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ABSTRACT
◥

Up to 50% of patients with uveal melanoma (UM) develop
metastatic disease, for which there is no effective systemic treat-
ment. This study aimed to evaluate the safety and efficacy of the
orally available protein kinase C inhibitor, AEB071, in patients with
metastatic UM, and to perform genomic profiling of metastatic
tumor samples, with the aim to propose combination therapies.
Patients with metastatic UM (n¼ 153) were treated with AEB071
in a phase I, single-arm study. Patients received total daily doses
of AEB071 ranging from 450 to 1,400 mg. First-cycle dose-
limiting toxicities were observed in 13 patients (13%). These
were most commonly gastrointestinal system toxicities and were
dose related, occurring at doses ≥700 mg/day. Preliminary clin-
ical activity was observed, with 3% of patients achieving a partial
response and 50%with stable disease (median duration 15 weeks).

High-depth, targeted next-generation DNA sequencing was per-
formed on 89 metastatic tumor biopsy samples. Mutations
previously identified in UM were observed, including mutations
in GNAQ, GNA11, BAP1, SF3B1, PLCB4, and amplification of
chromosome arm 8q. GNAQ/GNA11mutations were observed at
a similar frequency (93%) as previously reported, confirming a
therapeutic window for inhibition of the downstream effector
PKC in metastatic UM.

In conclusion, the protein kinase C inhibitor AEB071 was well
tolerated, and modest clinical activity was observed in metastatic
UM. The genomic findings were consistent with previous reports
in primary UM. Together, our data allow envisaging combination
therapies of protein kinase C inhibitors with other compounds in
metastatic UM.

Introduction
Uveal melanoma (UM), which arises from melanocytes of the

choroid plexus, ciliary body, and iris of the eye, is the most common
primary intraocular malignant tumor in adults (1, 2). UM accounts for
around 3% to 5% of all melanomas, with an incidence of roughly five
cases per million in the United States (2, 3). Up to 50% of patients
developmetastases within 15 years of their initial diagnosis (2); 90% of
these tumorsmetastasize to the liver as the first site ofmetastasis, and a
subset of patients also develop metastases to the lungs, bone, or other
organs. There is currently no effective systemic treatment for meta-

static UM, and patients have a poor prognosis, with a median overall
survival of 13.4 months from the development of metastases (4).

The genomic landscape of primary UM is now well described and
shows that UM is genetically distinct from cutaneous melanoma.
Whereas cutaneous melanoma commonly harbor a high overall
mutational load and frequently exhibit mutations in BRAF, NRAS,
NF1, orKIT (5), (6), primaryUM typically has a low overallmutational
load and is characterized by mutations in GNAQ (7), GNA11 (8),
BAP1 (9), SF3B1 (10), and EIF1AX (11), as well as by chromosome 8q
amplification and chromosome 3 loss (12, 13). More recently, muta-
tions in PLCB4 (encoding a phospholipase downstream of GNAQ/
GNA11) andCYSLTR2 (encoding a G-protein–coupled receptor) have
been also identified in UM, and are mutually exclusive of GNAQ and
GNA11mutations (14–16). These distinct mutational profiles suggest
that despite a number of targeted therapies being approved for the
treatment of cutaneous melanoma, such as the BRAF inhibitors
dabrafenib and vemurafenib and the MEK inhibitors trametinib and
cobimetinib, the treatment of UM will require the development of
novel therapeutic agents.

Mutations in GNAQ and GNA11 are observed in more than 80% of
primary UM biopsies (8). These genes encode the alpha subunits of
heterotrimeric GTP-binding proteins, which mediate signals between
unknown upstream G-protein–coupled receptors and known down-
stream effectors (17). These downstream effectors include the protein
kinase C (PKC) family of serine/threonine kinases, which in turn
activate the MAPK pathway. These proteins and their downstream
pathways therefore represent attractive targets for the treatment of
UM, and a better understanding of the response to treatments target-
ing these proteins and the identification of predictive biomarkers will
be invaluable for future drug development. However, we still lack
extensive sequencing data ofmetastatic UM samples. So far, only small
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series of, respectively, 9 and 5 metastatic UM samples have been
sequenced (18, 19), which suggest that the genomic landscape of
metastases is similar to the one observed in primary UM.

AEB071 (also known as sotrastaurin) is a potent, selective, oral
inhibitor of both the classical (a, b) and novel (d, e, h, q) forms of
PKC (20). It induces growth arrest in GNAQ/GNA11-driven cell
lines (21–23), and preclinical activity has been demonstrated
in vivo in GNAQ-mutated xenograft mouse models, either as mono-
therapy (21, 24) or when combined with either MEK or PI3K/Akt
inhibitors (22, 23). In this phase I, open-label trial, we aimed to
evaluate the safety, preliminary efficacy, pharmacokinetics (PK), and
pharmacodynamics (PD) of AEB071, and to determine the maximum
tolerated dose (MTD) and recommended dose for expansion (RDE).
In parallel, we conducted genomic analyses on metastatic samples at
baseline and during the treatment of metastatic patients with single-
agent AEB071.

Materials and Methods
Clinical study design

This study was a phase I, multicenter, open-label, single-arm study
(NCT01430416) that was designed and sponsored by Novartis Phar-
maceuticals Corporation. The study protocol and all amendments
were reviewed by the independent ethics committee or Institutional
Review Board of each center. The study was performed in accordance
with the Declaration of Helsinki, and patients provided written
informed consent. All patients were aged ≥18 years, except for 2
patients under the age of 18 years who received health authority and
ethics committee/internal review board approval to participate in the
study; had biopsy-proven metastatic UM; provided consent to tumor
biopsy at baseline (pretreatment) and on treatment at day 15 of cycle 1
(C1D15); and had an Eastern Cooperative Oncology Group/World
Health Organization performance status of ≤1. Exclusion criteria
included impaired cardiac function or clinically significant cardiac
disease; receipt of concomitant medications known to be strong
inducers or inhibitors of cytochrome P450 3A4/5 or their substrates
with QT prolongation risk; and impaired gastrointestinal function or
gastrointestinal disease that could interfere with the absorption of
AEB071.

The primary objectives were to characterize the safety and toler-
ability and determine the MTD and/or RDE of AEB071 in patients
withmetastaticUM. Secondary objectives included investigation of the
antitumor activity of AEB071, evaluation of the PK of AEB071, and
assessment of mutations in cancer driver genes. During dose escala-
tion, patients received oral AEB071 either b.i.d. or t.i.d., at total daily
doses of 450 to 1,400 mg in 28-day cycles until disease progression,
intolerable toxicity, or withdrawal of consent. Dose escalation was
guided by an adaptive Bayesian logistic regression model (BLRM;
ref. 25), escalation with overdose control (EWOC; ref. 26), and safety
and PK data. Upon determination of the MTD, the expansion phase
was opened for further evaluation of safety and tolerability, efficacy,
PK, and PD at the RDE(s). The data cutoff date was May 1st, 2015.

Toxicity, response, and PK assessments
Routine safety assessments, including laboratory assessments, phys-

ical examinations, and ECGs, were conducted at regular intervals
throughout the study, and adverse events (AE) were assessed contin-
uously according to the Common Terminology Criteria for Adverse
Events v4.03. Tumors were assessed according to the RECIST v1.1,
with CT or MRI screening of the chest/abdomen/pelvis at baseline, on
C3D1, and every two cycles thereafter until the end of treatment. After

1 year, response was evaluated every three cycles. In the dose escalation
part of the study, PK evaluations were performed at 0, 0.5, 1, 2, 4, 6, and
8 hours onC1D1 andC1D8, and trough sampleswere taken on day 1 of
each cycle up to C7D1.

Genomic profiling
Genomic profiling was conducted on formalin-fixed paraffin-

embedded tumor biopsies, primarily from baseline pretreatment
samples; an archival tumor sample from a metastatic lesion was used
if a predose biopsy could not be obtained. DNA was assayed by
massively parallel sequencing, covering a panel of 295 clinically
relevant cancer genes (Foundation One, T5 panel; performed by
Foundation Medicine, Inc.; ref. 27). The list of sequenced genes is
available in ref. (27). Targeted sequencingwas performed at high depth
(median 625�) to characterize mutations (substitutions, excluding
synonymous mutations, and insertions/deletions), amplifications
(≥6 copies), homozygous deletions, and gene fusions/rearrangements,
as described previously (27). Minor-allele frequencies of SNPs and the
copy-number profile of the 22 autosomal chromosomes were used to
identify LOHon an investigational basis by FoundationMedicine (28).
As only tumor samples were analyzed, i.e., without a paired normal
tissue sample, the likelihood of alterations being somatic was assessed
using state-of-the-art resources [e.g., COSMIC (29), dbSNP (27, 30)].

Sequencing data are accessible on dbGaP. Accession number:
PRJNA597503; dbGaP ID: phs001953.

Pharmacodynamics
Custom assays were developed to measure the status of the PKC

pathway. In brief, tumor tissue was homogenized in lysis buffer, and
total protein concentrations were determined using a bicinchoninic
acid assay (Pierce). The samples were then run on the Meso Scale
Discovery platform to measure total and phosphorylated myristoy-
lated alanine-rich C-kinase substrate (MARCKS; pMARCKS). A
seven-point calibration curve based on the 92.1 UM cell line was used
to determine the concentration of total and pMARCKS in patient
samples. All samples were run in duplicate wells. Total and phos-
phorylated PKCdelta (PKCd; pPKCd, phosphorylated at S299) levels
were determined using the reverse phase micro-array platform at
Theranostics Health. All results were normalized for the amount of
protein used in each assay, and the ratio of phosphorylated protein to
the corresponding total protein is reported here.

Results
Patient characteristics

A total of 153 patients with metastatic UM were treated with
AEB071. Patients received AEB071 either b.i.d. or t.i.d. at total daily
doses ranging from 450 to 1,400 mg/day. Patient characteristics are
shown inTable 1. Themedian agewas 59 years, 66 patients (43%)were
male, 102 patients (67%) had a performance status of 0, and 144
patients (94%) had metastases to the liver. As of the data cutoff date
(May 1st, 2015), 10 patients remained on study. Of the 143 patients
(93%) who had discontinued, the primary reasons for treatment
discontinuation were disease progression (113 patients; 74%), AEs
(20 patients; 13%), and withdrawal of consent (10 patients; 7%).

AEB071 safety and tolerability
In the dose escalation part of the study, 111 patients received

AEB071 either b.i.d. (n ¼ 64) or t.i.d. (n ¼ 47). Of these, 104 patients
were evaluable for the MTD and/or RDE. First-cycle dose-limiting
toxicities (DLT) were observed in 13 patients (13%) and occurred at
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total doses of ≥700 mg/day, with more DLTs at higher doses in both
dosing schedules; these included nausea in 10 patients (10%), vomiting
in 3 patients (3%), and constipation, diarrhea, and fatigue in 1 patient
each (1% each). Based on a BLRM, EWOC, PK data, and other safety
information, the MTDs were declared to be 1,400 mg/day for b.i.d.
dosing (administered at 700 mg b.i.d.) and 800 mg/day for the t.i.d.
dosing schedule (administered at 300, 250, and 250 mg). The RDEs
were declared to be 1,400 mg/day for b.i.d. dosing (700 mg b.i.d.) and
750 mg/day for t.i.d. dosing (250 mg t.i.d., for ease of dosing).

AEs suspected to be related to the study drug occurred in 149
patients (97%; Table 2). The most frequently occurring AEs (≥30%)
were nausea (124 patients; 81%), dysgeusia (92 patients; 60%), con-
stipation (89 patients; 58%), vomiting (89 patients; 58%), diarrhea
(67 patients; 44%), chromaturia (60 patients; 39%), fatigue (49
patients; 32%), decreased appetite (47 patients; 31%), and asthenia
(46 patients; 30%; Table 2). Chromaturia was an expected AE,
resulting from the yellow pigment of AEB071. Grade 3/4 AEs sus-
pected to be related to the study drug occurred in 32 patients (21%), of
which the most frequent (≥5%) was nausea (9 patients; 6%; Table 2).

AEs at the MTD are presented in Supplementary Table S1. These data
demonstrate the most commonly reported AEs were gastrointestinal
in nature. The majority of these AEs was manageable in the clinical
setting and was reversible with study drug interruption or, rarely, dose
reduction.

Preliminary clinical efficacy and PK of AEB071
All 153 treated patients were evaluable for response. Of these, 4 (3%)

had a partial response and 76 (50%) had stable disease as their best
overall response. Tumor reduction of ≥10% from baseline was
observed in 34 patients (22%; Fig 1A). The median duration of
exposure was 11.6 weeks (range, 0.1–119.3 weeks; Supplementary
Fig. S1), and median progression-free survival (PFS) was 3.5 months
(95% confidence interval, 2.5–3.6). Of the 76 patients who achieved
stable disease, 69 were evaluable for duration of stable disease, and the
median duration was 15.1 weeks (range, 4.3–97.1 weeks). Seven
patients had stable disease at their first post baseline evaluation
(at 2 months), but then discontinued the study before the next
evaluation. Hence, the duration of stable disease could not be

Table 1. Patient characteristics by treatment group.

Characteristic B.i.d. group (n ¼ 91) T.i.d. group (n ¼ 62) All (N ¼ 153)

Median age, years (range) 59 (15–79) 59 (28–83) 59 (15–83)
Sex, n (%) Male 36 (39.6) 30 (48.4) 66 (43.1)

Female 55 (60.4) 32 (51.6) 87 (56.9)
WHO/ECOG PS, n (%) 0 62 (68.1) 40 (64.5) 102 (66.7)

1 28 (30.8) 21 (33.9) 49 (32.0)
N/A 1 (1.1) 1 (1.6) 2 (1.3)

Site of metastases, n (%) Liver 85 (93.4) 59 (95.2) 144 (94.1)
Lung 41 (45.1) 33 (53.2) 74 (48.4)
Other 19 (20.9) 18 (29.0) 37 (24.2)
Bone 13 (14.3) 11 (17.7) 24 (15.7)

Prior therapy, n (%) 0 23 (29) 22 (36) 45 (32)
1–2 47 (59) 38 (62) 85 (60)
>2 8 (10) 0 (0) 8 (6)

Median time from initial diagnosis to
first relapse, months (range)

46.7 (4.6–326.4) 65.3 (2.1–341.6) 56.0 (2.1–341.6)

LDH > ULN, n(%) 54 (59.34) 41 (66.13) 95 (62.09)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; N/A, not available; PS, performance status; ULN, upper limit of normal;
WHO, World Health Organization.

Table 2. AEs (all grades, occurring in ≥10% of patients) suspected to be study drug-related, by dosing regimen in the expansion phase.

B.i.d. group (n ¼ 91) T.i.d. group (n ¼ 62) All patients (N ¼ 153)
Adverse event, n (%) All grades Grade 3/4 All grades Grade 3/4 All grades Grade 3/4

Total 90 (98.9) 21 (23.1) 59 (95.2) 11 (17.7) 149 (97.4) 32 (20.9)
Nausea 79 (86.9) 6 (6.6) 45 (72.6) 3 (4.8) 124 (81.0) 9 (5.9)
Dysgeusia 59 (64.8) 0 33 (53.2) 0 92 (60.1) 0
Constipation 50 (54.9) 0 39 (62.9) 0 89 (58.2) 0
Vomiting 61 (67.0) 5 (5.5) 28 (45.2) 2 (3.2) 89 (58.2) 7 (4.6)
Diarrhea 44 (48.4) 2 (2.2) 23 (37.1) 1 (1.6) 67 (43.8) 3 (2.0)
Chromaturia 31 (34.1) 0 29 (46.8) 0 60 (39.2) 0
Fatigue 32 (35.2) 4 (4.4) 17 (27.4) 1 (1.6) 49 (32.0) 3 (2.0)
Decreased appetite 31 (34.1) 1 (1.1) 16 (25.8) 0 47 (30.7) 1 (0.7)
Asthenia 27 (29.7) 1 (1.1) 19 (30.6) 2 (3.2) 46 (30.1) 3 (2.0)
Weight decreased 34 (37.4) 0 10 (16.1) 0 44 (28.8) 0
AST increased 13 (14.3) 0 5 (8.1) 0 18 (11.8) 0
ALT increased 12 (13.2) 0 4 (6.5) 0 16 (10.5) 0

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Figure 1.

Clinical activity and PK of AEB071 suggest preliminary, modest clinical activity for AEB071 in metastatic UM. Best percentage change from baseline in the sum
of longest diameters of target lesions per patient (N ¼ 134; A). � , treatment ongoing. PK profiles for AEB071 following b.i.d. or t.i.d. dosing, represented as
exposure of AEB071 vs. dose on C1D8 (B) and concentration–time profiles for b.i.d. (C) and t.i.d. (D) dosing on C1D1 and C1D8. AUC, area under the curve; conc,
concentration.
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calculated. There was no significant association between PFS and
dosing schedules (b.i.d. or t.i.d.) or between PFS and time from initial
diagnosis of UM to first relapse. PK assessments revealed that drug
exposure increased bothwith increasing dose andwithmultiple dosing
(Fig. 1B–D). Overall, these data suggest preliminary, modest clinical
activity for AEB071 in metastatic UM.

Frequency of genetic mutations in metastatic UM
To determine the number and frequency of genetic alterations in

metastatic UM, tumor biopsies were obtained from metastatic sites of
disease. High-depth, targeted next-generation sequencing (NGS) was
performed, covering a panel of 295 clinically relevant cancer genes
(Foundation One; Foundation Medicine, Inc.; ref. 27). Sequence data

Figure 2.

Genetic alterations in UM metastasis show a low mutation burden and stereotypical mutational patterns. Number of mutations detected per patient for alterations
with known functional relevance to cancer (A) and any alteration (B). Selected gene alterations ordered by chromosome and GNAQ/GNA11 status (C), or by
chromosome 8q alteration and, within this, ordered by BAP1 LOH (D). chr, chromosome; fs, frameshift; ND, no data; ns, non-sense.
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were obtained for 89 of 153 patients. Baseline and on-treatment (day
15) samples were sequenced for 28 patients, resulting in sequence data
from a total of 117 samples (Supplementary Table S2). Themajority of
biopsy samples (approximately 70%) were from liver metastases. As
expected, baseline and on-treatment samples from the same patient
gave similar results.

Cutaneous melanoma has one of the highest rates of somatic
mutations [10 somatic mutations/megabase (Mb); ref. 31], and high
variability of mutation counts across individuals (32). In contrast, and
consistent with previous findings in UM, a relatively low mutation
burden was observed in this study (Fig. 2A and B): excluding altera-
tions with unknown functional relevance to cancer, a median of 2
mutations (range, 0–8) was observed per patient (Fig. 2A). The coding
exons of the 295 genes in the panel span approximately 1 Mb, giving a
median of 2 known and likely mutations/Mb.

The frequencies at which various genetic alterations of known
functional relevance to cancer were detected are shown in Table 3.
The majority of patients (83; 93%) had mutations in GNAQ (57%;
Q209P/L/R or R183Q) or GNA11 (36%; Q209L/H). Truncations,
splice-site mutations, or homozygous losses were frequently observed
in BAP1 (54% of patients), and partial or putatively complete ampli-
fication of chromosome 8qwas also common:RUNX1T1 amplification
was observed in 54%of patients, and amplifications inMYC,NBN, and
PRKDC were seen in 48%, 45%, and 36% of patients, respectively.
Mutations were also found in SF3B1 (22% of patients; R625C/H/L/S,
V701F). EIF1AX was not included in the Foundation Medicine panel.

Observed mutational patterns
Without exception, GNAQ and GNA11 mutations were mutually

exclusive (Fig. 2C). BAP1 alterations were accompanied by LOH in
the majority of cases: 83% of patients with BAP1 alterations also had
BAP1 LOH; 4% did not; and LOH status was not determined for the

remaining 13% of patients (Fig. 2D). We noted that BAP1 mutations
were more likely to occur in an SF3B1 wild-type context than in an
SF3B1-mutant context (Fisher exact test, P¼ 0.0007). Furthermore, we
noted enrichment ofBAP1mutations in the context of chromosome8q
amplification (defined here as amplification of at least one gene on
chromosome 8q; Fisher exact test, P ¼ 0.0005). We did not observe a
significant pattern in SF3B1 mutation status and chromosome 8q
amplification status (Supplementary Table S3).

The data were examined for any potential associations between
patient outcome andUMmutation status. Genetic alterations of known
functional relevance to cancer as ordered by PFS or percentage change
in tumor burden frombaseline are shown in Supplementary Fig. S2 and
Supplementary Fig. S3, respectively. Only genes mutated in more than
15 samples were included in the statistical analysis. A multiple Cox
proportional hazard model was used to test the relationship between
PFS and mutation status, and a significant relationship was observed
between PFS and GNAQ mutation. A log-rank test confirmed a
significant relationship between PFS and GNAQ mutations (P ¼
0.0253). The median PFS for patients who had a GNAQmutation was
3.7 months (95% confidence interval, 3.0–7.2) compared with
1.8 months for those without a GNAQ mutation (95% confidence
interval, 1.8–3.6; Supplementary Fig. S4). A multiple linear regression
modelwas used to test the relationship betweenpercentage change from
baseline in target lesions andmutation status. A significant relationship
was observed between percentage change from baseline and BAP1
mutations (P ¼ 0.0082); presence of a BAP1 mutation was more
frequent in patients with a higher percentage change from baseline.
A similar regressionmodel wasfit betweenmutation status and the time
to first relapse from initial diagnosis. A significant correlation was
observed between SF3B1 mutations and time from initial diagnosis to
first relapse (P ¼ 0.0040). However, it should be noted that due to
limited availability of precise diagnosis dates, the calculation of time
from initial diagnosis to first relapse was heavily imputed.

Assessment of phosphorylated MARCKS as a potential
biomarker

MARCKS is a known substrate of PKC (33), and preclinical data
showed that decreased p-MARCKS and p-PKCd reflect PKC inhibi-
tion by AEB071 in UM cell lines and xenografts (21, 22, 24). We
therefore assessed whether pMARCKS and pPKCd could constitute
valid PD biomarkers in patients. Paired tumor biopsies (72 patients)
were analyzed using the Meso Scale Discovery platform to assess the
effect of AEB071 on pMARCKS. A decrease in pMARCKS/MARCKS
was observed by C1D15 in 59 patients (81.9%); however, no clear
associations were detected between the extent of pMARCKS suppres-
sion and AEB071 exposure, best overall response, or treatment group
(Fig. 3A and B). Consistent with this, a decrease in pPKCd was
observed (using the reverse phase micro-array platform at Theranos-
tics Health) by C1D15 in 37 of 45 analyzed patient samples (82.2%),
but no correlation was seen between the extent of suppression and best
overall response or AEB071 treatment group (Fig. 3C and D). Fur-
thermore, no clear correlation was seen between the extent of sup-
pression of pMARCKS and the extent of suppression of pPKCd
(Fig. 3C and D). Tumor biopsies (59 patients) were also analyzed to
assess correlations between the baseline pMARCKS level and genetic
alterations, but no obvious relationships were observed. There was also
no clear correlation between baseline pMARCKS and PFS. Of the 3
patients who achieved a partial response, paired tumor biopsies were
obtained from only 1 patient. This patient had the highest normalized
baseline levels of pMARCKS, but there was otherwise no clear cor-
relation between baseline pMARCKS and best overall response.

Table 3. Frequency of gene alterations, excluding short-variant
alterations with unknown functional relevance (≥2 patients).

Gene, n (%) Total (N ¼ 89) Amplification Loss Short variant

GNAQ 51 (57.3) 0 0 51 (57.3)
BAP1 48 (53.9) 0 2 (2.2) 46 (51.7)
RUNX1T1 48 (53.9) 48 (53.9) 0 0
MYC 43 (48.3) 43 (48.3) 0 0
NBN 40 (44.9) 40 (44.9) 0 0
GNA11 32 (36.0) 0 0 32 (36.0)
PRKDC 32 (36.0) 32 (36.0) 0 0
SF3B1 20 (22.5) 0 0 20 (22.5)
CDKN2A 3 (3.4) 0 1 (1.1) 2 (2.2)
ATM 2 (2.2) 1 (1.1) 0 1 (1.1)
HLA-A 2 (2.2) 1 (1.1) 0 1 (1.1)
IRF4 2 (2.2) 2 (2.2) 0 0
MLL2 2 (2.2) 0 0 2 (2.2)
PBRM1 2 (2.2) 0 0 2 (2.2)
SMARCA4 2 (2.2) 0 0 2 (2.2)
TP53 2 (2.2) 0 0 2 (2.2)

Abbreviations: ATM, ataxia telangiectasia mutated; BAP1, BRCA1-associated
protein 1; CDKN2A, cyclin-dependent kinase inhibitor 2A; GNA11, guanine nucle-
otide-binding protein alpha-11; GNAQ, guanine nucleotide-binding protein
alpha-Q; HLA-A, human leukocyte antigen A; IRF4, interferon regulatory factor
4; MLL2, mixed-lineage leukemia protein 2; NBN, nibrin; PBRM1, polybromo 1;
PRKDC, protein kinase, DNA-activated, catalytic polypeptide; RUNX1T1, runt-
related transcription factor 1; SF3B1, splicing factor 3b subunit 1; SMARCA4, SWI/
SNF-related, matrix-associated, actin-dependent regulator of chromatin, sub-
family A, member 4; TP53, tumor protein p53.
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Discussion
This study represents the largest cohort ofmetastaticUMspecimens

to date to undergo NGS. Sequencing of metastatic samples revealed
that patients typically had a low mutation burden, as has been
previously reported for primary UM (14, 16, 34), and that almost all
biopsies demonstrated a mutation profile previously observed in
primary UM. Consistent with previous reports in primary UM, BAP1
mutations were found to bemore frequent in SF3B1wild-type samples
than in SF3B1-mutated samples, whereas no patterns were observed
for chromosome 8q amplification and SF3B1 mutations (10, 35). In
addition, BAP1mutations were found to be positively correlated with
chromosome 8q amplification, suggesting complementary conse-
quences of chromosome 8q amplification and BAP1 mutation. As in
previous studies, GNAQ and SFB31 mutations were associated with a
better prognosis, and BAP1 mutations were associated with a worse
prognosis (8–10, 36). The 93% frequency of GNAQ/GNA11 muta-
tions detected in this dataset was similar as previously
reported (8, 37). In line with a previous study on 9 metastatic UM
samples (18), our study shows that the genomic landscape of
metastatic UM is very similar to the one observed in primary UM,
suggesting that there is little selective pressure for a particular
subclone or for additional mutations during the metastatic process.

Importantly, it indicates that genomic drivers of the disease remain
stable between the primary tumor and the metastasis and that these
could be targeted by identical approaches.

Here, we explored the possibility to target GNAQ/GNA11 muta-
tions by inhibiting the downstream effector PKC, using AEB071. In
this phase I study, single-agent AEB071 exhibited an acceptable
safety profile in patients with metastatic UM, with most AEs being
mild to moderate, manageable, and reversible with study drug
interruption. Dose reduction of AEB071 was infrequently required.
The ability to identify mutations as predictors of response to
treatment was limited by the low objective response rate. AEB071
was associated with the suppression of pPKCd and pMARCKS in
the majority of patients, confirming the PD activity of the drug.
However, no correlation between pMARCKS suppression and
AEB071 exposure or dose was observed, potentially due to the low
response rate. Furthermore, no correlation between pMARCKS
suppression and response to AEB071 was observed, nor between
baseline pMARCKS levels and mutation type. These observations
suggest that pMARCKS itself or the sample type/preparation
employed here may not be amenable to quantitative assessment.
In addition, the dependency on downstream signaling through PKC
from mutant GNAQ/GNA11 may vary, or changes in pMARCKS
may not solely reflect PKC activity.

Figure 3.

pMARCKS and pPKC levels after treatment with AEB071 show no clear association with AEB071 exposure, best overall response, or treatment group. Percentage
change in pMARCKS/MARCKS at C1D15, color-coded by best overall response (A). Percentage changes from baseline of >100% were set to 100. #, percentage
changes from baseline of >100%; n¼ 72. Exposure (AUC at C1D8) vs. percentage change in pMARCKS at C1D15 over baseline, color-coded by dosing regimen; n¼ 55
(B). Percentage change in pPKCd vs. percentage change in pMARCKS at C1D15 over baseline, color-coded by best overall response (C) or by dosing regimen (D), n¼
45. AUC, area under the curve; ND, no data; PD, progressive disease; PR, partial response; SD, stable disease; UNK, unknown.
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Preliminary but verymodest signs of clinical activity were observed,
with a low objective response rate (3%). Themedian PFSwas similar to
that reported in a recent phase II trial with the MEK-targeted agent
selumetinib in patients with metastatic UM (38). There thus remains
an urgent need for systemic treatment options for patients with
metastatic UM; developments in the field are ongoing, including a
phase I study of a novel PKC inhibitor, LXS196, that shows increased
selectivity, tolerability, and efficiency in preclinical studies and is
currently recruiting patients (NCT02601378). It is known that
GNAQ/GNA11 mutations can activate multiple pathways, including
the MAPK and the Rho/Rac/YAP pathways (reviewed in ref. 39), and
we foresaw that the future development of PKC inhibitors may benefit
from combinations with other compounds. Indeed, there is preclinical
evidence to support the dual suppression of PKC andMEK (21), and of
PKC and PI3K (22), as a therapeutic approach. One recent publication
described a combination screen using a panel of compounds targeting
PKC, MEK, AKT, PI3K, and mTOR, and identified dual PI3K/mTOR
inhibition to be particularly effective in UM cell lines (40). Alterna-
tively, it may be advisable to target these pathways further upstream.
For example, a small-molecule inhibitor of ARF6, an immediate
downstream effector of GNAQ, has recently been demonstrated to
have activity in mouse models of UM (41). Here, we found only BAP1
mutation to be associated with response (measured as change from
baseline) to AEB071. Because BAP1 is currently not targetable, we
cannot put forward new combination therapies. However, the main
conclusion from our genetic profiling is that metastatic UM is very
similar to primary UM in terms of genetic drivers. Thus, the combi-
nation therapies that have been put forward based on primary UM
profiles (combinations with MEK, PI3K/mTOR, YAP, or Arf6 inhi-
bitors) are also of interest in metastatic UM. By providing safety,
tolerability, and genetic information onUMmetastasis, our study thus
paves the way for future combination trials including PKC inhibition.

Disclosure of Potential Conflicts of Interest
J. Larkin reports receiving honoraria from the speakers’ bureau of Achilles,

AstraZeneca, iOnctura, Kymab, Merck Sorono, MSD, Nektar, Novartis, Pierre Fabre,
Pfizer, Roche, Secarna, Boston Biomedical, Vitaccess, BMS, Eisai, EUSA Pharma,
GSK, Ipsen, Imugene, and Incyte, and has an unpaid consultant/advisory board
relationship with Achilles, AstraZeneca, iOnctura, Kymab, Merck Sorono, MSD,
Nektar, Novartis, Pierre Fabre, Pfizer, Roche, Secarna, Boston Biomedical, Vitaccess,
BMS, Eisai, EUSA Pharma, GSK, Ipsen, Imugene, and Incyte. R.D. Carvajal has an
unpaid consultant/advisory board relationship with Array, BMS, Sanofi Genzyme,
Sorrento Therapeutics, Aura Biosciences, Chimeron, Rgenix, Castle Biosciences,
Compugen, Foundation Medicine, Immunocore, I-Mab, Incyte, Roche/Genentech,
and PureTech Health. J.J. Luke reports receiving commercial research grant from
CheckMate, Evelo, and Palleon; reports receiving other commercial research support
from AbbVie, Boston Biomedical, FLX Bio, Genentech, Immunocore, Incyte, Leap,
MedImmune, Macrogenics, Novartis, Merck, Tesaro, Bristol-Myers Squibb, Xencor,
Celldex, Compugen, Corvus, EMD Serono, Evelo, Delcath, and Five Prime; has an

ownership interest (including patents) inActym andAlphamabOncology; and has an
unpaid consultant/advisory board relationship with TTC Oncology, 7 Hills, Astellas,
AstraZeneca, Bayer, Bristol-Myers Squibb, CheckMate, Compugen, EMD Serono,
IDEAYA, Immunocore, Incyte, Actym, Janssen, Jounce, Leap, Merck, Mersana,
Novartis, RefleXion, Spring Bank, Vividion, Alphamab Oncology, Array, Mavu,
Pyxis, Tempest, Abbvie, and Aduro. F.S. Hodi reports receiving commercial research
grant from Bristol-Myers Squibb and Novartis, and has an unpaid consultant/
advisory board relationship with Bristol-Myers Squibb, Merck, Bayer, Aduro, Pfizer,
Pionyr, Verastem, Torque, Rheos, EMD Serono, Sanofi, Novartis, Takeda, Genen-
tech/Roche, Surface, Compass Therapeutics, and Apricity. A.N. Shoushtari reports
receiving commercial research grant from Bristol-Myers Squibb and Immunocore,
and has an unpaid consultant/advisory board relationship with Bristol-Myers Squibb,
Immunocore, and Castle Biosciences. C. Emery is Associate Director at BioMed
Valley Discoveries and has an ownership interest (including patents) in Novartis. E.
Kapiteijn has an unpaid consultant/advisory board relationship with Roche, Novartis,
Pierre-Fabre, BMS, andMerck. No potential conflicts of interest were disclosed by the
other authors.

Authors’ Contributions
Conception and design: S. Piperno-Neumann, G.K. Schwartz, F.S. Hodi, C. Emery,
P. Yerramilli-Rao
Development of methodology: S. Piperno-Neumann, G.K. Schwartz, F.S. Hodi,
S. Szpakowski, A. Derti
Acquisition of data (provided animals, acquired and managed patients, provided
facilities, etc.): S. Piperno-Neumann, J. Larkin, R.D. Carvajal, J.J. Luke,
G.K. Schwartz, F.S. Hodi, M.-P. Sablin, A.N. Shoushtari, T. Ramkumar, E. Kapiteijn
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): S. Piperno-Neumann, J. Larkin, R.D. Carvajal, J.J. Luke,
G.K. Schwartz, F.S. Hodi, M.-P. Sablin, S. Szpakowski, N.R. Chowdhury,
A.R. Brannon, T. Ramkumar, A. Derti, P. Yerramilli-Rao
Writing, review, and/or revision of themanuscript: S. Piperno-Neumann, J. Larkin,
R.D. Carvajal, J.J. Luke, G.K. Schwartz, F.S. Hodi, M.-P. Sablin, A.N. Shoushtari,
S. Szpakowski, N.R. Chowdhury, A.R. Brannon, T. Ramkumar, L. deKoning, A. Derti,
P. Yerramilli-Rao, E. Kapiteijn
Administrative, technical, or material support (i.e., reporting or organizing data,
constructing databases): T. Ramkumar, A. Derti
Study supervision: F.S. Hodi, P. Yerramilli-Rao

Acknowledgments
The authors would like to thank the participating patients and their families, and

all study coinvestigators and research coordinators. Medical editorial assistance was
provided by Laura Hilditch, PhD, and was funded by Novartis Pharmaceuticals
Corporation. The authors would like to thank Somesh Choudhury, PhD, for con-
tributions related to PK, and Scott Cameron, MD, PhD, and AndrewWylie, PhD, for
their review of this article. J. Larkin is supported by the RM/ICR NIHR Biomedical
Research Centre for Cancer.

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

Received January 28, 2019; revised April 24, 2019; accepted January 23, 2020;
published first February 6, 2020.

References
1. Bakalian S, Marshall JC, Logan P, Faingold D, Maloney S, Di Cesare S, et al.

Molecular pathwaysmediating livermetastasis in patients with uveal melanoma.
Clin Cancer Res 2008;14:951–6.

2. Singh AD, Bergman L, Seregard S. Uveal melanoma: epidemiologic aspects.
Ophthalmol Clin North Am 2005;18:75–84, viii.

3. Singh AD, Turell ME, Topham AK. Uveal melanoma: trends in incidence,
treatment, and survival. Ophthalmology 2011;118:1881–5.

4. Kuk D, Shoushtari AN, Barker CA, Panageas KS, Munhoz RR, Momtaz P, et al.
Prognosis of mucosal, uveal, acral, nonacral cutaneous, and unknown primary
melanoma from the time of first metastasis. Oncologist 2016;21:848–54.

5. Xia J, Jia P, Hutchinson KE, Dahlman KB, Johnson D, Sosman J, et al. A meta-
analysis of somatic mutations from next generation sequencing of 241 mela-

nomas: a road map for the study of genes with potential clinical relevance.
Mol Cancer Ther 2014;13:1918–28.

6. Cancer GenomeAtlas Network. Genomic classification of cutaneous melanoma.
Cell 2015;161:1681–96.

7. Van Raamsdonk CD, Bezrookove V, Green G, Bauer J, Gaugler L, O'Brien JM,
et al. Frequent somatic mutations of GNAQ in uveal melanoma and blue naevi.
Nature 2009;457:599–602.

8. Van Raamsdonk CD, Griewank KG, Crosby MB, Garrido MC, Vemula S,
Wiesner T, et al. Mutations in GNA11 in uveal melanoma. N Engl J Med
2010;363:2191–9.

9. Harbour JW,OnkenMD, RobersonED,Duan S, Cao L,Worley LA, et al. Frequent
mutation of BAP1 in metastasizing uveal melanomas. Science 2010;330:1410–3.

Piperno-Neumann et al.

Mol Cancer Ther; 19(4) April 2020 MOLECULAR CANCER THERAPEUTICS1038

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/19/4/1031/1848718/1031.pdf by guest on 19 M
ay 2023



10. Harbour JW, Roberson ED, Anbunathan H, Onken MD, Worley LA, Bowcock
AM. Recurrent mutations at codon 625 of the splicing factor SF3B1 in uveal
melanoma. Nat Genet 2013;45:133–5.

11. Martin M, Masshofer L, Temming P, Rahmann S, Metz C, Bornfeld N, et al.
Exome sequencing identifies recurrent somatic mutations in EIF1AX and SF3B1
in uveal melanoma with disomy 3. Nat Genet 2013;45:933–6.

12. Sisley K, Rennie IG, Parsons MA, Jacques R, Hammond DW, Bell SM, et al.
Abnormalities of chromosomes 3 and 8 in posterior uveal melanoma correlate
with prognosis. Genes Chromosomes Cancer 1997;19:22–8.

13. Onken MD, Worley LA, Ehlers JP, Harbour JW. Gene expression profiling in
uveal melanoma reveals two molecular classes and predicts metastatic death.
Cancer Res 2004;64:7205–9.

14. Johansson P, Aoude LG, Wadt K, Glasson WJ, Warrier SK, Hewitt AW, et al.
Deep sequencing of uveal melanoma identifies a recurrent mutation in PLCB4.
Oncotarget 2016;7:4624–31.

15. Moore AR, Ceraudo E, Sher JJ, Guan Y, Shoushtari AN, Chang MT, et al.
Recurrent activating mutations of G-protein-coupled receptor CYSLTR2 in
uveal melanoma. Nat Genet 2016;48:675–80.

16. Robertson AG, Shih J, Yau C, Gibb EA, Oba J, Mungall KL, et al. Integrative
analysis identifies four molecular and clinical subsets in uveal melanoma.
Cancer Cell 2017;32:204–20.e15.

17. Goldsmith ZG, Dhanasekaran DN. G protein regulation of MAPK networks.
Oncogene 2007;26:3122–42.

18. Royer-Bertrand B, TorselloM, Rimoldi D, El Zaoui I, Cisarova K, Pescini-Gobert
R, et al. Comprehensive genetic landscape of uveal melanoma by whole-genome
sequencing. Am J Hum Genet 2016;99:1190–8.

19. Luscan A, Just PA, Briand A, Burin des Roziers C, Goussard P, Nitschke P, et al.
Uveal melanoma hepatic metastases mutation spectrum analysis using targeted
next-generation sequencing of 400 cancer genes. Br JOphthalmol 2015;99:437–9.

20. Wagner J, vonMatt P, Sedrani R, Albert R, CookeN, Ehrhardt C, et al. Discovery
of 3-(1H-indol-3-yl)-4-[2-(4-methylpiperazin-1-yl)quinazolin-4-yl]pyrrole-2,5-
dione (AEB071), a potent and selective inhibitor of protein kinase C isotypes.
J Med Chem 2009;52:6193–6.

21. Chen X, Wu Q, Tan L, Porter D, Jager MJ, Emery C, et al. Combined PKC and
MEK inhibition in uveal melanoma with GNAQ and GNA11 mutations.
Oncogene 2014;33:4724–34.

22. Musi E, Ambrosini G, de Stanchina E, Schwartz GK. The phosphoinositide
3-kinase alpha selective inhibitor BYL719 enhances the effect of the protein
kinase C inhibitor AEB071 in GNAQ/GNA11-mutant uveal melanoma cells.
Mol Cancer Ther 2014;13:1044–53.

23. Wu X, Li J, Zhu M, Fletcher JA, Hodi FS. Protein kinase C inhibitor AEB071
targets ocular melanoma harboring GNAQ mutations via effects on the PKC/
Erk1/2 and PKC/NF-kappaB pathways. Mol Cancer Ther 2012;11:1905–14.

24. Carita G, Frisch-Dit-Leitz E, Dahmani A, Raymondie C, Cassoux N, Piperno-
Neumann S, et al. Dual inhibition of protein kinase C and p53-MDM2 or PKC
and mTORC1 are novel efficient therapeutic approaches for uveal melanoma.
Oncotarget 2016;7:33542–56.

25. Neuenschwander B, Branson M, Gsponer T. Critical aspects of the Bayesian
approach to phase I cancer trials. Stat Med 2008;27:2420–39.

26. Babb J, Rogatko A, Zacks S. Cancer phase I clinical trials: efficient dose escalation
with overdose control. Stat Med 1998;17:1103–20.

27. Frampton GM, Fichtenholtz A, Otto GA, Wang K, Downing SR, He J,
et al. Development and validation of a clinical cancer genomic profiling
test based on massively parallel DNA sequencing. Nat Biotechnol 2013;31:
1023–31.

28. Pawlyn C, Loehr A, Ashby C, Tytarenko R, Deshpande S, Sun J, et al. Loss of
heterozygosity as a marker of homologous repair deficiency in multiple mye-
loma: a role for PARP inhibition? Leukemia 2018;32:1561–6.

29. Forbes SA, Beare D, Gunasekaran P, Leung K, Bindal N, Boutselakis H, et al.
COSMIC: exploring the world's knowledge of somatic mutations in human
cancer. Nucleic Acids Res 2015;43:D805–11.

30. Sherry ST,WardMH,KholodovM, Baker J, Phan L, Smigielski EM, et al. dbSNP:
the NCBI database of genetic variation. Nucleic Acids Res 2001;29:308–11.

31. LawrenceMS, Stojanov P, Polak P, KryukovGV,Cibulskis K, SivachenkoA, et al.
Mutational heterogeneity in cancer and the search for new cancer-associated
genes. Nature 2013;499:214–8.

32. Martincorena I, Roshan A, Gerstung M, Ellis P, Van Loo P, McLaren S, et al.
Tumor evolution. High burden and pervasive positive selection of somatic
mutations in normal human skin. Science 2015;348:880–6.

33. Herget T, Oehrlein SA, Pappin DJ, Rozengurt E, Parker PJ. The myristoylated
alanine-rich C-kinase substrate (MARCKS) is sequentially phosphorylated by
conventional, novel and atypical isotypes of protein kinase C. Eur J Biochem
1995;233:448–57.

34. Furney SJ, Pedersen M, Gentien D, Dumont AG, Rapinat A, Desjardins L, et al.
SF3B1 mutations are associated with alternative splicing in uveal melanoma.
Cancer Discov 2013;3:1122–9.

35. Yavuzyigitoglu S, Koopmans AE, Verdijk RM, Vaarwater J, Eussen B, van
Bodegom A, et al. Uveal melanomas with SF3B1 mutations: a distinct subclass
associated with late-onset metastases. Ophthalmology 2016;123:1118–28.

36. Griewank KG, van de Nes J, Schilling B, Moll I, Sucker A, Kakavand H, et al.
Genetic and clinico-pathologic analysis of metastatic uveal melanoma.
Mod Pathol 2014;27:175–83.

37. Versluis M, de Lange MJ, van Pelt SI, Ruivenkamp CA, Kroes WG, Cao J, et al.
Digital PCR validates 8q dosage as prognostic tool in uveal melanoma. PLoSOne
2015;10:e0116371.

38. Carvajal RD, Sosman JA, Quevedo JF, Milhem MM, Joshua AM, Kudchadkar
RR, et al. Effect of selumetinib vs. chemotherapy on progression-free survival in
uveal melanoma: a randomized clinical trial. JAMA 2014;311:2397–405.

39. Chua V, Lapadula D, Randolph C, Benovic JL, Wedegaertner PB, Aplin AE.
Dysregulated GPCR signaling and therapeutic options in uveal melanoma.
Mol Cancer Res 2017;15:501–6.

40. Amirouchene-Angelozzi N, Frisch-Dit-Leitz E, Carita G, Dahmani A, Raymon-
die C, Liot G, et al. The mTOR inhibitor Everolimus synergizes with the PI3K
inhibitor GDC0941 to enhance anti-tumor efficacy in uveal melanoma. Onco-
target 2016;7:23633–46.

41. Yoo JH, Shi DS, Grossmann AH, Sorensen LK, Tong Z,Mleynek TM, et al. ARF6
is an actionable node that orchestrates oncogenic GNAQ signaling in uveal
melanoma. Cancer Cell 2016;29:889–904.

AACRJournals.org Mol Cancer Ther; 19(4) April 2020 1039

Genomic Profiling of Metastatic UM in a Phase I Trial of AEB071

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/19/4/1031/1848718/1031.pdf by guest on 19 M
ay 2023



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


