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Abstract
Background Although the current nodal staging system for gallbladder cancer (GBC) was changed based on the number of
positive lymph nodes (PLN), it needs to be evaluated in various situations.
Methods We reviewed the clinical data for 398 patients with resected GBC and compared nodal staging systems based on the
number of PLNs, the positive/retrieved LN ratio (LNR), and the log odds of positive LN (LODDS). Prognostic performance was
evaluated using the C-index.
Results Subgroups were formed on the basis of an restricted cubic spline plot as follows: PLN 3 (PLN = 0, 1–2, ≥ 3); PLN 4
(PLN = 0, 1–3, ≥ 4); LNR (LNR= 0, 0–0.269, ≥ 0.27); and LODDS (LODDS < − 0.8, − 0.8–0, ≥ 0). The oncological outcome
differed significantly between subgroups in each system. In all patients with GBC, PLN 4 (C-index 0.730) and PLN 3 (C-index
0.734) were the best prognostic discriminators of survival and recurrence, respectively. However, for retrieved LN (RLN) ≥ 6,
LODDS was the best discriminator for survival (C-index 0.852).
Conclusion The nodal staging system based on PLN was the optimal prognostic discriminator in patients with RLN < 6, whereas
the LODDS system is adequate for RLN ≥ 6. The following nodal staging system considers applying different systems according
to the RLN.
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Introduction

Gallbladder cancer (GBC) is a rare gastrointestinal malignan-
cy with a poor prognosis [1]. The known prognostic factors
for worse survival include microscopic remnant tumor, lymph
node (LN) metastasis, and poorly differentiated tumor [2]. LN
metastasis is the strongest risk factor, even after curative re-
section [3, 4]. Recently, the American Joint Committee on
Cancer (AJCC) 8th edition cancer staging systemwas present-
ed. Major changes are tumor-invaded, perimuscular connec-
tive tissue (T2) which was divided into the peritoneal (T2a)
and the hepatic (T2b) side. The patients with T2b showed
more frequent nodal involvement as well as vascular and neu-
ral invasion compared with the patients with T2a in T2 GBC
[5]. Furthermore, radical surgery was recommended for T2b
GBC patients comparedwith T2a GBC patients [6]. The nodal
staging system was also changed in the AJCC 8th edition.
Contrary to the site of metastatic lymph nodes in the AJCC
7th edition, the new staging system was based on the number
of positive LN (PLN). N1 and N2 were defined as PLN 1–3
and PLN ≥ 4 [7]. However, the adequate extent of LN dissec-
tion (LND) and the number of retrieved LN (RLN) are still
controversial [8]. Furthermore, the number of RLNs differs in
Western and Eastern countries. Although patients with four or
more RLNs do not present a problem in applying the new
staging system, the prognosis of patients with a smaller num-
ber of RLNs may be underestimated in this nodal staging
system. There is a need to develop an ancillary nodal staging
system for these patients. Previous studies compared the prog-
nostic performance of various nodal staging systems.
However, previous studies used arbitrary values to divide pa-
tients into subgroups [9–11]. Recently, an objective statistical
method was introduced to form subgroups on the basis of
dose-response relationships, termed the “restricted cubic
spline” (RCS) model [12–14]. We evaluated the usefulness
of the RCS model for dividing patients into subgroups in
different nodal staging systems and identified the best prog-
nostic nodal staging system for all patients with resected GBC
and the patients with a small number of RLNs.

Methods

Patients, study design, and data collection

We identified patients who underwent curative intent surgery
for GBC at eight tertiary referral centers between January
2000 and December 2015. The patients who underwent R2
resection, surgery without LND, or were diagnosed with T1a
or T4 GBC were excluded because almost all T1a GBC pa-
tients underwent simple cholecystectomy without LND and
T4 GBC was not indicated for curative resection in previous
studies.

The patients underwent curative intent radical cholecystec-
tomy including liver and LN resection. The surgeon dissected
the nodes around the hepatoduodenal ligament, common he-
patic artery, and retropancreas. Bile duct resection with or
without hepatectomy, pancreaticoduodenectomy, or
hepatopancreaticoduodenectomy was performed according
to tumor invasion and its extent. To evaluate the oncological
outcomes on the basis of the node status, four nodal staging
systems were used: the AJCC 7th edition N stage; PLN;
positive/retrieved lymph node ratio (LNR); and log odds of
lymph node ratio (LODDS; LODDS = log [the number of
PLN + 0.5]/[the number of negative LN + 0.5]). Because each
nodal staging system contains continuous variables, except for
the AJCC 7th edition nodal system, the subgroups had to be
formed using the RCS model, and which was helpful in char-
acterizing the dose-response association between continuous
exposure and outcomes for nonlinear associations. The nodal
staging systems were also compared with regard to the prog-
nostic performance to identify the best nodal staging system to
distinguish prognoses, and internal validation was performed
through 1000 times bootstrapping with the calibration plot.

The following data were retrieved from the patients’ med-
ical records for analysis: preoperative data (age, sex,
American Society of Anesthesiologists [ASA] score, and tu-
mor markers); intraoperative data (extent of resection, opera-
tion time, and blood loss); pathological data (histological
grade, RLN, PLN, and the presence of angiolymphatic, ve-
nous, and perineural invasion); and postoperative data (hospi-
tal stay and postoperative complications, which were classi-
fied using the Clavien-Dindo system) [15].

The patients were followed up twice a year with imaging
studies and the measurement of tumor markers. Recurrence
was evaluated according to the imaging findings. The patients
with R1 resection, node metastasis, or invasion of
perimuscular connective tissue underwent adjuvant chemo-
therapy or chemoradiotherapy [16]. This study was approved
by the Institutional Review Board of each institution.

Statistical analyses

Data are expressed as means and standard deviations. The χ2

test was used to compare categorical variables and the
Student’s t test to compare continuous variables between sub-
groups. We used RCS plots to determine cut-off values. The
values on the Y-axis were estimated as the natural logarithms
of the risk of disease-related death or recurrence after surgery.
The inflection point represented the point of stable or reduced
risk of death or recurrence and was used as the cut-off value
for the subgroups in the nodal staging systems.

The multivariable Cox proportional hazards model was
used to determine the prognostic factors for disease-related
death or recurrence. Prognostic performances were compared
with concordance statistics (C-index). Higher C-index values
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are helpful in choosing a better model. In all analyses, p < 0.05
(two-sided) was considered statistically significant. SPSS®
version 22.0 (SPSS Corp., Chicago, IL, USA) and R® statis-
tics version 3.3.2 (R Foundation, Vienna, Austria) were used
for all analyses.

Results

The number of patients included was 398, and 121
(30.4%) patients displayed nodal metastasis. The mean
numbers of RLN and PLN were 6.3 and 0.7, respectively,
and the mean values of LNR and LODDS were 0.14 and
− 0.697, respectively. The mean patient age was 67.1 and
55.8% of the patients were female. Cholecystectomy with
LND and radical cholecystectomy including liver and LN
resection was performed in 190 (47.8%) and 208 patients
( 5 2 . 3% ) , r e s p e c t i v e l y. CBD r e s e c t i o n w i t h
hepaticojejunostomy, pancreaticoduodenectomy, or
hepaticopancreaticoduodenectomy was performed in 18
(4.5%), one (0.3%) patient, and in one (0.3%) patient,
respectively. The mean hospital stay was 10.9 days and 53
(13.3%) patients experienced postoperative complications in-
cluding fluid collection (17, 4.2%), bile leakage (4, 1.0%),
bleeding (7, 1.8%), wound problem (11, 2.8%), atelectasis,
pneumonia (4, 1.0%), and cerebral infarction (1, 0.3%). And
four (1.1%) patients experienced severe complication, which
was classified using the Clavien-Dindo classification IIIb or
more (Table 1). In the PLN nodal staging system, the RCS plot
for survival was not stable according to PLN, and the rate of
increase changed around PLN = 3 or 4. We divided the group
into three subgroups on the basis of PLN = 3 or 4: the PLN 3
system comprised subgroups PLN = 0 (n = 278), 1–2 (n = 79),
and ≥ 3 (n = 41), and the PLN 4 system comprised subgroups
PLN = 0 (n = 278), 1–3 (n = 94), and ≥ 4 (n = 26). In the LNR
staging system, the risk of disease-related death or recurrence
became stable or decreased approximately 0.27 and 0.78, re-
spectively. The decreasing risk of the subgroup LNR ≥ 0.78
was unusual. Because a previous study demonstrated that a
small number of RLNs affected the analysis for LNR, we
analyzed the RCS plot based on LNR for patients with
RLN ≥ 2 [17]. The RCS plot for survival showed an expo-
nential curve with no decreasing curve, and the RCS plot
for recurrence showed a continuously increasing curve.
Therefore, we divided the group into three subgroups,
i.e., LNR = 0 (n = 278), 0–0.269 (n = 43), and ≥ 0.27 (n =
77). In the LODDS staging system, the first and second
inflection points were observed around LODDS = − 0.8
and 0, respectively. Therefore, three subgroups were clas-
sified as LODDS = < − 0.8 (n = 199), − 0.8–0 (n = 147),
and ≥ 0 (n = 52) (Fig. 1). Perioperative outcomes were
compared among subgroups in each nodal staging system
(Supplementary table 1–4).

Discrimination of the oncological outcomes in each
nodal staging system

The median follow-up period was 26 months. The 1-, 3-, and
5-year overall survival (OS) rates were 95.8, 83.1, and 77.1%,
respectively, and the 1-, 3-, and 5-year recurrence-free survival
(RFS) rates were 85.3, 72.1, and 64.3%, respectively. In the
AJCC 7th edition nodal staging system, the N0, N1, and N2
stages differed significantly in the 5-year OS rates (88.0, 52.8,
and 0%, respectively, p < 0.001) and RFS rates (80.2, 27.7,
and 0%, respectively, p < 0.001). In the PLN 3 nodal staging
system, the 0, 1–2, and ≥ 3 PLN subgroups differed signifi-
cantly in the 5-year OS rates (87.5, 60.4, and 34.5%, respec-
tively, p < 0.001) and the RFS rates (80.2, 34.0, and 13.2%,
respectively, p < 0.001), and with no overlapping points. In
the PLN 4 system, the 0, 1–3, and ≥ 4 PLN subgroups differed
significantly in the 5-year OS rates (87.5, 59.3, and 26.3%,
respectively, p < 0.001) and the RFS rates (80.2, 29.7, and
19.0%, respectively, p < 0.001). In the LNR system, the
LNR = 0, 0–0.269, and ≥ 0.27 subgroups differed significant-
ly in the 5-year OS rates in patients with RLN ≥ 2 (88.2, 65.4,
and 38.1%, respectively, p < 0.001) and with no overlapping
point. The LNR subgroups also differed significantly in the 5-
year RFS rates (85.0, 23.5, and 18.8%, respectively,
p < 0.001) with no overlapping point. In the LODDS staging
system, the LODDS subgroups < − 0.8, − 0.8–0, and ≥ 0 dif-
fered significantly in the 5-year OS rates (89.1, 73.2, and
46.7%, respectively, p < 0.001) and the RFS (80.1, 56, and
31.5%, respectively, p < 0.001), with no overlapping point
(Fig. 2).

Comparison of the prognostic performance
of different nodal staging systems

In a univariate analysis, the following factors were related to
worse patient survival: carcinoembryonic antigen (CEA) ≥
5 ng/ml; carbohydrate antigen (CA) 19–9 ≥ 37U/ml; lymphat-
ic invasion; venous invasion; perineural invasion; R1 resec-
tion; and advanced T stage; and LN metastasis as well
(Supplementary Table 6). In the survival model, PLN 4 was
the best system for discriminating prognoses, on the basis of a
higher C-index (C-index 0.730). A univariate analysis of re-
currence was performed using the significant factors CEA ≥
5 ng/ml, CA 19–9 ≥ 37 U/ml, intraoperative transfusion, poor-
ly differentiated tumor, lymphatic invasion, venous invasion,
perineural invasion, R1 resection, and advanced T stage, and
LN metastasis as well (Supplementary Table 7). In the recur-
rence model, the PLN 3 system had the best discriminating
power (C-index 0.734) (Table 2). The bootstrapped calibration
plot showed no difference between the observed and predicted
probabilities in the PLN systems.

In the AJCC 8th edition, the recommended number of
RLNs was six or more. We evaluated the oncological benefit
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between the RLN< 6 (n = 160) and RLN ≥ 6 (n = 117) sub-
groups in N0 (n = 277, 69.5%). However, the 5-year OS rates
(86.4 vs 83.1%, p = 0.611) and RFS rates (73.8 vs 80.9%, p =
0.327) did not differ significantly between the two subgroups.
Furthermore, we evaluated the similarity of the prognostic

performance according to the number of the RLN. In patients
with RLN ≥ 6, the LODDS system showed the best prognostic
performance regarding patient survival (C-index 0.852) and
recurrence (C-index 0.867) comparedwith other nodal staging
systems (Table 3).

Table 1 Patient characteristics
(n = 398) n (%) or mean ± SD

Age (years) 67.1 ± 10.3

Sex (M/F) 176 (44.2)/222 (55.8)

ASA score (I/II/III) 35 (9.2)/245 (64.1)/65 (17.0)

Preoperative CEA (ng/ml) 5.7 ± 18.2

Preoperative CA 19–9 (U/ml) 178.1 ± 916.3

Resection margin (R0/R1) 375 (94.2)/23 (5.8)

T stage (1b/2/3) (7th edition AJCC) 70 (17.6)/267 (67.1)/61 (15.3)

N stage (0/1/2) (7th edition AJCC) 277 (69.6)/115 (28.9)/6 (1.5)

No. retrieved LN 6.3 ± 5.3

No. of positive LN 0.7 ± 1.6

No. of negative LN 5.5 ± 5.1

LNR 0.14 ± 0.29

LODDS − 0.697 ± 0.589
Cell differentiation (WD/MD/PD/UD) 176 (44.2)/125 (31.4)/49 (12.3)/6 (1.5)

Lymphatic invasion 72 (23.5)

Neural invasion 71 (20.8)

Vascular invasion 50 (14.6)

Hospital stay (days) 10.9 ± 6.8

Postoperative complication 53 (13.3)

Severe complication (CD classification≥IIIb) 4 (1.1)

Adjuvant therapy 185 (46.4)

Chemotherapy 92 (23.1)

Radiotherapy 10 (2.5)

Chemoradiotherapy 83 (20.9)

SD, standard deviation;ASA, American Society of Anaesthesiologists;CEA, carcinoembryonic antigen;CA 19–9,
carbohydrate antigen 19–9; AJCC, American Joint Committee on Cancer; LN, lymph node; LNR, lymph node
ratio; LODDS, log odds of metastatic lymph nodes;WD, well-differentiated;MD, moderately differentiated; PD,
poorly differentiated; UD, undifferentiated; CD system, Clavien-Dindo classification system

a b c

Fig. 1 Restricted cubic spline plots of survival. a Restricted cubic spline
plot of survival showed an increasing pattern with an increasing number
of positive lymph nodes. The inflection point was observed around three
or four PLN. Dotted lines indicate a 95% confidence interval. bRestricted
cubic spline plot of survival in patients with ≥ 2 retrieved lymph nodes
demonstrated an exponential curve with no decreasing curve and an

inflection point approximately 0.3. Dotted lines indicate a 95%
confidence interval. c Restricted cubic spline plot of survival
demonstrated an inflection point of approximately − 0.8 and 0 log odds
of the positive lymph nodes. A dotted line indicates a 95% confidence
interval
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Discussion

GBC is the most common cancer of the biliary tract. Although
its incidence is relatively low inWestern countries, it is higher
in several other countries, including Chile, Korea, Japan, and
India [4, 6, 18]. GBC progresses aggressively and has a poor
prognosis [2]. Known prognostic factors for worse survival
are old age, R1 resection, nodal metastasis, and a poorly dif-
ferentiated tumor [3, 19, 20], and nodal metastasis is a strong
prognostic factor.

Previous nodal staging systems in the AJCC 5-7th edition
emphasized the location of the PLN. This system has been
established according to studies which revealed a worse prog-
nosis in patients with PLN around the peripancreatic, celiac
axis, or periaortocaval area [21, 22]. In recent NCCN guide-
lines, the extent of the lymph node dissection is recommended
according to the location of the PLN [23]. However, recent
studies revealed similar prognostic performance between the
nodal staging system based on the location or numerical num-
ber and the location system has a weak discrimination power

a b

dc

Fig. 2 Survival curves in each nodal staging system. The 5-year overall
survival was compared among the subgroups in each nodal staging sys-
tem using the Log-rank test. a Three subgroups were divided based on 0,
1–2, and ≥ 3 PLN, and the 5-year overall survival rates were statistically
significantly different (87.5%, 60.4%, and 34.5%, respectively,
p < 0.001). b The nodal staging system was based on four PLN. Three
subgroups were defined based on 0, 1–3, and ≥ 4 PLN and the 5-year
overall survival rate differed statistically significantly between them

(87.5%, 59.3%, and 26.3%, respectively, p < 0.001). c Three subgroups
were defined based on LNRs of 0, 0–0.269, and ≥ 0.27 and the five-year
overall survival rates differed statistically significantly among these
groups (88.2%, 65.4%, and 38.1%, respectively p < 0.001) in patients
with ≥ 2 retrieved lymph nodes. d Three subgroups were defined based
on < − 0.8, − 0.8–0, and ≥ 0 log odds of lymph nodes, and the 5-year
overall survival rates were statistically significantly different in each sub-
group (89.1%, 73.2%, and 46.7%, respectively, p < 0.001)

Langenbecks Arch Surg (2019) 404:581–588 585



in patients with PLN [24]. The recent nodal staging system
based on PLN has the advantage of being able to discriminate
the prognosis in patients with nodal metastasis [9, 25]. In this
study, the PLN 4 and PLN 3 systems displayed the best prog-
nostic performance for patient survival and recurrence, respec-
tively. Previous studies have also shown that PLN ≥ 4 is the
cut-off value for worse survival and is a prognostic factor for
survival in GBC [9]. The recently published AJCC 8th edition
nodal staging system is the same as the PLN 4 system [26].
However, the PLN system is insufficient to distinguish the
prognoses of GBC patients with a small number of RLN.

Only 12% of GBC patients had retrieved RLN 6 or more
[27]. Validation of the current nodal staging system is needed
as well as the establishment of ancillary nodal staging systems
in various situations.

Theoretically, LNR is an excellent nodal index for discrim-
inating prognoses. Previous studies have shown discordant
LNR cut-off values for GBC, such as 0.13 or 0.5 [9–11, 28].
In this study, we identified LNR = 0.27 as the cut-off value.
Furthermore, this nodal index was appropriate for patients
with RLN ≥ 2. LNR may be inappropriate for prediction of
the prognosis in all GBC patients. In particular, the prognosis
may be underestimated in patients with small numbers of
RLN [29]. Another study showed that limited LND may not
detect skip metastases [10]. In the present study, 19 (4.7%)
patients showed one PLN with one RLN. After exclusion of
the patients with RLN = 1, the LNR system showed signifi-
cant differences in the oncological outcomes between sub-
groups. In this respect, small number of RLN may be associ-
ated with underestimation of the nodal status in patients with
GBC. The LNR system is suitable for node-positive patients
with sufficient RLN, whereas it is insufficient for discriminat-
ing the prognoses of patients with a small number of RLN.

In patients with a small number of RLN, the LODDS sys-
tem may be a reasonable option. LODDS calculates the odds

Table 2 Oncologic discrimination according to the different nodal staging systems in patients with resected gallbladder cancer

Overall survival Recurrence-free survival

5-year OS (%) HR 95% CI p value C-index 5-year RFS (%) HR 95% CI p value C-index

AJCC 7th 0.724 0.718

N0 88.03* 1 80.2* 1

N1 52.82 5.76 3.27–10.13 < 0.001 27.71 5.6 3.72–8.42 < 0.001
N2 0 18.13 4.06–80.97 < 0.001 0 3.33 0.45–24.48 0.238

PLN 3 0.727 0.734

0 87.58* 1 80.23* 1

1–2 60.43 4.11 2.16–7.8 < 0.001 34.09 4.27 2.69–6.79 < 0.001
≥ 3 34.55 9.31 4.76–18.18 < 0.001 0 9.99 5.98–16.67 < 0.001

PLN 4 (AJCC 8th) 0.730 0.727

0 87.58* 1 80.23* 1

1–3 59.35 4.19 2.27–7.75 < 0.001 29.77 5.04 3.28–7.74 < 0.001
≥ 4 26.39 12.24 5.98–25.07 < 0.001 19.05 9.7 5.11–18.42 < 0.001

LNR 0.723 0.728

0 87.58* 1 80.23* 1

0–0.269 65.44 3.62 1.53–8.54 0.003 23.51 4.43 2.5–7.87 < 0.001
≥ 0.27 46.97 6.49 3.63–11.62 < 0.001 27 6.28 4.05–9.73 < 0.001

LODDS 0.689 0.682

< − 0.8 89.15* 1 80.16* 1

− 0.8–0 73.21 2.95 1.5–5.8 0.002 56 2.46 1.53–3.95 < 0.001
≥ 0 46.74 7.05 3.38–14.67 < 0.001 31.55 5.75 3.36–9.83 < 0.001

OS, overall survival; HR, hazard ratio; CI, confidence interval; RFS, recurrence-free survival; PLN, number of positive lymph nodes; LNR, lymph node
ratio; LODDS, log odds of positive lymph nodes

*Statistically significant difference in each subgroup in different nodal stating systems

Table 3 Prognostic performance based on the C-index according to the
different nodal staging systems in gallbladder patients with retrieved
lymph nodes ≥ 6

Overall survival Recurrence-free survival

PLN 3 0.817 0.842

PLN 4 (AJCC 8th) 0.819 0.844

LNR 0.809 0.834

LODDS 0.852 0.867

PLN, number of positive lymph nodes; LNR, lymph node ratio; LODDS,
log odds of positive lymph nodes
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of negative and positive LN. A value of 0.5 is added to both
the numerator and denominator to avoid singularity [30, 31].
Previous studies have shown that the LODDS system is a
better model than the LNR system in breast cancer and gastric
cancer patients with limited numbers of RLN [17, 30, 32].
This is because the denominator in LODDS is smaller than
the denominator in LNR in patients with limited RLN [17]. In
this study, LODDS was more prognostic than other nodal
staging systems in large RLN subgroup. However, LODDS
may be helpful in this situation. In the PLN 3 or 4 system, the
number of RLN is not important for definite nodal staging.
However, in case of a large number of RLN, ratio is more
important than a simple number of PLN. LNR and LODDS
are suitable in this situation and LODDS is more prognostic in
this study. Furthermore, real-world practice showed different
number of RLN according to the countries [4, 6, 27]. In this
study, 46.5% of all patients were retrieved with an LN of six or
more. However, another study showed 12% of an RLN of six
or more. Considering the discordant practice, if the nodal
staging system shows a different prognosis according to
RLN, RLN must be considered in the selection of the nodal
staging system. In this study, the LODDS system showed
more prognostic in RLN ≥ 6, whereas the PLN system was
universal in all GBC patients. Therefore, the PLN system is
adequate for the patients with an RLN < 6, and LODDS sys-
tem is suitable for RLN ≥ 6. It is also important to set the
guidelines to acquire the appropriate number of lymph nodes,
but it is also important to apply different systems depending
on the number of lymph nodes obtained.

This study had several limitations. Because GBC is a rare
disease, we did not prepare a subset for validation of various
nodal staging systems. We did not evaluate the effectiveness
of adjuvant therapy on the basis of the various nodal staging
systems because there were missing data. This study showed
discrepant results compared with previous studies. The au-
thors showed that LNR and LODDS were better than the
PLN system in all patient cohorts. However, the present study
showed that the PLN system had the best discriminating pow-
er in the survival and recurrence in all patients. A previous
study showed that LODDS was the best in patients with 4 or
more RLN. Similar results were presented in our study. The
LODDS system was the best in patients with 6 or more RLN.
A larger study is required to confirm these results in nodal
staging systems.

In conclusion, the PLN 4 and PLN 3 systems showed the
best discriminating power for survival and recurrence, respec-
tively, in all resected GBC patients. However, the LODDS
system was the best predictive model in patients with RLN
≥ 6. The following nodal staging system should be considered
when applying different systems according to RLN.
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