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Simple Summary: Lymph node metastasis and positive resection margins have been reported to
be major determinants of overall survival (OS) and poor recurrence-free survival (RFS) for patients
after resection for perihilar cholangiocarcinoma (pCCA). The aim of current study was to assess
the prognostic value of positive lymph nodes and resection margin status on OS. We found a
major negative effect of positive lymph nodes on survival and recurrence, which, surprisingly, was
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independent of margin status. ECOG performance status, positive lymph nodes, and the grade of
tumor differentiation were found as the main independent indicators of oncological outcome. This
suggests that tumor biology and performance status have a higher impact on survival than extended
or radical surgery.

Abstract: Background: Lymph node metastasis and positive resection margins have been reported to
be major determinants of overall survival (OS) and poor recurrence-free survival (RFS) for patients
who underwent resection for perihilar cholangiocarcinoma (pCCA). However, the prognostic value
of positive lymph nodes independently from resection margin status on OS has not been evaluated.
Methods: From the European Cholangiocarcinoma (ENSCCA) registry, patients who underwent
resection for pCCA between 1994 and 2021 were included in this retrospective cohort study. The
primary outcome was OS stratified for resection margin and lymph node status. The secondary
outcome was recurrence-free survival. Results: A total of 325 patients from 11 different centers and six
European countries were included. Of these, 194 (59.7%) patients had negative resection margins. In 113
(34.8%) patients, positive lymph nodes were found. Lymph node status, histological grade, and ECOG
performance status were independent prognostic factors for survival. The median OS for N0R0, N0R1,
N+R0, and N+R1 was 38, 30, 18, and 12 months, respectively (p < 0.001). Conclusion: These data indicate
that in the presence of positive regional lymph nodes, resection margin status does not determine OS
or RFS in patients with pCCA. Achieving negative margins in patients with positive nodes should not
come at the expense of more extensive surgery and associated higher mortality.

Keywords: perihilar cholangiocarcinoma; lymph nodes; resection margin; overall survival;
recurrence-free survival

1. Introduction

Radical surgical resection is still the only treatment with a chance of long-term survival
for patients with perihilar cholangiocarcinoma (pCCA). Radical (R0) resection rates range
from 60 to 90%, which is associated with a 5-year overall survival (OS) up to 60%, while a
margin positive (R1) resection is associated with a 5-year OS of less than 20% [1–5]. On the
other hand, the prognosis of patients with resected pCCA is also significantly determined
by the presence of lymph node metastases [1,6,7].

At exploration, about 35% of patients have loco-regional positive lymph nodes, which
is associated with a 5-year OS of less than 20% versus 55% in case of negative lymph
nodes [1,6,7]. During resection, the retrieval of a low number of less than four lymph
nodes has been reported to negatively influence survival, possibly due to the understaging
of unresected positive nodes [8]. In addition, a recent systematic review found that an
extended lymphadenectomy does not lead to a survival benefit [9].

Nevertheless, a high number of involved lymph nodes has been reported to be a ma-
jor determinant of OS and an indicator of poor recurrence-free survival (RFS) [8,10,11].
Buettner et al. concluded that the actual survival benefit of resection in patients with posi-
tive lymph nodes is shorter than seven months and should be weighed against considerable
postoperative morbidity and mortality [12].

The updated AJCC guidelines (8th edition, 2017) distinguish between the number
(n ≤ 3 or n > 3) instead of the location of regional positive lymph nodes [13,14]. Several
studies investigated the value of this new staging system and found a slightly improved
prognostic predictability, implying that the amount of involved lymph nodes is more
predictive for survival outcome than their location [15–17].

In clinical practice, surgeons are often confronted with one or more positive lymph
nodes at frozen section analysis in a patient undergoing surgical exploration with the
intention to undergo an oftentimes major hepatobiliary resection. The technical feasibility
of a potential margin-free resection and concomitant morbidity and mortality should
be evaluated in the light of potential oncological outcomes. Until now, the relationship
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between positive lymph nodes and resection margins and their independent influence on
OS remained unclear, making the question of whether patients with positive lymph nodes
benefit from extended resections to obtain negative margins hard to answer. Therefore,
we performed a retrospective cohort study, in cooperation with the ENSCCA Registry, to
determine the impact of positive lymph nodes and resection margin status on the OS of
patients after resected pCCA.

2. Materials and Methods
2.1. ENSCCA Registry

The ENSCCA registry, endorsed by the European Network for the Study of Cholan-
giocarcinoma (ENSCCA), is an international, multicenter, and observational retrospective
and prospective study including patients with histologically or radiologically proven
cholangiocarcinoma (intrahepatic, perihilar, and distal cholangiocarcinoma). This registry
includes several different variables regarding surgical and oncological outcomes. The
ENSCCA registry protocol was approved by the Ethic Committee of Euskadi, Spain (Code:
PI2016137) and the Ethic Committee of the Amsterdam UMC (location AMC), the Nether-
lands (W20_050), as coordinating Centers. Additionally, each participating center obtained
local ethical approval (or equivalent).

2.2. Included Patients

From the ENSCCA registry, patients with pCCA who underwent surgery including
diagnostic laparoscopy, explorative laparotomy, liver transplantation, or liver resection
were identified. Only patients from centers that had registered a minimum of 10 patients
undergoing resection for pCCA were included. This was in order to secure centers with
expertise in treating patients with pCCA for inclusion. Eligible centers were asked to
complete potentially missing key variables (e.g., resection margin, lymph node status, and
last date of follow-up) or to check discrepant variables. For the analysis, only patients who
received curative-intent resection were included.

2.3. Outcomes

The primary outcome was to assess the impact of the resection margin and lymph
node status on OS. The secondary outcome was the impact of resection margin and lymph
node status on recurrence-free survival (RFS).

2.4. Statistical Analysis

Descriptive statistics were used to summarize the data. For continuous variables
with normal distribution, the data were presented as mean ± standard deviation (SD)
and for non-normal distributions, as median and interquartile range (IQR). Comparisons
between the groups (N0 and N+) were analyzed using chi-square tests for proportions,
Mann–Whitney U for medians, and unpaired t-tests for means. The OS was defined as
the time (in months) after surgery to death or last follow-up, and the median OS was
estimated using the Kaplan–Meier method. The RFS was defined as the time (in months)
after surgery to recurrence or last medical visit. Survival curves were compared using the
log-rank test. The reversed Kaplan–Meier-based method was used to calculate median
follow-up. Univariable and multivariable logistic regression were used to examine the
relationship between the presence of positive lymph nodes as a dependent variable and
the possible predictors as independent variables. Therefore, the following factors were
included: age, ECOG, and tumor size > 2.5 cm. Factors with p-values < 0.2 at univari-
able analysis were included in the multivariable analysis. The independent predictors of
survival determined prior to conducting the study (i.e., age, ECOG, tumor size > 2.5 cm,
carbohydrate antigen 19.9 (CA19.9), lymph node status (AJCC 8th), margin status, and
tumor differentiation [8,11]) were analyzed using uni- and multivariable Cox regression
analysis. In addition, the independent predictors of recurrence, also determined prior
to conducting the study (tumor size > 2.5 cm, T status (AJCC 8th), lymph node status
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(AJCC 8th), resection margin, and tumor differentiation) were analyzed using uni- and
multivariable Cox regression analysis [10,18]. Factors with p-values < 0.1 at univariable
analysis were included in the multivariable analysis. A two-sided p-value of < 0.05 was
considered to indicate statistical significance. The data were analyzed using IBM SPSS
statistics, version 25.0 (IBM Corp, Armonk, NY, USA). Survival curves were displayed
using GraphPad Prism 8.

3. Results
3.1. Baseline Characteristics

A total of 1126 patients with pCCA were extracted from the registry; from these,
618 (55%) patients underwent any type of surgery. Forty-one patients were excluded as
these were from centers that registered fewer than ten patients. Thirty-nine patients were
excluded because of missing information. From this dataset, patients undergoing palliative
resection (n = 103), undergoing liver transplantation (n = 15), who had R2 residual disease
(n = 12), unknown residual disease (n = 7), unknown lymph node status (n = 4), who
had no resection (n = 60), other diagnosis (n = 3), or were double in the registry (n = 9)
were excluded, leaving a total of 325 patients from 11 different centers in six countries. A
flowchart is presented in Figure 1.
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Figure 1. Flow diagram of included patients. Figure 1. Flow diagram of included patients.

A total of 206 out of the 325 patients (63.4%) were male and the median age at surgery
was 64 (58–71) years. The median Bismuth–Corlette classification was IIIb (20.6%). The
median preoperative tumor size was 2.5 (1.9–3.7) cm. Neoadjuvant therapy, consisting of
radiotherapy 5 × 5 Gy, was administered to 26 (8.0%) patients.
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Out of the 325 patients, 194 (59.7%) had undergone an R0 resection. In 113 (34.8%)
patients, positive lymph nodes were found. In the latter group, the median number of
retrieved lymph nodes was 5 (IQR: 3–7) and the median number of positive lymph nodes
was 2 (IQR: 1–3), as shown in Table 1. When selected for resection margin and lymph node
status, the following groups were formed: 138 patients with N0R0, 74 patients with N0R1,
56 patients with N+R0, and 57 patients with N+R1. Following the AJCC 8th edition, N2
disease was found in 20 (17.7%) patients and N1 in 93 (82.3%) patients. The location of the
lymph nodes was only mentioned in 14 patients (12.4%); therefore, we were not able to
include the location or specific lymph node stations in the analysis.

Table 1. Baseline and postoperative characteristics according to resection margin and lymph node status.

Total N0 N+ p-Value

Patients n = 325 n = 212 n = 113
Age at surgery (median) 64 (58–71) 67 (58.3–72.0) 63 (57–69) 0.028

Male (%) 206 (63.4%) 135 (63.7%) 71 (62.8%) 0.880
ECOG performance status 0.901

0 143 (44.0%) 96 (45.3%) 47 (41.6%)
1 81 (24.9%) 51 (24.1%) 30 (26.5%)
2 17 (5.2%) 12 (5.7%) 5 (4.4%)
3 4 (1.2%) 3 (1.4%) 1 (0.9%)

unknown 80 (24.6%) 50 (23.6%) 30 (26.5%)
Bismuth–Corlette 0.931

I 18 (5.5%) 11 (5.2%) 7 (6.2%)
II 20 (6.2%) 14 (6.6%) 6 (5.3%)

IIIa 40 (12.3%) 26 (12.3%) 14 (12.4%)
IIIb 67 (20.6%) 47 (22.2%) 20 (17.7%)
IV 49 (15.1%) 31 (14.6%) 18 (15.9%)

Unknown 131 (40.3%) 83 (39.2%) 48 (42.5%)
CA19.9 67 (11–313) 57 (10–252) 174 (13–604) 0.070

Bilirubin 12 (2–116) 12 (2–131) 13 (3–106) 0.706
Preoperative tumor size (cm) (median) (N = 221) 2.5 (1.9–3.7) 2.3 (1.7–3.6) 2.8 (2.1–4.0) 0.022

Neoadjuvant therapy ± 26 (8.0%) 17 (14.8%) 9 (16.4%) 0.789
Size and extent (T) 0.011

T1 20 (6.2%) 18 (8.5%) 2 (1.8%)
T2a 80 (24.8%) 59 (28.0%) 21 (18.8%)
T2b 93 (28.8%) 60 (28.4%) 33 (29.5%)
T3 92 (28.5%) 50 (23.7%) 42 (37.5%)
T4 31 (9.6%) 18 (8.5%) 13 (11.6%)
Tx 7 (2.2%) 6 (2.8%) 1 (0.9%)

Regional lymph nodes (N #) -
N0 212 (65.2%) 212 (100%) 0
N1 93 (28.6%) 0 93 (82.3%)
N2 20 (6.2%) 0 20 (17.7%)

Total number of resected lymph nodes (median) 4 (2–7) 4 (2–6) 5 (3–7) 0.024
Number of positive lymph nodes (median) (n = 103) 2 (1–3) - 2 (1–3) -

Resection margin 0.007
R0 194 (59.7%) 138 (65.1%) 56 (49.6%)
R1 131 (40.3%) 74 (34.9%) 57 (50.4%)

Differentiation grade 0.550
Grade 1: well differentiated 40 (12.3%) 29 (13.7%) 11 (9.7%)

Grade 2: moderately differentiated 150 (46.2%) 93 (43.9%) 57 (50.4%)
Grade 3: poorly differentiated 62 (19.1%) 43 (20.3%) 19 (16.8%)

Not available 73 (22.5%) 47 (22.2%) 26 (23.0%)
Adjuvant therapy 59 (18.2%) 34 (17.3%) 23 (23.1%) 0.213

Recurrence * 151 (46.5%) 89 (42.0%) 62 (54.9%) 0.003
Location of recurrence 0.990
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Table 1. Cont.

Total N0 N+ p-Value

Local recurrence 54 (35.8%) 31 (34.8%) 23 (37.1%)
Liver 31 (20.5%) 18 (20.2%) 13 (21.0%)

Distant 63 (41.7%) 38 (42.7%) 25 (40.3%)
Unknown 3 (2.0%) 2 (2.2%) 1 (1.6%)

90-day mortality 70 (21.5%) 44 (20.8%) 26 (23.0%) 0.638

p-values based on complete case analysis unless unknown is displayed. * Censored at 5-year follow-up.
# According to AJCC 8th edition. ± Radiotherapy 5 × 5 Gy.

3.2. N+ versus N0

When comparing the included patients for lymph node status, the age at surgery, size
and extent of the tumor, number of resected lymph nodes, resection margin, and recurrence
were significantly different (Table 1). Patients with positive lymph nodes were approxi-
mately four years younger and presented with a higher tumor (T) stage. In these patients, a
higher median number of lymph nodes were dissected in contrast to lymph node-negative
patients (N+: 5 vs. N0: 4). The R1 resection margin (N+: 50.4% vs. N0: 34.9%) and higher tu-
mor recurrence rate were associated with N+ status (N+: 54.9% vs. N0: 42.0%). On univari-
able logistic regression analyses, age (OR: 0.98 (95% CI 0.96–1.00)) and tumor size > 2.5 cm
(OR: 1.62 (95% CI 0.92–2.85)) were independently associated with positive lymph nodes.
However, on multivariable logistic regression analysis, these factors were not independently
associated with positive lymph nodes (Table S1).

3.3. Overall Survival

Out of the 325 patients, 114 patients were alive and 211 had died at final follow-up. The
median follow-up of patients alive at last medical visit was 59 months (95% CI 57.6–60.4).
Out of the 325 patients, 59 (18%) patients received adjuvant (chemo)therapy. This concerned
chemotherapy in 52 (16%) patients, chemo–radiotherapy in four (1%), and radiotherapy in
one (0.3%) patient. For two patients, this was unknown.

The median and 5-year OS for the whole group was 26 months (95% CI 21.0–31.0)
and 29%, respectively. The median and 5-year OS divided for lymph node status were 34
months (95% CI 27.9–40.1) and 36% for N0 patients, and 15 months (95% CI 10.6–19.4) and
18% for N+ patients (p < 0.001; Figure 2a). The median and 5-year OS divided for resection
margin was 31 months (95% CI 23.0–39.0) and 34% for R0 disease, and 21 months (95% CI
14.9–27.2) and 23% for R1 disease (p < 0.05; Figure 2b). Including both resection margin
and lymph node status (N0R0, N0R1, N+R0 and N+R1), the median and 5-year OS were 38
months (95% CI 28.0–48.0) and 36%, 30 months (95% CI 19.8–40.2) and 36%, 18 months (95%
CI 10.7–25.3) and 30%, and 12 months (95% CI 7.7–16.3) and 8%, respectively (p < 0.001,
Figure 2c). The comparison per status was as follows: N0R0 vs. N+R0: p = 0.064, N0R1 vs.
N+R1: p < 0.001, N+R0 vs. N+R1: p = 0.061, N0R0 vs. N0R1: p = 0.61.

The prognostic factors for OS were analyzed using a uni- and multivariable Cox
regression analysis. On univariable analysis, ECOG performance status, lymph node status,
resection margin, and tumor differentiation grade were negatively associated with OS
(p < 0.1). After multivariable Cox regression analysis, ECOG performance status (ECOG 2:
HR 2.95 (95% CI 1.55–5.63)), positive lymph nodes (N1: HR 1.92 (95% CI 1.29–2.85)), and
tumor differentiation (poorly differentiated: HR 1.80 (95% CI 1.14–2.84)) were identified as
independent prognostic factors for OS (p < 0.05; Table 2).
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Figure 2. (a): Kaplan–Meier curve for overall survival and lymph node-negative (N0) and lymph
node-positive (N+) patients. Only the first 5 years are displayed. Median OS was 34 months
(95% CI 27.9–40.1) for the N0 versus 15 months (95% CI 10.6–19.4) for the N1 patients (p < 0.001).
(b): Kaplan–Meier curve for overall survival of resection margin-negative (R0) and resection margin-
positive (R1) patients. Only the first 5 years are displayed. Median OS was 31 months (95% CI
23.0–39.0) for R0 versus 21 months (95% CI 14.9–27.2) for R1 patients (p = 0.037). (c): Kaplan–Meier
curve for overall survival of N0R0, N0R1, N+R0, and N+R1 patients. Only the first 5 years are
displayed. Median OS was 38 months (95% CI 28.0–48.0) for N0R0, 30 months (95% CI 19.8–40.2)
for N0R1, 18 months (95% CI 10.7–25.3) for N+R0, and 12 months (95% CI 7.7–16.3) for the N+R1
patients (p < 0.001). N0R0 vs. N+R0: p = 0.064, N0R1 vs. N+R1: p < 0.001, N+R0 vs. N+R1: p = 0.061,
N0R0 vs. N0R1: p = 0.61.
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Table 2. Uni- and multivariable Cox regression analysis for overall survival.

Univariable Analysis Multivariable Analysis

HR (95% CI) p-Value $ HR (95% CI) p-Value #

Age at surgery 1.01 (0.99–1.02) 0.287
ECOG performance status

ECOG 0 Reference Reference
ECOG 1 1.21 (0.84–1.74) 0.297 1.41 (0.92–2.15) 0.114
ECOG 2 1.80 (1.01–3.20) 0.045 2.95 (1.55–5.63) 0.001
ECOG 3 3.39 (1.23–9.36) 0.018 2.73 (0.84–8.87) 0.096

Tumor size > 2.5 cm 1.07 (0.75–1.52) 0.705
CA19.9 > 37 1.02 (0.62–1.69) 0.932

Lymph node status (N) *
N0 Reference Reference
N1 1.72 (1.27–2.33) 0.001 1.92 (1.29–2.85) 0.001
N2 1.97 (1.15–3.39) 0.014 1.21 (0.55–2.63) 0.640

Resection margin (R)
R0 Reference Reference
R1 1.34 (1.01–1.78) 0.042 1.14 (0.78–1.67) 0.501

Tumor differentiation
Well differentiated (G1) 0.67 (0.41–1.07) 0.094 0.69 (0.41–1.17) 0.168

Moderately differentiated (G2) Reference Reference
Poorly differentiated (G3) 2.39 (1.41–4.04) 0.013 1.80 (1.14–2.84) 0.011

* According to AJCC 8th edition, $ p < 0.100, # p < 0.05, p-values based on complete case analysis.

3.4. Recurrence

During follow-up, 156 (48%) patients developed recurrence. The recurrence status
at final follow-up was unknown for 52 (16%) patients. Recurrence occurred most often
distant from the primary tumor site (n = 63, 41.7%), being mostly found in the peritoneum
(n = 28, 49.1%; Table 1). From the patients who had recurrence, 32 (21%) patients received
and 120 (77%) patients did not receive adjuvant (chemo)therapy. For four patients, this
was unknown.

The overall median recurrence-free survival was 23 months (95% CI 19.2–26.8). The
recurrence-free survival divided for resection margin and lymph node status (N0R0, N0R1,
N+R0, and N+R1) was 27 months (95% CI 20.4–33.6), 33 months (95% CI 19.5–46.5),
14 months (95% CI 7.4–20.6), and 11 months (95% CI 5.7–16.3), respectively (p < 0.001;
Figure 3). The comparison per status was: N0R0 vs. N+R0: p = 0.151, N0R1 vs. N+R1:
p < 0.001, N+R0 vs. N+R1: p = 0.109, N0R0 vs. N0R1: p = 0.331.

The prognostic factors for recurrence-free survival were also analyzed using a uni-
and multivariable Cox regression analysis. On univariable analysis, lymph node status, T
stage (AJCC 8th), and tumor differentiation were negatively associated with OS (p < 0.1).
After multivariable Cox regression analysis, positive lymph nodes (N1: HR 2.62 (95% CI
1.68–4.08)) and tumor differentiation (poorly differentiated: HR 1.65 (95% CI 1.05–2.58))
were identified as independent prognostic factors for recurrence (p < 0.05; Table 3).

Table 3. Uni- and multivariable Cox regression analysis for recurrence-free survival.

Univariable Analysis Multivariable Analysis
HR (95% CI) p-Value $ HR (95% CI) p-Value #

Tumor size > 2.5 cm 1.25 (0.82–1.90) 0.303
T status (T)

T1 1.12 (0.56–2.23) 0.754 1.60 (0.61–4.20) 0.336
T2a 0.53 (0.34–0.84) 0.007 0.60 (0.36–1.01) 0.056
T2b 1.12 (0.73–1.73) 0.594 1.27 (0.76–2.12) 0.367
T3 Reference Reference
T4 1.01 (0.54–1.86) 0.988 1.04 (0.52–2.11) 0.908
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Table 3. Cont.

Univariable Analysis Multivariable Analysis
HR (95% CI) p-Value $ HR (95% CI) p-Value #

Lymph node status (N) *
N0 Reference Reference
N1 1.72 (1.20–2.47) 0.003 2.62 (1.68–4.08) <0.001
N2 1.86 (0.99–3.50) 0.055 1.249 (0.70–3.17) 0.303

Resection margin (R)
R0 Reference
R1 0.99 (0.71–1.38) 0.940

Tumor differentiation
Well differentiated (G1) 0.98 (0.57–1.70) 0.946 0.98 (0.57–1.70) 0.416
Moderately differentiated (G2) Reference Reference
Poorly differentiated (G3) 1.65 (1.05–2.58) 0.029 1.65 (1.05–2.58) 0.001

* According to AJCC 8th, $ p < 0.100, # p < 0.05, p-values based on complete case analysis.
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Figure 3. Estimated cumulative recurrence probability of N0R0, N0R1, N+R0, and N+R1 patients.
Only the first 5 years are displayed. The median recurrence-free survival was 27 months (95% CI
20.4–33.6) for N0R0, 33 months (95% CI 19.5–46.5) for N0R1, 14 months (95% CI 7.4–20.6) for N+R0,
and 11 months (95% CI 5.7–16.3) for the N+R1 patients (p < 0.001). N0R0 vs. N+R0: p = 0.151, N0R1
vs. N+R1: p < 0.001, N+R0 vs. N+R1: p = 0.109, N0R0 vs. N0R1: p = 0.331.

4. Discussion

This study shows that for patients who undergo a resection for pCCA, positive lymph
nodes have a major negative effect on recurrence and survival. Surprisingly, this was
independent of resection margin status. In addition, ECOG performance status, positive
lymph nodes, and the grade of tumor differentiation were found as the main indepen-
dent indicators of oncological outcome. These findings suggest that tumor biology and
performance status have a higher impact on survival than extended or radical surgery.

Several studies describe the outcomes of patients with resected pCCA. However, most
of these studies are single-center or single-country studies and often only include small
numbers of patients. The present analysis is the first study from the ENSCCA registry
addressing resected pCCA. The registry represents a large cohort, with patients from
multiple expert centers across Europe.

Previous studies reported comparable differences between the survival rates for pa-
tients with and without lymph node involvement [4,6,19]. For patients with locally ad-
vanced disease who do not undergo resection, median OS rates of 12 months are reported.
With the OS for N+ between 12 and 18 months and the mortality rate of 23% found in this
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study in mind, the question of whether node-positive patients actually benefit from this
form of extensive surgery remains [12].

The multivariable analyses performed in this study showed that the resection margin
itself was not an independent prognostic factor for OS. It is known that defining negative
resection margins is difficult in patients with pCCA. In order to properly assess R0 disease,
all resection planes must be investigated correctly [20]. However, there is currently no
standardized protocol, causing differences between different hospitals. As a consequence,
it is likely that the R1 rate is underestimated in our study.

This study shows several other remarkable findings. A four-year age difference
between lymph node-positive and lymph node-negative patients was found. Besides
this, the T stage was higher in the lymph node-positive group. These differences could
have two explanations: the first would be that young patients are prone to having a more
aggressive tumor with advanced tumor characteristics, including higher tumor stages and
positive lymph nodes. A second and more likely explanation would be that a surgeon is
more inclined to perform a resection in young patients, whereas in older and more fragile
patients, the resection is not performed due to a less favorable risk profile.

The median number of lymph nodes that were retrieved in lymph node-positive
patients was higher than in lymph node-negative patients. This may have resulted in an
understaging of patients with negative lymph nodes. This is supported by the conclusion
of a recent systematic review stating that a cut-off of five lymph nodes should be used to
avoid understaging [9]. On the other hand, in older or more fragile patients, a surgeon may
sometimes sample more lymph nodes to more accurately stage and to avoid futile major
surgery. However, this is not reflected in our data due to the fact that these patients may
not have undergone a resection, but does support the difference in age found in our study.

The high impact of positive lymph nodes on survival and recurrence found in this
study raises the question of whether standardized lymphadenectomy with frozen section
analysis should be performed in order to “protect” fragile patients from a futile resection
with high 90-day mortality rates, early recurrence, and poor survival. The same systematic
review mentioned earlier also found that an extended lymphadenectomy is not associated
with survival benefit. Therefore, the main goal of lymph node dissection is to accurately
stage patients with pCCA, especially in more advanced-stage tumors, and to balance the
risk and benefit of major surgery [21,22]. However, a surgeon should be aware of the
possibility of false-negative frozen section results, especially in large lymph nodes with
large amounts of fat in or around the node.

The results of this study are in line with the results of liver transplant for pCCA [23].
For liver transplant, positive nodes are currently considered a strict contraindication due to
the poor oncological outcomes in these patients. Interestingly, these patients undergo a total
hepatectomy, the most radical form of resection of the bile ducts. This further underlines
the main point of the present study: the biology (reflected by positive nodes) of the tumor
probably indicates poor outcome irrespective of the extent of the resection [24].

This study needs to be seen in the light of some limitations. First, the registry does not
include the type of resection (e.g., hemihepatectomy). The left (extended) hemihepatectomy
was probably the most-performed resection, as most patients had a Bismuth–Corlette type
IIIb, although this is still speculation. Post-operative complications were not included in the
registry; therefore, we could only include mortality and not morbidity in the analysis. In
addition, angio-invasion and perineural growth were not reported in this registry. From the
available literature, it is known that both factors are important prognostic determinants [11].
Adjuvant chemotherapy was not included in this uni- and multivariable analysis due to
the fact that very few patients received adjuvant chemotherapy. Moreover, the influence on
survival is still uncertain. To avoid any possible selection bias, this factor was not included
in the analysis.

Besides the shortcomings of the registry, it is important to mention that centers use
their own experience and guidelines when it comes to the treatment of pCCA. Therefore,
the selection, treatment, and outcomes may differ from center to center. In addition, this
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study included patients from 1994–2021, which could have introduced bias, although the
focus of the included patients was on the latter years. In addition, although this study
includes a relatively high number of patients, the study may be underpowered in terms
of identifying small effects. This is clearly illustrated when we compare our data to the
recently published study by Izquierdo et al. [25]. They found CA19.9 as an independent
prognostic factor for OS, which we were not able to confirm. In addition, they found a
survival difference between N0R0 and N0R1 resections, possibly caused by the fact that
their study included all subtypes of cholangiocarcinoma.

The results of the present study indicate that other (pre)operative strategies to assess
lymph nodes are needed. One could be the addition of 18F-fluorodeoxyglucose positron
emission tomography (18FDG-PET) to the pre-operative work-up. A systematic review
found a pooled sensitivity and specificity of 88.4% and 69.1%, respectively, for the detection
of lymph node metastasis [26]. In addition to the 18FDG-PET strategy, staging (robotic)
laparoscopy could confirm these findings [27,28]. Although staging laparoscopy is only
advised in selected patients, there might be an important role for robotic surgery, as this
seems to increase the options to minimally invasively retrieve nodes at the celiac trunk and
retro-pancreatic area. In addition, during staging laparoscopy, although not specifically
investigated in patients with pCCA, indocyanine green or more tumor-specific tracers
might have an added value in optimizing lymph node dissection [29]. Thus, due to the fact
that most of these strategies have not been investigated in patients with pCCA, this is a
clear area for future research.

5. Conclusions

The results of the present study suggest that, in the presence of positive lymph nodes,
the resection margin does not determine overall or recurrence-free survival in patients with
pCCA. Therefore, achieving negative margins in patients with positive nodes should not
come at the expense of more extensive surgery and associated mortality.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers14102389/s1, Supplementary Table S1: Factors indepen-
dently associated with positive lymph nodes on uni- and multivariable logistic regression analysis.

Author Contributions: Conceptualization, L.E.N. and J.I.E.; methodology, L.E.N. and J.I.E.; formal
analysis, L.E.N. and J.I.E.; writing—original draft preparation, L.E.N. and J.I.E.; writing—review and
editing, J.M.B., M.T.d.B., C.B., T.F., A.F., W.H., F.J.H.H., H.-J.K., B.G.K., A.L., A.L.C., F.L.-L., L.I.-S.,
A.S., K.U., R.-J.S., and G.K.; visualization, L.E.N.; supervision, J.I.E. All authors have read and agreed
to the published version of the manuscript.

Funding: The ENSCCA Registry is completely funded by the European Association for the Study of
the Liver (EASL; Registry grant awards 2016 and 2019 to J.M.B.), Incyte Bioscience International Sàrl
(grant award 2020 to J.M.B.) and European Union’s Horizon 2020 Research and Innovation Program
(grant number 825510, ESCALON: to J.M.B. and A.L.).

Institutional Review Board Statement: The ENSCCA Registry protocol was approved by the Ethic
Committee of Euskadi, Spain (Code: PI2016137) and the Ethic Committee of the Amsterdam UMC
(location AMC), the Netherlands (W20_050), as coordinating centers. Additionally, each participating
center obtained local ethical approval (or equivalent).

Informed Consent Statement: Patient consent was waived because the majority of patients were deceased.

Data Availability Statement: Data were provided by the ENSCCA Registry. The data presented in
this study are available on request from J.M.B.

Acknowledgments: The authors would like to thank the patients and their families for the participa-
tion in this study, the “Asociación Española de Gastroenterología” (AEG) for the REDCap database
license and training, and Ioana Riaño (Biodonostia Health Research Institute) for the support on
the ethical aspects of the Registry. This article is based upon work from European Horizon 2020
COST Action CA18122 European Cholangiocarcinoma Network (Euro-Cholangio-Net), supported by
COST (European Cooperation in Science and Technology: www.cost.eu (accessed on 9 May 2022), a

https://www.mdpi.com/article/10.3390/cancers14102389/s1
https://www.mdpi.com/article/10.3390/cancers14102389/s1
www.cost.eu


Cancers 2022, 14, 2389 12 of 13

funding agency for research and innovation networks), in collaboration with the European Network
for the Study of Cholangiocarcinoma (ENSCCA: http://www.enscca.org/ (accessed on 9 May 2022)),
the International Primary Sclerosing Cholangitis Study Group (iPSCSG: https://www.ipscsg.org/
(accessed on 9 May 2022)), the European Reference Network on Rare Liver Diseases (ERN-Rare Liver:
https://rare-liver.eu/ (accessed on 9 May 2022)), and the European Reference Network on Rare Adult
Cancers (solid tumors; EURACAN: https://euracan.eu/ (accessed on 9 May 2022)). Angela Lamarca
received funding from the Christie Charity and the European Union’s Horizon 2020 Research and
Innovation Program (grant number 825510, ESCALON). Alejandro Forner received grant support
from the Instituto de Salud Carlos III (PI18/00542).

Conflicts of Interest: Angela Lamarca received travel and educational support from Ipsen, Pfizer,
Bayer, AAA, SirtEx, Novartis, Mylan, and Delcath; speaker honoraria from Merck, Pfizer, Ipsen,
Incyte, AAA, QED, Servier, Astra Zeneca and EISAI; advisory and consultancy honoraria from EISAI,
Nutricia Ipsen, QED, Roche, Servier, Boston Scientific, Albireo Pharma, and AstraZeneca; and she is a
member of the Knowledge Network and NETConnect Initiatives funded by Ipsen. Alejandro Forner
received lecture fees from Bayer, Boston Science, Gilead, and MSD; and consultancy fees from Bayer,
AstraZeneca, Roche, SIRTEX, AB Exact Science and Guerbert. Braconi (or spouse) received honoraria
from Incyte and Servier, Roche, Eli-Lilly, Pfizer, and Merck-Serono. Kirsten Utpatel received advisory
honoraria and lecture fees from BMS and Roche.

References
1. Cillo, U.; Fondevila, C.; Donadon, M.; Gringeri, E.; Mocchegiani, F.; Schlitt, H.J.; Ijzermans, J.N.M.; Vivarelli, M.; Zieniewicz, K.;

Olde Damink, S.W.M.; et al. Surgery for cholangiocarcinoma. Liver Int. 2019, 39 (Suppl. 1), 143–155. [CrossRef] [PubMed]
2. Launois, B.; Reding, R.; Lebeau, G.; Buard, J.L. Surgery for hilar cholangiocarcinoma: French experience in a collective survey of

552 extrahepatic bile duct cancers. J. Hepatobiliary Pancreat. Surg. 2000, 7, 128–134. [CrossRef] [PubMed]
3. Nuzzo, G.; Giuliante, F.; Ardito, F.; Giovannini, I.; Aldrighetti, L.; Belli, G.; Bresadola, F.; Calise, F.; Dalla Valle, R.; D’Amico, D.F.;

et al. Improvement in perioperative and long-term outcome after surgical treatment of hilar cholangiocarcinoma: Results of an
Italian multicenter analysis of 440 patients. Arch. Surg. 2012, 147, 26–34. [CrossRef] [PubMed]

4. Ruzzenente, A.; Bagante, F.; Olthof, P.B.; Aldrighetti, L.; Alikhanov, R.; Cescon, M.; Koerkamp, B.G.; Jarnagin, W.R.; Nadalin, S.;
Pratschke, J.; et al. Surgery for Bismuth-Corlette Type 4 Perihilar Cholangiocarcinoma: Results from a Western Multicenter
Collaborative Group. Ann. Surg. Oncol. 2021, 28, 7719–7729. [CrossRef]

5. Ku, D.; Tang, R.; Pang, T.; Pleass, H.; Richardson, A.; Yuen, L.; Lam, V. Survival outcomes of hepatic resections in Bismuth-Corlette
type IV cholangiocarcinoma. ANZ J. Surg. 2020, 90, 1604–1614. [CrossRef]

6. Nagino, M.; Ebata, T.; Yokoyama, Y.; Igami, T.; Sugawara, G.; Takahashi, Y.; Nimura, Y. Evolution of surgical treatment for
perihilar cholangiocarcinoma: A single-center 34-year review of 574 consecutive resections. Ann. Surg. 2013, 258, 129–140.
[CrossRef]

7. Kawasaki, S.; Imamura, H.; Kobayashi, A.; Noike, T.; Miwa, S.; Miyagawa, S. Results of surgical resection for patients with hilar
bile duct cancer: Application of extended hepatectomy after biliary drainage and hemihepatic portal vein embolization. Ann.
Surg. 2003, 238, 84–92. [CrossRef]

8. Groot Koerkamp, B.; Wiggers, J.K.; Gonen, M.; Doussot, A.; Allen, P.J.; Besselink, M.G.H.; Blumgart, L.H.; Busch, O.R.C.;
D’Angelica, M.I.; DeMatteo, R.P.; et al. Survival after resection of perihilar cholangiocarcinoma-development and external
validation of a prognostic nomogram. Ann. Oncol. 2015, 26, 1930–1935. [CrossRef]

9. Liang, L.; Li, C.; Wang, M.D.; Xing, H.; Diao, Y.K.; Jia, H.D.; Lau, W.Y.; Pawlik, T.M.; Zhang, C.W.; Shen, F.; et al. The value of
lymphadenectomy in surgical resection of perihilar cholangiocarcinoma: A systematic review and meta-analysis. Int. J. Clin.
Oncol. 2021, 26, 1575–1586. [CrossRef]

10. Groot Koerkamp, B.; Wiggers, J.K.; Allen, P.J.; Besselink, M.G.; Blumgart, L.H.; Busch, O.R.; Coelen, R.J.; D’Angelica, M.I.;
DeMatteo, R.P.; Gouma, D.J.; et al. Recurrence Rate and Pattern of Perihilar Cholangiocarcinoma after Curative Intent Resection.
J. Am. Coll. Surg. 2015, 221, 1041–1049. [CrossRef]

11. Bird, N.T.E.; McKenna, A.; Dodd, J.; Poston, G.; Jones, R.; Malik, H. Meta-analysis of prognostic factors for overall survival in
patients with resected hilar cholangiocarcinoma. Br. J. Surg. 2018, 105, 1408–1416. [CrossRef] [PubMed]

12. Buettner, S.; van Vugt, J.L.A.; Gaspersz, M.P.; Coelen, R.J.S.; Roos, E.; Labeur, T.A.; Margonis, G.A.; Ethun, C.G.; Maithel, S.K.;
Poultsides, G.; et al. Survival after resection of perihilar cholangiocarcinoma in patients with lymph node metastases. HPB Off. J.
Int. Hepato Pancreato Biliary Assoc. 2017, 19, 735–740. [CrossRef] [PubMed]

13. Amin, M.B.; Greene, F.L.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R.K.; Meyer, L.; Gress, D.M.; Byrd, D.R.;
Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to a
more “personalized” approach to cancer staging. CA Cancer J. Clin. 2017, 67, 93–99. [CrossRef] [PubMed]

14. Chun, Y.S.; Pawlik, T.M.; Vauthey, J.N. 8th Edition of the AJCC Cancer Staging Manual: Pancreas and Hepatobiliary Cancers.
Ann. Surg. Oncol. 2018, 25, 845–847. [CrossRef]

http://www.enscca.org/
https://www.ipscsg.org/
https://rare-liver.eu/
https://euracan.eu/
http://doi.org/10.1111/liv.14089
http://www.ncbi.nlm.nih.gov/pubmed/30843343
http://doi.org/10.1007/s005340050166
http://www.ncbi.nlm.nih.gov/pubmed/10982604
http://doi.org/10.1001/archsurg.2011.771
http://www.ncbi.nlm.nih.gov/pubmed/22250108
http://doi.org/10.1245/s10434-021-09905-z
http://doi.org/10.1111/ans.15531
http://doi.org/10.1097/SLA.0b013e3182708b57
http://doi.org/10.1097/01.SLA.0000074984.83031.02
http://doi.org/10.1093/annonc/mdv279
http://doi.org/10.1007/s10147-021-01967-z
http://doi.org/10.1016/j.jamcollsurg.2015.09.005
http://doi.org/10.1002/bjs.10921
http://www.ncbi.nlm.nih.gov/pubmed/29999515
http://doi.org/10.1016/j.hpb.2017.04.014
http://www.ncbi.nlm.nih.gov/pubmed/28549744
http://doi.org/10.3322/caac.21388
http://www.ncbi.nlm.nih.gov/pubmed/28094848
http://doi.org/10.1245/s10434-017-6025-x


Cancers 2022, 14, 2389 13 of 13

15. Lee, J.W.; Lee, J.H.; Park, Y.; Lee, W.; Kwon, J.; Song, K.B.; Hwang, D.W.; Kim, S.C. Prognostic Predictability of American Joint
Committee on Cancer 8th Staging System for Perihilar Cholangiocarcinoma: Limited Improvement Compared with the 7th
Staging System. Cancer Res. Treat. 2020, 52, 886–895. [CrossRef]

16. Zhao, J.; Zhang, W.; Zhang, J.; Ma, W.J.; Liu, S.Y.; Li, F.Y.; Song, B. External validation study of the 8(th) edition of the American
Joint Committee on Cancer staging system for perihilar cholangiocarcinoma: A single-center experience in China and proposal
for simplification. J. Gastrointest. Oncol. 2021, 12, 806–818. [CrossRef]

17. Gaspersz, M.P.; Buettner, S.; van Vugt, J.L.A.; de Jonge, J.; Polak, W.G.; Doukas, M.; Ijzermans, J.N.M.; Koerkamp, B.G.; Willemssen,
F. Evaluation of the New American Joint Committee on Cancer Staging Manual 8th Edition for Perihilar Cholangiocarcinoma. J.
Gastrointest. Surg. 2020, 24, 1612–1618. [CrossRef]

18. Nakanishi, Y.; Okamura, K.; Tsuchikawa, T.; Nakamura, T.; Noji, T.; Asano, T.; Matsui, A.; Tanaka, K.; Murakami, S.;
Ebihara, Y.; et al. Time to Recurrence After Surgical Resection and Survival After Recurrence Among Patients with Perihi-
lar and Distal Cholangiocarcinomas. Ann. Surg. Oncol. 2020, 27, 4171–4180. [CrossRef]

19. Benzing, C.; Krenzien, F.; Mieg, A.; Wolfsberger, A.; Andreou, A.; Nevermann, N.; Pelzer, U.; Fehrenbach, U.; Haiden, L.M.;
Öllinger, R.; et al. A tailored approach in lymph node-positive perihilar cholangiocarcinoma. Langenbeck’s Arch. Surg. 2021, 406,
1499–1509. [CrossRef]

20. Roos, E.; Franken, L.C.; Soer, E.C.; van Hooft, J.E.; Takkenberg, R.B.; Klumpen, H.J.; Wilmink, J.W.; van de Vijver, M.J.; van Gulik,
T.M.; Verheij, J. Lost in translation: Confusion on resection and dissection planes hampers the interpretation of pathology reports
for perihilar cholangiocarcinoma. Virchows Arch. Int. J. Pathol. 2019, 475, 435–443. [CrossRef]

21. Ma, W.J.; Wu, Z.R.; Hu, H.J.; Wang, J.K.; Yin, C.H.; Shi, Y.J.; Li, F.Y.; Cheng, N.S. Extended Lymphadenectomy Versus Regional
Lymphadenectomy in Resectable Hilar Cholangiocarcinoma. J. Gastrointest. Surg. 2020, 24, 1619–1629. [CrossRef] [PubMed]

22. Li, J.; Zhou, M.H.; Ma, W.J.; Li, F.Y.; Deng, Y.L. Extended lymphadenectomy in hilar cholangiocarcinoma: What it will bring?
World J. Gastroenterol. 2020, 26, 3318–3325. [CrossRef] [PubMed]

23. Darwish Murad, S.; Kim, W.R.; Harnois, D.M.; Douglas, D.D.; Burton, J.; Kulik, L.M.; Botha, J.F.; Mezrich, J.D.; Chapman, W.C.;
Schwartz, J.J.; et al. Efficacy of neoadjuvant chemoradiation, followed by liver transplantation, for perihilar cholangiocarcinoma
at 12 US centers. Gastroenterology 2012, 143, 88–98.e83. [CrossRef] [PubMed]

24. Lauterio, A.; De Carlis, R.; Centonze, L.; Buscemi, V.; Incarbone, N.; Vella, I.; De Carlis, L. Current Surgical Management of
Peri-Hilar and Intra-Hepatic Cholangiocarcinoma. Cancers 2021, 13, 3657. [CrossRef]

25. Izquierdo-Sanchez, L.; Lamarca, A.; La Casta, A.; Buettner, S.; Utpatel, K.; Klümpen, H.J.; Adeva, J.; Vogel, A.; Lleo, A.;
Fabris, L.; et al. Cholangiocarcinoma landscape in Europe: Diagnostic, prognostic and therapeutic insights from the ENSCCA
Registry. J. Hepatol. 2021, 76, 1109–1121. [CrossRef]

26. Lamarca, A.; Barriuso, J.; Chander, A.; McNamara, M.G.; Hubner, R.A.; ÓReilly, D.; Manoharan, P.; Valle, J.W. (18)F-
fluorodeoxyglucose positron emission tomography ((18)FDG-PET) for patients with biliary tract cancer: Systematic review and
meta-analysis. J. Hepatol. 2019, 71, 115–129. [CrossRef]

27. Coelen, R.J.; Ruys, A.T.; Besselink, M.G.; Busch, O.R.; van Gulik, T.M. Diagnostic accuracy of staging laparoscopy for detecting
metastasized or locally advanced perihilar cholangiocarcinoma: A systematic review and meta-analysis. Surg. Endosc. 2016, 30,
4163–4173. [CrossRef]

28. Coelen, R.J.; Ruys, A.T.; Wiggers, J.K.; Nio, C.Y.; Verheij, J.; Gouma, D.J.; Besselink, M.G.; Busch, O.R.; van Gulik, T.M.
Development of a Risk Score to Predict Detection of Metastasized or Locally Advanced Perihilar Cholangiocarcinoma at Staging
Laparoscopy. Ann. Surg. Oncol. 2016, 23, 904–910. [CrossRef]

29. Chen, Q.Y.; Xie, J.W.; Zhong, Q.; Wang, J.B.; Lin, J.X.; Lu, J.; Cao, L.L.; Lin, M.; Tu, R.H.; Huang, Z.N.; et al. Safety and Efficacy of
Indocyanine Green Tracer-Guided Lymph Node Dissection During Laparoscopic Radical Gastrectomy in Patients With Gastric
Cancer: A Randomized Clinical Trial. JAMA Surg. 2020, 155, 300–311. [CrossRef]

http://doi.org/10.4143/crt.2020.023
http://doi.org/10.21037/jgo-20-348
http://doi.org/10.1007/s11605-019-04127-x
http://doi.org/10.1245/s10434-020-08534-2
http://doi.org/10.1007/s00423-021-02154-4
http://doi.org/10.1007/s00428-019-02621-w
http://doi.org/10.1007/s11605-019-04244-7
http://www.ncbi.nlm.nih.gov/pubmed/31147975
http://doi.org/10.3748/wjg.v26.i24.3318
http://www.ncbi.nlm.nih.gov/pubmed/32655260
http://doi.org/10.1053/j.gastro.2012.04.008
http://www.ncbi.nlm.nih.gov/pubmed/22504095
http://doi.org/10.3390/cancers13153657
http://doi.org/10.1016/j.jhep.2021.12.010
http://doi.org/10.1016/j.jhep.2019.01.038
http://doi.org/10.1007/s00464-016-4788-y
http://doi.org/10.1245/s10434-016-5531-6
http://doi.org/10.1001/jamasurg.2019.6033

	Introduction 
	Materials and Methods 
	ENSCCA Registry 
	Included Patients 
	Outcomes 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	N+ versus N0 
	Overall Survival 
	Recurrence 

	Discussion 
	Conclusions 
	References

