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Condensed abstract

The combination of gemcitabine-oxaliplatin (GEMO2nd Panitumumab compared
to GEMOX alone was evaluated in this phase Il ramded trial as first-line treatment
in advanced biliary tract cancer (BTC). Despite thelecular selection for KRAS-
wild-type status, progression-free-survival (PF8Y averall survival (OS) were not

improved.

Abstract

Background: Biliary tract cancer (BTC) is a rare and lethatedise with few
therapeutic options. Preclinical data suggestttt@EGFR pathway could be involved
in its progression.

Methods: In this open-label, randomized Phase Il trial igeruited chemotherapy-
naive patients with advanced BTC displaying a wyijoe KRAS status. Patients were
randomized to gemcitabine (1000 mgfrand oxaliplatin (100 mg/fh with (Arm A)

or without (Arm B) panitumumab (6mg/kg), for up@ cycles. The primary endpoint
was progression free survival (PFS) analyzed bgnimbn-to-treat. This study is
registered with ClinicalTrials.gov (NCT01389414).

Results: We enrolled 89 patients (45 in Arm A and 44 imAB) between 06/2010
and 09/2013. After a median follow-up of 10.1 mantimedian PFS was 5.3 months in
Arm A (95%ClI 3.3-7.2) and 4.4 months (95%CI 2.636r2 Arm B (p=0.27). No
survival differences were observed, being median9®Smonths in Arm A and 10.2

months in Arm B (p=0.42). In subgroup analysis,differences in PFS according to



the site of primary tumor was observed; patientd witrahepatic cholangiocarcinoma
(IHC) treated with panitumumab may have a survbatefit compared to the control
group (15.1 vs 11.8 months, p=0.13). As for safskyn toxicity was the main adverse
event in arm A (80% of patients). A higher incidenaf diarrhea (55.5 vs 31.8%),
mucositis (22.2 vs 13.7%) and constipation (24.4%9%) was seen in Arm A.
Conclusions: Our results confirm the marginal role of anti-B&GREherapy even in

wild-type KRAS-selected BTC.

Keywords: biliary cancer, panitumumab, CholangiocarcinomaASRchemotherapy,

GEMOX



Introduction

Biliary Tract Cancers (BTC) are a heterogeneousumgrof tumors that includes
intrahepatic cholangiocarcinoma (IHC), extrahepaholangiocarcinoma (EHC) and
gallbladder adenocarcinoma (GBC). BTC are rare ast&fn countries but extremely
lethal*; only a small percentage of patients are diagnes#dearly-stage, resectable
disease and patients who are operated have a isighofr recurrence, with 5-year

survival rates in the range of 20-46%

Regarding the metastatic or unresectable stagetpa chemotherapy is, to date, the
mainstay of treatment. Cisplatin plus gemcitabmeansidered the first-line standard
of care according to Valle’s ABC-02 tridl Compared to gemcitabine alone, the
combination therapy yielded an advantage both agm@ssion-free survival (PFS) (8.0

vs. 5.0 monthgp < 0.001) and overall survival (OS) (11.7 vs 8.1 thep < 0.001).

Oxaliplatin is widely used in clinical practice tead of cisplatin: the safety profile of
the GEMOX regimen and the good response rates (RiRs)gly suggest that it is

reasonable to replace with GEMOX the standard sdbedith cisplatin’® °.

Preclinical data have suggested the involvementhef Epidermal Growth Factor
Receptor (EGFR) pathway in BTC pathogenesis. EGHbtten overexpressed in this
disease, and in some cases activating mutatiores thean detectet’. Initial Phase Il
studies using anti-EGFR targeted agents have shmamising result$ and have
paved the way to randomized trials.

Panitumumab (Vectibix, Amgen) is a fully human jg@onoclonal antibody (MoADb)
against EGFR, initially approved for metastaticotettal cancer with wild-type (wt)

KRAS on exon 2.



Based on this knowledge, we designed this randahftease Il trial to investigate the
efficacy of gemcitabine and oxaliplatin chemothgrpjus panitumumab as a first-line

treatment for patients witkRAS wt advanced BTC.

Patients and M ethods

We designed a multi-center Phase Il, open-labafjomized (1:1) study with the aim
of evaluating the clinical activity of the combirmat of panitumumab with GEMOX

chemotherapy, as a first-line treatment for unreds#e and metastatic BTC.

We recruited patients across 12 Italian Universipgpitals and Cancer Institutes. The
protocol was approved by the institutional reviewatnl at each participating
institution and the study was carried out in acaam® with the Declaration of

Helsinki.
Main inclusion criteria of the protocol were;

- Histologically- or cytological-documented unretsdate or metastatic biliary tract

adenocarcinoma, either at diagnosis or relapse aitgery.

-wt KRAS status, defined as no mutations in exon 2, cod@n3] determined on the
primary or metastatic tumor. Analyses were caraetlat each participating institution
on paraffin-embedded tumor tissue by validated y@assaich as PCR and Sanger
sequencing. Tumor samples were then collected anttatized at our center in order
to widen the assessment of other key gene expressimutations, which could act as
possible predictive markers of response or resist&AS, BRAF andPI3KCA-testing
was carried out by using mass spectrometry teckniMALDI-TOF method-

Sequenom).

- Eastern Cooperative Oncology Group (ECOG) Perfmee Status (PS) of O, 1 or 2.



- Adequate bone marrow, renal and hepatic function.

Patients with previous exposure to systemic treatnggther chemotherapy or targeted
agents, were excluded, as well as patients witltows®rcomorbidities or who were
unable to fulfill the protocol requirements. All tgents provided written, informed

consent.

Once enrolled, eligible subjects were randomizedugh a Computed System, using a
permuted-block randomization stratified accordiad=COG PS (0 to ¥s 2) and site
of primary tumor (IHCvs EHC and GBC). As this was an open-label study,

participants, investigators and trial staff weredmaware of treatment allocations.

Patients in both arms received gemcitabine 1000fm@mday 1 and oxaliplatin

100mg/nt on day 2 of each 2-week cycle.

Patients who were assigned to Arm A also receiadtpmumab 6 mg/kg on day 1 of

each 2-week cycle.

Each patient was treated for a maximum of 12 cyolesintil disease progression,
unacceptable toxicity or patient’s refusal. Pagsemt the experimental arm without
tumor progression at the end of chemotherapy (I#pteted GEMOX cycles or

interruption for unacceptable toxicity from chemartdpy) had the option to continue

panitumumab 6 mg/kg once every 2 weeks until tupnogression or toxicity.

Subjects were evaluated for tumor progression ew&er{+/-11) weeks. Tumor
response assessment was performed by the Investigang the Response Evaluation

Criteria in Solid Tumors- RECIST criteria versioril

The study was designed to have PFS as the prinmaoat, defined as the time from
randomization to evidence of progression (RECIS&son 1.1), death, or last

radiographic assessment in the absence of a PF& &exondary endpoints were the



objective response rate (ORR) (RECIST 1.1), OS safdty (NCI CTCAE version

3.0, with the exception of skin toxicity).

We assumed a median PFS time for the control arBMGX) of 6 months’, and a
median PFS of the experimental arm (P-GEMOX) of mOnths. This would
correspond to a hazard ratio (HR) of 0.60. For i$ieelca= 0.10 and the power 1=

80%, 74 accumulated events were required for thedak test.

Accounting for a 10% loss to follow-up in both arrasd a follow-up time of 12
months, a total sample of 88 patients was requmegleld the necessary number of
events in case of a constant accrual rate. Thedolg-analysis was stratified by ECOG

PS (0 to vs 2) and site of primary tumor (IH& EHC and GBC).

Time to endpoint events was estimated using thdaagleier analysis and the log-
rank test (pooled over strata) was used to comgatiee between treatment groups in a
intention-to-treat (ITT) approach. Safety resultere&v compared using Yates chi-
squared test. Data were analyzed using IBM-SPSi&st8taversion 20. This study is

registered with ClinicalTrials.gov, number NCT01384.

Results

A total of 89 patients were enrolled in the stugyween 06/2010 and 09/2013, with
45 patients randomly assigned to arm A and 44 matidco arm B. All subjects
received at least one cycle of treatment with aiaredumber of 7 cycles administered
in each arm. Overall, 27 patients completed thatitnent plan of 12 cycles, 12 in the
P-GEMOX group and 15 in the GEMOX group. Nine patsein arm A then received
maintenance with panitumumab until toxicity or dise progression (range 1-28

cycles). Reasons for discontinuing treatment in tlmaining subjects included;



radiological progressive disease (PD) (30 patiemig)ical PD (8 patients), adverse
events (8 patients), death (5 patients), medicalisoien (5 patients), consent
withdrawal (5 patients) and lack of compliance étignt). A total of 84 patients were
evaluable for response according to the RECISreaitl.1. Radiological restaging
was missing in five patients (1 in Arm A and 4 imnAB) due to clinical PD (3
patients), adverse event (1 patient) or death (lemqa before the first assessment.
(Figure 1)

In the overall population, median age at the timheamdomization was 64.1 years
(range 36.8-78.5 years), with a higher percentddenoales (64%). Almost half of the
patients (47.1%) were diagnosed with IHC, while434.were diagnosed with GBC
and 21.3% with EHC. Patients were mostly metas{&4c2%) and with ECOG PS 0
or 1 (98.8%). Baseline levels of tumor marker Ca918@nd Alkaline Phosphatase
(ALP) were 79 Ul/l (range 0-60000) and 187 Ul/InNge 52-1254), respectively.
Baseline characteristics were globally well-bal@hbetween the study groups and are
shown in Table 1.

After a median follow-up of 10.1 months, at the dirof the final analysis, 86 PFS
events were observed. Median PFS was 5.3 montrsnimA (95% Cl 3.3-7.2) and 4.4
months (95% CIl 2.6—6.2) in arm B (HR 0.78, 95% ©Gl101.21; log-rank tegi= 0.27)
(Figure 2A). No differences in OS were observedhva median OS of 9.9 months
(95% CI 5.4-14.3) in arm A and 10.2 months in arn®B% CI 6.4-13.9) (HR 0.83,
95% CI 0.53-1.3p= 0.42) (Figure 2B).

Among the evaluable patients, RR was 26.6% in arrand 18.1% in arm B and
disease control rate (DCR) 75.5% and 68.1% resgyt(chi-squargp=0.99). One
patient from each group achieved a complete regp(@DR). Responses in each arm

are shown in Table 2.



We carried out subgroup analyses as specifiedamptbtocol; this entailed analyzing
the survival variables according to the site of pgnary tumor (IHCvs EHC and
GBC), which was also a stratification factor. Mediaumber of cycles was 8 in the
IHC group and 6 in EHC-GBC.

In the ITT population, median PFS for the 42 IH@igras was 5.7 in Arm A (95% ClI
2.7-8.7) and 6.2 months in Arm B (95% CI 3.1-9Ripggre 2C). Median PFS for
EHC and GBC was 4.9 months in arm A (95% CI 2.4-@md 3.8 months in arm B
(95% CI 2.3-5.3) (Figure 2D).

However, IHC patients exposed to panitumumab hadrgmovement in OS of 3.3
months compared to the control group, which wasstattstically significant (15.1 vs.
11.8 months;p=0.13) Figure 2E. We explored any potential expiamafor this
survival advantage in IHC patients despite simR&S. In this subgroup, median
number of cycles was 6 (range 3-12) in the P-GEMfoup and 11 (range 2-12) in
GEMOX group, with more patients in the standard aompleting the preplanned 12-
cycles treatment (10 patients in GEMOX group vsafigmts in P-GEMOX group).
Moreover, we could not demonstrate any signifiaifference among causes of end-
of-treatment, occurrence of AEs, second line treats)or surgery between the arms
(data not shown).

We also conducted a post-hoc analysis on patiehts were wild-type orKRAS,
NRAS, BRAF and PIBKCA. Only 56 samples of 89 could be analyzed and, gmon
these, we found 3 patients wiBRAF V600E mutations, 2 wittNRAS mutations
(A146S and Q61R) and 2 witRIBKCA E545K mutations. Mutated patients were
equally distributed over study arms. No differemc®FS or OS was seen in quadruple
wild-type patients treated with panitumumab. SuaVivesults are summarized in

Table 3.
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We collected all adverse events (AEs) and sericierae events (SAE) from
randomization to the end of treatment (EOT) viSiteatment was generally well
tolerated in both arms and the safety profile afipemumab was consistent with that
observed in other panitumumab-based combinatioeamicipated, skin toxicity was
the main AE in the P-GEMOX arm affecting up to 8@¥opatients: conjunctivitis
(11.1%) and ungueal toxicity (20%) were also insegh Neurotoxicity, constitutional
and gastrointestinal symptoms were equally commdyoth groups, although a higher
incidence of diarrhea (55X 31.8%, chi-square= 0.04), mucositis (22.2 vs 13.7%,
p= 0.61) and constipation (24w 15.9%,p= 0.46), hypomagnesemia (15:52.2%,

p= 0.06), and hypokalemia (228 4.5%,p= 0.03) was seen in patients treated with
panitumumab. Previous experience with panitumumab combination with
chemotherapy in a neoadjuvant setting, in which plthological data were available,
did not anticipate considerable hepatic toxi€itynevertheless, we noticed a higher
incidence of transaminase increage (.16) and cholestasip< 0.67) in arm A (non-
significant) which might be a specific feature ofors prone to cholestasis, such as
BTC. Patients with EHC-GBC had a similar incidentéransaminitis, cholestasis and
cholangitis compared to IHC (data not shown). Th&nmAEs are summarized in
Table 4.

Globally, 30 patients experienced SAEs (18 patieantsm A and 12 in arm B) either
related or unrelated to the therapy, which leadliszontinuation of panitumumab,
gemcitabine and/or oxaliplatin treatment in 11 saganong the seven deaths due to
SAEs (5in arm A and 2 in arm B), only one casseayisis was related to P-GEMOX:

in the remaining cases, death was deemed unrelatethted to disease progression.

Discussion
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Our results show that the addition of panitumumabGEMOX chemotherapy in
KRAS wt biliary cancer, although generally well tolex@t resulted in a marginal, not
significant, improvement in PFS.

These results are consistent with recent randomstedies and provide additional
evidence of the marginal role of anti-EGFR therapBTC.

At the time of trial design, a strong preclinicationale suggested the effectiveness of
an EGFR-inhibitor in BTC, and a few case reportd mitial data of a Phase Il study
of GEMOX and cetuximab were also promising. Moreergly, the results of several
studies conducted worldwide with either MoAbs aridake-inhibitors have been
published. Phase Il non-randomized studies havershup to 63% of ORR or median
OS of up to 20.3 month$ ***> However, in two randomized phase Il studies of
GEMOX with or without cetuximab, anti-EGFR therapgly marginally improved
PFS and ORR, with no impact on OS in both Européand Asian population¥.
Similar disappointing results have been obtainedgua different approach of EGFR
inhibition. In a Phase lll trial, erlotinib added GEMOX in an Asian population, was
only able to demonstrate a statistically significanprovement in ORR and a trend
towards better survival in the experimental dfimin this study, cholangiocarcinoma
patients obtained a statistically significant adege in PFS from the treatment with
erlotinib plus GEMOX (5.9 months) compared withgbdreated with GEMOX alone
(3 months).

In our population, all patients wekRAS wt on exon 2 as a result of a key inclusion
criterion. At the time of the trial design and colesing the strong preclinical evidence
of EGFR involvement in BTC, this was a reasonabypothesis both folKRAS
biological function within the EGFR-pathway, and fts predictive role in colorectal

cancer patients treated with panitumumab or cetalinThis rationale is partially
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supported by published results. In particular, Hebserved the best results in terms
of OS and PFS (20.3 and 10.6 months respectivelf)RAS wt patients, along with a
very high ORR (45%)". As for randomized trials, some retrospective data
available from studies by Malk& and Lee®® but, due to the low percentage of
samples analyzed, the predictive valueK&?AS and BRAF mutations and EGFR
overexpression is inconclusive. In a trial by Chepatients were stratified for the
presence of th&KRAS mutation, and an advantage in wt patients was rebde
regardless of the treatment received, thus envigagi prognostic, rather than
predictive, role. These studies are summarizedlnl€rs.

In a subgroup analysis, we reported a possibleawgment in OS, only in patients
with IHC treated with panitumumab. The reason fas finding is difficult to interpret
due to the lack of statistical significance. Howe\adso other studies have shown a
trend towards better outcomes in IHC patients écatith anti-EGFR targeted
agents” '8 Is there any underlying biology that could explaihy patients with IHC
may benefit from EGFR inhibition? Our findings thegtves do not justify the design
of a new randomized clinical trial in this settin§ patients; however, we think that
data of available studies should be put togethdraw solider conclusions.

It is likely that the complexity of activated patays in malignant cholangiocytes does
not fit the paradigms of efficacy that have beeiit lop for other diseases. Could there
be a benefit of anti-EGFR treatment, which was inuhediately evident, even by
selecting the patients as we did? In our populatiateeper analysis on downstream
EGFR effectors has not produced meaningful reskiilige think about the differences
in etiology, the different behaviors according @onbr site, the molecular subtypes of
BTC and the recent discovery of new driving pathsyaye get a picture of a rare and

very heterogeneous disease. Therefore, it is diffto identify a subset of patients in
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whom anti-EGFR- targeted agents could have an impac¢he natural history of the
disease.

As data have been obtained from many similar stydigooled analysis of the results
could help in identifying the patients who may bigrfeom anti-EGFR therapy. Until
then, the history of anti-EGFR therapy in BTC daes deserve further investigations
and we have to explore alternative strategiesuturé trials in such a rare and varied

disease.

Figure Legends

Figure 1: Trial profile

Figure 2: A: Progression Free Survival in Arm A gkan. B: Overall Survival in Arm

A and Arm B. C:. Progression Free Survival in ingphtic cholangiocarcinoma
carcinoma according to the treatment arm. D: Psmoa Free Survival in
extrahepatic cholangiocarcinoma - galbladder adogrdo the treatment arm. E:
Overall Survival in intrahepatic cholangiocarcinormarcinoma according to the
treatment arm. F. Overall Survival in extrahepatimlangiocarcinoma - galbladder

according to the treatment arm
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