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Background: This study aimed to compare the predictive efficacy of four different lymph node (LN) 
staging systems on the overall survival (OS) of patients with surgically resected perihilar cholangiocarcinoma 
(pCCA), and construct a novel prognostic nomogram to predict OS in pCCA patients.
Methods: Patients with pCCA that underwent surgical resection between 2004 to 2016 were selected 
from the Surveillance, Epidemiology, and End Results (SEER) database (n=1,173). Patients were randomly 
divided into a modeling cohort and an internal verification cohort. To compare the prognostic efficacy 
of four different N staging systems [American Joint Committee on Cancer (AJCC) 7th and 8th edition N 
stages, lymph node ratio (LNR), and log odds of positive lymph nodes (LODDS)], we used three different 
evaluation methods: Harrell’s index of concordance (C-index), Akaike information criterion (AIC), and area 
under the receiver operating characteristic (ROC) curve (AUC). Multivariate analysis was used to identify 
independent prognostic factors and validate LODDS in the modeling cohort. A nomogram was then 
constructed to predict 1-, 3-, and 5-year survival. The nomogram was validated using Harrell’s C-indexes 
and calibration curves.
Results: Of the four different N staging methods, LODDS was considered to be the most effective LN 
staging system for evaluating the prognosis of patients with surgically resected pCCA, according to the values 
calculated for C-index, AUC, and AIC. After validation by C-indexes and calibration curves, the constructed 
nomogram accurately predicted the OS of pCCA patients.
Conclusions: For patients with surgically resected pCCA, LODDS was found to be the most accurate N 
staging system. The novel LODDS-based nomogram constructed in this study provides an accurate method 
for predicting patient survival in pCCA.
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Introduction

Cholangiocarcinoma (CCA) is a hepatobiliary carcinoma 
with features of cholangiocyte differentiation, and is the 
most common malignancy of biliary origin (1-3). Clinically, 
CCA can be divided into intrahepatic cholangiocarcinoma 
(iCCA), perihilar cholangiocarcinoma (pCCA), and distal 

cholangiocarcinoma (dCCA) subtypes, according to tumor 

location (4,5). These three subtypes of CCA differ not only 

in their anatomical locations, but also in their pathology, 

epidemiology, and treatment options (3,6). The largest 

subtype of CCA is pCCA, accounting for more than 50% of 

the incidence of CCA (7). For pCCA that is detected early, 
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thorough surgical resection is the most effective method 
to improve patient survival (6,8), along with lymph node 
(LN) dissection (6). Therefore, establishing a link between 
the degree of LN dissection and the overall survival (OS) of 
patients with pCCA is particularly important for accurately 
predicting prognosis.

Currently, the most commonly used LN staging system 
is the N stage system proposed by the American Joint 
Committee on Cancer (AJCC) (9,10). In the 7th edition 
of the AJCC staging system, the definition of LN staging 
was based on the location of the LNs to be dissected, 
where LN metastasis around the tumor was classified as 
N1, and further LN metastasis was classified as N2 (9). 
The 8th edition of the AJCC LN staging system is based 
on the number of positive lymph nodes (PLNs) (10). 
Although the AJCC has proposed this new LN staging 
system, its clinical effectiveness remains to be determined. 
The degree of actual LN dissection during surgery may 
affect the number of PLNs detected (11,12). To address 
the impact of the number of LN dissections on the 
detection of PLNs, experts have proposed new methods 
for improving the staging system of LN metastasis. For 
example, lymph node ratio (LNR) is considered to be a 
prognostic LN staging criterion for many types of tumor, 
including colorectal cancer and thyroid cancer (13-15). 
Log odds of positive lymph nodes (LODDS) was first 
shown to be associated with the prognosis of stage III 
colon cancer in 2008, has subsequently proven to be a 
good predictor of patient prognosis in a variety of tumors, 
and therefore, is considered to be an effective LN staging 
system (15-17).

A nomogram is an emerging tool that uses independent 
prognostic factors acquired from multivariate regression 
analysis to predict the OS of different cancer types  
(11,18-20). In the present study, univariate cox regression 
analysis showed that four different N staging systems 
(AJCC 7th and 8th edition N stages, LODDS, and LNR) 
were independent prognostic factors for pCCA. We then 
evaluated whether LODDS was the most effective system 
for LN staging by using three different models: Harrell’s 
index of concordance (C-index), the Akaike information 
criterion (AIC), and the area under the receiver operating 
characteristic (ROC) curve (AUC). Based on LODDS and 
other independent prognostic factors, we established a novel 
nomogram for predicting OS in patients with surgically 
resected pCCA. We present the study in accordance with 
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-3130).

Methods

Patient selection

We collected the clinical data of patients with pCCA 
between 2004 to 2016 from the SEER database (http://
seer.cancer.gov/). This database covers approximately 28% 
of the US population and 97% of tumor categories. The 
exclusion criteria for patient data were as follows: patients 
without a pathological diagnosis; patients who did not 
undergo surgery or patients without surgery information; 
pat ients  with uncertain LN resect ion or miss ing 
information concerning regional node examination; patients 
with unclear data about sex, race, pathological grade or 
tumor size; patients without specific tumor-node-metastasis 
(TNM staging). Because information related to the AJCC 
7th edition N staging system could not be obtained from 
2004 to 2009, we used the collaborative staging (CS) LN 
system [2004–2015] from the SEER database to transfer 
the N stage into the 7th N stage, and then excluded patients 
without specific TNM staging. Our data selection method 
is shown below in Figure 1. The selected patients were 
randomly divided into a validation cohort and a modeling 
cohort by a ratio of approximately 1 to 3, similar to previous 
studies (18,21). The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013) (22). 
This project received an ethical exemption from the Ethics 
Committee of Zhongshan Hospital Affiliated to Fudan 
University. The SEER database is an open access database, 
and all patient information has been de-identified, so 
informed consent was waived.

Several variables were examined, including sex, race, 
age of diagnosis, tumor size, AJCC TNM stage, histology, 
pathological grade, radiation, and chemotherapy. The 
AJCC TNM staging system was used to identify the stage of 
pCCA. Although the AJCC T stage did not change from the 
7th to the 8th edition, it differed from the 6th edition AJCC 
T stage, and could therefore only be transferred from the 
7th edition to the 6th edition. Because a portion of the data 
were collected prior to 2010, we used the AJCC 6th edition 
T staging system instead of the 7th edition to establish our 
prognostic model. M stage has remained unchanged since 
the AJCC 6th edition, hence we used the 8th edition. The 
AJCC 8th edition N stage values were transformed into the 
number of PLNs: 0 for N0, 1–3 for N1, and 4 or more for 
N2. The variables CS tumor size and tumor size (2016+) 
were used to extract tumor size. The best cutoff for tumor 
size was calculated using X-tile software, and tumor size was 
grouped as <1.7, 1.7–3.3, and ≥3.4 cm (Figure S1A,B,C) (23).

http://dx.doi.org/10.21037/atm-20-3130
http://dx.doi.org/10.21037/atm-20-3130
http://seer.cancer.gov/
http://seer.cancer.gov/
https://cdn.amegroups.cn/static/public/ATM-20-3130-supplementary.pdf


Annals of Translational Medicine, Vol 9, No 1 January 2021 Page 3 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(1):54 | http://dx.doi.org/10.21037/atm-20-3130

Figure 1 Flow diagram of the study selection process. AJCC, American Joint Committee on Cancer; CS, collaborative staging; TNM, 
tumor-node-metastasis.

Perihilar cholangiocarcinoma (2004–2016) 
(N=8,592)

Exclude patients with missing information for pathological 
grade, diagnosis, or race. (N=5,853)

Exclude patients who did not undergo surgery, have no surgery 
information, had no LN resection, or have no information 
regarding regional node examination. (N=1,323)

Exclude patients with unknown tumor size. Change the N 
staging system between 2004 to 2009 from AJCC 7th stage to 
CS lymph nodes, and then exclude patients without specific 
TNM staging. (N=243)

The AJCC 7th edition is not available from 2004 to 2009; 
therefore all T stage values were converted into the AJCC 6th 
edition T stages. The AJCC 8th edition N stage values were 
transformed into the number of positive lymph nodes.

N=2,739

N=1,416

N=1,173

Study population (N=1,173)

LODDS and LNR systems

LODDS was calculated by using the following formula: 
log[(0.05 + amount of PLNs)/(0.05 + amount of negative 
LNs)]. LODDS in our cohort ranged from –3.11 to 2.45. 
Meanwhile, LNR was calculated by using the following 
formula: amount of PLNs/amount of resected LNs. We 
used the X-tile software to derive the best cutoff for LNR 
and LODDS (Figure S1D,E,F,G,H,I) (24). LODDS was 
divided into LODDS1 (–3.11 to –1.32), LODDS2 (–1.32 to 
–0.39), and LODDS3 (–0.39 to 2.45). LNR was divided into 
LNR1 (0–0.06), LNR2 (0.06–0.27), and LNR3 (0.27–1).

Statistical analysis

Statistical analyses were carried out using R software version 
3.6.1 (The R Foundation for Statistical Computing, Vienna, 
Austria) and SPSS 20.0 (SPSS Inc., Chicago, IL, USA). 
Pearson’s Chi-squared test was used to compare clinical 
characteristics. The univariate and multivariate analyses 
were conducted using Cox proportional hazards regression 
model, and hazard ratio (HR) and 95% confidence interval 
(CI) were obtained. Statistically significant variables 
(P<0.05) from the univariate analysis were brought into 
the multivariate analysis. The C-index, AIC, and AUC 
values were used to compare the prognostic ability of the 
AJCC 7th and 8th edition N stages, LODDS, and LNR for 
pCCA. The Kaplan-Meier method was used to estimate 
OS according to the four N stages, and survival curves were 

analyzed using the log-rank test. P values were calculated 
using two-tailed tests, and a P value <0.05 was considered 
statistically significant.

The rms package within R was used to formulate the 
nomogram according to LODDS and other independent 
prognostic factors from the multivariate analysis. Consistent 
with previous studies, C-index, ROC curves, and calibration 
curves were used to evaluate the nomogram (18).

Result

Clinicopathological characteristics of patients

In total, 1,173 eligible patients with surgically resected 
pCCA from 2004 to 2016 were included in the study as 
the initial cohort. From the initial cohort, patients were 
then separated into a modeling cohort and an internal 
verification cohort, with 881 and 292 patients respectively. 
The clinical and pathological characteristics of patients 
are listed in Table 1. No significant differences were found 
between the two cohorts in regards to clinical characteristics 
and treatment methods. Patients over 65 years old were 
considered elderly, with 716 patients older than 65 years old 
(61.0%) and 457 patients younger than 65 years old (39.0%). 
Overall, 717 (61.1%) patients were male, and the most 
common race was white (896, 76.4%). The most common 
tumor grade was moderately differentiated (617, 52.6%), 
followed by poorly differentiated (380, 32.4%). According 
to the AJCC TNM cancer staging system, the majority of 

https://cdn.amegroups.cn/static/public/ATM-20-3130-supplementary.pdf


Li and Song. Nomogram for patients with surgically resected pCCA

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(1):54 | http://dx.doi.org/10.21037/atm-20-3130

Page 4 of 13

Table 1 Clinical and pathological features of patients with surgically resected pCCA

Variables Variable level Total number Training set (n=881), n (%) Validation set (n=292), n (%) P value

Age <65 457 343 (38.9) 114 (39.0) 0.974

≥65 716 538 (61.1) 178 (61.0)

Race White 896 672 (76.3) 224 (76.7) 0.767

Black 92 67 (7.6) 25 (8.6)

Other 185 142 (16.1) 43 (14.7)

Sex Male 717 537 (61.0) 180 (61.6) 0.834

Female 456 344 (39.0) 112 (38.4)

Histology Adenocarcinoma, CCA 1,006 753 (85.5) 253 (86.6) 0.619

Other 167 128 (14.5) 39 (13.4)

Grade Well, I 160 113 (12.8) 47 (16.1) 0.522

Moderately, II 617 467 (53.0) 150 (51.4)

Poorly, III 380 288 (32.7) 92 (31.5)

Undifferentiated, IV 16 13 (1.5) 3 (1.0)

AJCC T 6th stage T1 144 105 (11.9) 39 (13.4) 0.628

T2 352 273 (31.0) 79 (27.1)

T3 510 380 (43.1) 130 (44.5)

T4 167 123 (14) 44 (15.1)

AJCC M 8th stage M0 1,130 847 (96.1) 283 (96.9) 0.540

M1 43 34 (3.9) 9 (3.1)

AJCC N 7th stage N0 625 473 (53.7) 152 (52.1) 0.873

N1 526 392 (44.5) 134 (45.9)

N2 22 16 (1.8) 6 (2.1)

AJCC N 8th stage N0 625 473 (53.7) 152 (52.1) 0.619

N1 404 297 (33.7) 107 (36.6)

N2 144 111 (12.6) 33 (11.3)

LODDS LODDS1 546 414 (47.0) 132 (45.2) 0.864

LODDS2 378 281 (31.9) 97 (33.2)

LODDS3 249 186 (21.1) 63 (21.6)

LNR LNR1 670 508 (57.7) 162 (55.5) 0.770

LNR2 238 178 (20.2) 60 (20.5)

LNR3 265 195 (22.1) 70 (24.0)

Radiation Yes 368 288 (32.7) 80 (27.4) 0.091

None/unknown 805 593 (67.3) 212 (72.6)

Chemotherapy Yes 527 406 (46.1) 121 (41.4) 0.167

None/unknown 646 475 (53.9) 171 (58.6)

Tumor size (cm) <1.7 643 480 (54.5) 163 (55.8) 0.914

1.7–3.3 270 205 (23.3) 65 (22.3)

≥3.3 260 196 (22.2) 64 (21.9)

pCCA, perihilar cholangiocarcinoma; CCA, cholangiocarcinoma; AJCC, American Joint Committee on Cancer; TNM, tumor-node-
metastasis; LODDS, log odds of positive lymph nodes; LNR, lymph node ratio.
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patients were classified as T3 (510, 43.5%) and M0 (1,130, 
96.3%). For tumor size, 643 (54.8%) patients had a tumor 
size smaller than 1.7 cm, and 270 (23.0%) patients and 260 
(22.2%) patients had a tumor size of 1.7–2.3 and ≥3.3 cm, 
respectively.

Comparing different N stages in the prognosis of pCCA 
patients after surgical resection

In total, the median follow-up time was 19 (range: 0–155) 
months and the median OS was 23 months (95% CI: 
20.98–25.02). In the training set, the univariate analysis 
showed that age, grade, histology, tumor size, T stage, M 
stage, radiation, chemotherapy, AJCC 7th and 8th edition 
N stage, LODDS, and LNR were significantly correlated 
with OS (P<0.05) (Table 2). Among the 1,173 patients, 
548 (46.7%) patients had LN metastasis. According to the 
7th and 8th edition AJCC N staging system, 526 (44.8%) 
patients and 404 (34.4%) patients were N1, respectively, 

while 22 (1.9%) patients and 144 (12.3%) patients were 
N2, respectively; LNR and LODDS accounted for 546 
(46.5%), 378 (32.2%), 249 (21.2%), 670 (57.1%), 238 
(20.3%), and 265 (22.6%) patients from level 1 to 3, 
respectively. Through Kaplan-Meier survival analysis, we 
concluded that the four different LN metastasis stages 
were statistically significant for OS in their respective 
strata (Figure 2). The C-indexes for the AJCC 7th and 
8th edition N stages, and LODDS and LNR were 0.598, 
0.599, 0.616, and 0.608, respectively. The AIC values 
of the four N stages were 7394, 7381, 7375, and 7381, 
respectively. The AUC values of the ROC curve of the 
four N stages for 3-year OS were 0.661, 0.674, 0.691, and 
0.671, respectively. The AUC values of the ROC curve of 
the four N stages for 5-year OS were 0.651, 0.660, 0.675, 
and 0.655, respectively (Table 3). LODDS was found to be 
the optimal staging system in all three evaluation modes, 
and was therefore considered to be the best LN staging 
system for evaluating prognosis in pCCA patients.

Table 2 Univariate cox regression analysis of OS for patients with surgically resected pCCA in the training cohort

Characteristics
Univariate analysis

HR 95% CI P value

Age (year) <0.001***

<65 Reference

≥65 1.365 1.157–1.610 <0.001***

Race 0.598

White Reference

Black 0.564

Other 0.386

Sex 0.502

Male Reference

Female 0.502

Histology 0.014*

Adenocarcinoma and CCA Reference

Other 0.744 0.587–0.942 0.014*

Grade 0.011*

I Reference

II 1.024 0.794–1.321 0.854

III 1.352 1.037–1.762 0.026*

IV 0.934 0.43–2.029 0.863

Table 2 (continued)
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Table 2 (continued)

Characteristics
Univariate analysis

HR 95% CI P value

AJCC T 6th stage <0.001***

T1 Reference

T2 1.839 1.364–2.479 <0.001***

T3 2.038 1.526–2.723 <0.001***

T4 2.849 2.054–3.953 <0.001***

AJCC M 8th stage 0.005**

M0 Reference

M1 1.713 1.179–2.489 0.005**

AJCC N 7th stage <0.001***

N0 Reference

N1 2.054 1.746–2.415 <0.001***

N2 1.941 1.109–3.387 0.020*

AJCC N 8th stage <0.001***

N0 Reference

N1 1.844 1.55–2.194 <0.001***

N2 2.921 2.3–3.71 <0.001***

LODDS <0.001***

LODDS1 Reference

LODDS2 1.826 1.518–2.198 <0.001***

LODDS3 2.683 2.19–3.289 <0.001***

LNR <0.001***

LNR1 Reference

LNR2 1.871 1.532–2.285 <0.001***

LNR3 2.443 2.017–2.96 <0.001***

Radiation 0.001**

Yes Reference

No/unknown 1.35 1.136–1.604 0.001**

Chemotherapy 0.004**

Yes Reference

No/unknown 1.262 1.075–1.481 0.004**

Tumor size (cm) <0.001***

<1.7 Reference

1.7–3.3 1.277 1.05–1.553 0.014

≥3.3 1.482 1.217–1.805 <0.001***

*, P<0.05; **, P<0.01; ***, P<0.001. OS, overall survival; pCCA, perihilar cholangiocarcinoma; HR, hazard ratio; CI, confidence interval; 
CCA, cholangiocarcinoma; AJCC, American Joint Committee on Cancer; TNM, tumor-node-metastasis; LODDS, log odds of positive 
lymph nodes; LNR, lymph node ratio.
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Table 3 Comparison of the prognostic efficacy of four LN staging systems

System C-index AIC
AUC

3-year survival 5-year survival

LODDS 0.616 7,375 0.691 0.675

LNR 0.608 7,381 0.671 0.655

AJCC 7th N stage 0.598 7,394 0.661 0.651

AJCC 8th N stage 0.599 7,381 0.674 0.660

LN, lymph node; AIC, Akaike information criterion; AUC, area under the ROC curve; LODDS, log odds of positive lymph nodes; LNR, 
lymph node ratio; AJCC, American Joint Committee on Cancer.

Constructing prognostic nomograms for OS

The prognostic nomogram was constructed using LODDS 
and other independent survival predictors obtained from 
the results of the multivariate analysis (Table 4, Figure 3). 
The training cohort was used to construct the nomogram 
which describes the 1-, 3-, and 5-year OS rates. The C-index 
for OS prediction was 0.665 (95% CI: 0.628–0.687). The 
ROC curves for the nomogram-predicted OS at 1, 3, and  

5 years are depicted in Figure 4. AUC values in the training 
cohort were 0.724, 0.719, and 0.710, respectively.

The results of internal verification showed that the 
C-index of the nomogram-predicted survival for surgically 
resected pCCA was 0.650 (95% CI: 0.607–0.693). The 
calibration curves showed that the above prediction model 
can accurately predict the 1-, 3-, and 5-year survival 
probability of pCCA in both the training cohort and 

Figure 2 Kaplan-Meier curves stratified by four different N staging systems. (A) LODDS system, (B) LNR system, (C) AJCC 8th N stage, (D) 
AJCC 7th N stage. LODDS, log odds of positive lymph nodes; LNR, lymph node ratio; AJCC, American Joint Committee on Cancer; OS, 
overall survival.
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Table 4 Multivariate cox regression analysis of OS for patients with surgically resected pCCA in the training cohort

Characteristics
Univariate analysis

HR 95% CI P value

Age (year) 0.001**

<65 Reference

≥65 1.323 1.115–1.57 0.001**

Histology 0.119

Adenocarcinoma and CCA Reference

Other 0.119

Grade 0.204

I Reference

II 0.167

III 0.038

IV 0.442

AJCC 6th T stage <0.001***

T1 Reference

T2 1.609 1.183–2.187 <0.001***

T3 1.685 1.251–2.271 <0.001***

T4 1.908 1.348–2.7 <0.001***

AJCC 8th M stage 0.664

M0 Reference

M1 0.664

LODDS <0.001***

LODDS1 Reference

LODDS2 1.709 1.41–2.071 <0.001***

LODDS3 2.668 2.136–3.333 <0.001***

Radiation 0.019*

Yes Reference

No/unknown 1.29 1.044–1.594 0.019*

Chemotherapy 0.008**

Yes Reference

No/unknown 1.29 1.044–1.594 0.008**

Tumor size (cm) 0.028*

<1.7 Reference

1.7–3.3 1.09 0.893–1.33 0.398

≥3.3 1.326 1.082–1.624 0.006**

*, P<0.05; **, P<0.01; ***, P<0.001. OS, overall survival; pCCA, perihilar cholangiocarcinoma; HR, hazard ratio; CI, confidence interval; 
CCA, cholangiocarcinoma; AJCC, American Joint Committee on Cancer; TNM, tumor-node-metastasis; LODDS, log odds of positive 
lymph nodes.



Annals of Translational Medicine, Vol 9, No 1 January 2021 Page 9 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(1):54 | http://dx.doi.org/10.21037/atm-20-3130

Figure 3 Nomogram for predicting the OS of patients with surgically resected pCCA. OS, overall survival; pCCA, perihilar 
cholangiocarcinoma; LODDS, log odds of positive lymph nodes.
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internal validation cohort (Figure 5). In the validation 
cohort, the AUC values of the ROC curve for 1-, 3-, and 
5-year OS were 0.693, 0.718, and 0.734, respectively.

Discussion

PCCA accounts for the majority of CCA cases, and surgical 
resection is the most effective method for improving the OS 
of patients (7,24). Along with the depth of invasion, tumor 
size, and pathological stage, LN metastasis is considered to 
be a critical factor affecting the prognosis of cancer patients, 
including pCCA patients (7,14,24,25). Accurate methods 
for linking LN dissection and patient prognosis have 
remained elusive. The LN staging system provided by the 
AJCC 7th edition N stage has been widely used to evaluate 
LN metastasis and the prognosis of patients (9). In the 7th 
edition, it is divided into three stages between N0 and N2 
according to the presence and location of LN metastasis: 
N0 is for no LN metastasis; N1 is for regional LN metastases 
(including in the common bile duct, cystic duct, hepatic 
artery, and portal vein); and N2 is for metastasis around the 
abdominal aorta, the vena cava, superior mesenteric artery, 
and abdominal LNs (9).

With the advance of clinical research, several studies 
have emerged suggesting that considering the location of 
metastasis often ignores the impact of the number of LN 
metastases (NLNM) on the degree of LN metastasis (26).  
The AJCC 8th edition LN staging system confirmed this 
view (10). The 8th edition LN staging system is based 
on the NLNM: N0, non-PLNs; N1, 1 to 3 LNs; N2, 4 
or more LNs (10). However, the efficacy of evaluations 
using the AJCC 8th edition LN staging system remains 
to be verified. In addition to the AJCC 8th edition staging 
system, there are two other unique evaluation systems 
used clinically: LNR and LODDS. LNR is calculated as 
follows: amount of PLNs/amount of resected LNs (14,15). 
Meanwhile, LODDS is defined as the log of the ratio 
between the number of positive nodes and the number of 
negative nodes (11). Different from the AJCC 8th edition 
staging system, LNR and LODDS also consider the effect 
of the total amount of LNs removed during surgery on the 
amount of PLNs, standardized and converted to NMLN. 
LNR has its limitations, as all surgically resected LNs 
are considered positive. For example, whether there is 1 
PLN or more than 10 PLNs, the LNR value is always 1. 
Many studies have also questioned the application of LNR 
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Figure 4 AUC values and ROC curves of the nomogram for the predicted 1-, 3-, and 5-year OS rates for the training cohort (A,B,C) and 
the internal validation cohort (D,E,F). The X-axis represents the nomogram-predicted OS probability. AUC, area under the curve; ROC, 
receiver operating characteristic; OS, overall survival.

when all resections are positive, which makes it difficult to 
describe the LN metastasis in this situation (11,12). These 
limitations contributed to the creation of the LODDS 
evaluation system. In evaluating LN metastasis, LODDS 
uses a base number and negative LNs as the denominator, 
and thus there is a 10-fold difference between 1 positive and 
10 PLNs before log changes are made. This means that the 
LODDS system can be used in situations that cannot be 
determined by the LNR method. As we can see, different 
LN staging systems have advantages and disadvantages, and 
some controversy remains over which LN staging system is 
the most effective (12,15,26,27).

In the present study, we developed a novel method 
to evaluate the efficacy of four LN staging systems that 
predict the OS of patients with surgically resected pCCA: 
the AJCC 7th and 8th edition N staging, LODDS, and 
LNR. The cutoff values for LODDS and LNR were 
obtained by automatic fitting using X-tile software (23). 
This software, developed by Yale University, can provide 
accurate cutoffs for index stratification, and has been 

applied in the index stratification for evaluation systems of 
different diseases (18,28,29). First, through using Kaplan-
Meier survival analysis and univariate cox regression 
analysis, we demonstrated that all four LN staging systems 
were correlated with OS in patients with surgically 
resected pCCA (P<0.05). After calculating C-indexes, 
AIC values and AUC values, we found LODDS to have 
the best prognostic evaluation results of the different 
evaluation systems. This is consistent with the results of 
previous studies (11,27). For example, Xiao et al. (11) used 
SEER data from 1,321 patients with surgically resected 
gallbladder cancer to determine that LODDS had better 
OS predictive accuracy than other LN staging systems, 
like LNR. Furthermore, using data from 118 patients 
with pCCA, Conci et al. (27) demonstrated that LODDS 
was the most effective staging system compared to other 
LN staging systems. Along with other independent 
prognostic factors, we then established a nomogram 
based on LODDS for the prediction of prognosis in 
patients with surgically resected pCCA. We then used the 
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Figure 5 Calibration graphs of the nomogram for the predicted 1-, 3-, and 5-year OS rates for the training cohort (A,B,C) and the internal 
validation cohort (D,E,F). The X-axis represents the nomogram-predicted OS probability. The Y-axis represents the actually observed OS 
probability. Diagonal lines represent the ideal nomogram reference. Striped dots represent the nomogram-predicted probability with the 
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C-index, calibration curves, and ROC curves of an internal 
verification cohort to confirm that our nomogram could 
accurately evaluate the prognosis of patients with pCCA. 
Therefore, to the best of our knowledge, our study is the 
first population-based, SEER-based study that compares 
different LN staging systems for patients with surgically 
resected pCCA.

We acknowledge several limitations in this study. Firstly, 
this study used retrospective data from the SEER database, 
which might have lead to selection bias. Secondly, although 
we used a large sample of data from the SEER database 
for comparison and modeling, we utilized an internal 
verification cohort to develop the nomogram. Validation 
using other external data should be performed to provide 
further evidence of predictive accuracy. Thirdly, we were 
unable to obtain data concerning the AJCC 7th edition 
T stage from the SEER database between 2004 to 2009. 
Evaluation of the infiltration depth in our nomogram was 
based on the AJCC 6th edition, which might have reduced 
the model’s predictive accuracy. In future studies, further 
verification of the effectiveness of LODDS in clinical 
prognostic evaluations is needed through prospective 
studies, along with use of more detailed pathological 
information.

In conclusion, for patients with surgically resected 
pCCA, LODDS was determined to be the most effective 
LN staging system. Our nomogram, based on LODDS, is 
an accurate and convenient method for the assessment of 
prognosis in patients with pCCA.
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Figure S1 X-tile plots identifying the cut-off of tumor size (A,B,C), LNR (D,E,F), LODDS (G,H,I). LNR, lymph node ratio; LODDS, log 
odds of positive lymph nodes.
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