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Abstract
AIM: To investigate the prognostic value of metastatic
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lymph node ratio (MLNR) in extrahepatic cholangio-
carcinoma (ECC) patients undergoing radical resection.

METHODS: Seventy-eight patients with ECC were
enrolled. Associations between various clinicopathologic
factors and prognosis were investigated by Kaplan-
Meier analyses. The Cox proportional-hazards model
was used for multivariate survival analysis.

RESULTS: The overall three- and five-year survival
rates were 47.26% and 23.99%, respectively. MLNR
of 0, 0-0.2, 0.2-0.5, and > 0.5 corresponded to five-
year survival rates of 28.59%, 21.60%, 18.84%, and
10.03%, respectively. Univariate analysis showed that
degree of tumor differentiation, lymph node metastasis,
MLNR, tumor-node-metastasis (TNM) stage, and margin
status were closely associated with postoperative
survival in ECC patients (P < 0.05). Multivariate analysis
showed that MLNR and TNM stage were independent
prognostic factors after pancreaticoduodenectomy (HR
= 2.13, 95%CI: 1.45-3.11; P < 0.01; and HR = 1.97,
95%CI: 1.17-3.31; P = 0.01, respectively). The median
survival time for MLNR > 0.5, 0.2-0.5, 0-0.2, and 0 was
15 mo, 24 mo, 23 mo, and 35.5 mo, respectively. There
were statistical differences in survival time between
patients with different MLNR (;* = 15.38; 2 < 0.01).

CONCLUSION: MLNR is an independent prognostic
factor for ECC patients after radical resection and is
useful for predicting postoperative survival.

Key words: Cholangiocarcinoma; Metastatic lymph
node; Prognosis; Surgery
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Core tip: This study aims to investigate the prognostic
significance of metastatic lymph node ratio in
extrahepatic cholangiocarcinoma patients undergoing
radical resection. Using univariate and multivariate
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analysis, we found that metastatic lymph node ratio
was an independent prognostic factor for these patients
after radical resection and is useful for predicting
postoperative survival.
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INTRODUCTION

Cholangiocarcinoma (CCA) is a malignant tumor that
originates from the intra- and extrahepatic biliary
epithelium, and it accounts for approximately 3% of
all gastrointestinal malignancies!*!. Patients with liver
fluke infestation, chronic viral hepatitis, choledochal
cysts, and primary sclerosing cholangitis can develop
CCA™. Intrahepatic CCA arises within the hepatic
parenchyma, and most often presents as a mass lesion
without major bile duct obstruction or jaundice™.
Extrahepatic cholangiocarcinoma (ECC) is defined as
common bile duct CCA, which accounts for 20%-40%
of CCA cases'. At present, surgical resection remains
the only treatment choice for ECC patients. However,
the curative rate of ECC has been low for patients
in advanced stages™. Even with complete resection
of the tumors, most patients are subject to local
recurrence or distant metastasis'. According to the
staging of extrahepatic bile duct cancer, the number
of metastatic lymph nodes is a key parameter for
tumor staging and prognosis prediction. Lymph node
metastasis is a prognostic factor for survival of ECC
patients after curative resection”’, and those with
peripheral lymph node metastases had notably poorer
prognosis.

Metastatic lymph node ratio (MLNR), the ratio of
the number of metastatic lymph nodes to the number
of lymph nodes removed, is regarded as an important
prognostic factor for various tumors®**, However, there
are few studies examining the association between
MLNR and prognosis in ECC patients. In this study,
we analyzed multiple clinicopathologic factors in ECC
patients, and investigated the potential association
between lymph node metastasis and prognosis. We
aimed to find reliable indicators for predicting the
prognosis of ECC patients following radical resection.

MATERIALS AND METHODS

Study population

A total of 128 ECC patients were recruited from
the Cancer Hospital of Chinese Academy of Medical
Sciences between January 1999 and January 2012.
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The recruited patients needed to meet the following
inclusion criteria: (1) complete clinical data available;
(2) pathologically confirmed ECC after surgery;
(3) neoadjuvant chemoradiotherapy-naive before
surgery; (4) complete follow-up record available
(until January 2014); and (5) absence of liver disease
or other diseases. All patients received pancreati-
coduodenectomy and preoperative assessment,
including a detailed history and physical, laboratory,
and radiologic examinations. All patients underwent
enhanced abdominal CT/magnetic resonance imaging,
abdominal ultrasound, and determination of serum
tumor markers.

The tumors were classified based on the tumor-
node-metastasis (TNM) classification criteria of the
American Joint Committee on Cancer (AJCC), 6"
edition™!. The clinicopathologic data analyzed in this
study included: age, sex, duration of operation, intra-
operative blood loss, tumor differentiation, tumor
embolism, perineural invasion, T component of TNM
stage, TNM stage, margin status, postoperative
adjuvant chemotherapy, total number of dissected
lymph nodes, lymph node status, and MLNR.

All patients underwent lymphadenectomy; based
on the Japanese Pancreatic Society classification of
pancreatic cancer, the extent of lymphadenectomy was
defined as follows: around the pancreas and duodenum
(stations 13 and 17), inside the hepatoduodenal
ligament (station 12), around the stomach (stations
1-6), around the hepatic artery proper (station 8), and
around the superior mesenteric artery (station 14).

Data on the total number of lymph nodes dissected
and the number of lymph node metastases were
obtained from pathologic reports. Patients were
divided into four groups according to the MLNR values:
patients with negative lymph nodes (MLNR = 0), and
patients with positive lymph nodes (0 < MLNR < 0.2,
0.2 < MLNR < 0.5 and 0.5 < MLNR).

Follow-up

Follow-up was performed via telephone or mail, and
all outpatient records were reviewed. The first follow-
up visit was made at 6 mo after surgery. It was then
continued every 6-12 mo until March 2014.

Statistical analysis

Statistical analysis was performed using the SAS v
9.2 (SAS Institute Inc., Cary, NC, United States). The
life-table method was used to calculate the three-
and five-year survivals. The Kaplan-Meier method
was used to construct survival curves, which were
compared using the log-rank test. Multivariate analysis
of prognostic factors was performed using the Cox
proportional-hazards model. Survival was calculated
from the day of surgery to the time of death (for non-
surviving patients) or to the last follow-up (until March
2014 for surviving patients or patients who dropped
out). P < 0.05 was considered statistically significant.
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Table 1 Clinicopathologic factors and prognosis

Clinicopathologic No. of Survival (%) P value®
factors patients 3yr Syr
Total cases 78 47.26 23.99
Age (yr) 0.388
< 60 46 57.14 28.57
> 60 32 45.22 26.65
Sex 0.748
Male 51 46.92 21.90
Female 27 48.48 36.36
Duration of surgery (min) 0.763
< 300 41 46.27 27.76
>300 37 47.98 18.66
Intraoperative blood loss (mL) 0.337
< 500 47 57.14 28.57
> 500 31 46.34 26.42
Differentiation degree <0.01
Highly 24 61.32 33.45
Moderately 44 50.00 28.04
Poorly 10 23.08 15.38
Perineural invasion 0.435
Yes 57 38.72 14.75
No 21 68.38 48.84
Tumor embolism 0.183
Yes 3 L 33.33
No 75 47.94 25.68
T stage 0.369
T1 2 100 50
T2 7 53.07 33.77
T3 24 46.05 21.98
T4 45 37.40 18.70
Total number of lymph node dissected 0.179
<15 30 45.92 26.53
>15 48 39.39 26.26
Lymph node metastasis 0.010
Yes 55 37.74 17.56
No 23 70.13 28.59
MLNR 0.002
0 23 70.13 28.59
0-0.2 12 54.01 21.60
0.2-0.5 18 48.34 18.84
>0.5 25 33.67 10.03
TNM stage 0.044
I 2 54.83 27.95
II 26 41.67 21.03
itk 50 35.06 17.53
Cutting edge 0.043
Negative 75 54.36 25.02
Positive 3 33.33 10.00
Postoperative chemotherapy 0.055
Yes 64 54.55 22.02
No 14 46.80 2240

“Log-rank test. MLNR: Metastatic lymph node ratio; TNM: Tumor-node-
metastasis.

RESULTS

Patient general data

Seventy-eight patients, including 51 men and 27
women, were included in the final analysis. Their
average age was 60.2 years, ranging from 42 to 78
years. Two patients were classified as stage I, 26 as
stage II, and 50 as stage 1III. Fifty-five patients were
diagnosed with lymph node metastasis. The average
number of dissected lymph nodes was 15.4 (range:
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Table 2 Multivariate analysis for predictive factors of

extrahepatic cholangiocarcinoma patient survival

Factors B sD 7 P value HR 95%Cl
MLNR 0.75 0.19 15.01 <0.01 213 1.45-3.11
TNM stage 0.67 0.26 6.55 0.011 1.97 1.17-3.31

MLNR: Metastatic lymph node ratio, TNM: Tumor-node-metastasis.

10-36). Forty-two patients were lost to follow-up. Eight
patients were excluded, among who four were without
complete clinical information, two were diagnosed with
non-ECC, one had received adjuvant chemotherapy
before operation, and one had received interventional
chemotherapy before operation.

Survival rates

The overall three- and five-year survival rates were
47.26% and 23.99%, respectively. There were no
statistically significant differences in the survival
rates with regard to age, sex, duration of surgery,
intraoperative blood loss, perineural invasion, tumor
embolism, T stage, number of lymph node dissected,
or postoperative chemotherapy. The three- and five-
year survival rates of patients with peripheral lymph
node metastasis (37.74% and 17.56%, respectively)
were lower than those without peripheral lymph node
metastasis (70.13% and 28.59%, respectively),
and the differences were statistically significant (Ps
< 0.05). Five-year survival rates according to MLNR
were: 28.59% (MLNR = 0), 21.60% (MLNR = 0-0.2),
18.84% (MLNR = 0.2-0.5), and 10.03% (MLNR >
0.05).

Associations between clinicopathologic factors and
postoperative survival

Univariate analyses showed that degree of tumor
differentiation, lymph node metastasis, MLNR, TNM
stage, and margin status were significantly correlated
with postoperative survival in ECC patients (all P <
0.05) (Table 1). Furthermore, the Cox proportional-
hazard model for multivariate analysis was used to
further investigate these factors, showing that MLNR
and TNM stage were independent predictors of survival
(Table 2).

Survival curves

To further determine the effects of MLNR and TNM
stage on prognosis of patients, survival curves were
established. Median survival time for regional lymph
node metastases > 0.5, 0.2-0.5, 0-0.2, and 0 were
15 mo, 24 mo, 23 mo, and 35.5 mo, respectively. The
log-rank test revealed significant differences in survival
time among patients with different MLNR values (y° =
15.376; P < 0.01) (Figure 1A). Median survival time
for TNM stage I, 1I, and 1 were 15.5 mo, 24.0 mo,
23.0 mo, and 35.5 mo, respectively, with significant
differences (y° = 15.376; P < 0.01) (Figure 1B).
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Figure 1 Survival curves of extrahepatic cholangiocarcinoma patients using a Cox model. A: Survival curves of extrahepatic cholangiocarcinoma (ECC)
patients with different metastatic lymph node ratio (MLNR) values; B: Survival curves of ECC patients with different tumor-node-metastasis (TNM) stages.

DISCUSSION

Some factors have been found for the prognosis of
CCA™2!1. However, there are few studies on survival
outcomes and prognostic factors of ECC patients®.
The TNM staging system has been widely applied as
a simple, convenient, and repeatable method. For
ECC patients, the N component, or description of the
involvement of regional lymph nodes, is based on
the number and location of metastatic lymph nodes
retrieved intraoperatively, and is used to predict
prognosis. According to the 6™ edition of the AJCC
Cancer Staging Manual, lymphadenectomy should be
considered in patients with more than 15 lymph nodes,
which is evaluated as the N component of the TNM
stage®!, All these indicate that the N component may
not accurately predict prognosis of ECC patients with
fewer than 15 lymph nodes removed. However, the
number of lymph nodes removed is often dictated by
the knowledge and skill of the surgeon and pathologist.
Therefore, MLNR is a more reliable prognostic factor
than the number of metastatic lymph nodes™, and
the prognostic value of MLNR is not influenced by the
scope of lymph node dissection®?".,

In the present study, we performed univariate and
multivariate analyses to investigate the role of MLNR
in prognosis prediction of ECC patients, and found
that MLNR is an independent prognostic factor. We
also analyzed the prognostic values of other lymph
node-related indicators and found that lymph node
metastasis, but not the total number of lymph nodes
dissected, was closely associated with prognosis. In a
retrospective analysis of 93 intrahepatic CCA patients,
Tamandl et a*® verified that the total number of lymph
nodes dissected was not associated with prognosis.
Although no evidence has demonstrated that dissection
of more lymph nodes improves the prognosis, extended
lymphadenectomy can more accurately identify
the status of lymph node metastasis and predict
prognosis®., As the scope of lymphadenectomy during
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radical resection of ECC remains controversial, MLNR
is particularly important for evaluating the prognosis
of ECC patients, which can represent the number and
location of metastatic lymph nodes. Furthermore,
calculation of MLNR is a simple and highly repeatable
method for stratification of outcomes and takes into
account not only the number of dissected lymph nodes,
but also biologic behavior (i.e., number of positive
lymph nodes).

In the present study, MLNR was found to be an
independent prognostic indicator of long-term patient
survival; a higher MLNR value predicted poorer
biologic behavior and prognosis. MLNR can be used
in postoperative stratification of ECC patients, i.e.,
assessment of the appropriateness of further treatment
or enrollment in future clinical trials.

In summary, MLNR is an independent prognostic
factor for ECC patients who underwent pancreati-
coduodenal resection. MLNR can be used as an
important tool in postoperative pathologic evaluation
to predict prognosis and facilitate stratification for
treatment. More cases of ECC should be considered in
further studies for verifying the association between
MLNR and survival.

COMMENTS

Background

Extrahepatic cholangiocarcinoma (ECC) is a gastrointestinal malignancy with
poor prognosis. Surgical resection remains the only treatment choice for ECC.
However, the curative rate of ECC has been low for patients diagnosed with
advanced stages. There are no effective methods for predicting postoperative
survival of patients with ECC.

Research frontiers

Metastatic lymph node ratio (MLNR), the ratio of the number of metastatic
lymph nodes to the number of lymph nodes removed, is known as an important
prognostic factor for various tumors.

Innovations and breakthroughs

There are few studies examining the association between MLNR and prognosis
in ECC patients. The authors firstly investigated the prognostic factors for ECC
in a Chinese population. A total of 128 ECC cases were collected from January
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1999 to January 2012. Multivariate analysis was performed to investigate the
association between clinicopathologic factors and the survival of ECC patients.
The Kaplan-Meier method was used to construct survival curves and to
investigate the clinicopathologic factors for the survival of ECC patients.
Applications

MLNR is an independent prognostic factor for patients with ECC after radical
resection, which may be used as an index for predicting postoperative survival.
Terminology

Cholangiocarcinoma is a malignant tumor that originates from the intra- and
extrahepatic biliary epithelium, and accounts for ~3% of all gastrointestinal
malignancies. ECC is defined as cholangiocarcinoma of the common bile duct,
which accounts for 20-40% of the cases.

Peer-review

Itis a good retrospective study in which the authors investigated the prognostic
factors for patients with ECC. The results are interesting and suggest that MLNR
is an independent prognostic factor for patients with distal cholangiocarcinoma
after radical resection and is useful for predicting postoperative survival.
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