
Perihilar Cholangiocarcinoma: Number of Nodes Examined and 
Optimal Lymph Node Prognostic Scheme

Fabio Bagante, MD, Thuy Tran, MD, Gaya Spolverato, MD, Andrea Ruzzenente, MD, PhD, 
Stefan Buttner, BSc, Cecilia G Ethun, MD, Bas Groot Koerkamp, MD, PhD, Simone Conci, 
MD, Kamran Idrees, MD, FACS, Chelsea A Isom, MD, Ryan C Fields, MD, FACS, Bradley 
Krasnick, MD, Sharon M Weber, MD, FACS, Ahmed Salem, MD, Robert CG Martin, MD, 
FACS, Charles Scoggins, MD, FACS, Perry Shen, MD, FACS, Harveshp D Mogal, MD, Carl 
Schmidt, MD, FACS, Eliza Beal, MD, Ioannis Hatzaras, MD, FACS, Gerardo Vitiello, MD, Jan 
NM IJzermans, MD, PhD, Shishir K Maithel, MD, FACS, George Poultsides, MD, FACS, 
Alfredo Guglielmi, MD, and Timothy M Pawlik, MD, MPH, PhD, FACS
Division of Surgical Oncology, Department of Surgery, Johns Hopkins Hospital, Baltimore, MD 
(Bagante, Spolverato, Buttner, Pawlik), Department of Surgery, University of Verona, Verona, Italy 
(Bagante, Ruzzenente, Conci, Guglielmi), Department of Surgery, Stanford University Medical 
Center, Stanford, CA (Tran, Poultsides), Department of Surgery, Erasmus University, Rotterdam, 
the Netherlands (Buttner, Koerkamp, IJzermans), Division of Surgical Oncology, Department of 
Surgery, Winship Cancer Institute, Emory University, Atlanta, GA (Ethun, Maithel), Division of 
Surgical Oncology, Department of Surgery, Vanderbilt University Medical Center, Nashville, TN 
(Idrees, Isom), Department of Surgery, Washington University School of Medicine, St Louis, MO 
(Fields, Krasnick), Department of Surgery, University of Wisconsin School of Medicine and Public 
Health, Madison, WI (Weber, Salem), Division of Surgical Oncology, Department of Surgery, 
University of Louisville, Louisville, KY (Martin, Scoggins), Department of Surgery, Wake Forest 
University, Winston-Salem, NC (Shen, Mogal), Division of Surgical Oncology, The Ohio State 
University Comprehensive Cancer Center, Columbus, OH (Schmidt, Beal), and Department of 
Surgery, New York University, New York, NY (Hatzaras, Vitiello)

Abstract

BACKGROUND—The role of routine lymphadenectomy for perihilar cholangiocarcinoma is still 

controversial and no study has defined the minimum number of lymph nodes examined (TNLE). 
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We sought to assess the prognostic performance of American Joint Committee on Cancer/Union 

Internationale Contre le Cancer (7th edition) N stage, lymph node ratio, and log odds (LODDS; 

logarithm of the ratio between metastatic and nonmetastatic nodes) in patients with perihilar 

cholangiocarcinoma and identify the optimal TNLE to accurately stage patients.

METHODS—A multi-institutional database was queried to identify 437 patients who underwent 

hepatectomy for perihilar cholangiocarcinoma between 1995 and 2014. The prognostic abilities of 

the lymph node staging systems were assessed using the Harrell’s c-index. A Bayesian model was 

developed to identify the minimum TNLE.

RESULTS—One hundred and fifty-eight (36.2%) patients had lymph node metastasis. Median 

TNLE was 3 (interquartile range, 1 to 7). The LODDS had a slightly better prognostic 

performance than lymph node ratio and American Joint Committee on Cancer, in particular among 

patients with <4 TNLE (c-index = 0.568). For 2 TNLE, the Bayesian model showed a poor 

discriminatory ability to distinguish patients with favorable and poor prognosis. When TNLE was 

>2, the hazard ratio for N1 patients was statistically significant and the hazard ratio for N1 patients 

increased from 1.51 with 4 TNLE to 2.10 with 10 TNLE. Although the 5-year overall survival of 

N1 patients was only slightly affected by TNLE, the 5-year overall survival of N0 patients 

increased significantly with TNLE.

CONCLUSIONS—Perihilar cholangiocarcinoma patients undergoing radical resection should 

ideally have at least 4 lymph nodes harvested to be accurately staged. In addition, although 

LODDS performed better at determining prognosis among patients with <4 TNLE, both lymph 

node ratio and LODDS outperformed compared with American Joint Committee on Cancer N 

stage among patients with ≥4 TNLE.

Cholangiocarcinoma can arise from carcinomatous degeneration of the biliary ductal 

epithelium and, possibly, direct transdifferentiation of hepatocytes within the substance of 

the liver.1 Cholangiocarcinoma accounts for roughly 3% of all gastrointestinal tumors, 15% 

of hepatobiliary malignancies, and about 10% of liver tumors.2 Cholangiocarcinoma can be 

classified according to its anatomic location as intrahepatic, perihilar (PHCC), and distal 

tumors.3 Perihilar cholangiocarcinoma accounts for 60% to 70% of all 

cholangiocarcinoma4,5 and has an incidence of 1 to 2 per 100,000 individuals in the United 

States.6 Perihilar cholangiocarcinoma can be an aggressive malignancy with <50% of 

patients resectable at the time of diagnosis.7,8 In addition, even among patients who are 

resected, the 5-year overall survival (OS) after curative intent surgery ranges from only 20% 

to 42%.9 Long-term prognosis has been strongly correlated with lymph node (LN) status 

with 5-year survival <20% to 25% among patients who have metastatic disease in the 

LNs.10–12 When compared with other prognostic factors, such as margin status, grade of 

tumor differentiation, and carbohydrate antigen 19-9 serum level, the presence of metastatic 

LNs has been demonstrated to be one of the strongest predictors of poor prognosis.5,13–16

Traditionally, LN status has been categorized by the American Joint Committee on Cancer 

(AJCC) cancer staging system (7th edition) as absent (N0) vs present (N1/N2), as well as 

regional (N1) vs nonregional/periarotic/pericaval (N2).17 A few studies have evaluated the 

prognostic impact of lymph node ratio (LNR), defined as the ratio of number of metastatic 

LNs relative to the total number of LN examined (TNLE),18–20 as well as log odds of 
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metastatic lymph nodes (LODDS), defined as the natural logarithm of the ratio between 

metastatic and nonmetastatic LNs.21,22 Although TNLE has been recognized as an important 

variable for many diseases, including colon and pancreas,23 the expected or “appropriate” 

TNLE to be harvested at the time of surgery for PHCC remains poorly defined. Data from 

several high-volume institutions have found a wide variation in the TNLE with PHCC 

surgery. Specifically, the TNLE ranged from 3 nodes in a study from Memorial Sloan 

Kettering Cancer Center24 to 11 nodes in one large study from Japan.20

The TNLE has been proposed as an important quality metric for other types of 

surgery.23,25,26 In addition, TNLE can impact the likelihood of identifying metastatic LNs 

and have implications for accurately staging patients. Previous studies have failed to 

examine the impact of TNLE on the prognostic performance of AJCC (7th edition) N stage, 

LNR, and LODDS. In addition, the ideal number of LNs to examine to accurately stage 

patients with PHCC has yet to be defined. Therefore, the objective of the current study was 

to define the minimum TNLE needed to optimize the prognostic performance of the various 

LN staging systems for patients with PHCC. In addition, we sought to examine the 

prognostic impact not only of the number of nodes (ie TNLE), but also the location of 

disease in the relative different LN stations.

METHODS

Patient selection

Patients who underwent hepatectomy for PHCC between January 1, 1995 and December 31, 

2014 in 1 of 12 major hepatobiliary centers in the United States and Europe were identified 

(Johns Hopkins University, Baltimore, MD; Emory University, Atlanta, GA; Stanford 

University, Stanford, CA; University of Wisconsin, Milwaukee, WI; The Ohio State 

University, Columbus, OH; Washington University, St Louis, MO; Vanderbilt University, 

Nashville, TN; New York University, New York, NY; University of Louisville, Louisville, 

KY; Wake Forest University, Winston-Salem, NC; University of Verona, Verona, Italy, and 

University of Rotterdam, Rotterdam, The Netherlands). The IRBs of the participating 

institutions approved the study. Only patients with histological-ly confirmed PHCC who 

underwent a curative-intent tumor resection were included in the analysis. Details on the 

clinicopathologic patient characteristics collected for this study are reported in the Appendix 

(available online). In particular, the extent of lymphadenectomy, the number of LNs 

harvested, as well as number of nodes with metastatic disease, were recorded. Based on this 

information, data on LN status was categorized for comparative purposes into several 

different LN staging/scoring systems: 7th edition AJCC/Union Internationale Contre le 

Cancer N categories, LNR, and LODDS.27 The LODDS was defined as log of the ratio 

between the number of metastatic LNs relative to the number of nodes without metastasis.21 

In a subset of patients, information on nodal stations was available and was classified 

according to the classification of the Japanese Society of Hepato-Biliary-Pancreatic 

Surgery.28 In brief, group 1 nodes were classified as hepatoduodenal ligament nodes 

(stations 12); group 2 nodes were along the left gastric artery (station 7), along the common 

hepatic artery (station 8), and on the posterior aspect of the head of the pancreas (station 13); 
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and group 3 were nodes around the celiac artery (station 9), along the superior mesenteric 

artery (station 14), and periaortic area (station 16).

Statistical analyses

Continuous variables were summarized as median with interquartile range (IQR) and 

categorical variables were reported as whole numbers and percentages. The primary end 

point was OS, defined as the time interval between the date of surgery and the date of death. 

Time was censored at the date of last follow-up for all patients who were found to be alive. 

Survival curves were estimated using the Kaplan-Meier method and differences between 

curves were tested using the log-rank test. Statistically significant variables (p < 0.05) in the 

univariable analysis were analyzed using a multivariable Cox proportional hazard model. 

Using a backward elimination method (likelihood ratio test), variables were selected for 

inclusion in the final Cox model. The coefficients from the Cox models were subsequently 

reported as hazard ratio (HR) and corresponding 95% CI. Additionally, 3 separate models 

were built to explore the role of different variables used to stage nodal status: in model 1, 

AJCC N staging system vs model 2 LNR vs model 3 LODDS. The LNR and LODDS were 

analyzed according to established cutoff values based on previous data from studies that had 

examined LODDS for other types of cancers.29–31 A Bayesian model was developed to 

analyze the hypothesis that the number of harvested nodes influenced the survival of patients 

with (N1) and without (N0) metastatic nodes (Appendix; available online). The results of the 

Bayesian model were presented as overall survival proportion, as well as HR with associated 

95% credible interval (CrI). A p value <0.05 was considered to be statistically significant. 

For statistical analyses, OpenBugs (2011), and R CRAN software (version 3.2.2, 2015) with 

the packages “survival,” “Hmisc,” and “R2OpenBUGS” were used.

RESULTS

Patient- and disease-specific characteristics

A total of 437 patients who underwent surgery for PHCC and met inclusion criteria were 

identified from the multi-institutional international database (Table 1; Appendix; available 

online). Of note, 158 (36.2%) patients had LN metastasis. Median number of LNs harvested 

was 3 (IQR 1 to 7 LNs). Only 1 to 3 LNs were harvested in 162 (44.3%) patients, 4 to 10 

LNs in 130 (35.5%), and >10 LNs in 74 (20.2%) patients. Median LNR and LODDS were 0 

(IQR, 0 to 0.25) and −1.47 (IQR −2.20 to −0.87), respectively. Of note, the 1-, 3-, and 5-year 

OS rates of N0 patients were 80.2% (95% CI, 74.8–86.0), 44.8% (95% CI, 37.9–53.0), and 

22.4% (95% CI, 16.5–30.4), respectively, vs 62.9% (95% CI, 55.5–71.2), 25.4% (95% CI, 

18.8–34.4), and 15.4% (95% CI, 9.9–23.9) for N1 patients (p < 0.001, Fig. 1). The N1 

disease translated into a roughly 50% increased risk of death (HR = 1.55; 95% CI, 1.21–

1.98; p < 0.001). In addition, N1 patients with 1 to 3 metastatic LNs had a 5-year OS rate of 

18.6% (95% CI, 12.1–28.6) vs 11.1% (95% CI, 3.2–39.1) for N1 patients with >3 metastatic 

LNs (p = 0.022).

Performance of the lymph node ratio and log odds of metastatic lymph nodes

Initial performances of AJCC N staging, LNR, and LODDS were evaluated to examine the 

impact of TNLE on the discriminatory ability to predict prognosis. The 5-year OS rates, 
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according to the previously proposed LNR categories were LNR 0: 22.4%, LNR 0.01 to 

0.25: 20.7%, LNR 0.26 to 0.50: 13.7%, and LNR >0.50: 10.1%. The 5-year OS rates of the 

different LODDS categories were LODDS less than −2: 25.7%, LODDS −1.99 to −0.9: 

19.2%, LODDS −0.89 to 1.5: 14.0%, and LODDS >1.5: 8.6%. When assessed using the 

established categorical cutoff values, LODDS (c-index = 0.586) had a slightly better 

prognostic performance than both the AJCC N staging (c-index = 0.561) and LNR (c-index 

= 0.575) staging systems. When stratified by TNLE (<4 vs ≥4 LN), LODDS performed 

better among patients who had <4 TNLE (c-index = 0.568) compared with AJCC N staging 

(c-index = 0.543) or LNR (c-index = 0.553). In contrast, among patients with ≥4 TNLE, 

LNR (c-index = 0.605) and LODDS (c-index = 0.613) performed similarly, yet better than 

AJCC N staging (c-index = 0.580).

Examining each scoring system as continuous variables was then performed to further assess 

the discriminatory ability of LNR and LODDS. The LODDS (c-index = 0.588) had more 

discriminatory power than either AJCC N staging (c-index = 0.543) or LNR (c-index = 

0.577). When stratified by TNLE, LODDS (c-index = 0.572) as a continuous prognostic 

factor was better than both AJCC N staging (c-index = 0.543) and LNR (c-index = 0.553) 

among patients with low TNLE (<4 LN). However, among patients with ≥4 LNs examined, 

LODDS (c-index = 0.615) and LNR (c-index = 0.616) again had a similar prognostic 

performance, yet better than the AJCC N staging (AJCC, c-index = 0.543).

The prognostic ability of AJCC N stage, LNR, and LODDS were then tested in 3 different 

multivariable models to adjust for the possible confounding effect of other prognostic factors 

(Table 2). Both carbohydrate antigen 19-9 and AJCC T stage were confirmed as independent 

predictors of OS in all 3 models. In multivariable analysis, LODDS demonstrated the best 

ability to stratify patient prognosis according to nodal status (AJCC N c-index = 0.626 vs 

LNR c-index = 0.630 vs LODD c-index = 0.640). Interestingly, on multivariable analysis, 

patients who were classified as Nx and N1 had a similar risk of death.

Bayesian model determining the minimum number of harvested node to stage patients

To further investigate the prognostic role of nodal status among patients undergoing liver 

resection for PHCC, a Bayesian Weibull model was developed. The model was built to 

compare the survival of patients without (N0) and with (N1) LNs metastasis discretized by 

the TNLE to identify the minimum TNLE to optimally stage patients with PHCC (Fig. 2 and 

Table 3). Among patients who had only 2 LNs examined, the HR (95% CrI) included the 

reference line for statistical significance, demonstrating a poor discriminatory ability to 

distinguish among patients with a favorable vs poor prognosis. For example, among patients 

who had only 2 LNs examined, 5-year OS rate for N0 patients was 23.9% (95% CrI, 17.9–

30.7) vs 16.1% (95% CrI, 9.3–24.0) for N1 patients. In contrast, among patients with TNLE 

>2, the HR for N1 patients was above the reference line. In addition, the prognostic 

discriminatory of nodal status increased as the TNLE increased. For example, 5-year OS 

rates among N0 patients improved as the TNLE increased (TNLE 2: 23.9% vs TNLE 4: 

26.9% vs TNLE 6: 29.9% vs TNLE 10: 36.2%). In contrast, 5-year OS rates among N1 

patients were only slightly affected by the number of TNLE (TNLE 2: 16.1% vs TNLE 4: 

15.0% vs TNLE 6: 14.0% vs TNLE 10: 12.2%). Among patients with N1 disease, the 
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corresponding HR associated with OS was 1.51 (95% CI, 1.13–2.02) among patients who 

had 4 TNLE vs 2.10 (95% CI, 1.47–3.15) among patients who had 10 TNLE. The 5-year OS 

for N0 with <4 TNLE vs N0 with ≥4 TNLE was 19.7% (95% CI, 13.0–29.9) and 26.2% 

(95% CI, 16.7–41.1), respectively (p = 0.08). In addition, increasing the TNLE, the rate of 

metastatic LNs was statistically different, ranging from 27.8% when the TNLE was 1 to 3, to 

51.5% when the TNLE was 4 to 10, and to 62.2% when the TNLN was >10 (both p < 0.001; 

Fig. 3). Interestingly, the proportion of metastatic LNs was not different when ≥4 or >10 

nodes were harvested (p = 0.15).

Lymph node stations

A total of 107 patients had detailed data on LNs stations; the distribution and the incidence 

of metastatic LNs were examined relative to the various nodal stations (Table 4). In the 

overwhelming majority of patients (n = 100 [93.5%]), LNs from group 1 (stations 12) were 

removed. In this group of patients, median TNLE was 5 (IQR 3 to 8); 40 (40.0%) patients 

had LN metastasis. Of note, station 12a (63.6%) and 12p (52.3%) were the areas from which 

LNs were most commonly removed; the incidence of metastatic disease in these basins was 

relatively comparable (station 12h: 34.0%, 12a: 32.4%, 12p: 35.7%, and 12b: 27.1%). Group 

2 stations 1, 7, 8, and 13 were examined in 63 (58.9%) patients; the median TNLE from 

these stations was 3 (IQR 2 to 7) and 26 (41.3%) patients had metastatic LNs. The incidence 

of metastatic LNs in stations 7, 8, and 13 (ranging between 31.3% and 50.0%) was 

comparable with stations 12 (ranging between 27.1% and 35.7%). Specifically, 6 (35.3%) 

patients had metastatic nodes in station 7, 15 (31.3%) in station 8, and 15 (50.0%) in station 

13. Group 3 stations (9, 14, and 16) were examined in only 23 (21.5%) patients with a 

median TNLE of 3 (IQR 1 to 6); 5 (21.7%) patients had LN metastasis in this cohort. The 

incidence of metastatic disease ranged from 14.3% in station 9 to 20.0% in station 14.

DISCUSSION

First described by Gerald Klatskin in 1965, PHCC is a challenging disease that often 

requires a complex treatment approach, including surgical resection, yet PHCC is generally 

associated with poor long-term outcomes.3 A wide range of factors predict prognosis after 

surgery for patients with PHCC, including positive surgical margins, advanced T stage, 

perineural and perivascular invasion, and poor tumor differentiation.3 In addition to these 

clinicopathologic variables, LN status is one of the most influential and well-established 

independent predictors of long-term survival.5,13,14,32–35 Despite this, the role of LN 

dissection during surgery for PHCC is controversial and the “ideal” TNLE remains poorly 

defined. Previous studies have demonstrated that an insufficient number of nodes harvested/

examined at the time of surgery for other types of gastrointestinal tumors can lead to 

underestimation of tumor stage.36–41 For this reason, a minimum number of nodes to be 

examined has been established for diseases such as gastric, colon, and pancreatic 

cancer.36–42 In fact, a minimal TNLE has been proposed as a quality metric for colon cancer 

and adjuvant therapy can be delivered based on an inadequate TNLE.43 In contrast, the 

minimum number of LNs to be examined for PHCC has not been determined. The current 

study is important because it used a large cohort of patients with PHCC from 12 different 

major hepatobiliary centers. As such, we were able to define the practice patterns for 
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lymphadenectomy and TNLE from a wide range of representative high-volume centers. 

Perhaps more importantly, we examined the prognostic discriminatory power of several 

different LN staging systems. Rather than AJCC N system, LODDS and LNR were noted to 

perform better in predicting long-term survival of patients with PHCC. In particular, 

LODDS performed best among those patients with fewer TNLE (<4 LN). These data 

emphasize that the need for logarithmic adjustment likely depends on the number of nodes 

examined—with a greater need to use LODDS among those patients who had fewer LNs 

examined (<4 nodes). In addition, using a Bayesian Weibull model to directly compare the 

survival of patients with and without metastatic LN disease, we noted that at least 4 nodes 

were required to stage accurately patients undergoing surgery for PHCC (Table 3).

The TNLE associated with surgery for PHCC varies considerably. In one study from 

Memorial Sloan Kettering Cancer Center of 144 patients,24 median number of LNs 

harvested during surgery was 3 (range 0 to 16 LNs), and in an Italian cohort of 53 patients, 

median TLNE was 7 (range 1 to 25).44 In contrast, several series from East-Asian centers 

have reported considerably higher TNLE. For example, in 2 different reports from 

Japan,13,20 median TNLE was 11 in a series of 320 patients and, amazingly, in a separate 

series of 110 patients undergoing surgery for PHCC, the median TNLE was 24.12,19 The 

current study consisted of 437 patients with PHCC with a median TNLE of 3 (IQR 1 to 7), 

which was similar to other published experiences from Western centers.18,45 Specifically, we 

noted that 117 (26.8%) patients had only 1 to 2 LNs examined, 64 (14.6%) had 3 to 4 LNs, 

and 185 (42.3%) patients had ≥4 LNs examined. Consistent with previous data,5,46,47 the 

incidence of LN metastasis was 36.2%. Perhaps not surprisingly, the incidence of finding 

LN metastasis increased as the number of TNLE increased (Fig. 3).

On multivariable analyses, several factors were associated with long-term prognosis, yet LN 

metastasis remained among the most powerful independent predictors of worse outcomes. In 

addition, a difference in survival was observed between patients with 1 to 3 metastatic LN vs 

>3.20 Unlike most previous studies, we investigated nodal status using not only the AJCC 

staging system, but also LNR and LODDS. Of note, LNR and LODDS both performed 

better than the AJCC N staging when assessed using both the established categorical cutoff 

values and as continuous values. When nodal status was investigated considering the number 

of LNs harvested, the prognostic power of LNR and LODDS varied. Specifically, LNR 

performed best among patients who had a larger TNLE; in contrast, among patients who had 

only a few TNLE, LODDS had the highest prognostic discriminatory power (Table 2). 

Previously, our group had suggested that LODDS might be the optimal manner to stratify 

the prognosis of patients with intrahepatic or gallbladder cancer.29–31 Although LNR is 

directly correlated with TNLE and number of metastatic LNs, LODDS represents the natural 

logarithmic transformation of LNs. For this reason, LODDS can better discriminate patients 

who might have similar LNR, but intuitively very different long-term prognoses (eg TNLE 

1/number of metastatic LN 1 vs TNLE 6/number of metastatic LN 6). As such, although 

LNR might perform well in patients with high TNLE, the use of LODDS might be 

particularly relevant in surgical patients undergoing lymphadenectomy traditionally 

associated with a low TNLE yield.29–31
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The ideal TNLE for patients undergoing surgery for PHCC has been a matter of some 

debate. Although investigators from Memorial Sloan Kettering Cancer Center have 

estimated the optimal TLNE to be 7, other investigators have suggested that the number of 

LNs to be examined for PHCC should be 5.20 The current study is unique in that we were 

the first to use more advance statistical modeling, using a Bayesian Weibull model in an 

attempt to define the optimal TNLE for PHCC. We noted that at least 4 nodes were required 

to accurately stage patients undergoing surgery for PHCC (Table 3). Interestingly, although 

5-year OS of N1 patients was only slightly affected by the TNLE, the TNLE markedly 

impacted the OS of N0 patients. Specifically, when <4 LNs were harvested, there was a 

higher risk of a false negative (ie classification as N0 when really N1). These results from 

the Bayesian model were confirmed by the finding that the 5-year OS rate of N0 <4 TNLE 

patients (19.7%) tended to be worse compared with the 5-year OS rate of N0 ≥4 TNLE 

patients (26.2%; p = 0.08). The incidence of metastatic LNs was about doubled when we 

compared TNLE <4 to ≥4, and the incidence of metastatic LNs was similar when comparing 

TNLE 4 to 10 vs TNLE >10 (Fig. 3).

Another strength of the current study was the evaluation of LN metastasis according to the 

various nodal stations as classified by the Japanese Society of Hepato-Biliary-Pancreatic 

Surgery.28 Group 1 nodes (station 12) were the most frequently retrieved and examined, 

consistent with data reported by Guglielmi and colleagues44 in a series of 145 patients with 

ICC or PHCC. Of note, in about two-thirds of patients, the lymphadenectomy extended to 

the group 2 basin, nodes along the left gastric artery (station 7), the common hepatic artery 

(station 8), and posterior aspect of the head of the pancreas (station 13). Interestingly, among 

the 26 patients with metastatic nodes in group 2, eleven (42.3%) patients did not have any 

metastatic nodes in the examined group 1 nodes. Although the incidence of nodal metastasis 

was comparable in groups 1 and 2, the incidence of metastatic nodes in group 3 (nodes 

around the celiac artery, along the superior mesenteric artery, and periaortic) was lower, at 

about 20%. The incidence of nodal disease in basin 3 among the current cohort was 

comparable with that published in a different group of PHCC patients by Kitagawa and 

colleagues.13 We also found that every patient who had metastatic disease in the group 3 

basin also had metastatic LNs found in either group 1 or 2 basins. As such, we believe that 

extirpation of both group 1 and group 2 LNs should be considered as standard 

lymphadenectomy for patients with PHCC.

Our study had several limitations that should be considered when interpreting the results. As 

with all retrospective studies, there might have been a selection bias with the diagnosis and 

treatment of patients with PHCC. Although the multicenter nature of the study is a 

considerable strength that conferred a larger sample size and more generalizability, it also 

led to some variability in surgical and treatment approaches. Finally, although LODDS 

cannot be empirically calculated at the bedside due to the need for the logarithmic 

computation, online calculators are becoming increasingly available to calculate LODDS.

CONCLUSIONS

The LODDS and LNR were both better predictors of survival after curative intent resection 

of PHCC than the AJCC nodal staging. In addition, although LODDS performed better at 
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determining prognosis among patients with <4 LN, both LNR and LODDS outperformed 

AJCC N stage among patients with ≥4 LN examined. Our data strongly suggest that patients 

with PHCC undergoing radical resection should ideally have at least 4 LNs harvested. 

Lymph nodes from the hepatoduodenal ligament (stations 12), stations 7 (along left gastric 

artery), 8 (along the hepatic artery), and 13 (on the posterior aspect of the head of the 

pancreas) should be removed given the high risk of metastatic nodes in these stations and the 

possibility that metastatic nodes might skip stations 12.

Abbreviations and Acronyms

AJCC American Joint Committee on Cancer

CrI credible interval

HR hazard ratio

IQR interquartile range

LN lymph node

LNR lymph node ratio

LODDS log odds of metastatic lymph nodes

OS overall survival

PHCC perihilar cholangiocarcinoma

TNLE total number of lymph nodes examined
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APPENDIX MATERIAL AND METHODS

Standard data on demographic, clinicopathologic, tumor, and therapy-related variables were 

collected. In particular, American Society of Anesthesiologists score, carbohydrate antigen 

19-9 levels, presence of jaundice or ascites, and preoperative placement of biliary drainage 

or stent were recorded. Data on tumor-specific factors, such as tumor size, margin status, 

tumor type based on the Bismuth-Corlette classification, as well as tumor stage according to 

seventh edition of the American Joint Committee on Cancer (AJCC) staging system were 

obtained. Tumor grade was categorized as G1 to G2 vs G3 to G4 based on the grade of 

differentiation. Data on treatment-related variables, such as portal vein embolization, type of 

surgery, portal vein or hepatic artery resection, and radiation, or chemotherapy was recorded. 

In addition, information on receipt of lymphadenectomy was also collected. Data on short- 

and long-term outcomes, including intraoperative estimated blood loss, complications, as 

well as length of hospital stay, date of last follow-up, and vital status were also collected.

Bayesian model

A Bayesian framework was used to analyze the effects of the number of harvested and 

metastatic nodes on survival. Bayesians model are characterized by their ability of 

combining noninformative earlier distributions with clinical data to obtain posterior 

distributions from which probability statements can be made about all model parameters.

The survival distribution was assumed to be Weibull:

where ti is the failure time of the ith individual with covariate vector xi, β is a vector of 

unknown regression coefficients, and ρ the shape parameter of the Weibull distribution 

expressing the shape of the hazard function.

Defining μ = e−βi*xi gives the parameterization

For censored observations, the survival distribution is a truncated Weibull, with lower bound 

corresponding to the censoring time.

The regression β coefficients were assumed a priori to follow independent normal 

distributions with zero mean and “vague” precision 0.0001. The shape parameter ρ for the 

survival distribution was given a gamma earlier with one mean and “vague” precision 

0.0001, which is slowly decreasing on the positive real line.

The R package R2OpenBUGS was used to implement the following code for the Bayesian 

model in OpenBugs according to the model presented by George G Woodworth.1
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    MODEL Weibull {

    # Prior noninformative distribution of ρ, the shape

parameter of the Weibull distribution

    r ~ dgamma(1,.0001)

    # Earlier noninformative distribution of β, the vector of

unknown regression coefficients

    for (i in 1:k) {

    beta[i] ~ dnorm(0,.0001)

    }

    # Likelihood of the Weibull distribution

    for (j in 1:n) {

    mu[j] <- exp(inprod(x[j,],beta[]))

    mu2[j] <- mu[j]

    t.o[j] ~ dweib(r, mu2[j])I(t.c[j],)

    }

    # Survival rates for the analysis,

    for (j in 1:m) {

    mu.tab [j] <- exp(inprod(x.r[j,],beta[]))

    Surv.r[j] <- exp(-mu.tab[j]*pow(t.r[j],r))

    }

    # Contrasts of interest in this analysis:

    # N1/N0 RRs and HRs

    for (j in 1:5) {

    RRn1n0[j] <- (1- Surv.r[2*j])/(1- Surv.r[2*j-1])

    HRn1n0[j] <- HRr[2*j]/HRr[2*j-1]

    }

    }

To assess convergence of samples to the posterior, parallel chains were simulated with 

different starting values and evaluated with the multivariate potential scale reduction factor 

of Brooks and Gelman as provided by the coda R package.

Patient characteristics

Median patient age was 66.5 years (interquartile range [IQR] 52.8 to 73.0 years) with a 

majority of patients being male (n = 272 [62.6%]). Although only a small subset of patients 

had ascites (n = 9 [2.6%]), the majority had jaundice (n = 284 [78.5%]). Preoperative biliary 

drainage was performed in 272 (75.8%) patients. The median carbohydrate antigen 19-9 

serum level was 102.2 U/mL (IQR, 38.0 to 349.2 U/mL). Median PHCC tumor size was 25 

mm (IQR 16 to 40 mm) and most patients had a Bismuth type IIIa/IIIb tumor (n = 216 

[49.5%]); portal vein embolization was performed in 31 (7.1%) patients. Patients most often 

underwent either a bile duct resection plus right hepatectomy (n = 165 [37.7%]) or a bile 

duct resection plus left hepatectomy (n = 158 [36.2%]); a smaller subset of patients (n = 114 

[26.1%]) underwent other procedures, including isolated bile duct resection or duodenal-
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pancreatectomy concomitant with liver resection. Major vascular resection was performed in 

a minority of patients (portal vein resection, n = 49 [11.2%]; hepatic artery resection, n = 15 

[3.4%]). A complete R0 resection was achieved in 296 (67.7%) patients. Median 

intraoperative estimated blood loss was 600 mL (IQR 350 to 1,150 mL) and 91 (22.9%) 

patients received an intraoperative transfusion with at least 1 U of packed RBCs. On the 

final pathology report, the majority of patients had a G1 to G2 tumor (n = 339 [77.6%]) and 

a stage T2 tumor (n = 271 [62.0%]). Lymphovascular and perineural invasion were noted in 

209 (47.8%) and 356 (81.5%) patients, respectively. Median length of say was 10 days (IQR 

7 to 17 days). Half of all patients received some form of adjuvant therapy (n = 110 [25.2%]), 

and <5% (n = 16, 3.9%) received neoadjuvant therapy.

Long-Term Outcomes

The 1-, 3-, and 5-year OS rates of the entire cohort were 71.6% (95% CI, 66.9–75.7), 35.3% 

(95% CI, 30.3–40.3), and 19.8% (95% CI, 15.4–24.5), respectively; median survival was 

22.7 months (IQR 20.1 to 25.1 months). Several patient- and tumor-specific factors were 

associated with worse overall survival rates, including carbohydrate antigen 19-9 serum level 

(HR = 1.15; 95% CI, 1.08–1.23; p < 0.001), margin status (R1, HR = 1.29; 95% CI, 1.10–

1.64; p = 0.042), AJCC T stage (T2a–T2b; HR = 1.64; 95% CI, 1.07–2.49; p = 0.02; T3–T4, 

HR = 2.21; 95% CI, 1.39–3.54; p < 0.001), and AJCC N stage (N1, HR = 1.30; 95% CI, 

1.01–1.69; p = 0.042).
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Figure 1. 
Kaplan-Meier curve depicting overall survival (OS) among 437 patients who underwent 

liver resection for perihilar cholangiocarcinoma stratified by American Joint Committee on 

Cancer (AJCC) N stages.
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Figure 2. 
Results from the Bayesian Weibull proportional hazard model: hazard ratio (HR) between 

N1 and N0 patients stratified by the total number of lymph nodes examined.
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Figure 3. 
Frequency of patients with negative (N0) and metastatic (N1) nodes stratified by total 

number of lymph nodes examined (TNLE). p Value from chi-squared test comparing *1–3 

TNLE vs >10 TNLE; **1–3 TNLE vs 4–10 TNLE; ***4–10 TNLE vs >10 TNLE.
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Table 1

Baseline Clinical and Pathologic Characteristics of Patients Who Underwent Liver Resection for Perihilar 

Cholangiocarcinoma (N = 437)

Characteristic Data

Age, y, median (IQR) 66.5 (58.2–73.0)

Age, n (%)

 Younger than 65 y 197 (45.1)

 65 y and older 240 (54.9)

Sex, female, n (%) 165 (37.8)

BMI, kg/m2, median (IQR) 24.7 (22.2–28.2)

ASA 1/ASA 2, n (%) 120 (42.6)

 NA 155

Jaundice, present, n (%) 284 (78.5)

 NA 75

Ascites, n (%) 9 (2.6)

 NA 84

Carbohydrate antigen 19-9, U/mL, median (IQR) 102.2 (38.0–349.2)

Preoperative biliary drainage/stent, performed, n (%) 272 (75.8)

 NA 78

Type of resection, n (%)

 Bile duct resection + right hepatectomy 165 (37.7)

 Bile duct resection + left hepatectomy 158 (36.2)

 Other 114 (26.1)

Portal vein resection, performed, n (%) 49 (11.2)

Hepatic artery resection, performed, n (%) 15 (3.4)

Portal vein embolization, n (%) 31 (7.1)

Estimated blood loss, mL, median (IQR) 600 (350–1150)

RBC transfusion, performed, n (%) 91 (22.9)

 NA 40

Size, mm, median (IQR) 25 (16–40)

Margin status, n (%)

 R0 296 (67.7)

 R1 141 (32.3)

Grade, n (%)

 G1–G2 339 (77.6)

 G3–G4 98 (22.4)

Lymph nodes examined, n, median (IQR) 3 (1–7)

Metastatic nodes, median (IQR) 0 (0–1)

Bismuth classification, n (%)

 I 67 (15.3)
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Characteristic Data

 II 70 (16.0)

 IIIa/IIIb 216 (49.5)

 IV 84 (19.2)

AJCC T stage, n (%)

 T1 49 (11.2)

 T2a–T2b 271 (62.0)

 T3–T4 117 (26.8)

AJCC N stage, n (%)

 N0 208 (47.6)

 N1 158 (36.2)

 Nx 71 (16.2)

Lymph node ratio, n (%)

 0% 208 (56.8)

 1%–25% 57 (15.6)

 26%–50% 66 (18.0)

 >50% 35 (9.6)

 NA 71

Log odds of positive lymph node, n (%)

 Less than <2 100 (27.3)

 −1.99 to −0.9 174 (47.5)

 −0.89 to 1.5 79 (21.6)

 >1.5 13 (3.6)

 NA 71

Lymphovascular invasion, present, n (%) 209 (47.8)

Perineural invasion, present, n (%) 356 (81.5)

Length of stay, d, median (IQR) 10 (7–17)

Patients status, death, n (%) 309 (70.6)

Neoadjuvant therapy, performed, n (%) 16 (3.9)

Adjuvant therapy, performed, n (%) 110 (25.2)

AJCC, American Joint Committee on Cancer; ASA, American Society of Anesthesiologists; IQR, interquartile range; NA, not available.
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Table 3

Results from the Bayesian Weibull Proportional Hazard Model

Node status 5-Year overall survival, % 95% CrI Hazard ratio 95% CrI

Node status actual survival* 1.54 1.21–1.98

 N0 22.4 16.5–30.4

 N1 15.4 9.9–23.9

Node status Bayesian model with 2 TNLE 1.35 0.94–1.87

 N0 23.9 17.9–30.7

 N1 16.9 9.3–24.0

Node status Bayesian model with 4 TNLE 1.51 1.13–2.02

 N0 26.9 21.3–33.0

 N1 15.0 9.3–21.7

Node status Bayesian model with 6 TNLE 1.69 1.29–2.26

 N0 29.9 23.3–37.1

 N1 14.0 9.0–19.9

Node status Bayesian model with 8 TNLE 1.89 1.39–2.62

 N0 33.1 24.6–42.2

 N1 13.1 8.4–18.8

Node status Bayesian model with 10 TNLE 2.10 1.47–3.15

 N0 36.2 25.3–47.9

 N1 12.2 7.6–18.2

*
Three-year overall survival and 95% CI estimated with the Kaplan-Meier method, hazard ratio and 95% CI estimated with a univariate Cox 

model.

CrI, credible interval; TNLE, total number of lymph nodes examined.
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Table 4

Lymph Node Stations (n = 107)

Node group Lymphadenectomy performed, n (%) TNLE, median (IQR) Patients with metastatic nodes, n (%)

Group 1 100 (93.5) 5 (3–8) 40 (40.0)

 12h 50 (46.7) 2 (1–3) 17 (34.0)

 12a 68 (63.6) 2 (1–4) 22 (32.4)

 12p 56 (52.3) 2 (1–4) 20 (35.7)

 12b 48 (44.9) 1 (1–2) 13 (27.1)

Group 2 63 (58.9) 3 (2–7) 26 (41.3)

 1 2 (1.9) 1 (1–2) 0

 7 17 (15.9) 3 (2–4) 6 (35.3)

 8 48 (44.9) 1 (2–4) 15 (31.3)

 13 30 (28.0) 2 (1–3) 15 (50.0)

Group 3 23 (21.5) 3 (1–6) 5 (21.7)

 9 14 (13.1) 1.5 (1–5) 2 (14.3)

 14 5 (4.7) 3 (1–3) 1 (20.0)

 16 12 (11.2) 2.5 (1–5) 2 (16.7)

IQR, interquartile range; TNLE, total number of lymph nodes examined.

J Am Coll Surg. Author manuscript; available in PMC 2017 May 31.


	Abstract
	METHODS
	Patient selection
	Statistical analyses

	RESULTS
	Patient- and disease-specific characteristics
	Performance of the lymph node ratio and log odds of metastatic lymph nodes
	Bayesian model determining the minimum number of harvested node to stage patients
	Lymph node stations

	DISCUSSION
	CONCLUSIONS
	References
	APPENDIX MATERIAL AND METHODS
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4

