
Abstract. Aim: To evaluate the results of postoperative
radiotherapy (PORT) and to identify prognostic factors for
gallbladder cancer (GBC). Patients and Methods: We
retrospectively analyzed 86 patients with GBC who
underwent potentially curative surgical resection and PORT
between November 1993 and December 2009. All patients
received three-dimensional conformal radiotherapy and 61
patients (71%) had concurrent chemotherapy. Survival
outcomes including locoregional control (LRC), disease-free
survival (DFS) and overall survival (OS) rates were
analyzed. Results: The median follow-up period was 83
months for surviving patients. The 5-year OS, DFS and LRC
rates were 42%, 36% and 73%, respectively. Isolated
locoregional recurrence as first failure occurred in seven
patients (8%). On multivariate analysis, the postoperative
carbohydrate antigen 19-9 (CA 19-9) level was a significant
prognostic factor for LRC, DFS and OS. Conclusion:
Adjuvant radiotherapy might be an effective treatment in
terms of LRC in GBC. Postoperative CA 19-9 might be useful
as a surrogate marker for survival.

Gallbladder cancer (GBC) is a relatively rare disease and
most patients are diagnosed at advanced stages (1-5). The
gallbladder wall lacks a submucosa layer and on the side of
the liver it lacks the serosa layer. Because of the thin wall of
the gallbladder, GBC easily invades into the liver and other
adjacent organs and shows early extension to lymphatics.
Autopsy data show that the incidence of lymphatic and
hematogenous metastases ranges from 91% to 94% and 65%
to 82%, respectively (6, 7). 

Complete surgical resection is the standard treatment for
GBC and the 5-year overall survival (OS) rate in patients
with T1 disease is approximately 90-100% after simple
cholecystectomy (8-12). However, the long-term outcomes
of patients with advanced-stage disease are poor despite
extended cholecystectomy (12, 13). The 5-year OS rates in
patients with stage II, III and IV GBC are approximately 50-
78%, 0-69% and 0-11% (14, 15). These poor outcomes have
been attributed to the high rate of locoregional recurrence
(LRR) and/or distant metastasis (16-19).

To reduce LRR, postoperative radiotherapy (PORT) with
or without chemotherapy has been attempted (18-23).
Because of the rarity and poor prognosis of GBC,
prospective randomized trials have not been conducted,
whereas most retrospective studies are limited by a small
sample size and heterogeneous population. Therefore, the
role of adjuvant radiotherapy (RT) with or without
chemotherapy remains unclear. In the present study, we
performed a retrospective analysis to evaluate the results of
PORT and to identify prognostic factors for GBC.

Patients and Methods

Patients. We retrospectively reviewed patients with GBC who
underwent surgical resection followed by PORT at the Asan Medical
Center between November 1993 and December 2009. The eligibility
criteria for the present study were as follows: (i) histologically
proven gallbladder adenocarcinoma; (ii) surgical resection with
potentially curative aim; (iii) no evidence of distant metastasis other
than N2 lymph nodes; (iv) no history of malignancy other than skin
cancer; (v) Eastern Cooperative Oncology Group (ECOG)
performance status ≤2; and (vi) radiation dose >30 Gy. Patients who
underwent incomplete resection with grossly residual disease or
palliative bypass surgery were excluded from the analysis.

The pathological stage was determined according to the
American Joint Committee on Cancer (AJCC) 7th edition TNM
stage classification. The status of residual disease after surgical
resection was reported as R0 (complete resection with grossly and
microscopically negative margins of resection), R1 (grossly negative
but microscopically positive margins of resection) and R2 (grossly
and microscopically positive margins of resection). This study was
approved by the Institutional Review Board of Asan Medical Center.
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Adjuvant treatments. All patients received three-dimensional
conformal radiotherapy (RT) using 6 or 15 MV photon beams. The
clinical target volume (CTV) included regional lymphatics with or
without the primary tumor bed, and a planning target volume (PTV)
margin of 1-2 cm was added to the CTV to compensate for setup
and respiratory motion-associated uncertainties. The regional
lymphatics included the porta hepatis, peripancreatic, celiac, origin
of the superior mesenteric artery and para-aortic nodes. In patients
who underwent R1 resection, boost RT was delivered to the tumor
bed. In certain patients, concurrent chemotherapy was delivered in
two cycles of monthly 5-fluorouracil (5-FU; 375–500 mg/m2/day)
± leucovorin (20 mg/m2/day) for 3 days per cycle on day 1 and day
28 of PORT, oral uracil/tegafur (300 mg/m2/day) ± leucovorin (90
mg/day) or capecitabine (1650mg/m2/day) initiated on the first day
of RT. Additional chemotherapy after PORT was occasionally
performed according to the physician’s preference.

Adverse events occurring during and within 3 months after PORT
were defined as acute toxicities and events occurring 3 months after
PORT were defined as late toxicities. The severity of toxicity was
assessed according to the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (CTCAE), version 4.02 (24).

Statistics. Follow-up duration was calculated from the date of the start
of PORT. LRR was defined as any recurrence in the primary tumor
bed and regional lymphatics, as well as locoregional control (LRC)
rate was calculated from the date of the start of PORT to the date of
LRR. Disease-free survival (DFS) was calculated from the date of the
start of PORT to the date of LRR, distant metastasis (DM) or death of
any cause. LRC, DFS and OS were estimated according to the
Kaplan–Meier method and log-rank tests were performed for
univariate analysis of prognostic factors. The Cox proportional
hazards model was used for multivariate analysis. All statistical tests
were two-sided and performed at the 5% level of significance by
using the SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA).

Results

Patient and treatment characteristics. A total of 86 patients
with gallbladder adenocarcinoma underwent surgical resection
with potentially curative intent and subsequent PORT at Asan
Medical Center between November 1993 and December 2009.
Forty-two patients received simple cholecystectomy and 44
patients received extended cholecystectomy. Fifteen patients
were incidentally diagnosed as GBC after simple
cholecystectomy and seven of these patients underwent further
extended resection. The median total RT dose was 50 Gy
(range=43.2–60 Gy) in 1.8- or 2.0=Gy fractions. Sixty-one
patients (71%) received concurrent chemotherapy. Among
these patients, 25 (41%) received two cycles of monthly 5-
FU±leucovorin, 18 received oral uracil/tegafur±leucovorin and
18 received capecitabine during RT. Additional chemotherapy
after PORT was performed in ten patients (12%).

Patients’ characteristics are shown in Table I. The median
age was 61 years (range=37–85 years) and the male/female
ratio was 1.2. Forty-five patients (52%) were pT2, 40 (47%)
were pT3 and one was pT1b with involvement of N1 lymph
nodes. Among the 48 patients who underwent lymph node

dissection, 20 were pN0, 24 were pN1 and four were pN2.
The overall stage was II in 36 patients (42%), III in 46
patients (54%) and IV in four (5%) patients. All four patients
with stage IV disease had involvement of N2 lymph nodes
without DM. Seventy-two patients (84%) underwent R0
resection and 14 patients (16%) had R1 resection. On
pathology, tumors were poorly-differentiated in 13 patients
(15%). Perineural invasion and lymphovascular invasion
were positive in 26 (30%) and 21 (24%) patients,
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Table I. Patients’ characteristics.

Characteristics No. of patients (%)

Age (years)
Median (range) 61 (37-85)

Gender 
Male/Female 46/40

T stage
pT1b 1 (1)
pT2 45 (52)
pT3 40 (47)

N stage
pNx 38 (44)
pN0 20 (23)
pN1 24 (28)
pN2 4 (5)

Overall stage (Nx=N0)
II 36 (42)
III 46 (54)
IV 4 (5)

Residual disease status
R0 resection 72 (84)
R1 resection 14 (16)

Tumor differentiation
Well differentiated 21 (24)
Moderately differentiated 51 (60)
Poorly differentiated 13 (15)
Unspecified 1 (1)

Perineural invasion
Negative 19 (22)
Positive 26 (30)
Unspecified 41 (48)

Lymphovascular invasion
Negative 52 (61)
Positive 21 (24)
Unspecified 13 (15)

Preoperative CA 19-9 levels
<37 U/ml 40 (47)
≥37 U/ml 17 (20)
Unknown 29 (34)

Postoperative CA 19-9 levels
<37 U/ml 67 (78)
≥37 U/ml 11 (13)
Unknown 8 (10)

Chemotherapy
Yes 61 (71)
No 25 (29)



respectively. Preoperative carbohydrate antigen 19-9 (CA 19-
9) was <37 U/ml in 40 patients (47%), ≥37 U/ml in 17
patients (20%) and unknown in 29 patients (34%).
Postoperative CA 19-9 was ≥37 U/ml in 11 patients (13%). 

Survival. The median follow-up period was 50 months (range=6-
225 months) for all patients and 83 months (range=26-225
months) for surviving patients. The 5-year LRC rate was 73%
(Figure 1) and no significant difference in LRC was observed
between patients undergoing simple cholecystectomy and those
undergoing extended cholecystectomy (5-year LRC rates, 76%
vs. 71%, p=0.570). In the 15 patients who were diagnosed with
GBC incidentally, the LRC was also similar between the simple-
cholecystectomy and extended-cholecystectomy groups (5-year
LRC rates, 69% vs. 50%, p=0.721). In patients who underwent
R0 and R1 resection, the 5-year LRC rates were 74% and 76%,
respectively (p=0.127) (Figure 2). 

The 5-year DFS rates were 36% in the entire cohort
(Figure 1) and 41% and 31% for simple and extended
cholecystectomy patients, respectively (p=0.268). According
to the residual disease status, 5-year DFS rates were 40%
and 14% for R0 and R1 resection, respectively (p=0.001)
(Table II). Median survival period was 51 months, with a 5-
year OS rate of 42% (Figure 1). The OS did not differ
significantly according to the extent of cholecystectomy
(simple vs. extended, 45% vs. 38%, p=0.452). The 5-year OS
rates for patients with R0 and R1 resection were 45% and
21%, respectively (p=0.003) (Table II). 

Prognostic factors. On univariate analysis, postoperative CA
19-9 level was the only significant prognostic factor for
LRC. Patients with postoperative CA 19-9 level <37 U/ml
showed better LRC than those with elevated postoperative
CA 19-9 level (78% vs. 49%, p<0.001) (Table II). Regarding
DFS, T stage (p=0.002), overall stage (p=0.012), residual

disease status (p=0.001), differentiation (p=0.027),
lymphovascular invasion (p=0.021), preoperative CA 19-9
level (p=0.031) and postoperative CA 19-9 level (p<0.001)
were significant prognostic factors in the univariate analysis
(Table II). T stage (p=0.002), overall stage (p=0.027),
residual disease status (p=0.003), differentiation (p=0.045),
lymphovascular invasion (p=0.010) and postoperative CA
19-9 level (p<0.001) were significant prognostic factors for
OS in the univariate analysis (Table II). 

Patients with higher T stage showed inferior OS rates (5-
year OS rates of pT1–2 vs. pT3, 58% vs. 23%) (Figure 3A).
No significant differences in OS according to pN stage were
observed, with 5-year OS rates of 54%, 33%, 25% and 42%
for pN0, pN1, pN2 and pNx, respectively (p=0.141) (Figure
3B). In the 38 patients with pNx stage, the 5-year OS rate
was 42% and it did not differ significantly from that of
patients with pN0 stage (p=0.505) or pN1 stage (p=0.260).
When pNx stage patients were classified as pN0, marginally-
significant differences in OS were detected between pN0,
pN1 and pN2 stage patients (5-year OS rates, 46% vs. 33%
vs. 25%, p=0.080) (Figure 3C). The overall stage was a
significant prognostic factor for OS, with 5-year OS rates of
55%, 33% and 25% for stage II, III and IV patients,
respectively (p=0.027) (Figure 3D). Patients with
postoperative CA 19-9 level <37 U/ml showed superior 5-
year OS rate than those with elevated postoperative CA 19-
9 level (46% vs. 0%) (Figure 3E).

In the multivariate analysis, postoperative CA 19-9 level
was a significant prognostic factor for LRC (hazard ratio
(HR):12.978, confidence interval (CI):1.662–101.300,
p=0.015), DFS (HR:7.605, CI:2.535–22.810, p<0.001) and
OS (HR:10.335, CI:2.953–36.170, p<0.001). T stage was
significant for OS (HR:2.349, CI:1.051–5.249, p=0.037) and
RM status was significant for DFS (HR=2.557,
CI=1.165–5.614, p=0.019) (Table III).
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Figure 1. Locoregional control (LRC), disease-free survival (DFS) and
overall survival (OS) rates in all patients. 

Figure 2. Locoregional control (LRC) rates according to residual
disease status in all patients.



Patterns of failure. Among the 86 patients, 49 (57%)
experienced failure and the site of first failure was isolated
LRR in seven patients (8%), distant metastases in 36 patients
(42%) and both in six patients (7%) (Figure 4). Nineteen

patients (22%) eventually experienced LRR and the site of
LRR was the local area in five (22%) and regional lymph
nodes in 14 (78%) patients. The most common sites of DM
were the liver (n=20), peritoneum (n=12), lung (n=9), distant
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Table II. Prognostic factors for survival by univariate analysis.

OS DFS LRC

Factors 5-year (%) p-Value 5-year (%) p-Value 5-year (%) p-Value

Age (years) 0.400 0.704 0.967
≤60 42 38 75
>60 41 34 71

Gender 0.085 0.188 0.250
Male 30 28 69
Female 55 44 78

T stage 0.002 0.002 0.262
pT1-2 58 49 77
pT3 23 20 68

N stage 0.141 0.096 0.503
pNx 42 37 75
pN0 54 49 81
pN1 (or #13 ) 33 29 66
pN2 25 0 0

N stage 0.041 0.028 0.122
pNx 42 37 75
pN0 54 49 81
pN1 19 13 43
#13 63 63 75
pN2 25 0 0

Overall stage (Nx=N0) 0.027 0.012 0.276
II 55 49 80
III 33 28 70
IV 25 0 0

Cholecystectomy 0.452 0.268 0.570
Simple 45 41 76
Extended 38 31 71

Residual disease status 0.003 0.001 0.127
R0 resection 45 40 74
R1 resection 21 14 76

Differentiation 0.045 0.027 0.255
Well (n=21) 52 52 81
Moderately (n=51) 41 31 66
Poorly (n=13) 23 23 92

Perineural invasion 0.107 0.063 0.979
Negative (n=19) 46 41 63
Positive (n=26) 31 23 78

Lymphovascular invasion 0.010 0.021 0.231
Negative (n=52) 51 44 81
Positive (n=21) 24 24 72

Preoperative CA 19-9 0.056 0.031 0.505
<37 U/ml (n=40) 47 39 72
≥37 U/ml (n=17) 29 18 71

Postoperative CA 19-9 <0.001 <0.001 <0.001
<37 U/ml (n=67) 46 38 78
≥37 U/ml (n=11) 0 0 49

Chemotherapy 0.623 0.524 0.695
Yes 41 34 72
No 44 40 76

OS, Overall survival; DFS, disease-free survival; LRC, locoregional control. 



lymph nodes (n=6), soft tissue (n=2) and bone (n=2). Among
eight patients with involvement of pancreaticoduodenal
lymph nodes, five (63%) did not experience LRR or DM and
three of these five patients are still alive with 5-year OS and
DFS rates of 63%. Three of the eight patients died from
recurrence of disease (peritoneum (n=2) and resection
margin of the liver (n=1)). All pN2 stage patients (n=4)
developed DM and died.

Toxicities. Acute hematologic toxicity occurred in four
patients with grade 3 and 4 neutropenia in one and three
patients, respectively; however, no neutropenia-related

infection was reported. One patient had G3 vomiting during
RT but improved with supportive care. Late gastrointestinal
toxicities included grade 3 duodenal bleeding in three
patients at 4 months, 11 months and 5.3 years after PORT.
Patients were treated with endoscopic sclerotherapy, hemo-
clipping and conservative management. Two patients who
received a total dose of 50 and 60 Gy experienced grade 5
duodenal bleeding that was not controlled by endoscopic
intervention because of the broad-based ulceration and died
at 11 and 12 months, respectively. One patient had grade 3
anastomotic stricture at 6.3 years after RT and improved after
balloon dilatation. 
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Figure 3. Overall survival (OS) according to T stage (A), N stage (B,
C), overall stage (D) and postoperative CA 19-9 level (E) in all patients.



Discussion

The results of the present study show that adjuvant RT with
or without chemotherapy might be an effective treatment for
GBC in terms of LRC, DFS and OS. Most patients with
GBC are diagnosed at an advanced stage and show poor
prognosis despite extended cholecystectomy (1-5), which has
been attributed to high rates of LRR and/or DM. Because the
major pattern of failure is DM, whether adjuvant RT to
reduce the rate of LRR is beneficial for patients with GBC
remains controversial. Jarnagin et al. analyzed the patterns
of initial disease recurrence after resection of GBC and
showed that 53 of 80 (66%) patients experienced recurrences
(16). In that study, the major pattern of initial failure was
DM (85%) with or without LRR, and isolated LRR occurred
in 15% of patients. The authors concluded that adjuvant RT
to reduce LRR is not beneficial for patients with GBC after
curative resection (16). However, the median follow-up time
(24 months) in that study was relatively short and the clinical

outcome was poorer (median survival of 31.3 months) than
that reported by other studies (18-23) (Table IV). Although
the major pattern of failure is DM, several studies have
shown that LRR after curative resection in patients with
GBC is not uncommon (17-19). Gold et al. reported that 34
of 73 (47%) patients who underwent curative surgical
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Table III. Prognostic factors for survival determined by multivariate analysis.

OS DFS LRC

Factors HR (95% CI) p-Value HR (95% CI) p-Value HR (95% CI) p-Value

Age (years) 0.084 0.522 0.513
≤60 1 1 1
>60 1.877 (0.920-3.829) 1.300 (0.582-2.908) 1.536 (0.425-5.554)

T stage 0.037 0.057 0.526
pT1-2 1 1 1
pT3 2.349 (1.051-5.249) 2.078 (0.977-4.420) 1.656 (0.348-7.876)

N stage 0.328 0.132 0.879
pN0 1 1 1
pN1 0.674 (0.248-1.830) 0.439 0.723 (0.271-1.928) 0.517 1.246 (0.164-9.483) 0.832
pN2 2.526 (0.612-10.43) 0.200 3.759 (0.955-14.80) 0.058 3.030 (0.206-44.54) 0.419
pNx 0.901 (0.347-2.338) 0.830 1.192 (0.458-3.106) 0.719 1.191 (0.147-9.625) 0.870

Residual disease status 0.079 0.019 0.765
R0 resection 1 1 1
R1 resection 2.085 (0.919-4.732) 2.557 (1.165-5.614) 1.285 (0.249-6.642)

Differentiation 0.586 0.403 0.386
Well 1 1 1
Moderately 0.799 (0.259-2.470) 0.697 1.015 (0.330-3.122) 0.980 2.308 (0.282-18.89) 0.436
Poorly 1.327 (0.387-4.558) 0.653 1.844 (0.567-5.998) 0.309 0.620 (0.034-11.27) 0.747

LVI 0.401 0.305 0.582
Negative 1 1 1
Positive 1.432 (0.619-3.312) 1.482 (0.699-3.143) 1.467 (0.375-5.730)

Preoperative CA 19-9 0.809 0696 0.454
<37 U/ml 1 1 1
≥37 U/ml 1.137 (0.402-3.214) 1.220 (0.450-3.306) 0.444 (0.053-3.714)

Postoperative CA 19-9 <0.001 <0.001 0.015
<37 U/ml 1 1 1
≥37 U/ml 10.335 (2.953-36.17) 7.605 (2.535-22.81) 12.978 (1.662-101.3)

LVI, Lymphovascular invasion; OS, overall survival; DFS, disease-free survival; LRC, locoregional control; HR, hazard ratio.  

Figure 4. First site of failure for all patients. 



resection experienced recurrence and the rate of LRR was
35% (12 of 34) of all recurrences (18). Moreover, 25 of 73
patients received adjuvant chemoradiotherapy and showed
slightly lower LRR rates than the 48 patients who underwent
surgery alone (30% vs. 36%), despite the fact that patients
treated with adjuvant chemoradiotherapy were at more
advanced stages. In the present study, the major initial failure
pattern in the 49 of 86 patients (57%) who experienced
recurrences was DM (86%) with or without LRR, and
isolated LRR occurred in 14% of patients. Although the
pattern of initial failure in the present study was similar to
that reported by Jarnagin et al., the overall recurrence rate
was lower and LRC was relatively high (5-year LRC, 73%).
This improvement of LRC might be related to the relatively
superior overall survival. Moreover, several studies also
reported that adjuvant RT with or without chemotherapy is
associated with better survival rates (5-year OS rate of range
from 33% to 45%) than those of surgery alone reported in
historical studies  (18-23) (Table IV).

Extended cholecystectomy and residual disease status have
been reported as prognostic factors for GBC (9, 11, 12).
Among recent reports on the outcomes of PORT for GBC,
several studies also reported the prognostic value of extended
cholecystectomy (22) and residual disease status in patients
treated with PORT (20, 22, 23). In the present study, LRC
rates were not significantly different according to the extent
of cholecystectomy or residual disease status. There are two
possible explanations for these results. First, PORT might
control microscopic residual disease, and thus reduce LRR

or prolong the time to LRR. Furthermore, none of the present
patients had gross residual disease, unlike those of the other
two studies that reported the prognostic value of residual
disease status (20, 23). Second, because the incidence of
LRR was relatively low, the sample size might be too small
to detect differences. 

In the present study, 38 patients (44%) did not undergo
lymph node dissection and were staged as pNx. The 5-year
OS of pNx stage patients was 42% and, although not
statistically significant, the OS of pNx patients was superior
to that of pN1 or pN2 patients (5-year OS of pN0, pN1 and
pN2: 54%, 33% and 25%, respectively, p=0.141). Kim et al.
analyzed the outcomes of patients who did not undergo lymph
node dissection and reported that the 5-year OS of patients
with pNx (n=10) disease was inferior to that of patients with
pN0 or pN1 disease (5-year OS of pN0, pN1 and pNx: 41%,
54% and 25%, respectively, p=0.194) (23). However, the
difference was not statistically significant and among patients
who received R0 resection, those with pNx stage showed
similar survival to those with pN0 or pN1 disease (5-year OS
of pN0, pN1 and pNx: 46%, 60% and 44%, respectively,
p=0.625). The authors’explanation for this result was that four
out of ten patients with pNx stage had R1 or R2 resection and
the residual disease status might influence the poor survival
outcome of pNx patients. Although the OS of patients with
pNx stage was relatively good in the present study, unlike that
of the patients in the study of Kim et al., only 7 of 38 patients
had R1 resection and this could be related to the relatively
favorable survival rates of pNx stage patients. Furthermore, all
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Table IV. Literature review of adjuvant radiotherapy for gallbladder cancer.

Study Number of patients R0/R1/R2 Adjuvant treatment 5 year-OS rate Prognostic factor
(year) (stage I-II/III-IV) (median dose)

Kresl et al. (20) (2002) 21 (1985-1997) 12/5/4 CCRT with 5-FU 33% Residual disease status
(1/20) (54 Gy in 1.8-2 Gy) Tumor stage (I-III vs. IV)

Czito et al. (21) (2005) 22 (1980-2003) 12/6/4 Radiotherapy +/- 5-FU 37% -
(3/19) (45 Gy in 1.8-2 Gy)

Gold et al. (18) (2009) 73 (1985-2004) 73/0/0 Surgery alone (n=48) 45% (entire) T, N stage
(43/30) vs. adjuvant CCRT (n=25) 4.2 vs. 4.8 Histology

(54 Gy in 1.8 Gy) (median, years) Adjuvant CCRT
Cho et al. (19) (2010) 68 (2001-2009) 62/6/0 Surgery alone (n=28) 59% Differentiation (in N0)

(18/50) vs. adjuvant CCRT (n=40) (disease specific) Adjuvant CCRT (in N1)
(45 Gy in 1.8 Gy)

González et al. (22) (2011) 67 (1993-2006) 67/0/0 CCRT 41% Extended cholecystectomy
T1b/T2/T3 (18/25/24) (45-54 Gy in 1.8 Gy, 

N0/N1 (49/18) or WAI (n=30))
Kim et al. (23 )(2012) 47 (1989-2006) 37/5/5 CCRT with 5-FU 44% Residual disease status

5/32, (Nx=10) (40-50 Gy in 2 Gy)
Present study (2014) 86 (1993-2009) 72/14/0 Radiotherapy +/- CTx 42% Postoperative CA 19-9

11/37, (Nx=38) (50 Gy in 1.8-2 Gy)

OS, Overall survival; CCRT, concurrent chemoradiotherapy; CTx, chemotherapy.



the patients in the present study received RT at regional
lymphatics, which might be considered as an alternative to
lymph node dissection.

According to the AJCC 7th edition TNM stage
classification, pancreaticoduodenal lymph node involvement
indicates N2 stage (stage IV) and surgical resection is
considered inappropriate for patients with pancreaticoduodenal
lymph nodes (25). However, in the Japanese staging system,
pancreaticoduodenal lymph nodes are classified separately
from other N2 node diseases and several studies showed that
patients with only pancreaticoduodenal lymph node
involvement have better survival than those with other N2
diseases (26, 27). In the present study, eight patients (9%) had
pancreaticoduodenal lymph node involvement and their 5-year
OS was 63%, which was more statistically significant than that
of patients with pN1 or pN2 disease. Furthermore, five of
these eight patients (63%) did not experience any LRR or DM
and two of five patients are still alive. Because of the favorable
survival rates of patients with pancreaticoduodenal lymph
nodes, we classified these patients as pN1. Whether
pancreaticoduodenal lymph nodes should be considered as
regional lymph nodes is a subject of debate. However, long-
term survivors with pancreaticoduodenal lymph node
involvement have been reported, which indicates that
clinicians should carefully consider whether to give up
curative surgical resection in these patients. 

In the present study, postoperative CA 19-9 level was a
significant prognostic factor for LRC, DFS and OS. In our
previous study, postoperative CA 19-9 was identified as a
prognostic factor for extrahepatic bile duct cancer (28).
Although postoperative CA 19-9 level is a well-known
prognostic factor for pancreatic cancer (29), its prognostic
value in biliary cancer has not been reported to date. Our
results showed that among the 78 patients (90%) with
postoperative CA 19-9 data, 11 (13%) who had an elevated
postoperative CA 19-9 level showed significantly poorer OS
than those with normalized postoperative CA 19-9 levels
(median survival, 56 months vs. 8 months). Moreover, only
one out of these 11 patients showed normalization of CA 19-
9 levels after PORT. Although a definite conclusion cannot
be made because of the retrospective nature of the study and
the small number of patients with elevated postoperative CA
19-9, our results indicate that postoperative CA 19-9 may be
related to the aggressiveness of tumors showing poor
responsiveness to PORT as well as residual tumor burden.
Further evaluation with a larger sample size is necessary to
determine whether aggressive treatment might benefit these
patients with an elevated postoperative CA 19-9 level. 

The present work has certain limitations associated with
the heterogeneous population and the retrospective nature of
the study, similar to previous studies on GBC. However, in
the present study, all patients underwent CT simulation-
based three-dimensional conformal RT and two thirds of the

patients received concurrent chemoradiotherapy. To the best
of our knowledge, the present study is one of the largest
series analyzing patients treated with relatively modern
adjuvant chemoradiotherapy for GBC. In conclusion,
adjuvant radiotherapy might be an effective treatment in
terms of LRC for patients with GBC. Finally, postoperative
CA 19-9 might be useful as a surrogate marker for LRC,
DFS and OS.
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