computing, http://www.r-project.org).

Results

Baseline characteristics and survival analysis

The baseline characteristics and survival analysis of study 
patients are shown in Table 1. A total of 664 patients were 

Table 1 Baseline characteristics data and survival analysis of study patients

Factors No. of patients (N=644)
CSS Univariable Multivariate

1-yr 3-yr 5-yr P HR (95% CI) P

Age 0.169

≤60 268 (41.6) 90.5 59.1 43.9 Reference

>60 376 (58.4) 83.9 53.7 40.0 1.376 (1.115–1.698) 0.003

Sex 0.715

Female 354 (55.0) 85.8 54.9 40.2

Male 290 (45.0) 87.7 57.3 43.3

Race 0.322

White 499 (77.5) 86.7 55.7 39.4

Asia-Pacific 88 (13.7) 91.8 57.7 49.5

Other 57 (8.8) 78.3 56.0 47.6

Tumor numbers <0.001

Single 581 (90.2) 100.0 91.5 70.2 Reference

Multiple 63 (9.8) 85.2 52.0 38.5 2.059 (1.365–3.107) 0.001

Neoadjuvant therapy 0.603

Yes 41 (6.4) 90.2 50.6 32.5

No 603 (93.6) 86.4 56.3 42.2

Table 1 (continued)
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Table 1 (continued)

Factors No. of patients (N=644)
CSS Univariable Multivariate

1-yr 3-yr 5-yr P HR (95% CI) P

TLNC [M (IQR)] 1 (0–3) – – – 0.004

Radiotherapy 0.214

Yes 91 (14.1) 91.2 53.4 32.1

No/unknown 553 (85.9) 85.9 56.4 43.3

Chemotherapy 0.004

Yes 266 (41.3) 89.8 58.6 48.3

No/unknown 378 (58.7) 84.4 52.4 32.5

AFP 0.003

Negative 278 (41.9) 87.2 59.0 47.8

Positive 75 (11.3) 83.8 39.8 23.0

Borderline/unknown 291 (43.8) 86.5 56.9 40.8

Fibrosis score 0.982

0–4 98 (14.8) 90.7 57.2 37.0

5–6 41 (6.2) 80.0 53.6 45.0

Unknown 505 (76.0) 86.2 55.7 42.2

Tumor size (cm) <0.001

≤2 44 (6.8) 88.3 73.0 59.3 Reference

2–5 251 (39.0) 91.9 63.8 52.3 1.215 (0.740–1.994) 0.441

5–10 270 (41.9) 85.1 52.8 37.0 1.474 (0.877–2.480) 0.143

>10 79 (12.3) 74.4 32.3 13.2 2.468 (1.411–4.317) 0.002

pT stage <0.001

T1a 168 (26.1) 94.5 76.2 63.0 Reference

T1b 132 (20.5) 89.7 64.8 47.0 1.154 (0.738–1.802) 0.530

T2 174 (27.0) 85.5 50.0 38.2 1.653 (1.181–2.315) 0.003

T3 145 (22.5) 78.1 35.8 19.6 2.102 (1.407–3.140) <0.001

T4 25 (3.9) 75.3 27.1 14.5 2.035 (1.175–3.525) 0.011

Grade† <0.001

G1 72 (11.2) 94.2 77.8 61.0 Reference

G2 368 (57.1) 88.6 61.4 45.6 1.089 (0.769–1.542) 0.632

G3–4 204 (31.7) 80.6 38.9 28.2 1.584 (1.093–2.296) 0.015

pN stage <0.001

N0 228 (35.4) 88.1 61.5 44.9 Reference

N1 103 (16.0) 77.1 27.0 13.1 2.370 (1.786–3.146) <0.001

Nx 313 (48.6) 88.5 60.9 48.4 1.029 (0.812–1.304) 0.813
†G1, well differentiated; G2, moderately differentiated; G3–4, poorly differentiated/undifferentiated. CSS, cancer-specific survival; HR,  
hazard ratio; CI, confidence interval; TLNC, total lymph node count; IQR, interquartile range; AFP, alpha fetoprotein.
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enrolled in the study, comprising 354 (55.0%) females and 
290 (45.0%) males. The average age was 62.2±11.5 years  
(range: 25–89 years), and the mean tumor size was  
6.1±3.4 cm (range 1.0–17.0 cm). There were 278 (43.2%) 
patients who received AT. According to the current AJCC 
staging system (8th edition), 474 (73.6%) patients were 
classified as T1–T2 stage.

The final patient follow-up was in November 2018, with 
a median follow-up of 36.0 months. There were 433 (67.2%) 
patients who died. The 1-yr, 3-yr, and 5-yr CSS were 
86.5%, 55.8% and 41.6%, respectively. The median CSS 
time was 45.0 [95% confidence interval (CI): 39.1–50.9] 
months. Multivariate survival analysis shows that age, tumor 
numbers, tumor size, T stage, tumor grade, and pLN stage 
were all independent risk factors for CSS (all P<0.05).

Impact of nodal status on survival and minimum 
requirement for TLNC

A total of 331 (51.4%) patients underwent LND. There 
were 1,370 lymph nodes retrieved in all, with the TLNC 
averaging 4.1±4.3 (median: 3) and ranging from 1–32. As 
shown in Table 1, an increased TLNC could not improve 
prognosis (P=0.876). After PSM (251 patients in each 
group), there was no survival difference between the LND 
and non-LND groups (P=0.095, Figure 1A & Table S1).

LNM was identified in 103 (31.1%) patients. The 
1-yr, 3-yr, 5-yr CSS of patients with and without LNM 
were 77.1%, 27.0%, 13.1% and 88.1%, 61.5%, 44.9%, 
respectively, while the median CSS times were 19.0 (95% 
CI: 15.5–22.5) and 54.0 (95% CI: 44.7–63.3) months, 
respectively. After PSM (96 patients in each group), patients 
with LNM were confirmed to have worse chances of 
survival (P<0.0001, Figure 1B & Table S2). Furthermore, 
2 potential preoperative risk factors for LNM (T stage 
and tumor number) were examined by multivariable 
analysis (Table S3), and T stage was indicated as the only 
independent risk factor of LNM (P<0.05).

There were 165 (49.8%) patients with LND who 
received postoperative AT (105 patients with chemotherapy, 
6 patients with radiotherapy, 54 patients with both). After 
PSM (54 patients in each group), AT showed no therapeutic 
benefit to patients without LNM (P=0.140, Figure 1C & 
Table S4). However, in the LNM group, AT was shown to 
significantly improve the prognosis of patients (P=0.018, 
Figure 1D & Table S5).

In this study, only 73 (22.1%) patients met the LND 
criterion recommended by the AJCC. The more lymph 

nodes that are examined, the higher the possibility of 
finding positive lymph nodes. The ROC curve of the 
TLNC for predicting LNM in patients with LND is shown 
in Figure 2, and the AUC is 0.702 (95% CI: 0.642–0.763, 
P<0.001). The ROC analysis confirmed that a TLNC 
≥4 displayed the greatest discriminatory power of LNM 
(Youden index =0.302, sensitivity =0.583, specificity =0.719).

Prognostic performance of regional LN staging schemes

A total of 644 patients were randomly divided into a 
training set (n=483, 75.0%) and a validation set (n=161, 
25.0%). The baseline characteristics of the 2 sets are shown 
in Table S6. The X-tile plots for determining the optimal 
cut-off values of the different schemes are displayed in 
Figure S2. In the training set, 248 (51.3%) patients with 
LND were classified into 2 subgroups based on the optimal 
cut-off value of each scheme: 175 (70.6%) without LNM 
(pLN1) and 73 (29.4%) patients with LNM (pLN2), 188 
(75.8%) patients with LNR ≤0.15 (LNR1) and 60 (24.2%) 
patients with LNR >0.15 (LNR2), 193 (77.8%) patients 
with LODDS ≤−0.85 (LODDS1) and 55 (22.2%) patients 
with LODDS >−0.85 (LODDS2). As shown in Table 2 & 
Figure S3, the LNR classification had the highest Harrell’s 
C-index and AUROC and the lowest AIC and BIC in both 
the training and validation sets, supporting the theory that 
LNR classification may have better prognostic performance.

Development, performance, and validation of prediction 
models

In the training set, a multivariate survival analysis (Table 
S7) confirmed that age, tumor numbers, tumor size, T 
stage, tumor grade, and the LNR classification were 
independent risk factors for CSS (all P<0.05). Based on 
these findings, a nomogram was developed (Figure 3A). 
The Harrell’s C-index of the nomogram was 0.710 (95% 
CI: 0.670−0.750) in the training set and 0.743 (95% CI: 
0.695−0.790) in the validation set. Compared with the 
current AJCC staging system (8th edition), the nomogram 
had a better discriminatory power relative to the CSS in 
patients with ICC (Table 3 & Figure S4). The calibration 
curves demonstrated favorable calibration of the nomogram 
both in the training and validation sets (Figure 3B-3G). The 
DCA for the nomogram is presented in Figure 3H-3M. The 
nomogram provided a better net benefit than the ‘treat-
all’ or ‘treat-none’ schemes and the current AJCC staging 
system.

https://cdn.amegroups.cn/static/public/ATM-21-2785-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2785-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2785-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2785-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2785-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2785-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2785-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2785-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2785-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2785-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2785-supplementary.pdf
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Figure 1 Kaplan-Meier analysis of CSS relative to nodal status. (A) LND versus non-LND in all patients (251 patients in each group after 
PSM); (B) LNM versus non-LNM in patients with LND (96 patients in each group after PSM); (C) AT versus non-AT in pN0 patients 
(54 patients in each group after PSM); (D) AT versus non-AT in pN+ patients. CSS, cancer-specific survival; LND, lymph node dissection; 
LNM, lymph node metastasis; AT, adjuvant therapy (chemotherapy and/or radiotherapy); PSM, propensity score matching.

Discussion

Radical surgery remains the only chance for patients with 
ICC to acquire long-time survival. Although perioperative 
management and surgical techniques have made great 
developments in recent decades, the prognosis of patients 

with ICC is still unsatisfactory (3-5). LNM presents more 
aggressive biological behavior, and it has been confirmed 
as an independent predictive factor for prognosis by 
multivariate analysis. However, unlike other biliary cancers, 
the role of LND is still a topic of debate in ICC (9-14).

The incidences of LND and LNM in our cohort 
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were 51.4% and 31.1%, respectively, which is similar to 
previous studies (LND: 27.9–78.5%; LNM: 25.2–45.2%) 
(9,10,13,16,18-21,24-29). After PSM, LND showed no 
oncologic benefit in patients with ICC as survival was 
similar to the non-LND group (P=0.095). The same 
finding was also obtained in several previous studies  
(11,13-18,25,26,28), with 2 main factors potentially 
explaining this result: Firstly, the LND procedure meant 
longer operating times, more blood transfusions, and higher 

morbidity of postoperative complications, all of which were 
not beneficial to prognosis (16,17). Secondly, the indication 
and anatomic area of the LND were still varied in different 
centers, which might increase selection bias (13). This study 
also showed that the prognosis of the non-LND group was 
similar to the non-LNM group and not the LNM group 
(P=0.813 and P<0.001), indicating that not all patients would 
benefit from LND, which was supported by Lee et al. (26).

However, it is undeniable that LND could provide 
necessary staging information, as patients with LNM could 
benefit from AT (P=0.018) while patients without LNM 
could not (P=0.140). Multivariate analysis demonstrated 
that an increased TLNC could not improve prognosis 
(P=0.876), and the AJCC T stage was the only independent 
risk factor for LNM (P<0.05). Considering the incidence 
(31.1% in this study) and adverse effects of LNM, a routine 
but limited LND should be strongly considered in ICC 
patients, especially in patients with advanced AJCC T 
stages. In this context, to determine the minimally required 
TLNC, it is important to find potential positive lymph 
nodes and control surgical trauma. The current AJCC 
staging system (8th edition) recommends that 6 or more 
lymph nodes be examined, but only 22.1% of patients in 
this study could meet this criterion and receive an adequate 
evaluation, which was similar to other studies (10,13,17-21). 
The increased TLNC is indicative of a decreased sensitivity 
and an increased specificity in finding positive lymph 
nodes. Based on the Youden index, a TLNC ≥4 showed the 
greatest discriminating power in our cohort. Therefore, 4 
or more lymph nodes may be adequate for patients with 
ICC to acquire accurate staging.

Figure 2 ROC analysis illustrated that the dissection of 4 or more 
lymph nodes had the highest discriminatory power relative to 
CSS. ROC, receiver operative characteristic; CSS, cancer-specific 
survival; TLNC, total lymph node count; AUC, area under the 
curve.

Table 2 Analysis for prognostic performances of different nodal staging schemes

Models Harrell’s C-index Bootstrap AIC BIC 1-yr AUC 3-yr AUC 5-yr AUC

Training set (n=248)

pLN classification (0/≥1) 0.585 (0.549–0.621) 0.586 1615.615 1618.739 0.567 0.611 0.620

LNR classification (≤0.15/>0.15) 0.591 (0.556–0.625) 0.592 1611.020 1614.144 0.596 0.616 0.625

LODDS classification (≤–0.85/>–0.85) 0.584 (0.550–0.619) 0.586 1614.190 1617.314 0.594 0.606 0.604

Validation set (n=83)

pLN classification (0/≥1) 0.666 (0.598–0.733) 0.666 344.943 346.814 0.671 0.770 0.738

LNR classification (≤0.15/>0.15) 0.672 (0.609–0.736) 0.672 338.560 340.471 0.705 0.773 0.752

LODDS classification (≤–0.85/>–0.85) 0.665 (0.600–0.729) 0.665 339.151 341.023 0.665 0.768 0.729

AIC, Akaike information criterion; BIC, Bayesian information criterion; AUC, area under curve; pLN, number of positive lymph nodes; LNR, 
positive lymph node ratio; LODDS, log odds of positive lymph nodes.
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Figure 3 Development, validation, and comparison nomogram. (A) The nomogram to predict CSS developed from the training set;  
(B-D) Calibration curve analysis nomogram and the current AJCC staging system (8th edition) in the prediction of prognosis at 1-, 3-, and 
5-year points for CSS in the training set; (E-G) Calibration curve analysis nomogram and the current AJCC staging system (8th edition) in 
the prediction of prognosis at 1-, 3-, and 5-year points for CSS in the validation set; (H-J) DCA nomogram and the current AJCC staging 
system (8th edition) in the prediction of prognosis at 1-, 3-, and 5-year points for CSS in the training set; (K-M) DCA nomogram and the 
current AJCC staging system (8th edition) in the prediction of prognosis at 1-, 3-, and 5-year points for CSS in the validation set. CSS, 
cancer-specific survival; DCA, decision curve analysis; AJCC, American Joint Committee on Cancer.
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As for location, the regular pattern of LNM in ICC 
patients is not yet fully understood. Several factors were 
reported to affect the nodal status of ICC in previous 
studies, including size (20), location (9,26,28), macroscopic 
type (30), and initial liver disease (31,32). Due to a lack of 
detailed patient-level clinical data in the SEER database, 
further analyses were limited in our study. In their study, 
Kang et al. (9) found that the first 2 frequently metastatic 
lymph nodes were the number No. 12 (36%) and No. 8 
(21%) stations. Zhang et al. (19) analyzed the nodal status of 
216 patients with LNM and found that at least 153 (70.8%) 
patients had LNM within the No. 12 station only. Shimada 
et al. (28) specified that the No. 8 stations should be resected 
in left-sided tumors. Therefore, No. 12 and No. 8 stations 
should be paid more attention to at the time of surgery. A 
meta-analysis compared the outcomes between laparoscopic 
(LLR) and open liver resection (OLR). Although LND was 
less common in the LLR group, the proportion is becoming 
more frequent. The unique advantages of laparoscopy may 
lead to a more accurate intraoperative evaluation of nodal 
status (29).

It has also been debated without a consensus on the 
best scheme for evaluating regional nodal status. Unlike 
extrahepatic cholangiocarcinoma and gallbladder cancer, 
the current AJCC staging system (8th edition) differentiates 
patients with ICC between LNM and non-LN only. 
Visually, the use of the LNR and LODDS is more 
rational than pLN as they take both pLN and TLNC into 
account, and the 2 models have also been applied to other 
gastrointestinal malignancies (33-38). Some researchers 
preferred the LODDS classification because the LNR 
classification has a congenital limitation in its dependence 
on the denominator (or the TLNC), especially when LNR 
=0 or LNR =1 (39,40). However, the TLNC for ICC is 
usually smaller than other gastrointestinal malignancies, 

such as extrahepatic cholangiocarcinoma and pancreatic 
cancer (35-38). The median of the TLNC was only 3 
[interquartile range (IQR) =1–5] in ICC patients with LND 
in the cohort, which restricted the advantage of LODDS 
in these edge cases. In this study, the LNR classification 
showed the best prognostic performance. Several studies 
reported the satisfactory predictive ability of the LNR 
classification, with cut-off values from 0.10–0.50 (25,39-42).  
Likewise, we observed that patients with an LNR >0.15 
had a better chance of survival than those with LNR 
≤0.15 (P<0.001). Moreover, the LNR classification was 
again identified as a significant prognostic factor upon 
multivariate analysis (P<0.001). Considering the simplicity 
of its calculation, the LNR seems to be a promising 
prognosticator for the nodal status of ICC.

A nomogram is an intuitive, comprehensible, and user-
friendly statistical tool that allows multiple factors to be 
considered simultaneously and visually provides a probability 
of a specific outcome for an individual patient. On account 
of the multivariate analysis, we incorporated 6 easily 
accessible clinicopathological factors (LNR, age, tumor 
size, tumor number, T stage, and grade) and developed a 
nomogram for predicting the CSS in patients with ICC. We 
then conducted external validation. The nomogram showed 
relatively high accuracy with Harrell’s C-indexes exceeding 
0.700 and well-fitted calibration curves in both the training 
and validation sets. Besides, the nomogram also displayed 
better goodness of fit according to lower its AIC and BIC 
values. However, high prediction accuracy is not equal to a 
high clinical practical value. The DCA could quantify the 
net benefits of the prediction models based on the threshold 
probability introduced to this study to examine the value 
of the nomogram in clinical practice (23). The DCA 
confirmed the validity of the nomogram for the CSS and 
demonstrated that the nomogram had better clinical value 

Table 3 Analysis for prognostic performances of nomogram and the AJCC stage

Models Harrell’s C-index Bootstrap AIC BIC 1-yr AUC 3-yr AUC 5-yr AUC

Training set (n=483)

Nomogram 0.710 (0.670–0.750) 0.706 3151.144 3198.948 0.711 0.716 0.721

AJCC stage 0.647 (0.614–0.679) 0.647 3178.106 3200.167 0.651 0.675 0.689

Validation set (n=161)

Nomogram 0.743 (0.695–0.790) 0.743 774.810 777.353 0.738 0.764 0.792

AJCC stage 0.690 (0.637–0.742) 0.689 788.051 790.595 0.706 0.725 0.777

AJCC, American Joint Committee on Cancer; AIC, Akaike information criterion; BIC, Bayesian information criterion; AUC, area under curve.
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than the current AJCC (8th edition) staging system.
The evaluation of nodal status in ICC has received 

increasing attention recently, but no prospective or real-
world study has yet been published. In a high-volume 
cohort, utilizing the SEER database, we investigated 
the role and minimum requirements of LND, explored 
the clinical value of the LNR, and then developed a 
nomogram to predict the CSS of patients with ICC. There 
are several limitations to the research: Firstly, the major 
drawback of this study is the inherent bias of retrospective 
study. Secondly, the SEER database lacks detailed 
clinicopathological data, which caused unknown bias and 
limited further subgroup analysis; however, the sample 
capacity, complete 5-year follow-up, and population-based 
research background could make up for the short slab to a 
certain degree.

In conclusion, LNM is a powerful and independent 
prognostic factor in patients with ICC. Although showing 
no oncologic benefit, LND should still be considered at the 
time of surgery to stratify patients, and 4 or more lymph 
nodes retrieved may be enough for appropriate staging. The 
LNR appears to serve as a promising and easy-to-use tool 
for nodal staging in ICC, while the constructed nomogram 
could predict the CSS with good performance, which is 
meaningful to individual treatment strategies optimization 
in patients with ICC.
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