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Abstract
AIM: To assess the efficacy and toxicity of conformal 
radiotherapy (CRT) and compare with intensity-modu-
lated radiotherapy (IMRT) in the treatment of gallblad-
der cancer. 

METHODS: Between November 2003 and January 
2010, 20 patients with gallbladder cancer were treated 
with CRT with or without chemotherapy after surgical 
resection. Preliminary survival data were collected and 
examined using both Kaplan-Meier and actuarial analy-
sis. Demographic and treatment parameters were col-
lected. All patients were planned to receive 46-56 Gy in 

1.8 or 2.0 Gy per fraction. CRT planning was compared 
with IMRT. 

RESULTS: The most common reported acute toxici-
ties requiring medication (Radiation Therapy Oncol-
ogy Group, Radiation Therapy Oncology Group Grade 
2) were nausea (10/20 patients) and diarrhea (3/20). 
There were no treatment-related deaths. Compared 
with CRT planning, IMRT significantly reduced the vol-
ume of right kidney receiving > 20 Gy and the volume 
of liver receiving > 30 Gy. IMRT has a negligible impact 
on the volume of left kidney receiving > 20 Gy. The 
95% of prescribed dose for a planning tumor volume 
using either 3D CRT or IMRT planning were 84.0% ± 
6.7%, 82.9% ± 6.1%, respectively (P  > 0.05).

CONCLUSION: IMRT achieves similar excellent target 
coverage as compared with CRT planning, while reduc-
ing the mean liver dose and volume above threshold 
dose. IMRT offers better sparing of the right kidney 
compared with CRT planning, with a significantly lower 
mean dose and volume above threshold dose.
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INTRODUCTION
Gallbladder cancer is the fifth most common malignancy 
of  the gastrointestinal tract[1]. In general, the prognosis of  
patients with gallbladder cancers is poor, with an overall 
5-year survival rate of  less than 10%[2]

Gallbladder cancer was associated with a uniformly 
poor prognosis due to its highly aggressive behavior, only 
10%-30% of  the patients had resectable tumors at presen-
tation[3]. Better understanding of  the biological behavior 
of  the disease, its pattern of  dissemination, better diag-
nostic tools, and more aggressive therapy has resulted in 
some improvement in survival in the last decade[4]. How-
ever, most long-term survivors are patients with inciden-
tally diagnosed carcinomas confined to the mucosa of  the 
gallbladder.

Surgical therapy is the standard treatment for patients 
presenting with resectable disease. Unfortunately, a large 
number of  patients develop recurrent diseases after un-
dergoing curative resection. The long-term outcome of  
the patients with recurrent gallbladder cancer is very poor. 
And local-regional failure is common and is a major cause 
of  mortality[5]. Because of  this, adjuvant therapy has been 
used to improve loco-regional control and survival rate. 
Several studies have reported improvement in survival for 
patients treated with adjuvant chemoradiation[6,7].

Actually, the definite role of  adjuvant therapy after 
curative resection is still uncertain. Studies to improve the 
loco-regional control rates with adjuvant radiation with/
without chemotherapy or chemotherapy alone, have been 
conducted. Although gallbladder cancer is considered to be 
radiation resistant, radiation has been administered in the 
form of  external beam radiotherapy, intra-operative radia-
tion therapy and brachytherapy[8-11]. However, the relative 
rarity of  this malignant disease made it difficult to conduct 
large phase Ⅲ studies to guide management in both the 
adjuvant and comprehensive treatment. This study reports 
a single-institution series that used adjuvant radiation 
therapy with or without chemotherapy after resection in 
patients with locally advanced gallbladder carcinoma. The 
aim of  the study was to evaluate conformal radiotherapy 
(CRT) and intensity-modulated radiotherapy (IMRT) plan-
ning parameters in the treatment of  this malignancy.

MATERIALS AND METHODS
Between November 2003 and January 2010, a total of  20 
patients with pathologically diagnosed primary adenocar-
cinoma of  gallbladder were treated in the Department of  
Radiation Oncology in our hospital. All patients were di-
agnosed with adenocarcinoma of  gallbladder. All patients 
had complete resection, with negative microscopic margins. 
Demographic data were collected regarding patient age, 
gender, histological classification, tumor staging (Table 1).  
In addition to radiotherapy, the majority of  patients re-
ceived concurrent fluoropyrimidine-based and oxaliplatin-
based chemotherapy. Concurrent and adjuvant chemother-
apy regimens are shown in Table 2. Six patients received 
postoperative radiotherapy alone. No clear pattern of  che-

motherapy or standardized dosing regimen was evidenced 
from chart data available for review. All patients were 
simulated on a computed tomography-scanner (Siemens  
Definition AS 40) and were imaged using a slice of  thick-
ness 3.0 mm. All simulations were performed using a 
timed bolus of  non-ionic intravenous contrast media to ac-
quire images of  early arterial/portal venous contrast phase, 
and a secondary venous contrast phase. Digital imaging 
and communications in medicine data were transferred 
to an inverse IMRT treatment planning station (Philips 
Pinnacle3 7.6C). Gross target volumes and clinical target 
volumes (CTVs) according to ICRU 62 definitions[12] were 
delineated on a slice-by-slice basis. External beam radiation 
therapy fields generally encompassed the tumor bed and 
regional lymph nodes (porta hepatis, celiac, pancreatico-
duodenal) to a dose of  45 Gy in 1.8-2.0 Gy daily fractions. 
Reduced fields to tumor bed plus a 2-2.5 cm margin re-
ceived an additional 5.0-10.0 Gy. A variety of  multi-beam 
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Table 1  Patient and tumor characteristics (n  = 20)

Characteristics n  (%)

Median age (range, yr)      56 (33-73)
Gender 
   Male   8 (40)
   Female 12 (60)
ECOG performance status 
   0   2 (10)
   1 16 (80)
   2   2 (10)
Tumor and node status
   PT1 0 (0)
   PT2 13 (65)
   PT3   6 (30)
   PT4 1 (5)
NX
   PN0 13 (65)
   PN   7 (35)
Tumor grade
   Well   8 (40)
   Moderate   9 (45)
   Poor   3 (15)

ECOG: Eastern Cooperative Oncology Group; NX: Node staging.

Table 2  Treatment details for the patients

Treatment No. of patients

CT concurrent RT 9
   5-fluorouracil 4
   Oxaliplatin 5
Concurrent RT followed by CT 7
   5-fluorouracil + oxaliplatin 4
   Gemcitabine + oxaliplatin 3
RT followed by CT 3
   5-fluorouracil + oxaliplatin 1
   Gemcitabine + oxaliplatin 2
Postoperative CT before RT 2
   5-fluorouracil  bolus
RT alone 6

Nine patients received concurrent radiochemotherapy, 7 of them received 
adjuvant chemotherapy. CT: Chemotherapy; RT: Radiotherapy. 
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techniques were used to treat the tumor bed to a me-
dian total prescription dose of  52 Gy (range, 46-56 Gy).  
Organs-at-risk (OAR) delineated included the spinal cord, 
kidneys, and healthy liver. A planning tumor volume (PTV) 
was created by volumetric expansion of  the CTV by 10- 
15 mm. Dose volume histograms (DVHs) were utilized 
to evaluate the plans. Prescribed doses to the initial PTV 
ranged from 46 to 56 Gy in daily doses of  1.8-2.0 Gy. Rela-
tive constraints included left kidneys constrained to a D100 
of  < 20 Gy and D66 < 18 Gy; right kidneys were speci-
fied to achieve D100 < 30 Gy, with D66 < 20 Gy. The to-
tal mean liver dose was specified to < 22 Gy, and liver V20 
kept under 33%. Treatment was delivered using a 10 MV 
linear accelerator (Siemens Primus M) with 200 MU/min  
delivery capability using a multi-leaf  collimator. Survival 
data were collected and examined using the Kaplan-Meier 
method.

By a comparison of  CRT and IMRT, all fields of  the 
patients were coplanar. DVHs were obtained for the PTV, 
kidneys, liver and spinal cord. Acute toxicity was scored 
using the Radiation Therapy Oncology Group (RTOG) 
morbidity scoring criteria[13]. Dosimetric endpoints for the 
target and critical structures were compared using the two 
tailed paired t test.

RESULTS
Survival analysis
The median follow-up for patients alive at analysis was 
14.0 mo (range, 3.0-66.9 mo). Nine patients were alive. 
The median preliminary survival from diagnosis in the 20 
patients was 19.2 mo (range, 4.2-66.9 mo, 95% confidence 
interval: 10.1-28.3). Kaplan-Meier analysis revealed an es-
timated one-year survival rate of  40.48% (Figure 1).

Toxicity analysis
Twenty patients completed their planned course of  treat-
ment without breaks and no reduction of  planned chemo-
therapy. For gastrointestinal (GI) toxicity analysis, radiother-
apy or chemotherapy with CRT was well tolerated without 
> grade 3 acute GI toxicity occurring during radiotherapy, 
and 11/20 and 4/20 patients reported grade 1 upper and 

lower acute RTOG GI toxicity scores. The most common 
reported acute toxicities requiring medication (RTOG 
Grade 2) were nausea (10/20 patients) and diarrhea (3/20). 
There were no treatment-related deaths. 

Fourteen patients received chemotherapy (including 
concurrent chemotherapy), the major grade 3-4 adverse 
events were leukopenia (21%), neutropenia (29%) and 
anemia (14%). Compared with pre-treatment values, no 
abnormalities were detected in the laboratory test of  kidney 
function for any of  the 20 patients, either during treatment 
or at follow-up. Three patients had elevated liver enzymes 
about 6 mo after the completion of  radiotherapy. No late 
toxicity was seen in this series.

Dosimetric comparison between 3D CRT and IMRT plans
To demonstrate the differences in dose distribution, 
Figure 2 shows isodose curves on an axial slice for one 
representative patient for IMRT and CRT. Figure 3 shows 
the DVH curves for the kidneys and liver at risk for one 
representative patient. Table 3 summarizes the mean 
doses to the PTV, kidneys and liver for CRT and IMRT 
plans. Compared with the CRT plan, IMRT significantly 
reduced the mean dose to the right kidney and liver, while 
the improvement in the dose to the left kidney was not 
significant. Both of  CRT and IMRT limited the dose to 
spinal cord under 40 Gy. Table 4 summarizes the volume 
of  critical structures receiving greater than the threshold 
dose[14]. Compared with CRT planning, IMRT significantly 
reduced the volume of  right kidney receiving > 20 Gy 
and the volume of  liver receiving > 30 Gy. IMRT has a 
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Figure 2  Isodose curves on an axial slice for a representative case. Inten-
sity-modulated radiotherapy plan (upper picture) and conformal radiotherapy 
plan (lower picture).
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Figure 1  Overall survival for all the patients.
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negligible impact on the volume of  left kidney receiving > 
20 Gy. The range of  the 95% of  prescribed dose for PTV 
using either 3DCRT or IMRT planning was 84.0% ± 6.7% 
and 82.9% ± 6.1%, respectively (P > 0.05).

DISCUSSION
Gallbladder cancer has a dismal prognosis and loco-re-
gional recurrence has been described as the most frequent 
site of  relapse, and death most commonly occurred due to 
complications and sequelae of  loco-regional recurrence[15]. 
Hepatic infiltration has been reported in 60%-70% and 
nodal involvement in 20%-40% in some series[16,17]. The 
loco-regional pattern of  recurrence after surgery provides 

a rationale for the use of  radiotherapy as a component of  
gallbladder cancer treatment. The radiosensitive nature of  
gallbladder cancer is evidenced by numerous clinical stud-
ies reporting tumor size reduction after radiotherapy for 
unresectable diseases[18,19].

Our one-year survival rates and median preliminary 
survival time are similar to those reported in the lim-
ited radiotherapy literature and are generally better than 
those reported with surgery alone in patients with local 
advanced disease[20,21].

IMRT and automated optimization have the abil-
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Figure 3  Dose volume histogram curves for the organs at risk in a representative case. Left kidney (A), right kidney (B), liver (C), and spinal cord (D). IMRT: 
Intensity-modulated radiation therapy; CRT: Conformal radiation therapy.
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Table 3  Mean dose to the targeted structures/organs

Structure/organs Mean dose (Gy) P  value1

CRT IMRT

PTV 50.1 ± 2.8 51.5 ± 2.7     0.00015
Right kidney 10.6 ± 4.4   8.6 ± 2.4 0.032
Left kidney   8.1 ± 3.4   9.4 ± 4.6 NS
Liver 22.4 ± 3.9 21.0 ± 2.9 0.027

1Two-tailed paired t test. Values are expressed as mean ± SD. CRT: Three 
dimensional conformal radiation therapy; IMRT: Intensity-modulated radia-
tion therapy; PTV: Planning tumor volume; NS: Not significant (P > 0.05).

Table 4  Volume of structures/organs receiving greater than 
the threshold dose

Structure/
organs

Dose (Gy) Volume above threshold 
dose (%)

P  value1

CRT IMRT

PTV 95% of 
prescribed dose

84.0 ± 6.7 82.9 ± 6.1 NS

Organs at risk
   Right kidney 20.0   12.5 ± 11.7   5.4 ± 2.7 0.031
   Left kidney 20.0   5.3 ± 6.0   3.7 ± 2.3 NS
   Liver 30.0 34.5 ± 8.0 30.1 ± 6.3   0.0065

1Two-tailed paired t test. Values are expressed as mean ± SD. CRT: Three 
dimensional conformal radiation therapy; IMRT: Intensity-modulated radia-
tion therapy; PTV: Planning tumor volume; NS: Not significant (P > 0.05).
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ity to shape isodose curves, avoiding the dose to the 
OARs. The use of  direct machine parameter optimiza-
tion IMRT improves the PTV coverage compared with 
CRT for most patients, although dose escalation was 
only possible in a minority of  patients. It is suspected 
that the dosimetric improvement with IMRT was less in 
these plans compared with CRT plans. However, these 
complex CRT plans are challenging to develop without 
automated optimization, and IMRT might have planning 
efficiency and time-saving advantages for these cases. 

Our data demonstrated that IMRT offers better 
sparing of  the right kidney compared with CRT plan-
ning, with a significantly lower mean dose and volume 
above threshold dose. IMRT achieves similar excellent 
target coverage as compared with CRT, while reducing 
the mean liver dose and volume above threshold dose. 
In summary, IMRT offers improved sparing of  normal 
structures, however, it warrants further studies in the 
treatment of  gallbladder carcinoma.

In conclusion, gallbladder carcinoma is an aggressive 
disease with a dismal prognosis. More effective adjuvant 
therapy is needed to improve overall survival. There was 
a clear association between adjuvant therapy use and 
improved survival in patients with loco-regional disease. 
The real benefit of  adjuvant radiotherapy in gallbladder 
carcinoma remains unclear. A retrospective analysis[21] 
was done about the surveillance, epidemiological, and 
end results survey by the American National Cancer 
Institute. The results showed that adjuvant radiotherapy 
is associated with improved survival in patients with lo-
cally advanced gallbladder cancer or gallbladder cancer 
with regional disease. Gallbladder cancer remains an ag-
gressive disease that requires multimodality approach to 
individualize and optimize therapy. Prospective random-
ized trials of  adjuvant therapy are needed in this disease. 
However, the low incidence of  gallbladder cancer may 
make it difficult to successfully complete such trials, un-
less they are designed as inter-group studies within China 
or as international studies. In the future, methods of  
achieving earlier diagnoses may help improve the out-
comes of  the treatment. IMRT for dose escalation to 
improve tumor control and spare surrounding structure/
organs from receiving radiation tolerance doses should 
be further studied.
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