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ABSTRACT

Even though lymph node status is one of the most important predictors of survival for
patients undergoing curative-intent surgery for peri-hilar cholangiocarcinoma (PHCC), the
optimal lymph node staging system for PHCC has not been identified. Recently, the newly
published 8th edition of the American Joint Committee on Cancer (AJCC) staging system
reformed the criteria used to stage the lymph node status of PHCC patients but this change
did not demonstrate to significantly improve the prognostic stratification of patients with
PHCC. Among the several clinical tools that have been proposed in replacement of the AJCC
N stages, the lymph node ratio (LNR) defined as the ratio of the number of metastatic lymph
nodes to the  number of lymph nodes harvested, demonstrated to improve the lymph node
staging of patients with several gastrointestinal and hepatobiliary cancers. When tested 
in PHCC patients, while LNR was associated with patients’ prognosis, the prognostic 
performances of LNR were strongly influenced by the number of lymph node harvested 
suggesting that LNR might be of less clinical value in PHCC patients due to the relatively
small number of lymph node harvested compared with other gastrointestinal cancers. While
other clinical tool (i.e. LODDS) has been proposed to assess lymph node status, further 
studies are needed to improve the lymph nodal staging of PHCC patients.
Key words: liver surgery, peri-hilar cholangiocarcinoma, lymphadenectomy, lymph-node
ratio

INTRODUCTIONINTRODUCTION

With about 12,000 new cases per year and an incidence of 1-2 per 100,000
individuals in the United States, perihilar cholangiocarcinoma (PHCC) is the most
frequent form of cholangiocarcinoma accounting for 60-70% of bile duct 
cancers (1-4). PHCC can be an aggressive malignancy with low incidence (≈50%)
of patients presenting with a resectable disease at the time of diagnosis and a
disappointing prognosis even after curative-intent surgery (5-year overall 
survival ranging from 20 to 42%) (5-7). While several factors has been associated
with the survival of patients who underwent curative intent resection of PHCC
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including tumor extension, vascular invasion, margin
status, grade of tumor differentiation, and CA19-9
serum level, lymph-node status is the strongest 
predictors of prognosis with a 5-year overall survival of
only 10-20% among patients with metastatic lymph-
nodes (N1 disease) (2, 8-11). For this reason, several
classification and mathematical computational clinical
tools have been proposed to stage the lymph-node 
status of PHCC patients to better identify the subset of
patients with a high risk of recurrence after surgery and
who might benefit from aggressive perioperative
chemoradiotherapy treatments.

LYMPHADENECTOMY AND LYMPHLYMPHADENECTOMY AND LYMPH
NODE STAGINGNODE STAGING

The lymph node drainage for the liver includes a
superficial lymphatic pathway under the Glisson’s 
capsule of the liver and a deep lymphatic drainage that
following the portal veins  drains into the lymph nodes
at the hilum of the liver. The superficial lymphatic 
pathway include three major groups: 1) the most 
common lymph node basins site of metastasis through
the hepatoduodenal and gastro-hepatic ligament 
pathway, 2) the diaphragmatic lymphatic plexus where
the liver is directly in contact with the diaphragm with
the liver bare area and indirectly through the coronary
and triangular ligaments, and 3) lymphatic plexus along
the falciform ligament to the deep superior epigastric
node in the anterior abdominal wall along the deep
superior epigastric artery below the xiphoid cartilage.
Moreover , the deep lymphatic drainage includes two
major lymph node chains in the hepatoduodenal 
ligament: 1) the hepatic artery chain that follows the
common hepatic artery to the lymph node at the celiac
axis and then into the cisterna chyli 2) the posterior
periportal chain, located posterior to the portal vein in
the hepatoduodenal ligament that drains into the retro-
pancreatic nodes and the aortocaval node into the 
cisterna chyli and the thoracic duct (12).

Lymphadenectomy for PHCC is usually performed
during the hepatic pedicle dissection and should
include the dissection of regional lymph nodes including
hilar (basin #12h), peri-choledochal (#12b and #12c),
peripancreatic (#13a), periportal (#12p), and common
hepatic artery (#8a and #8p) nodes (13). Even though
periaortic lymph nodes might be included in an 
extended lymphadenectomy, several authors have
reported that curative intent surgery should be 
performed only on patients without distant lymph node
metastasis (negative periaortic lymph node) (13). In a
systematic review on the lymph node dissection in

resectable PHCC, Kambakamba et al. reported a 
median number of lymph node harvested of 7 widely
ranging from 2 to 24 lymph nodes and the retrieval of 3
lymph nodes was the most commonly reported median
lymph node (14). While the median number of lymph
node harvested was not associated with the incidence
of lymph node metastasis (N1 patients) and with
patients’ survival, in a sub-analysis, the studies reporting
a median number of lymph nodes harvested between 7
and 9 reported the highest incidence of N1 patients
(14). The American Joint Committee on Cancer (AJCC)
staging system is the most used clinical tool used to
prognostically stratify PHCC patients (15). Even though
AJCC suggested a minimum number of harvested
lymph nodes for an adequate lymph node staging of
patients with intrahepatic cholangiocarcinoma, the
number of lymph nodes harvested for PHCC patients is
still under debate (15). Moreover, the newly published
AJCC 8th  edition significantly changed the criteria for
the nodal staging of patients with PH-CCA. While in the
AJCC 7th edition the location of metastatic lymph
nodes was used to define the N stage for PHCC patients
(N1, regional LN metastasis; N2, peri-aortic, peri-caval,
superior mesenteric artery, and/or celiac artery LN
metastasis), the AJCC 8th edition identify the number
of metastatic lymph node as the most accurate variable
associated with patients’ prognosis defining stage N1 as
patients with 1-3 metastatic lymph nodes and stage N2
as patients with >3 lymph nodes (15, 16).

LYMPH NODE RATIOLYMPH NODE RATIO

Even though in a recent analysis of 214 patients who
underwent surgery for PH-CCA, Ruzzenente et al.
reported that the AJCC 8th edition N staging performed
better than the 7th edition, the AJCC lymph node staging
has a poor ability to predict the prognosis of patients
undergoing liver resection for PH-CCA (c-index < 0.6)
and the optimal N staging for PH-CCA has not been
identified (17). 

Lymph node ratio (LNR) defined as the ratio of the
number of metastatic lymph nodes to the  number of
lymph nodes harvested, demonstrated to improve the
lymph node staging of patients with gastrointestinal
and hepatobiliary cancers including pancreatic ductal
adenocarcinoma, ampulla of Vater, distal bile duct 
cancer, and intrahepatic cholangiocarcinoma (18-21).

Guglielmi et al. reported the prognostic value of 
the lymph node status, total number of lymph node 
evaluated and LNR of 62 patients with PHCC who 
underwent surgical resection with curative intent (22).
With a median number of harvested lymph nodes of 7,
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median overall survival was 42 months for N0 patients
compared with 23 months for N1 patients (p-value
=0.03). Moreover, median overall survival increased from
3 to 19 and 29 months for patients with 0, 1–3 and >3
harvested lymph nodes, respectively (p-value<0.01). The
authors identified a cut-off for LNR of 0.25 reporting a 
5-year overall survival of 0 and 23% for patients with
>0.25 and ≤0.25 LNR, respectively (p-value=0.03) (22).

The group of the Nagoya University investigated 
the prognostic relevance of LNR analyzing long-term
outcomes of 320 consecutive patients with PHCC who
underwent surgery from January 2000 to December
2009 (23). The author reported a 5-year overall survival
of 60% for N0 patients compared with 19% for N1
patients. Lymph node ratio (LNR) was analyzed in the
146 patients who had lymph node metastasis and the
survival for patients with an LNR of 0.2 or less was 
significantly better than that for patients with an LNR
greater than 0.2 (5-year OS: LNR≤0.2, 21% vs LNR>0.2,
13%, p-value=0.032) while the difference in survival
was not statistically different when the LNR cutoff value
was set at 0.25 or 0.3. Of note, in the multivariable
model, LNR did not result an independent predictor of
survival for PHCC patients (23). The authors concluded
their article considering that while LNR might be used
to minimize the inconsistency and variability of nodal
assessment in an effort to standardize the lymph node
staging, LNR is largely influenced by the number of
lymph nodes harvested and that LNR in PHCC patients
might be of less clinical value due to the relative small
number of lymph node harvested compared with other
gastrointestinal cancers (23).

Hakeem et colleague investigated the long-term
outcome of 78 patients who underwent surgery for
PHCC at the Leeds Teaching Hospitals in the UK
between 1994 and 2010 (24). The authors reported
that while the 5-year OS resulted 10% and 41% 
for patients with and without lymph node metastasis 
(p < 0.001), a LNR > 0.37 was an independent predictors
of disease free survival (DFS) but was not associated
with patients’ overall survival (24). 

Oshiro et al. retrospectively analyzed a total of 60
consecutive patients who underwent resection for
extrahepatic cholangiocarcinoma at the Department of
Surgery of the University of Tsukuba in Japan between
January 2001 and December 2009 (25). According with
previous data present in the literature the authors used
0.2 as the curt-off for LNR reporting 56% (n=34) of
patients with negative lymph nodes and 22% (n=13)
and 22% (n=13) of patients had LNR ≤0.2 and >0.2,
respectively. While no patients with LNR >0.2 survived
five years after surgery, N0 patents had a 5-year OS of

44%, compared with 10% for patients with LNR ≤0.2 
(p = 0.023). Moreover, LNR resulted associated with
patients’ prognosis in both the univariate (p = 0.016)
and multivariable (p = 0.022) analyses (25). 

Mao et colleagues performed an analysis of the
American population-based Surveillance, Epidemiology,
and End Results (SEER) database to investigate the prog-
nostic role of the patterns of lymph node dissection for
patients who underwent surgery for PHCC between
1998 and 2008 (26). The authors reported that among
the 1,116 patients with at least one harvested lymph
node, the largest difference in terms of overall survival
was identified when 0.27 was choose as a cutoff value 
for LNR. Patients with a LNR ≤0.27 had a 5-year OS of 
19% compared with only 9% for patient with a LNR >0.27
(p = 0.001) (26).

Bagante et al. assessed the prognostic performance
of different nodal staging in an international multi-
institutional database including 437 patients who
underwent surgery with curative intent for PHCC
between 1995 and 2014 (27). According with the
results of the group of Nagoya, the authors reported
that the prognostic performance of LNR was strongly
influenced by the number of lymph node harvested. In
particular, while LNR and AJCC N stage had similar 
performance among patients with <4 lymph node 
harvested, LNR performed better at determining prog-
nosis among patients with ≥4 lymph node harvested
compared with the AJCC nodal staging (27). 

OTHER METHODS TO PROGNOSTICALLYOTHER METHODS TO PROGNOSTICALLY
ASSESS LYMPH NODE STATUS  ASSESS LYMPH NODE STATUS  

The limits of LNR for PHCC patients have been also
underlined by Conci et al. who recently compared the
different approaches used to stage the lymph node 
status of patients who underwent hepatectomy for
PHCC at the University of Verona between September
1990 and December 2014 (28). The mathematical
transformation of the ratio between the number of
lymph nodes harvested and the number of metastatic
lymph nodes (log odds of metastatic lymph nodes,
LODDS) was the factor with the highest area under the
receiver operating characteristic curve (AUC) predicting
the 3-year OS (AUC = 0.71) compared with lymph node
ratio (LNR, AUC = 0.60), number of metastatic lymph
node (AUC = 0.59), and AJCC 7th edition N-staging
(AUC = 0.54) (28). The authors determined that while
the mathematical transformation of number of
metastatic lymph node and number of harvested
lymph nodes as LNR and LODDS are better predictors
of survival than AJCC N staging, LODDS resulted the
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most accurate and predictive lymph node staging 
for patients undergoing curative intent surgery for
PHCC.

CONCLUSIONCONCLUSION

Even though there is a general consent on the ben-
efit of lymphadenectomy for PHCC patients, the exact
number of harvested lymph node has not been found.
While LNR has been associated with the prognosis of
patients undergoing curative intent surgery for PHCC,
the best cut-off to discriminate patients with favorable
and poor prognosis among patients with positive lymph
nodes has not been clearly found. Moreover, several
authors including our group have reported that, LNR for
PHCC patients might be of less clinical value due to the
relatively small number of lymph node harvested com-
pared with other gastrointestinal cancers while differ-
ent mathematical estimation (i.e. LODDS) might
improve the lymph node staging of PHCC patients. Even
though lymph node status is the most important factors
associated with PHCC patients’ prognosis, the optimal
lymph node staging has not been identified. Given the
low incidence of PHCC, multi-institutional studies are
needed to provide consistent evidence on the N staging
for PHCC patients. 
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