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Purpose: Biliary tract lesions are comparatively rare neoplasms, with ambiguous indications for radio-
therapy. The specific aim of this study was to report the clinical results of a single-institution biliary tract
series treated with modern radiotherapeutic techniques, and detail results using both conventional and
image-guided intensity-modulated radiation therapy (IG-IMRT).
Methods and materials: From 2001 to 2005, 24 patients with primary adenocarcinoma of the biliary tract
(gallbladder and extrahepatic bile ducts) were treated by IG-IMRT. To compare outcomes, data from a
sequential series of 24 patients treated between 1995 and 2005 with conventional radiotherapy (CRT)
techniques were collected as a comparator set. Demographic and treatment parameters were collected.
Endpoints analyzed included treatment-related acute toxicity and survival.
Results: Median estimated survival for all patients completing treatment was 13.9 months. A statistically
significant higher mean dose was given to patients receiving IG-IMRT compared to CRT, 59 vs. 48 Gy. IG-
IMRT and CRT cohorts had a median survival of 17.6 and 9.0 months, respectively. Surgical resection was
associated with improved survival. Two patients (4%) experienced an RTOG acute toxicity score > 2. The
most commonly reported GI toxicities (PRTOG Grade 2) were nausea or diarrhea requiring oral medica-
tion, experienced by 46% of patients.
Conclusion: This series presents the first clinical outcomes of biliary tract cancers treated with IG-IMRT.
In comparison to a cohort of patients treated by conventional radiation techniques, IG-IMRT was feasible
for biliary tract tumors, warranting further investigation in prospective clinical trials.

� 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology xxx (2009) xxx–xxx
Adenocarcinomas of the biliary tract, including tumors of
gallbladder and extrahepatic bile ducts, represent a comparatively
rare class of neoplasms [1]. These tumors are often diagnosed in an
already advanced stage, precluding definitive and potentially
curative surgical extirpation [2]. Consequently, several series have
explored the utility of pre- and post-operative radiotherapy as an
adjunct to surgical intervention [3,4]. However, owing to the
numerical paucity of cases, definitive large-scale prospective
radiotherapy series are logistically impractical, and the role of
radiotherapy remains controversial [5–8]. Extant data typically
encompass a long time frame in order to accrue sufficient numbers,
and often exhibit heterogeneous or outdated radiotherapy tech-
niques [9–11].
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f Radiation Oncology, The
ntonio, 7703 Floyd Curl Dr.,

l. Image-guided intensity-mod
adonc.2009.02.015
In the last decade, the technical development of intensity-mod-
ulated radiation therapy (IMRT) has provided capability to deliver
markedly more conformal radiation dose to tumor target volumes.

While data regarding the feasibility of clinically integrating the
concepts of IMRT and image-guidance for treatment of biliary and
pancreatic cancers have been published [12,13] it remains unclear
if a benefit in clinical outcomes can be derived from these ad-
vanced radiotherapy delivery techniques.

The present hypothesis generating study aims to evaluate clin-
ical outcomes in a series of patients with biliary tract adenocarci-
nomas treated with IG-IMRT by comparison with a cohort of
patients treated with conventional radiation therapy (CRT).

Methods and materials

This study was performed under the auspices of the Institu-
tional Review Board (IRB) of The University of Texas Health Science
Center at San Antonio as a retrospective chart review and analysis.
ulated radiotherapy (IG-IMRT) for biliary adenocarcinomas: Initial clinical
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Between July 1995 and November 2005, a total of 48 patients
with pathologically diagnosed primary adenocarcinoma of the
extrahepatic bile ducts and/or gallbladder were treated in the
Department of Radiation Oncology at The University of Texas
Health Science Center at San Antonio, San Antonio, TX and the Can-
cer Therapy & Research Center, San Antonio, TX. Patients were re-
quired to have formal pathological diagnosis of adenocarcinoma of
the gallbladder or biliary duct and/or cholangiocarcinoma. Tumors
of the ampulla of Vater, Klatskin’s tumor, and intrahepatic cholan-
giocarcinomas were excluded. Of 48 patients, 24 were treated with
ultrasound-based image-guided targeting during daily patient set-
up for serial tomotherapeutic IMRT, while the remaining 24 pa-
tients received radiation therapy using conventional planning
and delivery techniques. Demographic data, tumor characteristics,
and AJCC staging are presented in Table 1. All patients (100%) re-
ceived pre-therapy diagnostic CT-imaging. Of these, 31 (65%) had
notation of a diagnostic CT with precontrast/arterial/portal
phase/delayed phase acquisition (‘‘3-phase CT). Sixteen patients
(33%) had recorded endoscopic retrograde cholangiopancreatogra-
phy. Thirty-three (69%) had magnetic resonance imaging, with
magnetic resonance cholangiopancreatography recorded for 15
cases (31%). 18FDG-PET was noted in seven patients (15%).

The majority of patients were referred for radiotherapy after
surgical extirpation. Surgical intervention rate by treatment
modality and primary site is summarized in Table 1. Of 34 patients
who received a surgical intervention, margin status was formally
Table 1
Demographic and treatment variables by cohort (%).

All Pts (n = 48) Bile duct (n = 1

Age (years)
Median (range) 65 (39–86) 64 (39–86)
Age > 65 years 24 (50) 9 (47)
Age < 65 years 24 (50) 10 (53)

Sex
Female (%) 28 (58) 6 (32)
Male (%) 20 (42) 13 (68)

Ethnicity
White (%) 20 (42) 9 (47)
Hispanic (%) 27 (58) 10 (53)

AJCC stage
IA (%) 2 (4) 0 (0)
IB (%) 16 (33) 3(16)
IIA (%) 22(45) 12 (63)
IIB (%) 4 (8) 2 (11)
III (%) 4 (8) 2 (11)
IV (%) 1 (2) 0 (0)

Pathology
Bile duct primary 19 (40) –
Gallbladder primary 29 (60) –

Surgery
Unresectable 14 (29) 9 (47)
Resection performed 34 (71) 10 (53)
Cholecystectomy 26 (54) 4 (22)
Common bile duct resection 1 (2) 1 (5)
Partial resection 2 (4) 2 (10)
Aborted partial resection 1 (2) 1 (5)
Whipple 4 (8) 2 (10)
Microscopically negative margin (R0) 9 (19) 2 (11)
Microscopically positive margin (R1) 18 (38) 5 (26)
Grossly positive margin (R2) 3 (7) 2 (11)
Margin status not specified 4 (8) 1 (5)

Chemotherapy
None 17 (35) 6 (31)
Concurrent chemoradiation 31 (65) 13 (69)
5-Flurouracil (5FU) 22 (46) 8 (61)
Capecitabine 9 (19) 5 (39)

Abbreviations: IG-IMRT = image-guided intensity-modulated radiotherapy, CRT = conven
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reported in extant records in 30 cases; of these 9 were recorded
as having no marginal involvement microscopically (R0), 18 were
denoted as exhibiting positive microscopic involvement at resec-
tion margins (R1), and 3 were noted with grossly positive margins
(R2). Margin status by primary malignancy and therapy cohort is
tabulated in Table 1.

In addition to radiotherapy, the majority of patients received
concurrent fluoropyrimidine-based chemotherapy. Concurrent flu-
oropyrimidine-based chemotherapy rates and regimens by treat-
ment technique and disease site are tabulated in Table 1.
Gemcitabine (three patients), irinotecan (one patient), and cis-
platin (two patients) were also recorded as delivered during/
immediately after radiotherapy. No clear pattern of chemotherapy
or standardized dosing regimen was evidenced from chart data
available for review.

IG-IMRT treatments were planned and delivered using previ-
ously reported methods [13,14]. IMRT treatment plans were gener-
ated based on contrast-enhanced slow helical computed
tomography (CT) scans acquired during relaxed free breathing. Be-
fore 2005, all patients were simulated on a PQ 5000 CT-simulator
(Marconi Medical Systems, Cleveland, OH); after 2004, patients
(n = 4) were imaged on a GE Lightspeed RT scanner (GE Medical
Systems, Waukesha, WI). Patients simulated using the PQ 5000
were imaged using a slice of thickness 3.0 mm; all four patients
simulated after 2004 were imaged using 4DCT with respiratory
gating with 1.2 mm slice reconstruction. Before 4DCT availability,
9) Gallbladder (n = 29) IG-IMRT (n = 24) CRT (n = 24)

65 (43–85) 65 (39–86) 63 (43–85)
15 (52) 12 (50) 12 (50)
14 (48) 12 (50) 12 (50)

22 (76) 10 (58) 18 (75)
7 (24) 14 (42) 6 (25)

11 (38) 11 (46) 9 (38)
18 (62) 13 (54) 15 (62)

2 (7) 1 (4) 1 (4)
13 (45) 8 (33) 8 (33)
10 (34) 9(38) 13 (54)
2 (7) 4 (16) 0 (0)
1 (3) 1 (4) 2 (8)
1 (3) 1 (4) 0 (0)

– 11 (46) 8 (33)
– 13 (54) 16 (67)

5 (17) 5 (21) 9 (38)
24 (83) 19 (79) 15 (62)
22 (76) 12 (50) 14 (58)
– – 1 (4)
– 2 (9) –
– 1 (4) –
2 (7) 4 (16) –
7 (24) 4 (16) 5 (21)
13 (45) 11 (46) 7 (30)
1 (3) 2 (8) 1 (4)
3 (10) 2 (8) 2 (8)

11 (38) 10 (40) 7 (30)
18 (62) 15 (60) 16 (70)
14 (77) 8 (32) 14 (61)
4 (23) 7 (28) 2 (9)

tional radiotherapy; *statistically significant by Fisher’s exact test.
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additional inhale/exhale CT scans were acquired in selected pa-
tients. Patients were simulated using a standardized simulation
protocol, supine on a wingboard with arms above the head using
custom vacuum bag immobilization (Medical Intelligence GmbH,
Schwabmünchen, Germany). All simulations were performed using
a timed bolus of non-ionic intravenous contrast media, with early
arterial/portal venous contrast phase, and a secondary venous con-
trast phase acquisition. DICOM data were transferred to an inverse
IMRT treatment planning station (Corvus 3.0/4.0/5.0, Nomos Corp.,
Cranberry Township, PA). Gross target volumes (GTVs) and clinical
target volumes (CTVs) according to ICRU 62 definitions [15] were
delineated on a slice-by-slice basis. If available, diagnostic MR data
were incorporated into the target delineation process, either as a
reference image set or via MRI-CT fusion. Organs-at-risk (OAR)
delineated included the spinal cord, kidneys, and healthy liver.
Simultaneously, reference vascular structures and/or operative
clips adjacent to the CTV were identified, and their spatial geome-
try relative to target volumes was defined by volumetric delinea-
tion. Vascular guidance structures were individually selected and
delineated in each patient depending upon individual anatomy
and tumor location, with ease of ultrasound visualization as a pri-
ority. A planning tumor volume (PTV) was created by volumetric
expansion of the CTV by 10–15 mm. When a planned boost was
delivered to a reduced target volume (CTVboost), a PTVboost was cre-
ated by safety margin expansion of 6–10 mm. Dose–volume histo-
grams were utilized to evaluate plans. Prescribed doses to the
initial PTV ranged from 46 to 56 Gy (median 50 Gy) in daily doses
of 1.8–2 Gy. Prescription dose to the PTVboost was 3.6–18 Gy (med-
ian 14 Gy) in conventional fractionation. A priority target goal for
PTV was set so as to allow PTV voxels to receive no less than 95%
and no more than 117% of prescription dose. Spinal cord was given
a 30 Gy structure goal, with a hard constraint set so as not to ex-
ceed 42 Gy to any voxel. Relative constraints included left kidneys
constrained to a D100 of <20 Gy and D66 <18 Gy; right kidneys
were specified to achieve D100 <30 Gy, with D66 <20 Gy. Total
mean liver dose was specified to <22 Gy, and liver V20 kept under
33%. Treatments were delivered using a 6 MV linear accelerator
(Varian Medical Systems, Palo Alto, CA) with 400 or 600 MU/min
delivery capability using the dedicated serial tomotherapy MIMiC
binary multi-leaf collimator (Nomos Corp., Cranberry Township,
PA).

The concept and procedure of ultrasound-based image-guid-
ance with the BAT system (North American Scientific, Chatsworth,
CA) have been previously reported [12,16–19] and specific techni-
cal details regarding implementation for gallbladder tumors have
been detailed in a previous study [13]. The system [14], originally
developed for prostate targeting, was implemented to allow for
visualization of CT-derived volumes for adjacent organs (liver
and right kidney), named vascular guidance volumes (proper hepa-
tic artery, main hepatic vein, portal vein–splenic vein confluence,
portal vein, superior mesenteric and celiac arteries, and aorta)
and fiducial markers (surgical clips). Briefly, patients were placed
supine upon the treatment couch and skin marks aligned to room
lasers. Transabdominal US images were acquired in axial and
sagittal planes with CT-delineated target and guidance structure
volumes superimposed upon real-time ultrasound images. After
Table 2
Dosimetric parameters by cohort.

Series IG-IMRT

Total dose (Gy)
Median (range) 54 (30–70) 59 (50–70)
Mean (CI) 53 (50–55) 58.3 (56–60)

Radiation fractions
Median (range) 28 (15–38) 30 (27–38)
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virtual shifts were estimated by the user to match CT planning
structures to ultrasound anatomy, the patient’s three-dimensional
position relative to primary room-axes was corrected, followed by
a confirmation sonographic scan. Treatment fraction delivery then
followed immediately thereafter.

All patients receiving conventional radiotherapy were CT
simulated before radiation delivery, with 23/24 receiving three-
dimensional treatment planning. All patients were simulated on
a PQ 5000 CT-simulator (Marconi Medical Systems, Cleveland,
OH) using a slice of thickness 3.0 mm, with arterial phase intrave-
nous contrast. Immobilization was achieved using AlphaCradle
(Smithers Medical Products, Inc., North Canton, OH) or Blue Bag
immobilization (Medical Intelligence GmbH, Schwabmünchen,
Germany). A variety of multi-beam techniques were used to treat
the tumor bed to a median total prescription dose of 48 Gy.
Typically, patients were treated to 46–50.4 Gy using two-field
(anterior–posterior/posterior–anterior) or four-field (anterior–pos-
terior/posterior–anterior with lateral beams). Thirteen patients
received a boost of 4–10 Gy to a reduced treatment volume, using
a combination of anterior–posterior, posterior–anterior, lateral,
and oblique fields. Weekly portal imaging was utilized for align-
ment of bony anatomy. Patients were prescribed 1.8–2 Gy per
fraction daily, 5 days a week using 6 MV photons.

Demographic data were collected regarding patient age, gender,
ethnicity, histological classification, primary site, chemotherapy
regimen, tumor staging, and surgical resection. Dosimetric param-
eters analyzed included total dose and number of fractions. Toxic-
ity analysis involved recording weekly Radiation Therapy Oncology
Group (RTOG) acute toxicity scores, as well as number and dura-
tion of toxicity-related treatment interruptions. Patterns of failure
were assessed by reviewing clinical follow-up charts, radiographic
and pathology reports. Median time to local/distant progression
was estimated using product-limit estimation of median survival.
Survival data were collected and examined using the Kaplan–Meier
method. Toxicity between groups was compared as a categorical
variable using Chi-square proportional analysis with Fisher’s
correction. Data analysis was performed using StatView and JMP
v6 software (SAS Institute Cary, NC, USA). For this hypothesis
generating dataset, a non-Bonferroni-corrected a = 0.05 threshold
was used to assess for statistical significance.

Results

Patient and tumor characteristics, by radiotherapy cohort and
tumor type, are shown in Table 1.

Dose delivered to patients is detailed cumulatively and by co-
hort in Table 2. A statistically significant differential in mean deliv-
ered dose, 59 vs. 48 Gy, was observed between IG-IMRT and CRT
cohorts, respectively (p = 0.0001). Cumulatively, the mean dose
delivered to the IMRT cohort represented a 23% increase over the
mean dose delivered to the CRT cohort.

Toxicity data are compiled in Table 3. One patient failed to com-
plete treatment, voluntarily withdrawing after receiving 27 Gy out
of a planned 54 Gy total dose, with a maximum RTOG Grade 3
upper GI acute toxicity score (medication-refractory abdominal
pain). Treatment interruptions were minimal for most patients,
CRT Bile duct Gallbladder

48 (30–56) 54 (30–66) 55 (41.4–70)
47.5 (44–51) 52 (48–57) 54 (51–56)

26 (17–31) 30 (17–35) 38 (21–38)

ulated radiotherapy (IG-IMRT) for biliary adenocarcinomas: Initial clinical



Table 3
RTOG acute toxicity score by cohort (%).

Acute toxicity All Pts IG-IMRT CRT Bile duct Gallbladder

Upper GI (%)
0 15 (31) 7 (29) 8 (33) 7 (37) 8 (28)
1 11 (23) 4 (17) 7 (29) 3 (16) 8 (28)
2 20 (42) 11 (46) 9 (38) 8 (42) 12 (41)
3 2 (4) 2 (8) – 1 (5) 1 (4)

Lower GI (%)
0 30 (63) 10 (42) 20 (83) 18 (62) 12 (63)
1 12 (25) 8 (33) 4 (17) 7 (24) 5 (26)
2 6 (12) 6 (25) 0 (0) 4 (14) 2 (10)

Maximum (%)
0 13 (27) 5 (21) 8 (33) 6 (31) 7 (24)
1 11 (23) 4 (17) 7 (29) 4 (21) 7 (24)
2 22 (46) 13 (54) 9 (38) 8 (42) 14 (48)
3 2 (4) 2 (8) 0 (0) 1 (4) 1 (3)

Table 4
Patterns of failure (n = 37).

NEvents NCensored Median (months)

Local failure
CRT 6 11 12.0a

IG-IMRT 9 11 9.6

Gallbladder 7 13 7.8a

Bile duct 8 9 7.5

Distant metastasis
CRT 7 10 21.0
IG-IMRT 6 14 26.4

Gallbladder 4 16 22.0a

Bile duct 9 8 17.7

Recorded disease progression (any)
CRT 12 5 5.2
IG-IMRT 13 7 7.5

Gallbladder 11 9 6.5
Bile duct 14 3 7.8

a Biased estimate on product-limit analysis.
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with the majority attributable to holidays and/or inclement weath-
er. The most commonly reported GI toxicities requiring medication
(PRTOG Grade 2) were nausea requiring promethazine or ondan-
setron, and diarrhea requiring diphenoxylate or loperamide. The
observed Grade 3 upper GI acute toxicities were nausea/vomiting
requiring tube or parenteral support in one patient, and severe
abdominal pain despite medication in the single patient withdraw-
ing from therapy. There were no treatment-related deaths. No
Table 5
Median survival outcomes for patients completing prescription (confidence intervals
in parentheses); cohort numbers given in Table 1. § – could not be calculated.

Cohort Series Bile duct Gallbladder

All patients (series) 13.9 (9.0–17.6) 11.1 (6.6–17.6) 14.7 (9.0–31.2)

Radiotherapy
IMRT 17.6 (10.3–32.3) 15.0 (7.6–22.3) 23.0 (9.8–36.5)
CRT 9.0 (6.6–17.3) 6.9 (1.7–11.2) 13.3 (5.9–31.4)

Surgery
Unresected 6.6 (3.2–8.9 7.6 (1.7–11.1) 3.2 (0.6–§)
Resectable 17.3 (13.0–31.4) 17.6 (5.7–§) 17.2 (12.4–34.1)
R0 16.9 (9.8–24.2) § 17.3 (9.0–§)
R1/R2 14.7 (8.22–22.1) 15.0 (5.7–21.0) 14.7 (8.1–36.5)

Chemotherapy
None 11.1 (4.9–17.3) 8.7 (4.9–14.2) 17.3 (6.5–36.5)
Chemoradiation 14.7 (9.0–23.0) 17.8 (6.6–§) 13.0 (9.8–31.7)
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patients required hospital admission for symptoms related to
treatment. Chi-square analysis with Fisher’s exact test was utilized
to compare the ratio of patients experiencing RTOG Grade 2 or less
vs. Grade 3 toxicity, and was not statistically significant (p = 0.067).
However, a statistically significant (p = 0.0465) difference was
noted in proportion of Grade 2 or higher toxicity between the
CRT group and the IMRT cohorts (Table 3). No statistically signifi-
cant proportional difference between IG-IMRT and CRT cohorts
could be ascertained for Lower GI, Upper GI, or Maximum experi-
enced RTOG scores could be ascertained (all p P 0.08) when
assessing toxicity as an ordinal variable.

A total of 37 patients (77%) had evidence in the medical record
specifying the status and the location of disease progression. The
number, percentage, and median time to local or distant failure,
as well as the first disease progression, are tabulated in Table 4.

At last contact, 8/48 patients were alive (16%), with a median
follow-up of 34 months (range 16.5–62) for those living at last con-
tact. Overall survival for the entire series (n = 48) was 13.9 months
(95% CI 9.0–17.6 months). Survival analysis by radiotherapy co-
hort/primary site is summarized in Table 5 and Figs. 1 and 2. Those
patients who were receiving concomitant chemoradiation had a
median survival of 14.7 months (CI 9.0–23.0) compared to a med-
ian survival of 11.1 (CI 4.9–17.3) months for those who were not
receiving concurrent chemotherapy. Patients receiving radiation
therapy as an adjuvant to surgery demonstrated a median survival
of 17.3 months (CI 13.0–31.4), while those with unresectable dis-
ease at presentation showed a median survival of 6.6 months (CI
3.2–8.9). R0 resection status patients had a median survival of
16.9 months (CI 9.8–24.2 months), while positive surgical margin
patients evinced a median 14.7 month (CI 8.22–22.1) overall sur-
vival. AJCC Stage I–II patients had a numerically greater survival
at a median of 15.0 months (10.3–28.1) in contrast to 8.9 months
(CI 5.8–21.0) for Stages III–IV.

Discussion

Both gallbladder adenocarcinomas and cholangiocarcinomas
are numerically rare neoplasms [20,21]. Owing, in part to the rarity
of these lesions, the role of radiotherapy in the treatment of these
biliary tract cancers remains controversial. Though surgical extir-
pation remains the cornerstone of curative intent therapy, a minor-
ity of patients present with resectable disease [22]. Current
multimodality management appears to exhibit potential for
improvement in clinical outcomes in selected patient groups
[23,24], most notably in cases amenable to resection [25,26].
Radiotherapy has also demonstrated potential for benefit in pa-
tients with unresectable disease [27]. Nonetheless, the optimal
implementation of radiotherapy techniques within multimodality
protocols has yet to be ascertained, a matter of no small difficulty
owing to the numerical paucity of radiotherapy series [9].

Previous reports have documented the implementation of ultra-
sound-based image guidance for abdominal malignancies, in an ef-
fort to increase capacity for daily target positional verification, and
afford consequent PTV reductions [16–19,28]. Verification studies
have demonstrated the validity of positional shifts for neoplastic
lesions in visceral organs, as well as the capacity to deliver reduced
dose to OARs in both pancreatic and biliary tract tumors [13,14].
The implemented IGRT system accounts for inter-fraction set-up
error. However, in future series, it is critical to incorporate intra-
fractional motion control, such as respiratory gating, active breath-
ing control, dynamic motion correction, or other methods [29,30].

Data regarding IMRT for biliary tract lesions specifically have re-
mained limited to date. Milano et al. report three patients with
cholangiocarcinoma exhibiting a median survival of 9.3 months
following IMRT treatment with doses ranging from 45 to 59.4 Gy
[31]. Extant conventional radiotherapy series have implemented
ulated radiotherapy (IG-IMRT) for biliary adenocarcinomas: Initial clinical



Fig. 1. Overall survival by primary site.

Fig. 2. Overall survival by treatment cohort.
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a range of prescription doses to target volumes for biliary tract tu-
mors (Table 6), with survival parameters comparable to the current
series. For gallbladder cancers, typical conventional radiotherapy
Table 6
Selected external beam biliary radiotherapy cohorts from recent literature.

Study first author n Median dose
(Gy)

Mean dose
(Gy)

Range
(Gy)

Cholangiocarcinoma
Crane 52 – – 30–85
Ben-David 81 30–66 – 23–83.6

Stein 16 – 53 40–74
Nelson 45 50.4 –
Current study

(cholangio only)
19 54 52 30–66

Gallbladder
Czito 22 45 – 39.6–60
Kresl 21 54 – 50.5–60.8
Current study

(gallbladder only)
29 55 54 41.4–70
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doses have been between 50 and 58 Gy [25,32–34]. Cholangiocar-
cinoma series have evidenced similar dose prescriptions (Table 6).
Compared with published radiotherapy series in the literature, the
present IG-IMRT cohort of patients received modestly higher doses
(median prescribed dose 59 Gy), with a maximum dose of 70 Gy,
consistent with the higher end of previously reported treatment
prescriptions delivered without IG-IMRT [25,33–37].

Surgical resectability in previous series has represented a po-
tent harbinger of outcome in biliary tract neoplasms [35,36]. Surgi-
cal extirpation remains the cornerstone of therapy, as
demonstrated by the increase in survival for surgically resectable
patients (median 17.3 months vs. 6.6 months for unresected dis-
ease). This study, like most retrospective biliary tract series involv-
ing chemoradiation, is hampered by the lack of uniform
chemoradiation protocol. The predominant pattern in the present
study involved fluorouracil-based regimens, either as an intrave-
nous infusion or as an orally delivered pro-drug (Table 1). The
use of intravenous 5-FU chemoradiotherapy for biliary tract can-
cers has been reported repeatedly [26,38,39]; however, while
many series have explored single-or multi-agent protocols con-
taining capecitabine for biliary tract lesions, few descriptions of
capecitabine chemoradiotherapy have been reported.

While excessive generalization of observed findings would be
specious, this series represents the largest documented series of
biliary tract cancers treated with image-guided IMRT, as well as
one of the larger series of gallbladder adenocarcinomas treated
with modern radiotherapy techniques. Nonetheless, inherent
study limitations must be noted. This study is numerically limited
and, though the total number of cases approximates previous ser-
ies, draws from a single institutional experience [9,25,26,32,33]. As
with any retrospective series, specific treatment parameters (initial
MRCP/ERCP evaluation, chemotherapy regimen, degree of hepatic
extension, etc.) were difficult to characterize fully from chart re-
view, and thus could not be accounted for with optimum reliabil-
ity. The high proportion of patients with advanced/metastatic
disease at presentation in our series also hampers generalization
of this dataset. The presentation of dose data in this series is per-
formed primarily as a mechanism of generating testable hypothe-
ses for future prospective series, and should not be implemented
into treatment planning approaches without substantive verifica-
tion. We have previously presented data regarding dose parame-
ters using virtual plan comparison [13], and we hope to utilize
these findings as a benchmark in future prospective series.

This report suggests that moderate dose escalation via confor-
mal radiotherapy techniques is technically and clinically feasible.
The present series alludes to the capability of IG-IMRT to realize
modest dose escalation in the absence of substantial dose-limiting
toxicity [14]. It is imperative that the radiotherapy community
Median survival
(months)

Comment

10 All patients had unresectable disease
14.7 Series showed no differential between R1 and R2 disease

in adjuvant setting
24.5 All patients post resection
34 All patients with adjuvant/neoadjuvant chemoradiation
11.1

22.8 All patients received chemoradiation, primarily 5FU-based
31.2 All patients received concomitant 5FU
14.7

ulated radiotherapy (IG-IMRT) for biliary adenocarcinomas: Initial clinical
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definitively determine whether technical improvements in dose
delivery, such as IG-IMRT, are an avenue for greater clinical efficacy
for biliary tract cancers [40].
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