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Purpose: Gall bladder cancers (GBC) usually presents in advanced stage. First-line chemotherapy (CT) is the standard of care, and
there is no other option for responders than to wait for disease progression. We conducted a randomized study of consolidation
chemoradiation (CTRT) versus observation in responders to first line CT (NCT05493956), which showed an improvement in overall
survival by 6 months and therefore is practice changing. We are reporting the toxicity and factors predicting toxicity due to CTRT so
that it informs appropriate patient selection.

Methods and Materials: Responders to first line CT (partial response, stable disease) were randomized to CTRT versus observation
after 4 cycles. CTRT was delivered by 3D conformal radiotherapy (along-with concurrent capecitabine at 1250 mg/m?) to a dose of 45
Gy in 25 fractions to GBC and lymphatics followed by a boost of 9 Gy in 5 fractions to the GBC. Toxicities documented during CTRT
were recorded using the Radiation Therapy Oncology Group criteria. Dose volume data were correlated with the radiation induced
side effects.

Results: Among 135 patients enrolled both arms are well balanced demographically, and 58% patients had T4 tumors, 42% had N2 and
15% had paraaortic lymph node, and 27% underwent upfront stenting. Grade 3 adverse events, such as anemia, dyspepsia, hepatotoxicity
(Child Pugh B), and gastrointestinal bleed due to CTRT was observed in 9%, 1.5%, 13%, and 5.8%, respectively. Age >58 years (P = .02),
planning target volume (PTV) 1 volume (>919 cc, P = .02), PTV2 volume (>380 cc, P = .01), mean liver dose (>28 Gy, P = .07), and
liver V40 (>50%, P = .02) predicted radiation-induced liver disease. A receiver operating curve analysis revealed a cut-off value of PTV1
volume of 800 cc (sensitivity and specificity of 75% and 54%) and PTV2 volume of 300 cc (sensitivity and specificity of 81% and 65%) for
prediction of hepatotoxicity. Duodenum V45 >45% (P = .02) predicted grade 3 anemia. Numerically high V15 duodenum (98%, P = .11),
large PTV2 volume >484 cc (P = .06) and prior stenting had predilection for gastrointestinal bleed.

Conclusions: Consolidation CTRT is tolerable in those with PTV1 volume less than 800 cc.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Gall bladder cancers (GBC) usually presents in
advanced stage, which is a heterogenous entity including
locally advanced, retroperitoneal lymphadenopathy
(RPLN), oligo-metastases, omental metastases, or distant
metastases. The standard treatment of this heterogenous
entity is a combination of cisplatin and gemcitabine
which yields a median survival of 9 months.' Recently
maintenance durvalumab and combination of pembroli-
zumab, chemotherapy (CT) has shown to improve sur-
vival by 1 to 3 months in biliary cancer, but its outcome
in GBC is less convincing.”” Durvalumab at a dose of
1500 mg 3 weekly is not a cost-effective option. Respond-
ers to CT if left untreated progress within a few months.
Based on retrospective literature that consolidation con-
solidation chemoradiation (CTRT) in responders to CT
yields an improvement in overall survival from 9 to 15
months we conducted a phase 3 open label randomized
study where responders to 4 cycles CT were randomized
to observation versus consolidation CTRT to a dose of 45
Gy to GBC and lymphatics and a boost to GBC up to 54
Gy."° The median overall survival after randomization in
the CTRT arm was 10 months versus 4 months in the
observation arm (HR, 0.47 [95% CI, 0.33-0.68] P = .001)
and the actual overall survival because accrual was 13 ver-
sus 7 months, which is practice-changing.”6 We are
reporting the toxicity endpoints due to consolidation
CTRT and its predictors. This trial is the first of its kind to
investigate consolidation CTRT in a phase 3 study in res-
ponders to CT in a population of advanced GBC. The pri-
mary endpoint of this study was improvement in overall
survival and the secondary endpoints were improvement in
progression free survival and toxicity due to CTRT.

Methods and Materials

Trial design and conduct

The study Protocol was approved by the institutional
ethics committee. The study was prospectively registered
at the ClinicalTrial.gov website (NCT05493956).

Participants

This is a single-center open-label randomized study in
a low middle-income country setting, where patients with
advanced GBC (ie, T3, T4, N1, N2, nodes in retroperito-
neal region), with good performance status, body mass
index >15, with normal organ and marrow function and
weight loss not exceeding 10% in the preceding 3 months
were included in this trial. Due to COVID-19, we faced
difficulty in patient accrual; hence, the inclusion criteria

were modified to inclusion of patients with liver metasta-
ses limited to segment IV and V, and oligometastatic dis-
ease (<3 metastases in the present study). Patients with
multiple liver metastasis, ascites, and evidence of signifi-
cant clinical disorder or laboratory finding that makes it
undesirable for the patient to participate in the trial were
excluded. After confirmation of the diagnosis by an fine
needle aspiration cytology and a CT scan abdomen for
ascertaining the stage of disease, patients were taken up
for first line CT.

Interventions

After completion of 4 cycles CT (cisplatin, gemcitabine
combination) they were evaluated for response with CT
scan abdomen. If resectable, they were taken up for sur-
gery. If unresectable (those with partial response and sta-
ble disease), they were randomized to consolidation
CTRT versus Observation (Fig. 1, consort diagram).
CTRT was delivered by 3D conformal radiotherapy tech-
nique. The target dose of RT was 45 Gy in 25 fractions to
GBC and lymphatics (GBC, liver infiltration, periportal,
coeliac, superior mesenteric, and retroperitoneal lymph-
nodes until L2) followed by a boost of 9 Gy to the GBC
mass. Concurrent capecitabine at 1250 mg/m* (Monday-
Friday) was administered along-with RT. Patients in
observation arm were observed until disease progression.

Contouring

GB mass along-with liver infiltration was gross target
volume (GTV), and a 5 mm margin around it was clinical
target volume (CTV). Liver metastases within adjacent
segment and encompass able in RT portal were also delin-
eated as GTV. Nodal CTV was delineated after drawing
and combining portal vein, coeliac artery, superior
mesenteric artery, and aorta as per the guidelines for bili-
ary cancers.” A Boolean of CTV and nodal CTV was des-
ignated final CTV. The planning target volume (PTV) 1
margin around final CTV was 1 cm (Fig. 2) and PTV
boost margin was 7 mm beyond CTV. DVH constraints
were mean liver dose <30 Gy (liver was delineated after
subtracting GTV), mean kidney dose <18 Gy (combining
both kidneys). Other OAR delineated were stomach, duo-
denum, bowel, kidney, spinal cord, and their doses were
noted (Supplement).

Treatment planning

After the generation of International Commission on
Radiation Units and Measurements target volumes GTV,
CTV, PTV, and organs at risk the classical plan template
of 3 fields were placed (1 anterior and 2 laterals). Plans
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Figure 1 Consort diagram. Abbreviation: CTRT = consolidation chemoradiation.

are created using in-homogeneity calculation algorithms used) and target conformation was done with multileaf
(AAA or CCC) and optimized choosing mixed energies 6 collimator (Millennium 120 or Agility 160); 15 MV beam
MV and 15MV along with enhanced dynamic wedges was mostly preferred to avoid lateral edge effect when the
(mostly wedge angles between 15 and 45 degree were lateral separation is more about 35 cm. To improve dose

GTV (Entire GB with local CTV Primary (GTV with 0.5cm)
infiltration if any) (Blue)) and regional lymphatics (Red ) and regional LN with 1 cm
margin (Cyan)

PTV 1 coverage by 95% isodose PTV 1 coverage by 95%
(Axial view) (Sagittal view) isodose (Coronal view)

Figure 2 Target delineation and plan for phase 1. Abbreviation: CTV = clinical target volume; GTV = gross target
volume; PTV = planning target volume.



4 S. Agrawal et al

Advances in Radiation Oncology: May 2024

homogeneity in the intersection area of beams in and
around the target the field in field approach was consid-
ered. Quantitative and qualitative analysis are considered for
plan acceptance (the minimum and maximum dose to the
target coverage as per International Commission on Radia-
tion Units and Measurements 50 and 62 recommendations,
ie, 95% isodose coverage to PTV and 107% dose envelope
volume should not be >1.5 cm diameter). When 107% dose
area was >1.5 cm diameter, field in field technique was used
for reducing high dose volumes. Once plan was finalized
electronic chart was prepared for treatment execution
through record and verify module at the treatment console
with first day verification protocol (orthogonal setup fields of
field size 20 x 20 cm” for setup verification).

Treatment delivery and monitoring

All patients were prescribed prophylactic antacids and
mucosal coating agents from day 1 of radiation as a mea-
sure to prevent duodenal toxicity. Hematological, hepatic,
and renal functions, as well as tolerance to the treatment,
were assessed weekly. Toxicities documented during CT
were recorded using the Common Terminology Criteria
for Adverse Events version 3.0 (National Cancer Institute
2006 scale). Toxicities arising during and within 90 days
since the completion of radiation therapy and attributed
to radiation were assessed according to Radiation Therapy
Oncology Group criteria.” Hepatotoxicity was classified as
classic or nonclassic radiation induced liver disease."’

Efficacy and safety assessments

Six weeks after completion of CTRT, response assessment
was done with CT angiography of abdomen. If there were
signs of considerable downstaging and resect ability, a posi-
tron emission tomography/computed tomography was done
to rule out distant disease before referral to a surgeon.

On evidence of disease progression in either arm,
patients were treated with salvage second line CT [CAP-
IRI (irinotecan at 180 mg/m” and capecitabine at 1650
mg/m” x 14 days , 3 weekly) or CAPOX or single agent
capecitabine (at 1650 mg/m* x 14 days for 3 weeks)]
depending on the performance status of patients.

Sample size

Assuming 2-year survival probability of the patients
were 0.25 and 0.08 in the treatment (groupl) and control
(group 2), at minimum 2-sided 95% confidence interval
and 80% power of the study, overall sample size came out
to be 132 subjects (66 in the group 1 and 66 in the group
2) using a 2-sided log-rank test. The proportion dropping
out in each of the treatment and control group was 0.10

(ie, 10%). The number of events required to achieve a
power of 0.8 with an assumed hazard ratio of 2 was esti-
mated as 67. Assuming a lost to follow-up of 10%, a sam-
ple size of 140 would result in more than 67 events
sufficient to achieve 80% power at 0.05 alpha. All analysis
in the present article is intent to treat analysis.

Statistical analysis

Categorical variables were summarized with proportion
while the median and IQR was calculated for continuous
variables. Normality of quantitative data were examined
using Shapiro Wilk’s test. Parametric data were represented
as mean =+ SD, whereas skewed data as median (IQR). Asso-
ciation between categorical data were tested using x” or Fish-
er's exact test. Comparison between groups was done by
independent sample ¢ test or Mann-Whitney U test.

Results

The trial opened for accrual on January 1, 2019, and the
last patient was accrued in August 2022. Among 200 patients
of GBC registered, 65 patients progressed (gastric outlet
obstruction [n = 10], obstructive jaundice [n = 15], meta-
static disease [n = 50]), and those who did not progress
(n = 135) were inducted into the study. The data analysis
was done in April 2023. The median follow-up time in sur-
viving patients was 7 months (IQR, 4-11 months).

A total of 135 patients were recruited (68 in CTRT and 67
in observation). The demographic features are well balanced
in both the arms (Table 1). Eight patients progressed in
experimental arm after randomization and before initiation
of CTRT. Hence, only 60 patients received CTRT. Sixty per-
cent patients were women, 95% had T3, T4 disease, 80% had
node positive disease (10% vs 20% had RPLN in observation
vs experimental arm), 10% patients had omental involve-
ment (without ascites), 3% had oligometastatic disease (ver-
tebra only), 10% had liver metastases restricted to adjoining
segment of liver. Twenty-four percent versus 31% in obser-
vation versus experimental arm presented with obstructive
jaundice and underwent stenting (plastic stent) before com-
mencement of CT.

Treatment compliance

The analysis suggests that chemotherapy was well
tolerated (Data Supplement, Table Ela, b The only signifi-
cant grade 3 adverse effect due to CT was anemia (12% vs
19%) in observation versus experimental arm respectively
(P=.015).

Out of 60 patients who were initiated on CTRT, 7
could not complete RT (2 were >65 years and developed
grade 3 hepatotoxicity or gastrointestinal (GI) bleed, 1
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Table1 Demographic features of both arms
Characteristics Observation (n = 67) (%) CTRT (n = 68) (%) P value
Age (median, IQR), y 54 (IQR, 46-64) 52 (IQR, 45-62)
Male 27 (40) 24 (35)
Female 41 (60) 43 (63) .6
Mean Charlson Comorbidity index 1.63 1.5 .6
Stenting 16 (24) 21 (31) 3
T2 3(3) 4(6)
T3 27 (48) 26 (38)
T4 37 (55) 38 (56) 6
NO 15 (22) 14 (20)
N1 17 (25) 15 (22)
N2 28 (42) 25 (37)
Para-aortic lymphadenopathy 7 (10) 14 (20) 6
M stage
Liver (limited) 0 7 (10)
Bone (solitary) 1(1.5) 1(1.5) .04
Abbreviation: CTRT = consolidation chemoradiation.

developed fatal GI bleed at 45 GY, 1 had large PTV and
developed hepatotoxicity at 45 Gy, 1 had treatment inter-
ruption due to COVID-19 and she progressed thereafter,
1 had dilated cardiomyopathy and contracted dengue,
and she succumbed due to thrombocytopenia and the rest
2 had disease progression while on CTRT. There was no
treatment delay in the rest of the patients. Hepatotoxicity
(Child Pugh A) due to CTRT was observed in 12% (Fig. 3,
Supplement Table). Grade 3 adverse events like anemia,
dyspepsia, and hepatotoxicity (Child Pugh B) due to
CTRT was observed in 9%, 1.5%, and 13%, respectively.

CTRT INDUCED TOXICITY

1.00

All GI bleeds (5.8%) were fatal. No patient experienced
treatment-related bowel perforation or fistula.

The median PTV1 volume was 832 cc (IQR, 674-999
cc) and the median PTV2 volume was 282 cc (IQR, 196-
374 cc). The median dose to 95% of PTV1 was 98% (IQR,
98%-99%). Compliance to the predefined radiation dose
constraints was high for all reported parameters in this
study. The median achieved dose to liver was 29.5 Gy
(IQR, 25.7-33.3 Gy), kidney 16.2 Gy (IQR, 13-18 Gy),
V15 Duodenum was 50%, V45 duodenum was 43%, and
V45 stomach was 30%. The median Dmax to liver was 56
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Figure 3 CTRT induced toxicities. Abbreviations: CTRT = consolidation chemoradiation; GI = gastrointestinal.
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Table 2 Factors predicting chemoradiation induced liver disease

Radiation induced liver disease
Yes No P value

PTV1 volume 919 (775-1148) 738 (657-905) .02
PTV2 volume 388 (286-660) 209 (196-321) .01
Liver mean 30 (28-35) 28 (25-32) .073
Liver V10 88 (71-91) 80 (70-90) .363
Liver V20 71 (59-79) 60 (54-71) .102
Liver V30 58 (50-70) 52 (43-60) 127
Liver V40 50 (40-56) 39 (35-48) .021
Liver V50 21 (11-28) 22 (11-28) .573
Liver Dmax 55 (51-57) 57 (53-57) 777
SGOT in last week RT (IU/mL) 63 (42-104) 42 (29-60) .059
SGPT in last week RT (IU/mL) 36 (22-73) 31 (25-48) 644
Alkaline phosphatase (IU/mL) 289 (159-369) 213 (145-402) .952
Total bilirubin mg% 2 (1-3) 1(0-1) .01
Albumin gm% 3 (3-4) 4(3-4) 191
Abbreviations: RT = radiation therapy; SGOT = serum glutamic-oxaloacetic transaminase.
Liver enzymes and biochemistry levels are those in last week of RT.

Gy (IQR, 51-57 Gy) and duodenum 52 Gy (IQR, 48-55
Gy; Supplement Table).

Factors predicting toxicity

The median PTV1 was 919 cc (IQR, 775-1148 cc) in
patients who developed hepatotoxicity (classic radiation
induced liver disease [RILD]) compared with 738 cc
(IQR, 657-905 cc) in those who did not (P = .02; Table 2;
Fig. 4). Similarly, the median PTV2 was 388 cc (IQR, 286-
660 cc) in patients who developed RILD compared with
209 (IQR, 196-321 cc) in those who did not (P = .01). A
receiver operating curve analysis revealed a cut-off value
of PTV1volume of 800 cc with a sensitivity and specificity
of 75% and 54% and a value of PTV2 volume of 300 cc
with a sensitivity and specificity of 81% and 65% to pre-
dict hepatotoxicity. Mean liver dose and V40 liver was 30
Gy (28-35 Gy) and 50% (IQR, 40%-56%) in those who
developed RILD compared with 28 Gy (25-32 Gy) and
39% (IQR, 35%-48%) in those who did not (P = .07,
P = .02). Patients more than 65 years age had a signifi-
cantly higher incidence of hepatotoxicity (P = .03). The
mean age of patients who developed RILD was 58 versus
51 years in those who did not (P = .045). Those who
developed RILD also had a significant rise in serum gluta-
mic-oxaloacetic transaminase by last week of CTRT
(median level of 63 IU/mL [IQR, 42-104 IU/mL] vs 42
[IQR 29-60 IU/mL], P = .059). Similarly, those who devel-
oped RILD also had a significant rise in total bilirubin
level by last week of CTRT (median level of 2 mg% [IQR,

1-3 mg%] vs 1 mg% [IQR, 0-1 mg%], P = .01). In terms of
ALBI score, the mean value was —2.7 in those who did
not develop hepatotoxicity, and —2.1 in those who devel-
oped (P =.004).

None of the dosimetry factors showed significance for
GI bleed. Even though presentation with obstructive jaun-
dice and subsequent stenting did not reach statistical sig-
nificance for GI bleed, 60% patients who developed GI
bleed had prior stenting (Table 3, Fig. 4, Supplement
Table). Similarly, the median PTV2 volume was numeri-
cally larger in those who developed GI bleed than those
who did not. V15 duodenum was also numerically higher
(98%) in those who bled compared with 50% in those
who did not. Similarly gastric V45

V15 and V45 duodenum was significantly higher in
those who developed anemia 51% (IQR, 43%-92%) and
45% (IQR, 41%-57%) compared with 43% (IQR, 34%-
54%) and 38% (IQR 20%-46%; P = .007 and 0.028,
Table 4) in those who did not.

It was difficult to discriminate the cause of pain abdo-
men (dyspepsia) in patients on CTRT, whether it was due
to hepatotoxicity or gastritis. None of the dosimetric fac-
tors predicted for the development of dyspepsia (Supple-
ment Fig. E2).

Discussion

GBC usually presents in advanced stage hence strate-
gies are needed to improve outcomes in responders to
first-line CT. The results of this study revealed clinically
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Figure 4 Box plot showing factors affecting consolidation chemoradiation induced toxicities. Abbreviations:
CTRT = consolidation chemoradiation; PTV = planning target volume.

significant gain in overall survival from 4 to 10 months
after randomization and 7 to 13 months after accrual and
2-year OS of 4% versus 13%.” Hence it is important to
identify predictors of toxicity due to CTRT to practice it
safely. Although the literature on toxicity and its predic-

cholangiocarcinoma, toxicity due to consolidation CTRT
in postneoadjuvant setting in GBC is not available.

Based on our results grade 3 hepatotoxicity (classic
RILD) due to CTRT was observed in 13% patients (Child
Pugh B) and grade 2 (Child Pugh A) in 12%. Patients

tors are available for hepatocellular cancers and 58 years or older developed RILD, perhaps boost RT may
Table 3  Factors predicting Gl bleed
GI bleed
Yes No P value
PTV1 volume 915 (£228) 842 (£252) 5
PTV2 volume 484 (+250) 308 (+168) 06
Duodenum D max 53 (53-55) 52 (48-54) 361
Duodenum V15 98 (50-100) 50 (40-55) 112
Duodenum V45 43 (39-57) 43 (33-50) 701
Gastric V45 24 (19-37) 39 (33-43) 073
SGOT in last week RT (IU/mL) 34 (23-44) 51 (33-67) 117
SGPT in last week RT (IU/mL) 31 (16-37) 34 (25-67) 322
Alkaline phosphatase in last week RT (IU/mL) 99 (90-237) 253 (159-422) .062
Abbreviations: GI = gastrointestinal bleed; RT = radiation therapy; SGOT = serum glutamic-oxaloacetic transaminase.
Liver enzymes are median values in last week of RT.
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Table 4 Factors predicting chemoradiation induced
anemia
CTRT induced anemia
Yes No P value

Duodenum Dmax 53 (50-54) 50 (47-54) 235
Duodenum V15 51 (43-92) 43 (34-54) 078
Duodenum V45 45 (41-57) 38 (20-46) 028
Gastric V45 38 (33-41) 37 (25-43) 88
PTV1 volume 830 (662-999) 832 (674-948) .865
PTV2 volume 254 (198-436) 290 (192-332) .678
Liver V10 79 (67-90) 84 (70-90) 945
Liver V20 61 (54-76) 69 (57-80) 486
Liver D20 (cc) 605 (563-704) 747 (621-871) .022
Liver V30 53 (46-62) 58 (43-61) 758
Liver V40 38 (35-51) 46 (35-51) 678
Liver V50 22 (11-24) 21 (11-28) 954
Abbreviation: CTRT = consolidation chemoradiation.

be avoided in elderly after prospective evaluation of toler-
ance of consolidation CTRT without boost in elderly. We
had to include elderly patients in our study due to low
accrual in COVID-19 times. Based on these findings we
propose that if V40 is 50% or more in phase 1 due to large
PTV, then further boost may be avoided. Mean liver dose
and V40 should be less than 28 Gy and 50% to avoid hep-
atotoxicity while using 3D CRT techniques and this data
are similar to that reported in literature for liver can-
cers.'"'* Although we did not find a correlation of hepa-
totoxicity with V30, there was correlation with V40
>50%. Studies of 3D conformal radiotherapy in liver can-
cer have shown a correlation of RILD with V30 >28%,
V35 >25%, and V40 >20%. The same study also found a
correlation of GTV >1000 cc with 27% incidence of hepa-
totoxicity, and we observed 25% incidence of hepatotoxic-
ity with median PTV1 of 919 cc and median PTV?2 of 388
cc.'” Based on the receiver operating curve analysis we
propose PTV1 volume and PTV2 volume should be less
than 800 and 300 cc to avoid hepatotoxicity. Risk stratifi-
cation of patients to reduce PTV1 volume is likely to
result in better tolerance, that is avoiding RPLN irradia-
tion in patients without RPLN involvement. Ideally, risk
stratification would be possible only with a positron emis-
sion tomography/computed tomography before initiation
of CTRT. All patients had normal baseline liver function
before initiation of CTRT and patients who developed
hepatotoxicity showed a rise in bilirubin and alkaline
phosphatase levels toward end of CTRT. The ALBI score
has been found to predict hepatic function decline com-
pared with the CP score in patients with HCC and in our
series, it was found to distinguish between patients with
or with RILD."

All GI bleeds (5.8%) were fatal. Even though none of
the dosimetric factors predicted GI bleed in the index
study, the mean Duodenum V15 was numerically much
higher in patients who bled compared with those who did
not (Table El). Sixty percent of patients who developed
GI bleed had prior obstructive jaundice and stenting.
Duodenal erosions and ulcers have been reported in
patients with pancreato-biliary obstruction.'” The odds of
developing ulcers in patients with obstruction was 4.4 and
this was more so in those in whom the degree of obstruc-
tion multiplied by duration of jaundice was higher. The
PTV2 volume was also higher in patients who bled (484
cc) versus 308 cc in those who did not. To minimize inci-
dence of GI bleed and RILD in patients presenting with
obstructive jaundice, boost RT may be omitted as these
patients have already compromised liver function and the
incidence of GI bleed has been reported to be higher in
patients who receive CTRT after stenting. The incidence
of stomach or small bowel ulceration was 2%, small bowel
obstruction 2%, or GI bleed 15% in a retrospective series
of locally advanced extrahepatic biliary cancer where the
median RT dose was 50.4 Gy in 28 fractions."”

The incidence of all grade and grade 3 anemia was 35%
and 9% in the index study. Abdominal CTRT may cause
all grades anemia in 80% patients as reported in a series
of gastric cancer.'® Another cohort study observed 11%
grade 3 anemia with 45 Gy CTRT. '” Only duodenal dose
predicted occurrence of anemia in our study.

Treatment discontinuation due to adverse events was
seen in 11.6% patients in the present study and 8% in a
series of unresectable extrahepatic biliary cancer.'* PTV 2
volume emerged as significant predictor of toxicity for
grade 3 hepatotoxicity and GI bleed. Because this is the
first randomized study to evaluate the effect of CTRT in
responders to first-line CT, we do not know whether there
is an advantage with boost. We included boost in our pro-
tocol to escalate radiation doses for superior survival as
mentioned by Krishan and others where survival benefit
was observed with dose escalation.'”'*They commented
that BED >59.5 Gy, elective lymph node irradiation was
associated with improvement in OS, and brachytherapy
after external RT was associated with inferior OS. The
FECD 9902 trial also suggested a potentially meaningful
palliative role for RT with a lower rate of biliary complica-
tions (28% vs 44%), such as obstruction with cholangitis,
in the cohort receiving CRT compared with chemother-
apy alone.'"The utility of RT, with a suggestion for 2- to
3-year survival benefit has been supported by various
authors in retrospective series of biliary cancers.”’

Limitations

Due to difficulty in accrual of patients due to COVID-
19 the inclusion criteria were modified to include elderly
patients, those with limited liver metastases in segment
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IV and V (encompass able in the treatment portal) or
oligo-metastatic disease. Use of IMRT and VMAT is likely
to decrease the incidence of adverse effects due to CTRT.

Conclusion

Based on our results, we can conclude that consolida-
tion CTRT is well tolerable in those with PTV1 volume
less than 800 cc and PTV 2 volume less than 300 cc. The
present study informs us that liver mean dose and V40
should be below 28 Gy and 50% and duodenum V15
should be below 50% to minimize incidence of grade 3
adverse events.
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