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median overall survival 11.9 months (95 % CI 7.4–15.8). 
Infection accounted for 27 % of the grade 3 or 4 toxicity, 
with rash (13 %), fatigue (13 %), and hypomagnesemia 
(10 %) among the more common grade 3 or 4 non-haema-
tological toxicities.
Conclusion A marker-driven approach to patient selec-
tion was feasible in advanced biliary tract cancer in an 
Australian population. The combination of panitumumab, 
gemcitabine, and cisplatin in KRAS wild-type cancers was 
generally well tolerated and showed promising clinical effi-
cacy. Further exploration of anti-EGFR therapy in a more 
selected population is warranted.

Keywords Biliary tract cancer · KRAS · Panitumumab · 
Chemotherapy · Phase II trial · Cancer antigen 19.9

Introduction

Biliary tract cancer (BTC) is a heterogeneous disease that 
includes tumours of the intrahepatic and extrahepatic bile 

Abstract 
Purpose  The phase II TACTIC trial prospectively selected 
patients with KRAS wild-type advanced biliary tract cancer 
for first-line treatment with panitumumab and combination 
chemotherapy.
Methods Of 78 patients screened, 85 % had KRAS wild-
type tumours and 48 were enrolled. Participants received 
cisplatin 25 mg/m2 and gemcitabine 1000 mg/m2 on day 1 
and day 8 of each 21-day cycle and panitumumab 9 mg/kg 
on day 1 of each cycle. Treatment was continued until dis-
ease progression, unacceptable toxicity, or request to dis-
continue. The primary endpoint was the clinical benefit rate 
(CBR) at 12 weeks (complete response, partial response, or 
stable disease). CBR of 70 % was considered to be of clini-
cal interest. Secondary outcomes were progression-free 
survival, time to treatment failure, overall survival, CA19.9 
response and safety.
Results Thirty-four patients had a clinical benefit at 
12 weeks, an actuarial rate of 80 % (95 % CI 65–89 %). 
46 % had a complete or partial response. Median progres-
sion-free survival was 8.0 months (95 % CI 5.1–9.9) and 
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ducts, perihilar region, and gallbladder. Most patients have 
inoperable disease at diagnosis, and survival for advanced 
disease is less than 5 % at 5 years [1, 2]. The pivotal UK 
ABC-02 trial of gemcitabine alone or in combination with 
cisplatin confirmed significant survival advantage for the 
combination regimen [3].

The epithelial growth factor receptor (EGFR) pathway 
is active in a number of solid tumours, proving a clinically 
significant target in lung and colorectal cancers [4]. Initial 
studies of anti-EGFR monoclonal antibodies in combina-
tion with chemotherapy for BTC among molecularly unse-
lected populations were promising [5–7]. The utility of 
EGFR pathway manipulation in cholangiocarcinoma has 
also been observed with the combination of erlotinib and 
chemotherapy [8].

The TACTIC trial was a single-arm, open-label trial 
of the combination of cisplatin, gemcitabine, and panitu-
mumab in advanced BTC. Our trial was designed to assess 
the feasibility of marker-driven patient selection in our 
Australian population and to assess its clinical efficacy and 
tolerability.

Materials and methods

Patients

Patients aged 18 or older, with inoperable, metastatic, or 
recurrent KRAS wild-type BTC were eligible. Tumours 
were required to be histologically or cytologically con-
firmed (originating in the gallbladder, intrahepatic or 
extrahepatic bile duct, or the ampulla) and measurable by 
Response Evaluation Criteria In Solid Tumors (RECIST) 
version 1.1. Other eligibility criteria included WHO perfor-
mance status 0–2, adequate bone marrow reserve, adequate 
renal function, and adequate hepatic function (defined as 
aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) <5× upper limit of normal (ULN); bilirubin 
<2× ULN). No prior chemotherapy or targeted therapies 
for advanced disease were allowed. Prior radiotherapy was 
allowed if it had been completed at least 4 weeks prior 
to study enrolment and all acute toxicities had resolved. 
Patients were ineligible if they had serious coexisting ill-
ness, pregnancy, lactation, or treatment for other cancers 
within 5 years. All samples, from formalin-fixed, paraf-
fin-embedded tumour tissue, were prospectively analysed 
at the Peter MacCallum Cancer Centre for mutations in 
codons 12 and 13 in exon 2 of the KRAS gene using high-
resolution melting analysis, with abnormal traces undergo-
ing DNA sequencing (allowing detection of KRAS muta-
tions with a mutant allele frequency of 10 % or greater).

Informed consent was obtained from all individual 
participants included in the study. Ethics approval was 

obtained from Cancer Institute, New South Wales, before 
the study commenced. The trial was conducted in accord-
ance with the Declaration of Helsinki 2004 and the Note 
for Guidance on Good Clinical Practice and in compliance 
with applicable laws and regulations. This trial was pro-
spectively registered on the Australian New Zealand Clini-
cal Trials Registry, ACTRN12611000245998.

Study design and treatment

The primary objective was the clinical benefit rate, the 
combined rate of complete response (CR), partial response 
(PR), and stable disease (SD), according to RECIST 1.1 
at 12 weeks. Secondary objectives included PFS, time to 
treatment failure, OS, CA19.9 response and tolerability 
and safety of the combination therapy. Fourteen Austral-
ian sites recruited to the trial. This trial was sponsored by 
the Australasian Gastro-Intestinal Trials Group (AGITG) 
and coordinated by the National Health and Medical 
Research Council Clinical Trials Centre (NHMRC CTC). 
Participants received cisplatin 25 mg/m2 and gemcitabine 
1000 mg/m2 on day 1 and day 8 of each 21-day cycle and 
panitumumab 9 mg/kg on day 1 of each cycle. All patients 
received study treatment until documented disease pro-
gression, unacceptable toxicity, a request by the patient 
to discontinue, or discontinuation at the discretion of the 
investigator. Toxicity was graded using the National Can-
cer Institute Common Terminology Criteria for Adverse 
Events (NCI CTCAE) version 4.0. Dose modifications 
were allowed as outlined in the study protocol to manage 
toxicities. In the case of discontinuation of one chemo-
therapeutic agent because of toxicity, the other agent was 
continued in combination with panitumumab. If both cis-
platin and gemcitabine required discontinuation for tox-
icity, participants were able to continue with single-agent 
panitumumab.

Baseline computed tomography or magnetic resonance 
imaging of the chest, abdomen, and pelvis was required 
within 28 days before commencing study treatment and 
was repeated after every two cycles of treatment. For those 
who ceased study treatment for reasons other than progres-
sive disease, imaging was also performed at the time of 
completion of study treatment and every 3 months there-
after until progressive disease was documented. Confirma-
tory scans for CR or PR were required 6 weeks after the 
first documentation of response. Among responders, the 
duration of response was measured from the date of first 
documentation of response until the first date of docu-
mented disease progression or death due to any cause. 
Objective clinical benefit was defined as the combined 
rate of confirmed CR, PR, and SD at 12 weeks. CA19.9 
was measured at baseline and before every second cycle 
of treatment. PFS was defined as the time from study 
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enrolment to the date of the first documented disease pro-
gression, occurrence of new disease, or death. Patients 
who withdrew from treatment for reasons other than pro-
gression and who received subsequent chemotherapy 
before progression were censored at the time of com-
mencement of subsequent therapy. Time to treatment fail-
ure was the time from study enrolment to the date of the 
first occurrence of early discontinuation, PD, or death due 
to any cause. OS was defined as the time from study enrol-
ment to date of death from any cause. CA19.9 response 
was defined as greater than 50 % decrease in CA19.9 (con-
firmed by a repeat sample) from a baseline CA.19.9 that 
was at least 2× ULN.

Statistical methods

The clinical benefit rate for chemotherapy alone in BTC is 
estimated to be about 50 % [9, 10]. A clinical benefit rate 
of 70 % with the addition of panitumumab is considered 
to be of sufficient interest to warrant further investigation. 
Using Simon’s two-stage optimum design [11], to detect 
a 20 % increase in clinical benefit with 80 % power and 
95 % confidence, a sample size of 45 evaluable patients is 
required. The intention-to-treat principle was applied to the 
assessments of efficacy data, and safety analysis included 
all participants who had commenced at least one cycle of 
treatment. The clinical benefit rate at 12 weeks, the primary 
outcome, was calculated as the actuarial event-free survival 
rate [with 95 % confidence interval (CI)]. OS, PFS, time 
to treatment failure, and duration of response were ana-
lysed using time-to-event methods, with Kaplan–Meier 
survival curves constructed for graphical display. 95 % CI 
for proportions were constructed using the modified Wilson 
method [12].

The median follow-up time was obtained by using the 
reverse Kaplan–Meier method, in which deaths were 
treated as censored and censored observations as failures 
[13]. A completeness index was calculated to quantify the 
trial maturity for the primary endpoint of clinical benefit 
at 12 weeks. This measure is calculated as the ratio of the 
total observed person-time of follow-up as a percentage of 
the potential time of follow-up in a study [14].

Interim analysis

An interim analysis was undertaken by the AGITG Inde-
pendent Data and Safety Monitoring Committee after 15 
patients had completed two cycles of study treatment and 
were evaluable at 12 weeks. Sufficient activity was dem-
onstrated to complete recruitment of the full cohort of 
patients, with no significant safety concerns to warrant 
early stopping of the trial.

Results

Patients

From July 2012 to December 2013, 78 patients with 
advanced BTC were screened for the study. Of their 
tumours, 85 % were KRAS wild-type (66 patients), and 
48 patients were enrolled. Extended RAS testing was not 
prospectively planned, and insufficient tissue was available 
retrospectively. Reasons for non-participation of those with 
KRAS wild-type tumours included failure to meet all inclu-
sion criteria, and refusal by patients. Participant character-
istics are shown in Table 1. About half were female. Almost 
two-thirds had a WHO performance status score of 1. Char-
acteristics of the 18 wild-type non-participants were similar 
to the 48 participants with respect to age and sex.

A median of eight cycles (range 1–33) of study treat-
ment was given per participant; 37 (77 %) participants 
completed all cycles of study therapy with all three 
agents, two discontinued cisplatin chemotherapy, one dis-
continued gemcitabine, five discontinued both cisplatin 
and gemcitabine, and three had panitumumab withheld 
for one cycle, due to haematological and non-haematolog-
ical toxicity.

Table 1  Demographic characteristics at baseline

Characteristic Number (n = 48) %

Sex

 Male 23 48

 Female 25 52

Age [years, median (range)] 64 (40–82)

WHO performance status

 0 18 38

 1 30 63

Site of origin

 Extrahepatic bile ducts 8 17

 Intrahepatic bile ducts 17 35

 Gallbladder 17 35

 Unknown 6 13

Stage

 Locally advanced 12 25

 Metastatic 28 58

 Recurrent 8 17

Prior therapy

 Radiotherapy 2 4

 Chemotherapy 3 6

Site of metastases

 Liver 32 67

 Regional lymph nodes 27 56
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Analysis of the first six cycles of therapy showed that 
45 patients (93.8 %) received over 80 % of the planned 
dose of panitumumab, 43 (89.6 %) that of cisplatin, and 41 
(85.4 %) that of gemcitabine. The cycle one dose was used 
as the planned dose and taken to be 100 %.

Efficacy

In total, 46 of 48 participants were included in the calcula-
tion of the objective clinical benefit rate at 12 weeks (one 
patient withdrew after 3 weeks without any further RECIST 
measurements and another had no baseline RECIST-meas-
urable lesions). Of the 46, three who ceased study treat-
ment were censored in the analysis before 12 weeks; two 
commenced non-protocol treatment during this time and 
one did not have the 12-week RECIST assessment. Nine 
patients had progressive disease or had died by 12 weeks. 
Of the remaining patients, one had a CR, 14 had a PR, 
and 19 had SD, giving an objective clinical benefit rate of 
80 % (95 % CI 65–89 %). The median follow-up time was 
30.0 months, with a completeness index of 98 %.

Median PFS for the entire cohort was 8.0 months (95 % 
CI 5.1–9.9) (Fig. 1) (42 out of 48), and median time to treat-
ment failure was 6.4 months (95 % CI 4.2–8.4) (47 out of 
48). Median OS was 11.9 months (95 % CI 7.4–15.8) (Fig. 2) 
(41 deaths out of 48). Twenty-one participants (46 %, 95 % 
CI 32–60 %) had a best response of CR or PR. The median 
duration of the response was 7.4 months (95 % CI 4.6–15.3).

Twenty-six patients had at least 3 CA19.9 samples (1 
pre-treatment >2× ULN and 2 on-treatment) and were 
evaluable for CA19.9 response. Of those who were not 
evaluable, for 18 the last pre-treatment CA19.9 result was 
not at least 2× ULN, and four did not have two samples 
after commencing study treatment. Fifteen of the twenty-
six (58 %) had a >50 % drop in their CA 19.9 level from 
baseline, thirteen of whom had documented CR or PR dur-
ing the trial. Of the remaining eleven, nine did not have a 
CR or PR.

Safety and tolerability

All patients commenced at least one cycle of per-protocol 
study treatment and were included in the analysis of safety 
and tolerability (Table 2). The most frequently reported 
adverse events of any grade were anaemia, rash, and 

68 wild-type

78 screened

12 KRAS mutation

48 enrolled

20 not included

46 in 12-week 
analysis of 
clinical benefit

2 withdrew with no post-
baseline RECIST
measurements

Fig. 1  Enrolment and progress of participants

0
20

40
60

80
10

0

P
ro

gr
es

si
on

−f
re

e 
su

rv
iv

al
 (%

)

48 40 32 25 22 14 11 10 8 6 5 3 3 1

Number at risk

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Months from registration

0
20

40
60

80
10

0

O
ve

ra
ll 

su
rv

iv
al

 (%
)

48 46 40 34 30 26 23 20 17 13 12 11 10 6 4 4 3

Number at risk

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Months from registration

Fig. 2  Kaplan–Meier plot for progression-free survival (upper) and 
overall survival (lower)

Author's personal copy



Cancer Chemother Pharmacol 

1 3

hypomagnesemia. The most frequently reported grade 3 or 
4 adverse events were haematologic abnormalities, includ-
ing lowered neutrophil count, lowered platelet count, and 
anaemia. There was one treatment-related death, due to 
febrile neutropenia. 19 % required omission of one or both 
chemotherapy agents owing to toxicity, and 6 % had panitu-
mumab withheld for toxicity. Adverse events were in keep-
ing with the known toxicity profiles of cisplatin, gemcit-
abine, and panitumumab and were largely manageable with 
symptomatic treatment and dose modification. The major 
reasons for discontinuation of study treatment were progres-
sive disease or death (75 %) and adverse events (13 %).

Discussion

The combination of gemcitabine, cisplatin, and panitu-
mumab for KRAS wild-type advanced BTC demonstrated 

an actuarial clinical benefit rate of 80 % at 12 weeks, sug-
gesting activity that is worthy of ongoing investigation. The 
median PFS of 8.0 months and OS of 11.9 months compare 
favourably to published rates for chemotherapy alone in 
this disease.

Initial studies of anti-EGFR monoclonal antibodies in 
combination with chemotherapy for BTC among molecu-
larly unselected populations were promising. A 30-patient 
phase II study by Gruenberger et al. [5] demonstrated 
objective responses in 63 % of patients to cetuximab, gem-
citabine, and oxaliplatin, and almost a third of patients sub-
sequently underwent resection with curative intent. Sohal 
et al. [6] reported efficacy for the combination of panitu-
mumab, gemcitabine, and irinotecan, with a progression-
free survival (PFS) of 9.7 months, among 35 patients. 
Optimism for EGFR inhibition in BTC grew when Jensen 
et al. [7] published the first prospective marker-driven trial 
of panitumumab added to combination chemotherapy in 
advanced disease. The primary endpoint, PFS at 6 months 
among 46 patients with wild-type KRAS, was 74 %. 
Together with PFS of 8.3 months and overall survival (OS) 
of 10 months, efficacy criteria for future testing in a larger 
randomized trial were met. In 2014, a study by Malka et al. 
raised concern [15]. Their non-comparative open-label 
study of gemcitabine and oxaliplatin with or without cetux-
imab in a population not restricted by RAS mutational sta-
tus showed a non-significant trend for benefit in 4-month 
PFS for the addition of cetuximab, with no difference in 
either PFS or OS. On the basis of this trial, enthusiasm to 
pursue the EGFR pathway in BTC has waned. Valle com-
ments that “lessons learnt from colorectal cancer may not 
be transferrable to biliary tract cancer” [16]. However, 
there were significant limitations to the trial, as Malka 
et al. point out [15]. First, the non-comparative design pre-
cluded formal statistical comparison. Limited tumour sam-
ples were available for mutation testing. Where tissue was 
available, mutation status was not associated with outcome, 
but owing to the non-comparative design and the lack of 
statistical power, this should be interpreted with caution. 
Furthermore, a harmful effect of EGFR inhibition on those 
with KRAS mutations could not be excluded. The inves-
tigators concluded that more preclinical and early studies 
were needed.

KRAS mutation status was used as a stratification fac-
tor by Chen et al. in a randomized trial conducted in Tai-
wan, which showed that adding cetuximab to gemcitabine 
and oxaliplatin might improve response rate (27 vs. 15 %, 
respectively, p = 0.12) and PFS (6.7 vs. 4.1 months, respec-
tively, p = 0.05), irrespective of RAS mutation status [17].

It is now recognized that KRAS status, and particu-
larly KRAS exon 2 status alone, does not adequately 
define the population most likely to benefit from anti-
EGFR monoclonal antibody therapy in other tumour 

Table 2  On-study toxicity, worst grade

Event Number (n = 48) %

Any adverse event 47 98

Any grade 3 or 4 adverse event 36 75

Anaemia

 Grade 1 or 2 32 67

 Grade 3 or 4 9 19

Low neutrophil count

 Grade 1 or 2 14 29

 Grade 3 or 4 19 40

Low platelet count

 Grade 1 or 2 10 21

 Grade 3 or 4 13 27

Infection

 Grade 1 or 2 14 29

 Grade 3 or 4 13 27

Rash (acneiform, maculopapular)

 Grade 1 or 2 34 71

 Grade 3 or 4 6 13

Hypomagnesemia

 Grade 1 or 2 31 65

 Grade 3 or 4 5 10

Fatigue

 Grade 1 or 2 34 71

 Grade 3 or 4 6 13

Vomiting

 Grade 1 or 2 12 25

 Grade 3 or 4 5 10

Diarrhoea

 Grade 1 or 2 16 33

 Grade 3 or 4 3 6
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types, including colorectal cancer [18]. Further bio-
markers are required to better define those with tumours 
most sensitive to EGFR inhibition and escape mecha-
nisms that may require concurrent treatment. Extended 
RAS mutation testing, which determines the presence of 
mutations in KRAS exons 2–4 and NRAS exons 1–4, is 
increasingly used to further define the likely responders 
to EGFR-targeted therapy. Additionally, the importance 
of mutations in other EGFR pathway genes, including 
BRAF and PIK3CA, is being further elucidated as mech-
anisms of resistance to these targeted agents [19]. It may 
be that use of anti-EGFR monoclonal antibody therapy 
in a more restricted population with RAS/RAF wild-type 
cancers would improve the response rate and clinical out-
comes in this group. Additional predictive biomarkers to 
enrich the target population may yet improve outcomes 
for patients with BTC.

Conclusion

This trial demonstrated the feasibility of a marker-driven 
treatment approach to patients with BTC in an Australian 
cohort. We demonstrate a higher-than-anticipated clinical 
benefit rate with the addition of EGFR inhibition to combi-
nation chemotherapy.
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