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SUMMARY

Vemurafenib (RG-7204, PLX-4032) is a potent inhibitor of the V60OE
mutation-positive B-raf kinase. Mutations in this protein have been
implicated in approximately 50% of melanomas, 30-70% of thyroid
tumors, 30% of serous low-grade ovarian tumors and 10% of colorec-
tal cancers. Vemurafenib has shown promising preclinical and clinical
efficacy against mutant BRAF cell lines and tumors. Vemurafenib
exhibits selectivity over a broad range of kinases, which has translated
into cellular selectivity for cancer cell lines expressing BRAFV600F,
BRAF99D and BRAFY69R with no activity against cells lacking onco-
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genic B-raf. Pharmacokinetic analyses have shown that exposure
increases with dose from 160 mg to 1,120 mg twice daily, and a dose of
960 mg twice daily was selected for phase Il and Ill evaluation. Phase
| and Il clinical data have demonstrated promising activity, with the
recently reported BRIM-2 study in patients with metastatic melanoma
having met its primary endpoint, demonstrating a best overall
response rate of > 50% in the context of manageable side effects.

SYNTHESIS*
Vemurafenib can be prepared following two alternative strategies:

In one strategy, 2,4-difluoroaniline (1) is lithiated with BuLi in the pres-
ence of 1,2-bis(chlorodimethylsilyl)ethane in THF at =78 °C, and subse-
quently acylated with benzyl chloroformate, yielding benzyl 3-amino-
2,6-difluorobenzoate (Il). N-Sulfonylation of aniline () with
propane-T-sulfonyl chloride (Ill) using pyridine in CH,CL, gives the cor-
responding sulfonamide (IV), which is then debenzylated with H, over
Pd(OH),/C in MeOH to provide the benzoic acid derivative (V). After
chlorination of acid (V) with SOCL, in refluxing toluene, the resulting
acid chloride (V1) is subjected to Friedel-Crafts reaction with 5-bro-
mopyrrolo[2,3-b]pyridine (VII) in the presence of AICL, in CH,CL, to
afford ketone (VIII). Finally, the aryl bromide (VIIl) is submitted to a
Suzuki coupling with 4-chlorophenylboronic acid (IX) in the presence
of Pd(PPh,), and K,CO; in acetonitrile (1, 2). Scheme 1.

In an alternative strategy, 2,4-difluoroaniline (I) is coupled with
propane-1-sulfonyl chloride (Ill) by means of Et;N in THF to give
N-(2,4-difluorophenyl)propane-1-sulfonamide (X), which, after lithia-
tion with LDA in THF, is formylated by reaction with DMF, yielding 2,6-
difluoro-3-(propylsulfonamido)benzaldehyde (XI). Condensation of
aldehyde (XI) with 5-(4-chlorophenyl)pyrrolo[2,3-b]pyridine (XII)
(obtained by Suzuki coupling of 5-bromopyrrolo[2,3-b]pyridine (VII)
with boronic acid (IX) in the presence of Pd(PPh,), and K,CO, in ace-
tonitrile/HZO) using KOH in MeOH provides a mixture of the diaryl-
carbinol (XIll) and its corresponding methyl ether, which is further
enriched in the desired alcohol (XIII) by demethylation with HBr in
AcOH. Alcohol (XIIl) is finally oxidized using DDQ in dioxane (1, 2).
Scheme 1.
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Scheme 1. Synthesis of Vemurafenib
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BACKGROUND

B-raf is a key protein kinase component of the Ras/Raf pathway.
Under normal physiological conditions, this critical intracellular sig-
naling pathway relays extracellular signals to the nucleus that regu-
late gene expression (Fig. 1). The extracellular signals may be growth
factors or hormones present in the microenvironment of the cancer
cell, which bind to and activate cell surface receptor molecules. The
activated receptor then, in turn, activates downstream components
of the signaling pathway, perpetuating the signal through to the
nucleus, where nuclear transcription factors regulate target gene
transcription. By regulating the expression of target genes, the cell
can respond to the extracellular environment in a variety of ways,
including proliferation and survival via prevention of the cell's innate
cell death mechanism —apoptosis (3, 4).

The B-raf protein is encoded by the BRAF gene. Approximately 8%
of all human solid tumors are thought to harbor mutated B-raf and
over 30 mutations in the BRAF gene have been associated with
human cancers (5). The most commonly identified mutation in the
BRAF gene arises in the kinase domain at nucleotide 1799, leading
to a change in the V600 amino acid, resulting in constitutive activa-
tion of B-raf kinase. The mutated B-raf kinase is able to activate
downstream components of the pathway even in the absence of an

VEMURAFENIB

upstream (external) signal. This results in dysregulated downstream
signaling, gene expression and, ultimately, excessive cell prolifera-
tion and survival (4-7). Oncogenic B-raf signaling is implicated in
approximately 50% of melanomas, 30-70% of thyroid tumors, 30%
of serous low-grade ovarian tumors and 10% of colorectal cancers
(CRCs), and infrequently (< 5%) in a number of other cancers (4, 8-
12). The pervasive nature of oncogenic B-raf signaling across human
cancers has focused attention on the development of targeted anti-
cancer agents able to attenuate the aberrant signaling generated by
the mutant B-raf kinase.

Vemurafenib (RG-7204, PLX-4032) is a potent inhibitor of the
V600E mutation-containing B-raf kinase that has shown promising
preclinical activity and clinical efficacy (13-16). This agent is current-
ly in clinical development for the treatment of human cancers har-
boring BRAF mutations, and here we review the preclinical pharma-
cology, mode of action, pharmacokinetics, safety and clinical
efficacy.

PRECLINICAL PHARMACOLOGY

In vitro biochemical assays have shown that vemurafenib exhibits
selectivity against a broad range of kinases. In panel testing of over
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Figure 1. The Raf/MEK/ERK signaling pathway (panel A) and activation via constitutive B-raf activation (panel B). Adapted from McCubrey, J.A., Steelman,
L.S., Chappell, W.H. et al. Roles of the Raf/MEK/ERK pathway in cell growth, malignant transformation and drug resistance. Biochim Biophys Acta 2007, 1773(8):

1263-84. Copyright © 2007, with permission from Elsevier.
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200 kinases, vemurafenib showed similar potency for BRAFVe00E (31
nM; the most common mutation seen, encompassing 80% of BRAF-
mutant melanoma tumors) and RAFT (48 nM), and selectivity versus
other kinases (15). The vast majority of kinases were only minimally
affected, with 1C;, values of > 10 uM. However, several kinases
(BRAFYT, RAF1, SRMS, ACKT, MAP4K5 and FGR) were reported to be
inhibited at concentrations of <100 nM. In a separate biochemical
assay, vemurafenib exhibited potent inhibitory activity against 10
other mutant B-raf kinases, including BRAFY699K BRAFV600D gnd
BRAFYE99R with IC, values ranging from 3 to 110 nM (personal com-
munication, J. Tsai, Y. Ma and G. Habets).

The in vitro selectivity of vemurafenib has translated into cellular
selectivity in a series of experiments designed to evaluate the effect
of vemurafenib on Raf/MEK/ERK pathway inhibition and prolifera-
tion suppression in a panel of cancer cell lines (17). Cell lines tested
for inhibition of MEK and ERK phosphorylation included melanoma
cell lines expressing BRAFV600E BRAFV600D  BRAFVEOOR or BRAFMT,
Vemurafenib was reported to inhibit both phosphorylation of MEK
and ERK, and cellular proliferation in all BRAF'69%E-expressing
melanoma cell lines tested, including COLO 829 and LOX. Vemu-
rafenib also exhibited potent inhibitory effects on MEK and ERK
phosphorylation and cellular proliferation in melanoma cell lines
that expressed other mutations at the V600 position, such as
BRAFY690P BRAFV600R and BRAFY60K, but not in cells with wild-type
BRAF (17-19). Vemurafenib lacked antiproliferative activity in cell
lines expressing wild-type B-raf proteins, including those from
melanomas and other tumor types such as lung, gastric, breast,
pancreatic and skin tumors. Activity was reported in one additional
breast cancer cell line which expressed BRAFY®?%F and wild-type
RAS (17).

Lee and coworkers also evaluated the in vitro activity of vemu-
rafenib against a panel of melanoma cell lines with and without
V600E-mutated BRAF genes and confirmed both concentration-
dependent and V600E-dependent inhibition of pERK for up to 72
hours (20). Suppression of ERK and MEK phosphorylation by
vemurafenib correlated with inhibition of cellular proliferation in
melanoma cells harboring mutations at the V600 position. Thus,
vemurafenib displays a high degree of selectivity against
BRAFY600F kinase in mechanistic and antiproliferative cellular
assays.

The effect of three doses of vemurafenib (12.5, 25 and 75 mg/kg
twice daily) on antitumor activity and survival was determined in
vivo using the murine LOX melanoma xenograft model (17). Vemu-
rafenib significantly inhibited tumor growth and induced tumor
regression at all three doses studied (complete regression was
reported in 10/10 mice treated with both 25 and 75 mg/kg twice
daily, and in 5/9 mice treated with 12.5 mg/kg twice daily; 4/9
mice treated with 12.5 mg/kg twice daily showed partial tumor
regression) (Fig. 2). Vemurafenib was also reported to significant-
ly increase survival relative to vehicle in a dose-dependent manner.
Eight of 10 mice in the 75 mg/kg twice daily group were considered
to have been completely cured and died of natural causes. No
gross signs of metastasis were observed at necropsy. However,
tumors were reported to recur following complete regression in
mice treated with lower doses. In the A-375 and COLO 829
melanoma models, vemurafenib 75 and 100 mg/kg twice daily
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was shown to induce potent antitumor activity and improve animal
survival. In the A-375 model, survival was prolonged by 227% com-
pared with vehicle-treated mice (75 mg/kg twice daily for 11 days;
P < 0.0001). In the COLO 829 model, survival was prolonged by
61% compared with vehicle-treated mice (100 mg/kg for 21 days).
In a separate analysis in the BRAF"T-expressing C8161 melanoma
model, tumors treated with vemurafenib 100 mg/kg twice daily for
12 days grew at similar rates to tumors treated with vehicle, with
no tumor growth inhibition reported, while V60OE-positive tumors
were largely eradicated (20). These observations, together with
the data generated in BRAFY600F-expressing xenograft models,
have shown the in vivo selectivity of vemurafenib for BRAFY690F,

In vitro and in vivo studies have provided evidence for the mode of
action of vemurafenib (15, 17, 18, 21-24). As a potent and selective
inhibitor of mutant BRAF, vemurafenib was designed to suppress
mitogen-activated protein kinase (MAPK) signaling via suppres-
sion of B-raf activity. The only known substrate for B-raf is mito-
gen-activated protein kinase kinase (MEK). Phosphorylation of
MEK by B-raf results in activation of MEK; pMEK in turn phospho-
rylates ERK, and pERK translocates into the nucleus, where it acti-
vates transcriptional factors that are responsible for upregulating
cell proliferation and survival (Fig. 1). The studies described above
demonstrate that vemurafenib potently inhibits MEK phosphoryla-
tion and activation, which consequently inhibits ERK phosphoryla-
tion and ultimately cell proliferation in tumor cells expressing the
mutant BRAF gene.

PHARMACOKINETICS AND METABOLISM

Exposure-dependent tumor response has been reported using a
LOX BRAFV60%E-mutant melanoma xenograft model. Pharmacody-
namic effects, determined by comparison of the percentage of
pMEK/MEK and pERK/ERK inhibition in vemurafenib-treated
tumors with vehicle-treated tumor samples suggested a correla-
tion. In this case, the highest plasma concentration of vemurafenib
corresponded to the highest mean percentage inhibition of MEK
and ERK phosphorylation (17).

A total of 87 patients (including 81 with melanoma) were recruited to
a phase | study and received doses of up to 1120 mg twice daily.
Pharmacokinetic analyses in this study have shown that exposure
(AUC) increased with dose from 160 mg to 1120 mg twice daily (Fig.
3A). Patients were exposed to relatively constant daily levels at
steady state that were between six and nine times the mean level on
day 1at the dose of 960 mg twice daily (Fig. 3B). The mean half-life
of vemurafenib was ~50 hours and the AUC for the dose of 960 mg
twice daily was 1,741 + 639 uM/hour (25). The dose of 960 mg twice
daily was selected for phase Il and Il evaluation. Divided dosing was
continued despite the long half-life, in order to avoid a potentially
unacceptable number of capsules per dose. Phase | pharmacody-
namic analyses showed that tumor levels of phosphorylated ERK,
cyclin D1and KI-67 were markedly reduced at day 15 compared with
baseline (n = 7 patients treated with vemurafenib 960 mg twice
daily), indicating that vemurafenib inhibited the MAPK pathway,
resulting in decreased cell proliferation (15, 25). Additionally, there
was a clear relationship between AUC, pharmacodynamic changes
and clinical responses. Responses were largely seen only when
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Figure 2. Murine tumor growth inhibition and survival in the BRAF/?9%-bearing LOX melanoma xenograft model. Adapted and reprinted by permission from
the American Association for Cancer Research: Yang, H., Higgins, B., Kolinsky, K., et al. RG7204 (PLX4032), a selective BRAF®°F inhibitor, displays potent anti-

tumor activity in preclinical melanoma models. Cancer Res 2010, 70(13): 5518-27.

patients demonstrated over 90% phosphorylated ERK inhibition
intratumorally (Fig. 4).

Several further pharmacokinetic studies are under way to provide
more in-depth information on the pharmacokinetics, the potential
interaction with cytochrome P450 enzymes, and the distribution and
metabolism of vemurafenib. Results from these studies are expect-
ed in 2011. Another study to evaluate the effect of food on the phar-
macokinetics of vemurafenib has also been initiated.

THOMSON REUTERS - Drugs of the Future 2011, 36(3)

SAFETY

Preclinical animal safety studies revealed no safety signals at daily
doses of up to 1000 mg/kg/day, and no adverse effects were
detected in a standard battery of safety pharmacology studies (15).
This was despite very high exposure levels of 2,600 uM/hour and
820 uM/hour for up to 26 and 13 weeks, respectively, in rats. No his-
tological changes were observed in the skin of any animal at any
dose or duration.
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Figure 3. Pharmacokinetic profile of vemurafenib in humans. Dose-depend-
ent exposure (panel A) and relatively constant daily exposure at steady state
(panel B). Published with permission from Flaherty, KT., Puzanov, I., Kim,
K.B., et al. Inhibition of mutated, activated BRAF in metastatic melanoma. N
Engl J Med 2010, 363(9): 809-19. Copyright © 2010, with permission from
New England Journal of Medicine.

In the preclinical pharmacology studies reported by Yang and
coworkers, the treatment described above with vemurafenib was
well tolerated. Mean values for weight loss were < 5% in all treated
dose groups, and no treatment-related mortality was reported in
any dose group. No clinical signs of toxicity were reported at any
time during the studies (17).

The phase | trial reported by Flaherty and coworkers and described
above consisted of a dose-escalation phase followed by an extension
phase at the recommended phase Il dose of 960 mg twice daily (25).
The most frequent adverse events (AEs) were arthralgia, rash, nau-
sea, photosensitivity, fatigue, pruritus and palmar-plantar dysesthe-
sia. Most events were mild to moderate in severity. Cutaneous squa-
mous cell carcinoma occurred at a rate of 31% (10/32 patients)
during the extension phase of the study. The median time to occur-
rence of these lesions was 8 weeks; the majority were resected and
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Figure 4. Melanoma regressions correlate with > 90% phosphorylated ERK
inhibition.

none led to discontinuation of treatment. The majority of excised
lesions reviewed by a central pathology laboratory were classified as
squamous cell carcinoma, keratoacanthoma subtype, with a low
likelihood of invasive or metastatic potential (26).

CLINICAL STUDIES

The dose-escalation portion of the phase | study reported by Flaher-
ty and coworkers and described above was followed by an extension
phase during which patients received the recommended phase |
dose of 960 mg twice daily until disease progression (25). The two
extension cohorts consisted of 32 patients with melanoma (25) and
21 patients with CRC (27). Among the 32 patients with melanoma
carrying a BRAFY89%F mutation who took part in the extension phase,
a total of 26 patients (81%) achieved an objective response, with 2
patients achieving a complete response (Fig. 5) (25). Data on fluo-
rodeoxyglucose-positron emission tomography (FDG-PET) responses
are available for 19 of these patients and showed that FDG-PET is a
useful marker for early biological response (28). Among patients
with metastatic disease, responses were recorded at all metastatic
sites and there was an improvement in symptoms for those with
symptomatic disease, including a reduction in the requirement for
narcotic pain relief within 1-2 weeks (although it should be noted
that these data were anecdotal and were not systematically collect-
ed). Evaluation of patients in this extension arm is ongoing; a con-
firmed response rate of 59% and a progression-free survival (PFS) of
7.61 months were recorded as of September 30, 2010.

In the CRC extension cohort, 19 of the 21 patients were evaluable for
efficacy at the time of latest reporting. Again, all patients received
vemurafenib 960 mg twice daily. One patient achieved a partial
response and four patients achieved minor responses (> 10%
shrinkage). The median PFS was 3.7 months, with two patients still
on study at the time of the initial data presentation (27).
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Figure 5. Best overall response among 32 patients with melanoma treated with vemurafenib 960 mg twice daily. Published with permission from Flaherty,
KT., Puzanov, I., Kim, K.B., et al. Inhibition of mutated, activated BRAF in metastatic melanoma. N Engl J Med 2010, 363(9): 809-19. Copyright © 2010, with per-

mission from New England Journal of Medicine.

Three patients with thyroid cancer took part in the dose-escalation
phase of the phase | study; 1 patient achieved a partial response of 11
months’ duration, and the remaining 2 patients achieved stable dis-
ease of 12 and 13 months’ duration (25).

A phase Il (BRIM 2) study of vemurafenib in patients with metastat-
ic melanoma was recently reported (29). In all, 344 patients were
screened, 132 of whom were eligible for treatment. The rate of
BRAFY89%F mutation in the screened population (N = 344) was
56%. Preliminary best overall response rate (BORR; primary study
endpoint) was > 50% as assessed by an independent review com-
mittee (IRC). The median response duration was nearly 7 months
and median PFS was > 6 months for the entire cohort. Side effects
(AEs, serious AEs, dose reductions) were manageable, the most
common being arthralgia, rash, photosensitivity, fatigue and alope-
cia. As previously reported in the phase /Il trial, squamous cell car-
cinoma primarily of keratoacanthoma type was reported in 32
patients, representing about 25% of patients. Thus, BRIM-2 met its
primary endpoint, demonstrating a BORR (IRC) whose lower limit of
95% confidence interval was > 40. As of the clinical cut-off date of
September 27, 2010, 50 patients remained on protocol. The full
results will be reported at a later date.

A number of additional studies are currently ongoing, including
phase | studies to further characterize the pharmacokinetics of
vemurafenib (NCTO1164891, NCTO1107418, NCT01001299). A phase
Il study (BRIM3; NCTO1006980) is also under way to compare the
efficacy of vemurafenib with that of dacarbazine in patients with pre-
viously untreated metastatic melanoma. Enrollment for this study
has been completed and primary outcome data (co-primary end-
points of overall survival and PFS) are expected in 2011.

Paradoxical activation of ERK by Raf inhibitors has been reported in
cells that lack a BRAF mutation. Three recent reports have explored
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the potential mechanism(s) for this activation by showing that selec-
tive B-raf inhibitors, such as PLX-4720 (an analogue of vemu-
rafenib), 885-A and GDC-0879 (selective B-raf inhibitors of different
chemical series), stimulate MEK/ERK signaling via c-RAF activation
in the presence of an upstream activator (e.g., activated receptor
tyrosine kinase, RAS mutation) in melanoma and other cell lines
lacking BRAF mutations (30-32). These studies support a model in
which B-raf-specific inhibitors induce Ras/GTP-dependent c-RAF
activation via the formation of B-raf-c-RAF heterodimers or c-RAF
homodimers, followed by recruitment of c-RAF to the plasma mem-
brane, triggering activation of the MEK/ERK pathway. These reports
emphasize the importance of selecting patients with BRAFV800F
mutations for treatment with vemurafenib. The cobas® 4800
BRAFY8%0 mutation assay is a companion PCR-based diagnostic test
that is designed to detect the BRAFY®9%F mutation (1799T>A), the
most common BRAF mutation in melanoma. It is being developed
by Roche Molecular Systems, Inc. (Pleasanton, CA, USA) as a clini-
cally validated companion diagnostic test to identify patients who
are candidates for treatment with vemurafenib. This test is currently
being used to identify patients for clinical trials evaluating vemu-
rafenib treatment.

Initial investigations into potential mechanisms of acquired resist-
ance suggest that there are several genetic and signal transduction
alterations that can circumvent B-raf inhibition. The number of cell
lines that have been treated chronically with vemurafenib to gener-
ate acquired resistance is small, and the number of tumor samples
acquired at the time of clinical disease progression and thoroughly
characterized is even smaller. Nonetheless, a few key observations
have been reported recently that support reactivation of the MAP
kinase pathway or Ras effector pathways as resistance mechanisms
for which there is support from both in vitro and ex vivo analyses.
These observations follow a series of reports that highlight the par-
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adoxical effect of Raf inhibitors to activate the MAPK pathway, as
noted above (30-32). This effect is primed by upstream events such
as RAS mutation, believed to be due to the asymmetric behavior of
Raf dimers. Binding of inhibitors to one Raf promoter appears to
result in allosteric enhancement of the catalytic activity of the neigh-
boring, inhibitor-free promoter. RAS mutation would additionally
stimulate alternative downstream pathways. In one case, the
appearance of inactivating NRAS mutation coexisting with the
BRAFVeO%F mytation at the time of disease progression has been
documented. In other cases, a marked increase in the expression of
beta-type platelet-derived growth factor receptor (PDGF-R-B) has
been observed and appears to mediate upregulation of phos-
phatidylinositol 3-kinase (PI3K) pathway signaling (33). Recently,
Villanueva and coworkers reported that a combination of flexible Raf
isoform switching and enhanced insulin-like growth factor receptor |
(IGF-I receptor)/PI3K signaling was involved in mediating resistance
to the B-raf inhibitors (34). This could be overcome by combined
IGF-1 receptor and MEK inhibition (35, 36). Loss of the phosphatase
and tensin homolog (PTEN, a negative regulator of the PI3K/Akt sig-
naling pathway) was also found in a relapsed patient sample, further
suggesting that combined inhibition of the MAPK and PI3K path-
ways could improve tumor control (34). Lastly, signaling through
c-Cot/TPL-2, which has previously been described as an activator of
MEK signaling, can promote resistance in previously sensitive cell
lines, and increased expression of this molecule in tumor samples
derived from patients progressing following initial response sup-
ports the potential relevance in vivo (37). In another study examining
upregulation of Raf isoforms, Akt activation and acquisition of KRAS
mutation were observed in an in vitro vemurafenib-acquired resist-
ance model, implying that multiple mechanisms leading to
increased pathway activity are at play (Su, F. et al., manuscript sub-
mitted 2017). Importantly, in all of these analyses, acquired second-
ary mutations in B-raf have not been observed, suggesting that
compensatory signaling to other molecules is the primary mode of
resistance.

SOURCES

Plexxikon, Inc. (US); codeveloped with Roche and Genentech (a
member of the Roche Group).

DISCLOSURES AND ACKNOWLEDGMENTS

|G, JS and KF have acted as consultants for Roche Pharmaceuticals.
JG, FS and RL are employees of Roche Pharmaceuticals. KN and GB
are employees of Plexxikon, Inc. Support for third-party writing
assistance for this manuscript, furnished by Tracey Lonergan, PhD,
was provided by Roche Pharmaceuticals.

REFERENCES

1. lbrahim, P.N., Artis, D.R., Bremer, R. et al. (Plexxicon, Inc.). Pyrrolo[2,3-
b]pyridine derivatives as protein kinase inhibitors. JP 20008546797, WO
2007002325.

2. lbrahim, P.N., Artis, D.R., Bremer, R. et al. (Plexxicon, Inc.). Pyrrolo[2,3-
b]pyridine derivatives as protein kinase inhibitors. EP 1893612, WO
200700233.

3. Sebolt-Leopold, J.S., Herrera, R. Targeting the mitogen-activated protein
kinase cascade to treat cancer. Nat Rev Cancer 2004, 4(12): 937-47.

198

~

15.

16.

19.

20.

2l

22.

I. Puzanov et al.

. McCubrey, J.A., Steelman, L.S., Chappell, W.H. et al. Roles of the

Raf/MEK/ERK pathway in cell growth, malignant transformation and drug
resistance. Biochim Biophys Acta 2007, 1773(8): 1263-84.

. Wan, PT,, Garnett, M.J., Roe, S.M. et al. Mechanism of activation of the

RAF-ERK signaling pathway by oncogenic mutations of B-RAF. Cell
2004, 116(6): 855-67.

. Hoeflich, K.P,, Herter, S., Tien, J. et al. Antitumor efficacy of the novel RAF

inhibitor GDC-0879 is predicted by BRAF®9% mutational status and sus-
tained extracellular signal-regulated kinase/mitogen-activated protein
kinase pathway suppression. Cancer Res 2009, 69(7): 3042-51.

Zhang, B.H., Guan, K.L. Activation of B-Raf kinase requires phosphoryla-

tion of the conserved residues Thr598 and Ser601. EMBO J 2000, 19(20):
5429-39.

. Goydos, J.S., Mann, B., Kim, H.J. et al. Detection of B-RAF and N-RAS

mutations in human melanoma. J Am Coll Surg 2005, 200(3): 362-70.

. Libra, M., Malaponte, G., Navolanic, P.M. et al. Analysis of BRAF mutation

in primary and metastatic melanoma. Cell Cycle 2005, 4(10): 1382-4.

. Garnett, M.J., Marais, R. Guilty as charged: B-RAF is a human oncogene.

Cancer Cell 2004, 6(4): 313-9.

. Fransen, K., Klintenas, M., Osterstrom, A., Dimberg, J., Monstein, H.J.,

Soderkvist, P. Mutation analysis of the BRAF, ARAF and RAF-T genes in
human colorectal adenocarcinomas. Carcinogenesis 2004, 25(4): 527-33.

. Davies, H., Bignell, G.R., Cox, C. et al. Mutations of the BRAF gene in

human cancer. Nature 2002, 417(6892): 949-54.

. Tsai, J., Lee, J.T., Wang, W. et al. Discovery of a selective inhibitor of onco-

genic B-Raf kinase with potent antimelanoma activity. Proc Natl Acad Sci
U S A 2008, 105(8): 3041-6.

. Sala, E., Mologni, L., Truffa, S., Gaetano, C., Bollag, G.E., Gambacorti-

Passerini, C. BRAF silencing by short hairpin RNA or chemical blockade by
PLX4032 leads to different responses in melanoma and thyroid carcinoma
cells. Mol Cancer Res 2008, 6(5): 751-9.

Bollag, G., Hirth, P., Tsai, J. et al. Clinical efficacy of a RAF inhibitor needs
broad target blockade in BRAF-mutant melanoma. Nature 2010,
467(7315): 596-9.

Joseph, EW., Pratilas, C.A., Poulikakos, P.I. et al. The RAF inhibitor
PLX4032 inhibits ERK signaling and tumor cell proliferation in a V60OE
BRAF-selective manner. Proc Natl Acad Sci U S A 2010, 107(33): 14903~
8.

. Yang, H., Higgins, B., Kolinsky, K. et al. RG7204 (PLX4032), a selective

BRAFVE0O0E inhibitor, displays potent antitumor activity in preclinical
melanoma models. Cancer Res 2010, 70(13): 5518-27.

. Halaban, R., Zhang, W., Bacchiocchi, A. et al. PLX4032, a selective

BRAF(V600E) kinase inhibitor, activates the ERK pathway and enhances
cell migration and proliferation of BRAF melanoma cells. Pigment Cell
Melanoma Res 2010, 23(2): 190-200.

Rubinstein, J.C., Sznol, M., Pavlick, A.C. et al. Incidence of the V600K
mutation among melanoma patients with BRAF mutations, and potential
therapeutic response to the specific BRAF inhibitor PLX4032. ) Transl Med
2010, 8 67.

Lee, JT,, Li, L., Brafford, P.A. et al. PLX4032, a potent inhibitor of the B-Raf
V60OE oncogene, selectively inhibits V60OE-positive melanomas. Pigment
Cell Melanoma Res 2010, 23(6): 820-7.

Tap, W.D., Gong, K.W., Dering, J. et al. Pharmacodynamic characterization
of the efficacy signals due to selective BRAF inhibition with PLX4032 in
malignant melanoma. Neoplasia 2010, 12(8): 637-49.

Salerno, P, De Falco, V., Tamburrino, A. et al. Cytostatic activity of adeno-

sine triphosphate-competitive kinase inhibitors in BRAF mutant thyroid
carcinoma cells. J Clin Endocrinol Metab 2010, 95(1): 450-5.

THOMSON REUTERS - Drugs of the Future 2011, 36(3)



1. Puzanov et al.

23.

24.

25.

26.

27.

28.

29.

30.

Sondergaard, J.N., Nazarian, R., Wang, Q. et al. Differential sensitivity of
melanoma cell lines with BRAFV60OE mutation to the specific Raf
inhibitor PLX4032. J Transl Med 2010, 8: 39.

Xing, J., Liu, R., Xing, M., Trink, B. The BRAF(T1799A) mutation confers
sensitivity of thyroid cancer cells to the BRAF(V60OE) inhibitor PLX4032
(RG7204). Biochem Biophys Res Commun 2011, 404(4): 958-62.

Flaherty, KT., Puzanoy, I., Kim, K.B. et al. Inhibition of mutated, activated
BRAF in metastatic melanoma. N Engl J Med 2010, 363(9): 809-19.

Lacouture, M.E., McArthur, G.A., Chapman, P.B. et al. PLX4032
(RG7204), a selective mutant RAF inhibitor: Clinical and histologic charac-
teristics of therapy-associated cutaneous neoplasms in a phase | trial. J
Clin Oncol [46™ Annu Meet Am Assoc Cancer Res (ASCO) (June 4-8,
Chicago) 2010] 2010, 28(Suppl. 15S): Abst 8592.

Kopetz, S., Desai, J., Chan, E. et al. PLX4032 in metastatic colorectal can-
cer patients with mutant BRAF tumors. J Clin Oncol [46" Annu Meet Am
Assoc Cancer Res (ASCO) (June 4-8, Chicago) 2010] 2010, 28(Suppl. 15):
Abst 3534.

McArthur, G.A., Puzanoy, I., Ribas, A. et al. Early FDG-PET responses to
PLX4032 in BRAF-mutant advanced melanoma. J Clin Oncol [46" Annu
Meet Am Assoc Cancer Res (ASCO) (June 4-8, Chicago) 2010] 2010,
28(Suppl. 15): Abst 8529.

Sosman, J., Kim, K., Schuchter, L. et al. An open-label, multicenter phase
Il study of continuous oral dosing of RG7204 (PLX4032) in previously treat-
ed patients with BRAF V600OE mutation-positive metastatic melanoma.
Pigment Cell Melanoma Res 2010, 23: 887.

Hatzivassiliou, G., Song, K., Yen, |. et al. RAF inhibitors prime wild-type
RAF to activate the MAPK pathway and enhance growth. Nature 2010,
464(7287): 431-5.

THOMSON REUTERS - Drugs of the Future 2011, 36(3)

3.

32.

33.

34.

35.

36.

37.

VEMURAFENIB

Heidorn, S.J., Milagre, C., Whittaker, S. et al. Kinase-dead BRAF and
oncogenic RAS cooperate to drive tumor progression through CRAF. Cell
2010, 140(2): 209-21.

Poulikakos, P.I., Zhang, C., Bollag, G., Shokat, K.M., Rosen, N. RAF
inhibitors transactivate RAF dimers and ERK signalling in cells with wild-
type BRAF. Nature 2010, 464(7287): 427-30.

Nazarian, R., Shi, H., Wang, Q. et al. Melanomas acquire resistance to B-
RAF(V600E) inhibition by RTK or N-RAS upregulation. Nature 2010,
468(7326): 973-7.

Villanueva, J., Vultur, A., Lee, JT. et al. Acquired resistance to BRAF
inhibitors mediated by a RAF kinase switch in melanoma can be overcome
by cotargeting MEK and IGF-1R/PI3K. Cancer Cell 2010, 18(6): 683-95.

Smalley, K.S., Haass, N.K., Brafford, P.A., Lioni, M., Flaherty, K.T., Herlyn,
M. Multiple signaling pathways must be targeted to overcome drug resist-
ance in cell lines derived from melanoma metastases. Mol Cancer Ther
2006, 5(5): 1136-44.

Lasithiotakis, K.G., Sinnberg, TW., Schittek, B. et al. Combined inhibition
of MAPK and mTOR signaling inhibits growth, induces cell death, and
abrogates invasive growth of melanoma cells. J Invest Dermatol 2008,
128(8): 2013-23.

Johannessen, C.M., Boehm, J.S., Kim, SY. et al. COT drives resistance to
RAF inhibition through MAP kinase pathway reactivation. Nature 2010,
468(7326): 968-72..

199




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


