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Summary Advanced biliary tract cancers (ABTC) are
among the deadliest malignancies with limited treatment op-
tions after progression on standard-of-care chemotherapy,
which includes gemcitabine (GEM) and oxaliplatin (OX).
The epidermal growth factor receptor inhibitor erlotinib has
been explored in ABTC with modest efficacy. Erlotinib given
continuously may antagonize the action of chemotherapy
against cycling tumor cells, but pulsatile dosing of erlotinib
with chemotherapy may improve efficacy. The purpose of this
study was to assess the safety of pulsatile erlotinib with
GEMOX. This was a single-institution phase Ib study that
enrolled adult patients with unresectable or metastatic biliary
tract, pancreas, duodenal, or ampullary carcinomas that have
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not received any prior treatment for their disease. Dose esca-
lation followed a standard 3 + 3 design, and dose-limiting
toxicities (DLTs) were any treatment-related, first course
non-hematologic grade > 3 toxicity, except nausea/vomiting,
or grade 4 hematologic toxicity. A dose expansion cohort in
ABTC was treated at the MTD. Twenty-eight patients were
enrolled and 4 dose levels were explored. The MTD was er-
lotinib 150 mg + GEM 800 mg/m” + OX 85 mg/m*. DLTs
were diarrhea and anemia. Most frequent toxicities were nau-
sea (78 %), fatigue (71 %), neuropathy (68 %), and diarrhea
(61 %), predominantly grade 1-2. In the ABTC patients, the
objective response and disease control rates were 29 % and
94 %, respectively, and median overall survival was
18 months. Erlotinib plus GEMOX was well tolerated.
Encouraging anti-tumor activity was seen as evidenced by a
high disease control rate and longer median OS than standard
chemotherapy in the patients with ABTC.

Keywords Biliary tract cancers - Pulsatile erlotinib - Phase Ib
trial - Gemcitabine and oxaliplatin

Introduction

Approximately 7500 new cases of advanced biliary tract can-
cer (ABTC) will be diagnosed each year in the United States
[1]. These are generally divided into intrahepatic cholangio-
carcinoma, extrahepatic cholangiocarcinoma, and cancer of
the gallbladder. In addition, ampulla of Vater cancer is vari-
ably included with biliary cancers. These cancers frequently
present in a stage too advanced for surgical resection, and a
majority of the patients with operable disease will have recur-
rence after complete resection. Several chemotherapy agents
have been evaluated in biliary tract cancer patients, with a
gemcitabine backbone emerging as a standard [2]. A phase
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II trial of single-agent gemcitabine observed an objective re-
sponse rate of 22 % and a disease control rate of 50 % [3]. Ina
phase II study of first-line therapy, the combination of
gemcitabine and oxaliplatin (GEMOX) was well tolerated
and resulted in an objective response rate of 35 % and stable
disease in 26 % [4]. Despite the modest success with
gemcitabine combinations, biliary cancers remain among the
deadliest malignancies [5, 6]. Therefore, the development of
new therapeutic regimens to improve treatment efficacy in this
patient population is warranted.

The epidermal growth factor receptor (EGFR) is part of a
complex series of cellular signaling pathways that lead to in-
creased cell proliferation, motility, survival, and angiogenesis,
all of which can lead to tumor growth and progression [7].
EGFR expression is increased in a majority of bile duct can-
cers along with one of its ligands, TGF-alpha [8].
Additionally, HER2, which can dimerize with EGFR thus
activating downstream signaling pathways, is overexpressed
(immunohistochemical staining >2) in 15-43 % of biliary
cancers [9—11]. Thus, there has been hope for the development
of EGFR-directed therapies for the treatment of ABTC
[12—-14]. Erlotinib, an orally active tyrosine kinase inhibitor
(TKI) of EGFR, is currently FDA approved for use in non-
small cell lung cancer, as well as in pancreatic cancer when
administered in combination with gemcitabine. In a study of
42 patients with either unresectable or metastatic biliary can-
cer being treated with daily oral doses of erlotinib, 7 %
achieved an overall confirmed response, 43 % achieved stable
disease, and the median OS was 7.5 months [14].

Preclinical data from mouse xenograft models suggested
that pulsed gefitinib (another EGFR TKI) before paclitaxel
caused significantly more tumor regression than continuous
gefitinib dosing in combination with paclitaxel [15]. When
pancreas, gastric, and colon cancer cell lines were treated with
combinations of gemcitabine with flavopiridol, an agent that
induces G1/S cell cycle arrest, maximal antitumor effect was
observed with the combination of gemcitabine followed by
flavopiridol, whereas the reverse sequence showed no synergy
[16]. As erlotinib also induces G1/S arrest, we hypothesized
that erlotinib may exhibit sequence-specific synergy with
gemcitabine in a similar manner, such that pulsatile dosing
after chemotherapy with adequate washout prior to repeat
dosing would achieve improved efficacy. Therefore, our pri-
mary objective in this phase Ib study was to determine the
maximum tolerated dose (MTD) and recommended phase 11
dose (RP2D) of pulsatile erlotinib in combination with
GEMOX. A secondary objective was to describe any anti-
tumor activity associated with treatment in patients with
ABTC. Exploratory objectives included an investigation of
the relationship between clinical response and the expression
levels of the cytoskeleton protein vimentin and the cell-cell
adhesion protein E-cadherin. Furthermore, given the evidence
that patients with KRAS mutations have a poorer response to
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EGFR-directed therapies [17, 18] and that biliary tract cancers
have a spectrum of mutations in EGFR and its downstream
signaling pathways, including KRAS and PIK3CA [19-23],
we evaluated the potential relationship between mutational
status and clinical outcome.

Materials and methods
Ethics statement

This trial was conducted in accordance with Good Clinical
Practice and the Declaration of Helsinki. The study protocol
and informed consent document were approved by our
Institutional Review Board. The study was registered through
ClinicalTrials.gov (NCT00987766).

Study design and patient selection

This single-institution, open-label, phase Ib study of GEMOX
with erlotinib was conducted in patients with previously un-
treated advanced adenocarcinoma of the biliary tract, pancre-
as, duodenum, or ampulla using a standard 3 + 3 design. The
primary objective was to determine the MTD and RP2D of
pulsatile erlotinib in combination with GEMOX. Secondary
objectives were to describe any anti-tumor activity associated
with treatment and to correlate response with tumor cell ex-
pression of E-cadherin and vimentin, and KRAS and EGFR
mutational status. An expanded cohort (n = 10) of patients
with ABTC treated at the MTD was included to further de-
scribe anti-tumor activity.

Adult patients with unresectable or metastatic cancers that
were histologically or cytologically confirmed to be biliary
tract, pancreas, duodenal, or ampullary carcinomas were in-
cluded. Patients must not have had prior chemotherapy or
prior EGFR-targeted therapy for their disease. Patients were
required to have an Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0, 1, or 2 with adequate
bone marrow, renal, and hepatic function defined as pretreat-
ment bilirubin less than 2.5 times the upper limit of normal
(ULN) and hepatic transaminases less than 2.5 times ULN or
less than 5 times ULN if liver metastases were present.
Patients with central nervous system metastases or other re-
cent cancers were excluded. Additionally, patients with un-
controlled infection, significant neuropathy, or any other con-
current medical condition that would make the patient an in-
appropriate candidate for study enrollment were not included.

Treatment
The dose escalation schema (Table 1) began with gemcitabine

(800 mg/m?) as a 10 mg/mz/min infusion on day 1, followed
by oxaliplatin (85 mg/m?) as a 2 h infusion on day 2 every two
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Table 1 Dose escalation schema

Dose Level Erlotinib Gemcitabline Oxaliplatin Course 1 (two 14-day cycles) toxicity
0 50 mg 800 mg/m* 85 mg/m? 4 patients (3 evaluable);
0/3 patients with DLT
1 75 mg 800 mg/m* 85 mg/m? 5 patients (3 evaluable);
0/3 patients with DLT
2 100 mg 800 mg/m* 85 mg/m? 3 patients;
0/3 patients with DLT
3 150 mg 800 mg/m* 85 mg/m* 3 patients;
0/3 patients with DLT*
4 150 mg 1000 mg/m? 85 mg/m* 2 patients;
2/2 patients with DLT®

* Additional 10 patients treated at this dose level in expansion cohort

® Grade 3 diarrhea, grade 4 anemia

weeks. A fixed dose rate (FDR) of 10 mg/m2/min for
gemcitabine was chosen based on the prior phase II study of
GEMOX in ABTC [4]. The FDR for gemcitabine was used
for all dose levels. The starting dose for erlotinib was 50 mg
given orally once daily for 5 days on days 3—8. Dose escala-
tion was planned for groups of 3 patients until the MTD was
established in a standard 3 + 3 design. No intrapatient dose
escalation was allowed.

The dose limiting toxicity (DLT) was defined as any
treatment-related toxicity occurring in the first two 14-day cy-
cles that was Grade > 3 except for nausea/vomiting or hema-
tologic toxicity. For hematologic toxicity, grade 4 anemia was
a DLT. Grade 4 neutropenia lasting for more than five days or
grade 4 neutropenia of any duration associated with a fever
>38.5 °C or infection was considered a DLT. Grade 4 throm-
bocytopenia was also dose limiting. For patients with grade 3
or 4 nausea or vomiting not amenable to maximal antiemetic
therapy, the dose level could be reduced 1 or 2 levels at the
discretion of the investigator. Treatment on hold due to toxic-
ity for longer than three weeks was also considered a DLT.

The MTD was said to be exceeded when at least 2 of 6
patients experienced a DLT. MTD is therefore the dose at
which 0 or 1 of 6 experience a DLT with the next higher dose
level provoking a DLT in 2 of 6 or 2 of 3 patients. Once the
DLT was reached, a cohort of 10 additional patients with
ABTC was enrolled and treated at the MTD in order to con-
firm safety.

Assessments

Safety

Toxicity assessments were performed each cycle and graded
according to the NCI Common Toxicity Criteria, Version 3.0
(CTCAE v3). All patients who received any chemotherapy on
this study were considered evaluable for safety. Patients

removed from the study during the first four weeks of treat-
ment for reasons other than progressive disease or drug-
related adverse events were considered not evaluable for
DLT and were replaced.

Anti-tumor activity

All eligible patients who received at least two 14-day cycles of
therapy on this study were evaluable for anti-tumor activity.
Patients removed from study before four weeks for progres-
sive disease or drug related adverse event were also evaluable
for efficacy. Tumor evaluation by radiographic examination
was performed every 8 weeks, using Response Evaluation
Criteria in Solid Tumors (RECIST 1.0). Reassessment of the
extent of tumor was done by the same imaging method used to
establish baseline tumor measurements.

Laboratory correlates

A lung triplex sizing assay was performed on pre-treatment
archived tumor specimens (if available) to assess the presence
of EGFR and HER?2 exon 20 insertions and EGFR exon 19
deletion [24]. Additionally, the sequences of KRAS exons 2
and 3 and EGFR exons 20 and 21 were evaluated for hotspot
mutations using PCR and Sanger sequencing. Lastly, immu-
nohistochemical (IHC) staining for E-cadherin and vimentin
was performed. A detailed description of the methods for each
correlate analysis can be found in the supplemental methods
section.

Statistical analysis
Patient characteristics were summarized using descriptive sta-
tistics including frequencies and medians. Safety and efficacy

data were summarized for all patients enrolled onto the study,
and for only those patients with ABTC. The objective
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response rate (ORR) was calculated as the relative frequency
of patients who had complete or partial response among all
evaluable patients. Confidence intervals were estimated using
the Wilson method, and survival function was estimated using
Kaplan-Meier method.

Results
Patient characteristics

Twenty-eight patients were enrolled between January 2010 and
April 2013 (Table 2), 18 patients were enrolled during the dose
escalation with an additional 10 patients with ABTC, who were
treated at the MTD (Fig. 1). Approximately half of the patients
had intrahepatic cholangiocarcinoma (n = 13), while five patients
had extrahepatic cholangiocarcinoma, eight patients had pancre-
atic cancer, and one patient each had cancer of the gallbladder
and ampulla. All of the patients had a good performance status
(ECOG PS of 1 or better) at time of enrollment. The median age
of the participants was 61.5 years.

Treatment and toxicities

Dose escalation proceeded according to Table 1. At a dose of
150 mg erlotinib with 1000 mg/m? gemcitabine and 85 mg/m?
oxaliplatin, two patients experienced a DLT (grade 3 diarrhea
and grade 4 anemia). Therefore, the MTD was determined to
be 150 mg erlotinib given orally on days 3-8 in combination

Table 2  Patient characteristics

Data Results
Median age (range) 61.5 (36-85)
Primary tumor type
Intrahepatic Cholangiocarcinoma 13
Extrahepatic Cholangiocarcinoma 5
Gallbladder 1
Ampulla of Vater 1
Pancreas 8
Disease Status
Locally Advanced 8
Metastatic 20

Median CA 19-9 Level (range)
PS (ECOG)/no. patients

482.5 (1-27,973)

0 6

1 22
Gender

Male 16

Female 12

PS Performance status; ECOG Eastern Cooperative Oncology Group
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with gemcitabine 800 mg/m? and oxaliplatin 85 mg/m? ad-
ministered on cycle day 1 and 2, respectively.

The most frequent toxicities were nausea (78 %), fatigue
(71 %), neuropathy (68 %), diarrhea (61 %), rash (57 %), and
thrombocytopenia (54 %); a majority of these were grade 1-2. A
summary of the significant (> grade 3) toxicities is presented in
Table 3, with the most frequent being grade 3 fatigue and gas-
trointestinal toxicities experienced by 3 of 28 and 4 of 28 pa-
tients, respectively. One patient experienced grade 4 cerebral
ischemia that was determined by the investigators to be possibly
related to gemcitabine and erlotinib. As mentioned above, a dose
limiting grade 3 diarrhea and grade 4 anemia were experienced
by two patients. One patient died while on study and was deter-
mined by the investigator to be related to disease progression.

Efficacy

Four patients did not complete one course of therapy (i.e., two
14-day cycles) and thus were not evaluable for efficacy end-
points. Two of the four patients withdrew due to patient or
physician choice, one withdrew due to an unrelated serious
AE, and one patient had disease progression prior to starting
therapy. Of the evaluable patients, disease stabilization (SD)
occurred in 17 patients, 11 of which had ABTC. A complete
response was not observed; however, five patients achieved a
partial response (PR) for an ORR of 21 %. Only one patient
experienced progressive disease (PD) for an observed disease
control rate (DCR) of 92 %. Six patients (25 %) were still on
study at six months and were therefore free from progression
and unacceptable toxicity. The median OS for all patients was
10.6 months (Fig. 2a; 95 % CI, 7.1 to 18.9). In the ABTC
cohort, five of 17 patients achieved a PR for an ORR of 29 %.
Eleven patients (65 %) had SD for a DCR of 94 %. The
Median OS for the ABTC cohort was 18 months (Fig. 2b;
95 % (I, 9.3 to NE (not estimable given the data)).

Correlative studies
Mutational analysis

None of the tumor tissue samples (n = 16) that were evaluated
had detectable deletions in EGFR exon 19 or insertions in EGFR
and HER? exon 20. Of the 16 tumor tissues sampled for KRAS
alterations, six tissues (38 %) had nonsynonymous KRAS muta-
tions. Two patients with intrahepatic cholangiocarcinoma har-
bored a KRAS mutation in codon 12 (GI12A and G12D), and
both of these patients achieved a best response of stable disease.
Three patients with pancreatic cancer that harbored a KRAS mu-
tation in codon 12 (G12D) also achieved a best response of stable
disease. Interestingly, an additional pancreatic cancer patient with
a KRAS mutation had progressive disease, however the mutation
was in codon 61 (Q61H). In the patients with wildtype KRAS,
two ABTC patients achieved a PR, and four ABTC patients and
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Fig. 1 Clinical trial flow diagram
that depicts the number of patients
that were consented, received
study therapy, and evaluable for
response. The diagram also
depicts the number of samples
tested for the correlative analysis,
as well as the correlative results

32 Assessed for eligibility

4 Excluded
> 3 Not meeting inclusion criteria
1 Withdrew consent

A

28 Treated with Pulsatile Erlotinib
in Combination with Gemcitabine
and Oxaliplatin

18 Dose escalation

10 Dose expansion

4 Nonevaluable for response

A 4

24 Evaluable for response

v

performed

Samples with mutational analysis

16 EGFR exon 19 deletion
16 EGFR exon 20 insertion
16 KRAS point mutations
10 EGFR p.L858R J
10 EGFR p.L861Q
8 EGFR p.T790M

Samples with
immunohistochemistry performed

11 E-cadherin
11 Vimentin

10 Moderate to strong E-cadherin

A

staining
1 Positive vimentin staining

6 KRAS point mutations
4 KRAS p.G12D
1 KRAS p.G12A
1 KRAS p.Q61H

one pancreatic cancer patient achieved SD. No EGFR hotspot
mutations (L858R, n = 10; L861Q, n = 10; or T790 M, n = 8)
were observed in the samples for which tissue was available.

Immunohistochemistry

All tumor tissues (n = 11) had positive E-cadherin membra-
nous staining with histological score of +1, +2, or +3 with a
majority of the samples (n = 10) demonstrated moderate (+2)
to strong (+3) E-cadherin labeling. Only one patient had pos-
itive vimentin staining (histological score = +2), whereas all
other evaluated samples stained negative (histological
score = 0). No formal statistical associations were evaluated
between E-cadherin or vimentin expression and clinical out-
comes as there were too few tissue samples (n = 8) from
patients where disease response was evaluable.

Discussion
Therapeutic regimens combining chemotherapy with EGFR-

targeted agents are an active area of research. Despite the high
level of EGFR expression in solid tumors, combining EGFR

inhibitors with cytotoxic chemotherapy has not been exception-
ally successful in large-scale clinical trials. For example, in the
TALENT lung cancer trial, erlotinib was added to gemcitabine
and cisplatin without an improvement in OS [25]. Evaluation of
274 patient tumors from the TRIBUTE trial, in which patients
with non-small cell lung cancer were treated with carboplatin and
paclitaxel with or without erlotinib, showed a trend towards an
erlotinib benefit on time to progression but not improved survival
[26]. More recently, the BINGO trial in ABTC evaluated
GEMOX with and without cetuximab but did not observe an
improvement in efficacy [27]. Based on the preclinical evidence
suggesting that EGFR tyrosine kinase inhibitors result in a cell
cycle arrest rather than inducing apoptosis [28], it is reasonable to
hypothesize that antagonist effects with a cytotoxic agent such as
chemotherapy may occur. However, based on the preclinical
observation that a pulsatile regimen of EGFR-targeted therapy
in combination with chemotherapy was more effective [15], we
designed the current study to test the hypothesis that erlotinib
administered at periodic time points during standard chemother-
apy would be a synergistic treatment strategy for patients with
ABTC.

The primary objective of this study was to determine the
MTD of GEMOX administered in combination with erlotinib.
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Table 3 Toxicity >3, Any Cycle
(Number of patients treated at that

Erlotinib/Gemcitabine/Oxaliplatin

dose level)

50/800/85 75/800/85 100/800/85 150/800/85* 150/1000/85
(n=4) (n=15) (n=3) (n=14) (n=2)
Hematologic
Anemia 0 0 0 0 1
Leukopenia 0 1 0 1 0
Neutropenia 1 1 0 1 0
Lymphopenia 0 0 2 0 0
Nonhematologic
Fatigue 0 0 1 2 0
Rash 0 1 0 1 0
Dehydration 0 1 0 0 0
Diarrhea 0 0 0 1 1
Nausea 0 1 0 1 0
Vomiting 0 1 0 0 0
Elevated ALT 0 1 0 1 0
Elevated AST 0 1 0 0 0
Elevated Alk Phos 0 1 0 0 0
Hyperbilirubinemia 0 1 0 0 0
Cerebral Ischemia 0 0 0 1 0

? Determined to be the recommended phase 1T dose

The MTD was determined (and verified in the dose expansion
cohort) to be 800 mg/m* GEM, 85 mg/m* OX, and 150 mg
erlotinib. When the current study was being developed, we
were unaware of the concurrent phase III trial in South
Korea that was investigating continuous erlotinib in combina-
tion with GEMOX compared to GEMOX alone in ABTC
patients [13]. However, despite the slightly different treatment
regimens (phase III study: 100 mg erlotinib administered dai-
ly, 1000 mg/m? GEM, and 100 mg/m? OX), the toxicity pro-
files were similar between the two studies suggesting that
erlotinib in combination with chemotherapy is well tolerated
in patients with ABTC.

It is well known that skin rash is a major side effect of
erlotinib, and perhaps pulsatile dosing reduces the incidence
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Fig. 2 Kaplan-Meier estimates of overall survival stratified by: (A) all
patients (n = 28) on study and (B) only those patients (n = 20) with
advanced biliary tract cancers (excluding pancreas). For all patients on
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of erlotinib-associated skin rash. A meta-analysis 0f 2911 pa-
tients with a variety of solid tumors observed that skin rash
associated with single agent erlotinib (150 mg daily) occurred
in 75 % of patients [29]. A phase II study that investigated
daily erlotinib (150 mg) in combination with bevacizumab
(5 mg/kg; Day 1 and 15 of a 28-day cycle) in ABTC reported
that 76 % of patients experienced erlotinib-associated skin
rash [30]. The total incidence of skin rash in our study was
much lower at 57 %, and only 29 % of patients treated at
150 mg developed erlotinib-associated skin rash. Thus, pulsa-
tile dosing (Day 3-8 ofa 14-day cycle) of erlotinib could be an
alternative treatment strategy to reduce the incidence of rash.
Although interval dosing of a TKI, such as erlotinib, is attrac-
tive from the context of decreasing the frequency of specific
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study, the median overall survival was 10.6 months (95 % confidence
interval, 7.1 to 18.9). The median overall survival in the advanced biliary
tract cohort was 18 months (95 % confidence interval, 9.3 to N/A)
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adverse events, the possibility of the “disease flare” phenom-
enon that occurs after stopping a TKI should not be
overlooked. A retrospective study in non-small cell lung can-
cer investigated the time of development of disease flare after
stopping EGFR TKI (either erlotinib or gefitinib) in patients
that acquired clinical resistance. This study observed a 23 %
flare rate with a median time to disease flare of eight days
(range: 3-21 days) [31]. Thus, this phenomenon should be
considered when designing future treatment regimens that in-
clude interval dosing of erlotinib.

As a secondary objective, we sought to describe any anti-
tumor activity associated with the combination of pulsatile
erlotinib and GEMOX. As this study completed enrollment,
the phase I trial of daily erlotinib plus GEMOX was present-
ed. The South Korean study demonstrated a non-significant
improvement in progression-free survival in the cohort treated
with erlotinib plus GEMOX compared to GEMOX alone [13].
This lack of significance could be in part a result of erlotinib
inducing G1/S cell cycle arrest, instead of apoptosis, which
theoretically blocks the subsequent effects of cytotoxic che-
motherapy [28]. We observed an ORR of 29 % in the ABTC
cohort, which is similar to the 30 % ORR observed by Lee
et al. [13]. However, the combination chemotherapy plus pul-
satile erlotinib tested in the current study achieved a 94 %
DCR compared to 66 % in the phase III study. Furthermore,
we observed a provocative OS of 18 months in our ABTC
cohort. While these two studies differed in treatment
doses, patient demographics, and number of allowed
prior therapies, our data suggest that a therapeutic reg-
imen combining chemotherapy with pulsatile dosing of
erlotinib may be a better treatment strategy. However,
due to the nature of our study design (i.e., phase Ib, 3 + 3
dose-escalation with expansion at the MTD), caution should
be taken when interpreting the observed clinical activity due
to the small number of patients evaluated in this study. Further
prospective trials with larger sample sizes would be needed to
confirm activity.

The choice of chemotherapy (e.g., GEMOX) for this study
was based on preclinical clinical data showing synergy and
clinical efficacy observed in ABTC [4, 32, 33]. Subsequent to
the development of our study, gemcitabine plus cisplatin rath-
er than oxaliplatin has emerged as the chemotherapy standard
in ABTC. The phase III ABC-02 trial observed an improve-
ment in both ORR (26 % versus 15 %) and DCR (81 % versus
72 %) with gemcitabine plus cisplatin compared to single
agent gemcitabine with an excellent toxicity profile [6].
Therefore, one might hypothesize that investigating pulsatile
dosing of erlotinib with gemcitabine and cisplatin could be
more beneficial. However, the lack of a survival advantage
seen by adding erlotinib in the Phase III study with
GEMOX limits enthusiasm for exploring this combination
with an alternate chemotherapy backbone at the current time.
Ideally, as understanding of the complex landscape of the

heterogeneous biology of ABTC improves, this could be a
future direction, but likely only in a subset of patients.

We had hoped to find a molecularly defined subset of bil-
iary cancers from this study that would be particularly sensi-
tive to EGFR inhibition. Activating mutations in EGFR are
well-described predictors of response to erlotinib in lung can-
cer [34-37]. We found no EGFR mutations in our patients
while the South Korean group found two patients with exon
20 mutations out of 116 total (1.6 %). Although KRAS muta-
tional status is an established negative predictor of response to
anti-EGFR therapies in colorectal cancer [38, 39], it is current-
ly unknown if this status predicts response in patients with
ABTC. The South Korean phase I1I study suggested a survival
benefit with the addition of erlotinib to GEMOX in patients
with wild-type KRAS [19]. Of the 11 ABTC patients in our
study that had available tissue for KRAS testing, two with
wild-type KRAS achieved a partial response, whereas the
two ABTC patients with a KRAS mutation had stable disease.
Thus, our results are in concordance with the previous phase
III study suggesting a trend towards a survival advantage
when chemotherapy is combined with anti-EGFR therapy in
ABTC patients with wild-type KRAS. However, contradictory
to the observed trends in survival for wild-type KRAS patients,
three of the six patients with a KRAS mutation in the South
Korean phase III study still responded to the combination
therapy [19]. Furthermore, Gruenberger et al. investigated
GEMOX in combination with cetuximab and reported that
two of the three patients with KRAS mutations achieved a
partial response [12]. These contradictory findings between
KRAS mutation and response suggest that anti-EGFR thera-
pies or, more likely, GEMOX might be beneficial irrespective
of KRAS mutation in ABTC; however, further investigation is
still needed to fully characterize the prognostic indication of a
KRAS mutation in advanced biliary cancers. The TCGA anal-
ysis of biliary cancers demonstrates that there is extensive
molecular heterogeneity of these tumors [40]. At the present
time it is unclear what role, if any, EGFR inhibitors such as
erlotinib may have in emerging subsets such as FGFR mutant,
IDH mutant or microsatellite instability high tumors where
more specific targeted or immunotherapy has demonstrated
response [41-43].

In conclusion, pulsatile erlotinib with GEMOX adminis-
tered at the established MTD was well tolerated with an ac-
ceptable toxicity profile in patients with advanced pancreatic
and biliary tract cancers. Additionally, this treatment combi-
nation resulted in encouraging anti-tumor activity as evi-
denced by a high disease control rate and longer median OS
in an ABTC cohort.

Acknowledgements The authors would like to thank the patients who
participated in this study and their families, the study investigators, and
study staff. The authors would also like to thank the Innovative
Translational Research Shared Resource (ITR) and Vanderbilt

@ Springer



102

Invest New Drugs (2017) 35:95-104

Technologies for Advanced Genomics core at Vanderbilt University
Medical Center for their support of the genotyping assays. We also thank
the Translational Pathology Shared Resource at the Vanderbilt University
Medical Center for immunohistochemical staining.

Compliance with ethical standards

Conflicts of interest LWG has served as a consultant for Celgene and
has institutional research funding from Astellas Pharma, Pfizer, Onxy,
SunPharma, Lilly, and Bristol-Myers Squibb. DBC has served as a con-
sultant for Merrimack and has institutional research funding from Synta,
Incyte, Celgene, Hoffman-LaRoxhe, EMD-Serono, and Oncolytics
Biotech. KBD has an immediate family member who is employed by
Ardent Health Services. KKC has institutional research funding from
Pfizer, Boston Biomedical, MedImmune, Onyx, Bayer, Boehringer
Ingelheim, and Bristol-Myers Squibb. JG has institutional research
funding from AstraZeneca. EC has served on advisory boards for
Castle Biosciences, Taiho, EMD-Serono, Amgen, Lilly, Advaxis, Bayer
and Merrimack. JB has served as a consultant for Celgene, Genentech,
Aduro, Boston Biomedical, Janssen, Cornerstone, Symphogen, and
Bayer and has institutional research funding from Genentech, Abbvie,
Taiho, Bayer, 5Prime, Phoenix, Incyte, and Vertex.

Funding This study was supported in part by Astellas Pharmaceutics,
Inc. and the Vanderbilt-Ingram Cancer Center Support Grant (2P30
CA068485-14). Erlotinib was supplied for the study by Astellas
Pharmaceutics, Inc. The ITR is supported by the Vanderbilt-Ingram
Cancer Center, the TJ Martell Foundation, and the Robert J. Kleberg, Jr.
and Helen C. Kleberg Foundation.

Ethical approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained for all individual
participants included in the study.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. American Cancer Society. Cancer Facts & Figures (2016) 2016.
Atlanta, American Cancer Society

2. Anderson CD, Pinson CW, Berlin J, Chari RS (2004) Diagnosis and
treatment of cholangiocarcinoma. Oncologist 9(1):43-57

3. Gebbia V, Giuliani F, Maiello E, Colucci G, Verderame F,
Borsellino N, Mauceri G, Caruso M, Tirrito ML, Valdesi M
(2001) Treatment of inoperable and/or metastatic biliary tree carci-
nomas with single-agent gemcitabine or in combination with
levofolinic acid and infusional fluorouracil: results of a multicenter
phase II study. J Clin Oncol 19(20):4089-4091

4. Andre T, Tournigand C, Rosmorduc O, Provent S, Maindrault-
Goebel F, Avenin D, Selle F, Paye F, Hannoun L, Houry S, Gayet

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

B, JP L, de Gramont A, Louvet C, Group G (2004) Gemcitabine
combined with oxaliplatin (GEMOX) in advanced biliary tract ad-
enocarcinoma: a GERCOR study. Ann Oncol 15(9):1339-1343.
doi:10.1093/annonc/mdh351

Jemal A, Siegel R, Ward E, Murray T, Xu J, Smigal C, Thun MJ
(2006) Cancer statistics, 2006. CA Cancer J Clin 56(2):106—130
Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A,
Maraveyas A, Madhusudan S, Iveson T, Hughes S, Pereira SP,
Roughton M, Bridgewater J, Investigators ABCT (2010)
Cisplatin plus gemcitabine versus gemcitabine for biliary tract can-
cer. N Engl J Med 362(14):1273-1281. doi:10.1056
/NEJMo0a0908721

Baselga J, Arteaga CL (2005) Critical update and emerging trends
in epidermal growth factor receptor targeting in cancer. J Clin Oncol
23(11):2445-2459. doi:10.1200/JC0O.2005.11.890

Lee CS, Pirdas A (1995) Epidermal growth factor receptor im-
munoreactivity in gallbladder and extrahepatic biliary tract
tumours. Pathol Res Pract 191(11):1087-1091. doi:10.1016
/S0344-0338(11)80652-7

Ogo Y, Nio Y, Yano S, Toga T, Koike M, Hashimoto K, Itakura M,
Maruyama R (2006) Immunohistochemical expression of HER-1
and HER-2 in extrahepatic biliary carcinoma. Anticancer Res
26(1B):763-770

Harder J, Waiz O, Otto F, Geissler M, Olschewski M, Weinhold B,
Blum HE, Schmitt-Graeff A, Opitz OG (2009) EGFR and HER2
expression in advanced biliary tract cancer. World J Gastroenterol
15(36):4511-4517

Kim HJ, Yoo TW, Park DI, Park JH, Cho YK, Sohn CI, Jeon WK,
Kim BI, Kim MK, Chae SW, Sohn JH (2007) Gene amplification
and protein overexpression of HER-2/neu in human extrahepatic
cholangiocarcinoma as detected by chromogenic in situ hybridiza-
tion and immunohistochemistry: its prognostic implication in node-
positive patients. Ann Oncol 18(5):892-897. doi:10.1093
/annonc/mdm006

Gruenberger B, Schueller J, Heubrandtner U, Wrba F, Tamandl D,
Kaczirek K, Roka R, Freimann-Pircher S, Gruenberger T (2010)
Cetuximab, gemcitabine, and oxaliplatin in patients with
unresectable advanced or metastatic biliary tract cancer: a phase 2
study. Lancet Oncol 11(12):1142—1148. doi:10.1016/S1470-2045
(10)70247-3

Lee J, Park SH, Chang HM, Kim JS, Choi HJ, Lee MA, Jang JS,
Jeung HC, Kang JH, Lee HW, Shin DB, Kang HJ, Sun JM, Park
JO, Park YS, Kang WK, Lim HY (2012) Gemcitabine and
oxaliplatin with or without erlotinib in advanced biliary-tract can-
cer: a multicentre, open-label, randomised, phase 3 study. Lancet
Oncol 13(2):181-188. doi:10.1016/S1470-2045(11)70301-1
Philip PA, Mahoney MR, Allmer C, Thomas J, Pitot HC, Kim G,
Donehower RC, Fitch T, Picus J, Erlichman C (2006) Phase II study
of erlotinib in patients with advanced biliary cancer. J Clin Oncol
24(19):3069-3074. doi:10.1200/JC0O.2005.05.3579

Solit DB, She Y, Lobo J, Kris MG, Scher HI, Rosen N, Sirotnak FM
(2005) Pulsatile administration of the epidermal growth factor re-
ceptor inhibitor gefitinib is significantly more effective than contin-
uous dosing for sensitizing tumors to paclitaxel. Clin Cancer Res
11(5):1983-1989. doi:10.1158/1078-0432.CCR-04-1347

Jung CP, Motwani MV, Schwartz GK (2001) Flavopiridol increases
sensitization to gemcitabine in human gastrointestinal cancer cell
lines and correlates with down-regulation of ribonucleotide reduc-
tase M2 subunit. Clin Cancer Res 7(8):2527-2536

De Roock W, Claes B, Bernasconi D, De Schutter J, Biesmans B,
Fountzilas G, Kalogeras KT, Kotoula V, Papamichael D, Laurent-
Puig P, Penault-Llorca F, Rougier P, Vincenzi B, Santini D, Tonini
G, Cappuzzo F, Frattini M, Molinari F, Saletti P, De Dosso S,
Martini M, Bardelli A, Siena S, Sartore-Bianchi A, Tabernero J,
Macarulla T, Di Fiore F, Gangloff AO, Ciardiello F, Pfeiffer P,
Qvortrup C, Hansen TP, Van Cutsem E, Piessevaux H,


http://dx.doi.org/10.1093/annonc/mdh351
http://dx.doi.org/10.1056/NEJMoa0908721
http://dx.doi.org/10.1056/NEJMoa0908721
http://dx.doi.org/10.1200/JCO.2005.11.890
http://dx.doi.org/10.1016/S0344-0338(11)80652-7
http://dx.doi.org/10.1016/S0344-0338(11)80652-7
http://dx.doi.org/10.1093/annonc/mdm006
http://dx.doi.org/10.1093/annonc/mdm006
http://dx.doi.org/10.1016/S1470-2045(10)70247-3
http://dx.doi.org/10.1016/S1470-2045(10)70247-3
http://dx.doi.org/10.1016/S1470-2045(11)70301-1
http://dx.doi.org/10.1200/JCO.2005.05.3579
http://dx.doi.org/10.1158/1078-0432.CCR-04-1347

Invest New Drugs (2017) 35:95-104

103

18.

20.

21.

22.

23.

24.

25.

26.

27.

Lambrechts D, Delorenzi M, Tejpar S (2010) Effects of KRAS,
BRAF, NRAS, and PIK3CA mutations on the efficacy of
cetuximab plus chemotherapy in chemotherapy-refractory metasta-
tic colorectal cancer: a retrospective consortium analysis. Lancet
Oncol 11(8):753-762. doi:10.1016/S1470-2045(10)70130-3
Massarelli E, Varella-Garcia M, Tang X, Xavier AC, Ozburn NC,
Liu DD, Bekele BN, Herbst RS, Wistuba II (2007) KRAS mutation
is an important predictor of resistance to therapy with epidermal
growth factor receptor tyrosine kinase inhibitors in non-small-cell
lung cancer. Clin Cancer Res 13(10):2890-2896. doi:10.1158
/1078-0432.CCR-06-3043

Kim ST, Jang KT, Lee J, Jang HM, Choi HJ, Jang HL, Park SH,
Park YS, Lim HY, Kang WK, Park JO (2015) Molecular subgroup
analysis of clinical outcomes in a phase 3 study of gemcitabine
and oxaliplatin with or without erlotinib in advanced biliary
tract cancer. Transl Oncol 8(1):40-46. doi:10.1016/j.
tranon.2014.12.003

Chen JS, Hsu C, Chiang NJ, Tsai CS, Tsou HH, Huang SF, Bai LY,
Chang IC, Shiah HS, Ho CL, Yen CJ, Lee KD, Chiu CF, Rau KM,
Yu MS, Yang Y, Hsieh RK, Chang JY, Shan YS, Chao Y, Chen LT,
Taiwan Cooperative Oncology G (2015) A KRAS mutation status-
stratified randomized phase II trial of gemcitabine and oxaliplatin
alone or in combination with cetuximab in advanced biliary tract
cancer. Ann Oncol 26(5):943-949. doi:10.1093/annonc/mdv035
Valsangkar NP, Ingkakul T, Correa-Gallego C, Mino-Kenudson M,
Masia R, Lillemoe KD, Fernandez-del Castillo C, Warshaw AL,
Liss AS, Thayer SP (2015) Survival in ampullary cancer: potential
role of different KRAS mutations. Surgery 157(2):260-268.
doi:10.1016/j.surg.2014.08.092

Zhu AX, Borger DR, Kim Y, Cosgrove D, Ejaz A, Alexandrescu S,
Groeschl RT, Deshpande V, Lindberg JM, Ferrone C, Sempoux C,
Yau T, Poon R, Popescu I, Bauer TW, Gamblin TC, Gigot JF,
Anders RA, Pawlik TM (2014) Genomic profiling of intrahepatic
cholangiocarcinoma: refining prognosis and identifying therapeutic
targets. Ann Surg Oncol 21(12):3827-3834. doi:10.1245/s10434-
014-3828-x

Deshpande V, Nduaguba A, Zimmerman SM, Kehoe SM,
Macconaill LE, Lauwers GY, Ferrone C, Bardeesy N, Zhu AX,
Hezel AF (2011) Mutational profiling reveals PIK3CA mutations
in gallbladder carcinoma. BMC Cancer 11:60. doi:10.1186/1471-
2407-11-60

Su Z, Dias-Santagata D, Duke M, Hutchinson K, Lin YL, Borger
DR, Chung CH, Massion PP, Vnencak-Jones CL, lafrate AJ, Pao W
(2011) A platform for rapid detection of multiple oncogenic muta-
tions with relevance to targeted therapy in non-small-cell lung can-
cer. J Mol Diag: JMD 13(1):74-84. doi:10.1016/j.
jmoldx.2010.11.010

Mok TS, Wu YL, Yu CJ, Zhou C, Chen YM, Zhang L, Ignacio J,
Liao M, Srimuninnimit V, Boyer MJ, Chua-Tan M, Sriuranpong V,
Sudoyo AW, Jin K, Johnston M, Chui W, Lee JS (2009)
Randomized, placebo-controlled, phase II study of sequential erlo-
tinib and chemotherapy as first-line treatment for advanced non-
small-cell lung cancer. J Clin Oncol 27(30):5080-5087.
doi:10.1200/JC0O.2008.21.5541

Eberhard DA, Johnson BE, Amler LC, Goddard AD, Heldens SL,
Herbst RS, Ince WL, Janne PA, Januario T, Johnson DH, Klein P,
Miller VA, Ostland MA, Ramies DA, Sebisanovic D, Stinson JA,
Zhang YR, Seshagiri S, Hillan KJ (2005) Mutations in the epider-
mal growth factor receptor and in KRAS are predictive and prog-
nostic indicators in patients with non-small-cell lung cancer treated
with chemotherapy alone and in combination with erlotinib. J Clin
Oncol 23(25):5900-5909. doi:10.1200/JC0O.2005.02.857

Malka D, Cervera P, Foulon S, Trarbach T, de la Fouchardiere C,
Boucher E, Fartoux L, Faivre S, Blanc JF, Viret F, Assenat E,
Seufferlein T, Herrmann T, Grenier J, Hammel P, Dollinger M,
Andre T, Hahn P, Heinemann V, Rousseau V, Ducreux M, Pignon

28.

29.

30.

3L

32.

33.

34.

3s.

36.

JP, Wendum D, Rosmorduc O, Greten TF, investigators B (2014)
Gemcitabine and oxaliplatin with or without cetuximab in advanced
biliary-tract cancer (BINGO): a randomised, open-label, non-
comparative phase 2 trial. Lancet Oncol 15 (8):819-828.
doi:10.1016/S1470-2045(14)70212-8

Tracy S, Mukohara T, Hansen M, Meyerson M, Johnson BE, Janne
PA (2004) Gefitinib induces apoptosis in the EGFRL858R non-
small-cell lung cancer cell line H3255. Cancer Res 64(20):7241—
7244. doi:10.1158/0008-5472.CAN-04-1905

Jia Y, Lacouture ME, Su X, Wu S (2009) Risk of skin rash associ-
ated with erlotinib in cancer patients: a meta-analysis. J Support
Oncol 7(6):211-217

Lubner SJ, Mahoney MR, Kolesar JL, Loconte NK, Kim GP, Pitot
HC, Philip PA, Picus J, Yong WP, Horvath L, Van Hazel G,
Erlichman CE, Holen KD (2010) Report of a multicenter phase II
trial testing a combination of biweekly bevacizumab and daily er-
lotinib in patients with unresectable biliary cancer: a phase II con-
sortium study. J Clin Oncol 28(21):3491-3497. doi:10.1200
/1C0.2010.28.4075

Chaft JE, Oxnard GR, Sima CS, Kris MG, Miller VA, Riely GJ
(2011) Disease flare after tyrosine kinase inhibitor discontinuation
in patients with EGFR-mutant lung cancer and acquired resistance
to erlotinib or gefitinib: implications for clinical trial design. Clin
Cancer Res 17(19):6298-6303. doi:10.1158/1078-0432.CCR-11-
1468

Faivre S, Raymond E, Woynarowski JM, Cvitkovic E (1999)
Supraadditive effect of 2',2'-difluorodeoxycytidine (gemcitabine)
in combination with oxaliplatin in human cancer cell lines.
Cancer Chemother Pharmacol 44(2):117-123. doi:10.1007
/s002800050955

Andre T, Reyes-Vidal JM, Fartoux L, Ross P, Leslie M, Rosmorduc
O, Clemens MR, Louvet C, Perez N, Mehmud F, Scheithauer W
(2008) Gemcitabine and oxaliplatin in advanced biliary tract carci-
noma: a phase II study. Br J Cancer 99(6):862—867. doi:10.1038/sj.
bjc.6604628

Zhou C, Wu YL, Chen G, Feng J, Liu XQ, Wang C, Zhang S, Wang
J, Zhou S, Ren S, Lu S, Zhang L, Hu C, Hu C, Luo Y, Chen L, Ye
M, Huang J, Zhi X, Zhang Y, Xiu Q, Ma J, Zhang L, You C (2011)
Erlotinib versus chemotherapy as first-line treatment for patients
with advanced EGFR mutation-positive non-small-cell lung cancer
(OPTIMAL, CTONG-0802): a multicentre, open-label,
randomised, phase 3 study. Lancet Oncol 12(8):735-742.
doi:10.1016/S1470-2045(11)70184-X

Zhou C, Wu YL, Chen G, Feng J, Liu XQ, Wang C, Zhang S, Wang
J,Zhou S, Ren S, Lu S, Zhang L, Hu C, Hu C, Luo Y, Chen L, Ye
M, Huang J, Zhi X, Zhang Y, Xiu Q, Ma J, Zhang L, You C (2015)
Final overall survival results from a randomised, phase I1I study of
erlotinib versus chemotherapy as first-line treatment of EGFR
mutation-positive advanced non-small-cell lung cancer
(OPTIMAL, CTONG-0802). Ann Oncol 26(9):1877-1883.
doi:10.1093/annonc/mdv276

Rosell R, Carcereny E, Gervais R, Vergnenegre A, Massuti B, Felip
E, Palmero R, Garcia-Gomez R, Pallares C, Sanchez JM, Porta R,
Cobo M, Garrido P, Longo F, Moran T, Insa A, De Marinis F, Corre
R, Bover I, Illiano A, Dansin E, de Castro J, Milella M, Reguart N,
Altavilla G, Jimenez U, Provencio M, Moreno MA, Terrasa J,
Munoz-Langa J, Valdivia J, Isla D, Domine M, Molinier O,
Mazieres J, Baize N, Garcia-Campelo R, Robinet G, Rodriguez-
Abreu D, Lopez-Vivanco G, Gebbia V, Ferrera-Delgado L,
Bombaron P, Bernabe R, Bearz A, Artal A, Cortesi E, Rolfo C,
Sanchez-Ronco M, Drozdowskyj A, Queralt C, de Aguirre I,
Ramirez JL, Sanchez JJ, Molina MA, Taron M, Paz-Ares L,
Spanish Lung Cancer Group in collaboration with Groupe
Francais de P-C, Associazione Italiana Oncologia T (2012)
Erlotinib versus standard chemotherapy as first-line treatment for
European patients with advanced EGFR mutation-positive non-

@ Springer


http://dx.doi.org/10.1016/S1470-2045(10)70130-3
http://dx.doi.org/10.1158/1078-0432.CCR-06-3043
http://dx.doi.org/10.1158/1078-0432.CCR-06-3043
http://dx.doi.org/10.1016/j.tranon.2014.12.003
http://dx.doi.org/10.1016/j.tranon.2014.12.003
http://dx.doi.org/10.1093/annonc/mdv035
http://dx.doi.org/10.1016/j.surg.2014.08.092
http://dx.doi.org/10.1245/s10434-014-3828-x
http://dx.doi.org/10.1245/s10434-014-3828-x
http://dx.doi.org/10.1186/1471-2407-11-60
http://dx.doi.org/10.1186/1471-2407-11-60
http://dx.doi.org/10.1016/j.jmoldx.2010.11.010
http://dx.doi.org/10.1016/j.jmoldx.2010.11.010
http://dx.doi.org/10.1200/JCO.2008.21.5541
http://dx.doi.org/10.1200/JCO.2005.02.857
http://dx.doi.org/10.1016/S1470-2045(14)70212-8
http://dx.doi.org/10.1158/0008-5472.CAN-04-1905
http://dx.doi.org/10.1200/JCO.2010.28.4075
http://dx.doi.org/10.1200/JCO.2010.28.4075
http://dx.doi.org/10.1158/1078-0432.CCR-11-1468
http://dx.doi.org/10.1158/1078-0432.CCR-11-1468
http://dx.doi.org/10.1007/s002800050955
http://dx.doi.org/10.1007/s002800050955
http://dx.doi.org/10.1038/sj.bjc.6604628
http://dx.doi.org/10.1038/sj.bjc.6604628
http://dx.doi.org/10.1016/S1470-2045(11)70184-X
http://dx.doi.org/10.1093/annonc/mdv276

104

Invest New Drugs (2017) 35:95-104

37.

38.

39.

40.

small-cell lung cancer (EURTAC): a multicentre, open-label,
randomised phase 3 trial. Lancet Oncol 13(3):239-246.
doi:10.1016/S1470-2045(11)70393-X

Wu YL, Zhou C, Liam CK, Wu G, Liu X, Zhong Z, Lu S, Cheng Y,
Han B, Chen L, Huang C, Qin S, Zhu Y, Pan H, Liang H, Li E,
Jiang G, How SH, Fernando MC, Zhang Y, Xia F, Zuo Y (2015)
First-line erlotinib versus gemcitabine/cisplatin in patients with
advanced EGFR mutation-positive non-small-cell lung can-
cer: analyses from the phase III, randomized, open-label,
ENSURE study. Ann Oncol 26(9):1883-1889. doi:10.1093
/annonc/mdv270

Amado RG, Wolf M, Peeters M, Van Cutsem E, Siena S, Freeman
DJ, Juan T, Sikorski R, Suggs S, Radinsky R, Patterson SD, Chang
DD (2008) Wild-type KRAS is required for panitumumab efficacy
in patients with metastatic colorectal cancer. J Clin Oncol 26(10):
1626-1634. doi:10.1200/JC0O.2007.14.7116

Van Cutsem E, Kohne CH, Lang I, Folprecht G, Nowacki MP,
Cascinu S, Shchepotin I, Maurel J, Cunningham D, Tejpar S,
Schlichting M, Zubel A, Celik I, Rougier P, Ciardiello F (2011)
Cetuximab plus irinotecan, fluorouracil, and leucovorin as first-
line treatment for metastatic colorectal cancer: updated analysis of
overall survival according to tumor KRAS and BRAF mutation
status. J Clin Oncol 29(15):2011-2019. do0i:10.1200
/1C0.2010.33.5091

Nakamura H, Arai Y, Totoki Y, Shirota T, Elzawahry A, Kato M,
Hama N, Hosoda F, Urushidate T, Ohashi S, Hiraoka N, Ojima H,

@ Springer

41.

42.

43.

Shimada K, Okusaka T, Kosuge T, Miyagawa S, Shibata T (2015)
Genomic spectra of biliary tract cancer. Nat Genet 47(9):1003—
1010. doi:10.1038/ng.3375

Sequist LV, Cassier P, Varga A, Tabernero J, Schellens JHM, Delord
JP, LoRusso P, Camidge DR, Medina MH, Schuler M, Campone
M, Tian GG, Wong S, Corral J, Isaacs R, Sen SK, Porta DG,
Kulkarni SG, Lefebvre C, Wolf J (2014) Phase I study of
BGJ398, a selective pan-FGFR inhibitor in genetically preselected
advanced solid tumors. Cancer Res 74(19 Suppl)

Burris H, Mellinghoff I, Maher E, Wen P, Beeram M, Touat M,
Faris J, Azad N, Cloughesy T, Gore L, Trent J, Hoff DH,
Goldwasser M, Fan B, Agresta S (2015) The first reported results
of AG-120, a first-in-class, potent inhibitor of the IDHI mutant
protein, in a phase I study of patients with advanced IDH1-mutant
solid tumors, including gliomas. Mol Cancer Ther 14(12 Suppl 2):
PL04-PLO5

Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD,
Skora AD, Luber BS, Azad NS, Laheru D, Biedrzycki B,
Donehower RC, Zaheer A, Fisher GA, Crocenzi TS, Lee JJ,
Duffy SM, Goldberg RM, de la Chapelle A, Koshiji M, Bhaijee
F, Huebner T, Hruban RH, Wood LD, Cuka N, Pardoll DM,
Papadopoulos N, Kinzler KW, Zhou S, Cornish TC, Taube JM,
Anders RA, Eshleman JR, Vogelstein B, Diaz LA Jr (2015) PD-1
blockade in tumors with mismatch-repair deficiency. N Engl J Med
372(26):2509-2520. doi:10.1056/NEJMoal 500596


http://dx.doi.org/10.1016/S1470-2045(11)70393-X
http://dx.doi.org/10.1093/annonc/mdv270
http://dx.doi.org/10.1093/annonc/mdv270
http://dx.doi.org/10.1200/JCO.2007.14.7116
http://dx.doi.org/10.1200/JCO.2010.33.5091
http://dx.doi.org/10.1200/JCO.2010.33.5091
http://dx.doi.org/10.1038/ng.3375
http://dx.doi.org/10.1056/NEJMoa1500596

	A...
	Abstract
	Introduction
	Materials and methods
	Ethics statement
	Study design and patient selection
	Treatment
	Assessments
	Safety
	Anti-tumor activity
	Laboratory correlates
	Statistical analysis


	Results
	Patient characteristics
	Treatment and toxicities
	Efficacy
	Correlative studies
	Mutational analysis
	Immunohistochemistry


	Discussion
	References


