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i nhi bi tor of phosphatidylinositol 3-kinase (Pl 3-kinase or PI3K) and an

i nhibitor of mtogen activated protein-lkinase ki nase (MEK) descri bed
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circles, small dashed |ines, n=10), GDC-0941 (50 ng/ kg, Q, PO half-filled
boxes, dashed lines, n=5), GC 973 (5 ng/ kg, QO PO filled triangles,

| ar ge daswedoitose®p n=5), or the conbination of GDC 094PCarm2@GD06s09Y 3
(filled dianmonds, solid lines, n=5). Caliper neasurenents of aninals'
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structures and formulas. Wiile the invention will be 5 described in
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The phrase "pharmaceutically acceptable salt” as used herein, refers to
phar maceutical |y acceptable organic or inorganic salts of a conpound of the
i nventi orwoBRaEmsk@ny salts include, 10 but are not |i m ed/EPc@odedifiat e,
citrate, acetate, oxalate, chloride, bromde, iodide, nitrate, bisul- fate,
phosphate, acid phosphate, isonicotinat¥e, |actate, salicylate, acid
citrate, tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate,
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5 particularly beneficial in RAS/ RAF nutant patients with |ocally advanced
or netastatic solid tunors. The invention relates to nethods of treating a
pati ent woholiosad2by advanced or netastatic solid tunor #CREPR010/065149
4- (2-(1Hi ndazol - 4-y1) - 6-44- (net hyl sul fonyl ) pi perazi n-1-yl)nmethyl )thieno [3
,2-d]- pyrimdin-4-yl)norpholine (1), &-so known as GDC- 0941, or
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as described in the nethods herein, including 20 GDC- 0973/ XL-518 (I11), is
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pati ent e{:eon%:%rr%rlllc% i nbl nation with a MEK i nhibitor selected from
Tabl e ii FHEIrdd I%§F -518. I n anot her enbodi nent of the present
invention relates to a nethod of treating a patient with [ocally advanced
or et asgat 5Ghews tembivatumso GNP L09il ngd &id40033 &r(A)ghd M(Hawdl G@tute miyeloid
concurrent-20 |y GDC-0941 %W%‘;and GDC- 0973/ XL-518 (|11 | n anot her
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currs ”%Yhe%t@@ﬁ%n(o'fbnﬁowffﬁ)ﬁd“@ﬁco@w (tf 'I!e@ dMESnd® rQ;bl%l 1iRts, aeheespdef rom
Tabl'e 1, including GDC 0973/ XL-518 (I11), wherein said patient’is on a
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MEK i nhi bi t or Tahl e in / 8 f.or )
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enbodi nent of the present invention there is provided a nmethod of treating
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e S008I PR AR 2o 0,
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stered with both GDC 0941 ﬁ g? E inhi bitor selected from Tabl e, 1,
i ncl uditFginesNEer a9 78AHS WIS CE; COnoE oYl S St HYGS, PRREM b0 T Podefa g o
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perties, Selection and Use. (2002) Zurich: Wiley-VCH; Berge et al, Journal of Pharmaceutical
Sciences (1977) 66(1) 1 19; Gould, International J. of Pharmaceutics (1986) 33 201 217; Ander-
son et al, The Practice of Medicinal Chemistry (1996), Academic Press, New York; Remington’s
Pharmaceutical Sciences, 18™ ed., (1995) Mack Publishing Co., Easton PA; and in The Orange
Book (Food & Drug Administration, Washington, D.C. on their website).

If the compound of the invention is an acid, the desired pharmaceutically acceptable salt may be
prepared by any suitable method, e.g., treatment of the free acid with an inorganic or organic
base, such as an amine (primary, secondary or tertiary), an alkali metal hydroxide or alkaline
carth metal hydroxide, or the like. Illustrative examples of suitable salts include, but are not
limited to, organic salts derived from amino acids, such as glycine and arginine, ammonia,
primary, secondary, and tertiary amines, and cyclic amines, such as piperidine, morpholine and
piperazine, and inorganic salts derived from sodium, calcium, potassium, magnesium,

manganese, iron, copper, zinc, aluminum and lithium.

The phrase "pharmaceutically acceptable" indicates that the substance or composition must be
compatible chemically and/or toxicologically, with the other ingredients comprising a formula-

tion, and/or the mammal being treated therewith.

A "solvate" refers to a physical association or complex of one or more solvent molecules and a
compound of the invention. The compounds of the invention may exist in unsolvated as well as
solvated forms. Examples of solvents that form solvates include, but are not limited to, water,
isopropanol, ethanol, methanol, DMSO, ethyl acetate, acetic acid, and ethanolamine. The term
"hydrate" refers to the complex where the solvent molecule is water. This physical association
involves varying degrees of ionic and covalent bonding, including hydrogen bonding. In certain
instances the solvate will be capable of isolation, e.g. when one or more solvent molecules are
incorporated in the crystal lattice of the crystalline solid. Preparation of solvates is generally
known, e.g., Caira et al, J. Pharmaceutical Sci., 93(3), 601 611 (2004). Similar preparations of
solvates, hemisolvate, hydrates and the like are described by van Tonder et al, AAPS
PharmSciTech., 5(1), article 12 (2004); and Bingham et al, Chem. Commun., 603 604 (2001). A
typical, non-limiting, process involves dissolving the inventive compound in desired amounts of
the desired solvent (organic or water or mixtures thereof) at a higher than ambient temperature,
and cooling the solution at a rate sufficient to form crystals which are then isolated by standard
methods. Analytical techniques such as, e.g. L.LR. spectroscopy, show the presence of the solvent

(or water) in the crystals as a solvate (or hydrate).

$



$ N --

~--) OHCH2 7 FHN OHO# NED--OH OH 8 CH3 HOO HN 0 0 -19- Cnpd

No. Structure 9 HOCH3 0 O HNO 10 HNO N . OH\ CH2 11 * NH * ,OH 12

10

15

20

25

30

WO 2011/054620 PCT/EP2010/065149

-8-

Despite recent advances in human tumor profiling and small and large molecule drug design
leading to the discovery of targeted therapeutics that have altered the history of the diseases for
which they were initially developed, the overall success rate of targeted agents in oncology is,
however, still rather low, which may be partially explained by the heterogeneity of many cancers
as well as the complex pathways in which the targets act, which involve multiple redundant

pathways and cross-talk among many molecular pathways.

One way to approach this problem is to treat tumors with a combination of targeted agents, such
as targeting both the MAPK/ERK pathway and the PI3K/AKT/mTOR pathway. These are path-
ways that independently and together drive proliferation in many tumors and are usually activa-
ted in tumors by a number of genomic events. This approach has a dual benefit: it has the poten-
tial to increase the initial tumor response rate in tumors driven by multiple oncogenic events, as
well as to decrease the rates of acquired resistance that could occur with either agent alone. This
is due to the inhibition of the activating compensatory pathways, which would then prolong the

activity of the combination over the activity seen by either agent alone.

PI3K—AKT pathway activation has been implicated in several types of cancer (Ward et al.,

Chem Biol 2003;10:207—13; Cantley, In: The Harvey Lectures, Series 100, 2004—2005. Hobo-
ken: John Wiley and Sons Inc.,2006:103—22). Activating and transforming mutations in the
p110a subunit of PI3K are commonly found in tumors (Bachman et al., Cancer Biol Ther 2004;
3:772-5; Samuels et al., Science 2004;304:554; Karakas et al., BrJ Cancer 2006; 94:455-9). In
addition, the pathway is activated in numerous types of cancer by receptor tyrosine kinase signal-

ing, RAS mutations, or the loss of the phosphatase PTEN (Cantley, Science 2002;296:1655—7).

Targeting either of these pathways individually can attenuate signaling and has been shown to be
efficacious in some animal models (Folkes et al., J Med Chem 2008;51:5522—32; Hoeflich et al,,
Clin Cancer Res, 2009 15(14):4649-4664)). However, in many tumors, cell proliferation and
survival are driven through multiple effector pathways, such as in tumors with concurrent active-
tion of the RAS and PI3K pathways, as is seen frequently in melanoma, lung cancer, and colo-
rectal cancer. In these cases, targeting both of these pathways non-clinically has been shown to
be significantly more efficacious than targeting either pathway alone. For example, MEK and
PI3K inhibitors have demonstrated improved combination efficacy in KRAS mutant mouse
models of lung cancer or breast cancer compared with the single agents (Engelman et al., Nat
Med 2008;14:1351—-6; Hoeflich et al., Clin Cancer Res, 2009 15(14):4649-4664)). Nonclinical

data demonstrating in vitro and in vivo combination efficacy of a MEK inhibitor and a PI3K
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inhibitor are described herein and in US2009/0098135, the content of which is incorporated
herein by reference. Because non-clinical models suggests that inhibition of both the PI3K and
MEK pathways results in improved efficacy particularly in RAF and RAS mutant genotypes.
Hence, a MEK (such as GDC-0973) and PI3K (such as GDC-0941) inhibitor combination is
particularly beneficial in RAS/RAF mutant patients with locally advanced or metastatic solid

tumors.

The invention relates to methods of treating a patient with locally advanced or metastatic solid
tumors with 4-(2-(1H-indazol-4-yl)-6-((4-(methylsulfonyl)piperazin-1-yl)methyl)thieno[3,2-d]-
pyrimidin-4-yl)morpholine (I), also known as GDC-0941, or (S)-1-(4-((2-(2-aminopyrimidin-5-
yl)-7-methyl-4-morpholinothieno[3,2-d|pyrimidin-6-yl)methyl)piperazin-1-yl)-2-hydroxy-
propan-1-one (II) (US 2008/0076768; WO 2006/046031), both of which inhibit PI3K, in combi-
nation with an inhibitor of MEK described in US2009/0156576, the content of which is incor-

porated herein by reference in its entirety.

“ we (LI
m "
GDC-0941 or II may be prepared following the methods described in US 2008/0076768,
US2008/0207609, US2008/0207611 and US2009/0131429 (the content of which are incorpo-

rated herein by reference in their entirety).

The MEK inhibitor useful in combination with GDC-0941, an inhibitor of PI3K, to treat patients
with locally advanced or metastatic solid tumors, as described in the methods herein, including
GDC-0973/XL-518 (1), is listed below in Table 1. MEK inhibitors of Table 1 including GDC-
0973/XL-518 may be prepared following the methods described in US2009/0156576.
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In one embodiment of the invention there is provided a method of treating a patient with locally

advanced or metastatic solid tumors with 4-(2-(1H-indazol-4-yl)-6-((4-(methylsulfonyl)piper-

azin-1-yl)methyl)thieno[3,2-d]pyrimidin-4-yl)morpholine, also known as GDC-0941, an inhibi-
5 tor of PI3K, in combination with an inhibitor of MEK described herein.

In another embodiment of the present invention there is provided a method of treating a patient
with locally advanced or metastatic solid tumors comprising administering to said patient con-
currently GDC-0941 in combination with a MEK inhibitor selected from Table 1, including
GDC-0973/XL-518.

10 In one embodiment of the invention there is provided a method of treating a patient with locally
advanced or metastatic solid tumors with (S)-1-(4-((2-(2-aminopyrimidin-5-yl)-7-methyl-4-mor-
pholinothieno[3,2-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-hydroxypropan-1-one (II), an

inhibitor of PI3K, in combination with an inhibitor of MEK described in herein.

In another embodiment of the present invention there is provided a method of treating a patient

15  with locally advanced or metastatic solid tumors comprising administering to said patient con-
currently Il in combination with a MEK inhibitor selected from Table 1, including GDC-
0973/XL-518.

In another embodiment of the present invention relates to a method of treating a patient with
locally advanced or metastatic solid tumors comprising administering to said patient concurrent-

20 1y GDC-0941 (I) and GDC-0973/XL-518 (III).

In another embodiment the present invention relates to a method of treating a patient with locally
advanced or metastatic solid tumors comprising administering to said patient concurrently Il and

GDC-0973/XL-518 (III).

In another embodiment of the present invention there is provided a method of treating a patient

25 with locally advanced or metastatic solid tumors comprising administering to said patient con-
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currently GDC-0941 (I) in combination with a MEK inhibitor selected from Table 1, including
GDC-0973/XL-518 (1II), wherein said patient is on a 28-day cycle in which said patient is ad-
ministered with both GDC-0941 and a MEK inhibitor selected from Table 1, including GDC-
0973/XL-518 for 21 consecutive days, and no GDC-0941 or a MEK inhibitor selected from

5 Table 1, including GDC-0973/XL-518 for the next 7 consecutive days.

In another embodiment of the present invention there is provided a method of treating a patient
with locally advanced or metastatic solid tumors comprising administering to said patient con-
currently GDC-0941 in combination with a MEK inhibitor selected from Table 1, including
GDC-0973/XL-518, wherein said patient is on a 28-day cycle in which said patient is admini-

10 stered with both GDC-0941 and a MEK inhibitor selected from Table 1, including GDC-
0973/XL-518 for 14 consecutive days, and no GDC-0941 or a MEK inhibitor selected from
Table 1, including GDC-0973/XL-518 for the next 14 consecutive days.

In another embodiment of the present invention there is provided a method of treating a patient
with locally advanced or metastatic solid tumors comprising administering to said patient con-

15 currently GDC-0941 in combination with a MEK inhibitor selected from Table 1, including
GDC-0973/XL-518, wherein said patient is on a 28-day cycle in which said patient is admini-
stered with both GDC-0941 and a MEK inhibitor selected from Table 1, including GDC-
0973/XL-518 for 21 consecutive days, and no GDC-0941 or a MEK inhibitor selected from
Table 1, including GDC-0973/XL-518 for the next 7 consecutive days.

20 In another embodiment of the present invention there is provided a method of treating a patient
with locally advanced or metastatic solid tumors comprising administering to said patient con-
currently GDC-0941 and GDC-0973/XL-518, wherein said patient is on a 28-day cycle in which
said patient is administered with both GDC-0941 and GDC-0973/XL-518 for 14 consecutive
days, and no GDC-0941 or GDC-0973/XL-518 for the next 14 consecutive days.

25 In another embodiment of the present invention there is provided a method of treating a patient
with locally advanced or metastatic solid tumors comprising administering to said patient con-
currently II and GDC-0973/XL-518, wherein said patient is on a 28-day cycle in which said
patient is administered with both I and GDC-0973/XL-518 for 14 consecutive days, and no 11
or GDC-0973/XL-518 for the next 14 consecutive days.

30 In another embodiment of the present invention there is provided a method of treating a patient
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with locally advanced or metastatic solid tumors comprising administering to said patient con-
currently 80mg, 100mg, 130mg or 180mg of GDC-0941 or II in combination with 20mg, 40mg
or 60mg of a MEK inhibitor selected from Table 1, including GDC-0973/XL-518.

In another embodiment of the present invention there is provided a method of treating a patient

5 with locally advanced or metastatic solid tumors comprising administering to said patient con-
currently 80mg, 100mg, 130mg or 180mg of GDC-0941 or II and 20mg, 40mg or 60mg of
GDC-0973/XL-518.

In another embodiment of the present invention there is provided a method of treating a patient
with locally advanced or metastatic solid tumors comprising administering to said patient con-

10  currently 80mg, 100mg, 130mg or 180mg of GDC-0941 or II in combination with 20mg, 40mg
or 60mg of a MEK inhibitor selected from Table 1, including GDC-0973/XL-518, wherein said
patient is on a 28-day cycle in which said patient is administered with both GDC-0941 or II and
MEK inhibitor selected from Table 1, including GDC-0973/XL-518 for 21 consecutive days, and
no GDC-0941 or II or a MEK inhibitor selected from Table 1, including GDC-0973/XL-518 for

15 the next 7 consecutive days.

In another embodiment of the present invention there is provided a method of treating a patient
with locally advanced or metastatic solid tumors comprising administering to said patient con-
currently 80mg, 100mg, 130mg or 180mg of GDC-0941 or II in combination with 20mg, 40mg
or 60mg of a MEK inhibitor selected from Table 1, including GDC-0973/XL-518, wherein said
20 patient is on a 28-day cycle in which said patient is administered with both GDC-0941 or II and
a MEK inhibitor selected from Table 1, including GDC-0973/XL-518 for 14 consecutive days,
and no GDC-0941 or II or a MEK inhibitor selected from Table 1, including GDC-0973/XL-518

for the next 14 consecutive days.

In another embodiment of the present invention there is provided a method of treating a patient

25 with locally advanced or metastatic solid tumors comprising administering to said patient con-
currently 80mg, 100mg, 130mg or 180mg of GDC-0941 or II and 20mg, 40mg or 60mg of GDC-
0973/XL-518, wherein said patient is on a 28-day cycle in which said patient is administered
with both GDC-0941 or II and GDC-0973/XL-518 for 21 consecutive days, and no GDC-0941
or Il or GDC-0973/XL-518 for the next 7 consecutive days.

30 In another embodiment of the present invention there is provided a method of treating a patient
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with locally advanced or metastatic solid tumors comprising administering to said patient con-
currently 80mg, 100mg, 130mg or 180mg of GDC-0941 or II and 20mg, 40mg or 60mg of GDC-
0973/XL-518, wherein said patient is on a 28-day cycle in which said patient is administered
with both GDC-0941 or II and GDC-0973/XL-518 for 14 consecutive days, and no GDC-0941
or Il or GDC-0973/XL-518 for the next 14 consecutive days.

In another embodiment of the present invention there is provided methods of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors with 4-(2-(1H-indazol-4-yl)-
6-((4-(methylsulfonyl)piperazin-1-yl)methyl)thieno[3,2-d]pyrimidin-4-yl)morpholine, also
known as GDC-0941, an inhibitor of PI3K, in combination with an inhibitor of MEK described

in herein.

In another embodiment of the present invention there is provided methods of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors with (S)-1-(4-((2-(2-amino-
pyrimidin-5-yl)-7-methyl-4-morpholinothieno[3,2-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-
hydroxypropan-1-one (II), an inhibitor of PI3K, in combination with an inhibitor of MEK

described in herein.

In another embodiment of the present invention there is provided a method of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors comprising administering to
said patient concurrently GDC-0941 or Il in combination with a MEK inhibitor selected from
Table 1, including GDC-0973/XL-518.

In another embodiment of the present invention there is provided a method of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors comprising administering to

said patient concurrently GDC-0941 or 11 and GDC-0973/XL-518.

In another embodiment of the present invention there is provided a method for the treatment of a
patient with a locally advanced or metastatic solid tumor comprising administering a therapeutic
combination, as a combined formulation or by alternation, to a mammal wherein the therapeutic
combination comprises a therapeutically effective amount of a compound of formula I or II, or a
pharmaceutically acceptable salt of I or 11, and a therapeutically effective amount of a compound
of formula I1I, or a pharmaceutically acceptable salt of II1, wherein said locally advanced or

metastatic solid tumors are subject to abnormal regulation of the RAS/RAF/MEK/ERK pathway.
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In another embodiment of the present invention there is provided a method for the treatment of a
patient with a locally advanced or metastatic solid tumor comprising administering a therapeutic
combination, as a combined formulation or by alternation, to a mammal wherein the therapeutic
combination comprises a therapeutically effective amount of a compound of formula I or II, or a
pharmaceutically acceptable salt of I or 11, and a therapeutically effective amount of a compound
of formula I1I, or a pharmaceutically acceptable salt of II1, wherein said locally advanced or

metastatic solid tumors express mutations of the RAS or RAF genes.

In another embodiment of the present invention there is provided a method for the treatment of a
patient with a locally advanced or metastatic solid tumor comprising administering a therapeutic
combination, as a combined formulation or by alternation, to a mammal wherein the therapeutic
combination comprises a therapeutically effective amount of a compound of formula I or II, or a
pharmaceutically acceptable salt of I or 11, and a therapeutically effective amount of a compound
of formula I1I, or a pharmaceutically acceptable salt of II1, wherein said locally advanced or

metastatic solid tumors are subject to abnormal regulation of the PI3K signaling pathway.

In another embodiment of the present invention there is provided a method for the treatment of a
patient with a locally advanced or metastatic solid tumor comprising administering a therapeutic
combination, as a combined formulation or by alternation, to a mammal wherein the therapeutic
combination comprises a therapeutically effective amount of a compound of formula I or II, or a
pharmaceutically acceptable salt of I or 11, and a therapeutically effective amount of a compound
of formula I1I, or a pharmaceutically acceptable salt of II1, wherein said locally advanced or
metastatic solid tumors over-express PI3K or Akt, ¢.g. wherein said locally advanced or meta-
static solid tumors express mutations of the PI3K gene or wherein said locally advanced or meta-

static solid tumors exhibit loss of the tumor suppressor phosphatase and tensin homolog (PTEN).

In another embodiment of the present invention there is provided a method for the treatment of a
patient with a locally advanced or metastatic solid tumor comprising administering a therapeutic
combination, as a combined formulation or by alternation, to a mammal wherein the therapeutic
combination comprises a therapeutically effective amount of a compound of formula I or II, or a
pharmaceutically acceptable salt of I or 11, and a therapeutically effective amount of a compound
of formula I1I, or a pharmaceutically acceptable salt of II1, wherein said locally advanced or
metastatic solid tumors are selected from the group consisting of pancreatic adenocarcinoma,
colorectal adenocarcinoma, non-small cell lung cancer, malignant melanoma, papillary thyroid

cancer, breast, ovarian and endometrial cancer.
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In another embodiment of the present invention there is provided a method of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors comprising administering to
said patient concurrently GDC-0941 or Il in combination with a MEK inhibitor selected from
Table 1, including GDC-0973/XL-518, wherein said patient is on a 28-day cycle in which said
patient is administered with both GDC-0941 or II and a MEK inhibitor selected from Table 1,
including GDC-0973/XL-518 for 21 consecutive days, and no GDC-0941 or Il or a MEK in-
hibitor selected from Table 1, including GDC-0973/XL-518 for the next 7 consecutive days.

In another embodiment of the present invention there is provided a method of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors comprising administering to
said patient concurrently GDC-0941 or Il in combination with a MEK inhibitor selected from
Table 1, including GDC-0973/XL-518, wherein said patient is on a 28-day cycle in which said
patient is administered with both GDC-0941 or II and a MEK inhibitor selected from Table 1,
including GDC-0973/XL-518 for 14 consecutive days, and no GDC-0941 or II or a MEK inhibit-
tor selected from Table 1, including GDC-0973/XL-518 for the next 14 consecutive days.

In another embodiment of the present invention there is provided a method of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors comprising administering to
said patient concurrently GDC-0941 or Il in combination with a MEK inhibitor selected from
Table 1, including GDC-0973/XL-518, wherein said patient is on a 28-day cycle in which said
patient is administered with both GDC-0941 or II and a MEK inhibitor selected from Table 1,
including GDC-0973/XL-518 for 21 consecutive days, and no GDC-0941 or II or a MEK inhi-
bitor selected from Table 1, including GDC-0973/XL-518 for the next 7 consecutive days.

In another embodiment of the present invention there is provided a method of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors comprising administering to
said patient concurrently GDC-0941 or II and GDC-0973/XL-518, wherein said patient is on a
28-day cycle in which said patient is administered with both GDC-0941 or II and GDC-
0973/XL-518 for 14 consecutive days, and no GDC-0941 or Il or GDC-0973/XL-518 for the

next 14 consecutive days.

In another embodiment of the present invention there is provided a method of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors comprising administering to
said patient concurrently 80mg, 100mg, 130mg or 180mg of GDC-0941 or II in combination
with 20mg, 40mg or 60mg of a MEK inhibitor selected from Table 1, including GDC-0973/XL-
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518.

In another embodiment of the present invention there is provided a method of treating a patient

with RAS/RAF mutant locally advanced or metastatic solid tumors comprising administering to

said patient concurrently 80mg, 100mg, 130mg or 180mg of GDC-0941 or II and 20mg, 40mg or
5 60mg of GDC-0973/XL-518.

In another embodiment of the present invention there is provided a method of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors comprising administering to
said patient concurrently 80mg, 100mg, 130mg or 180mg of GDC-0941 or II in combination
with 20mg, 40mg or 60mg of a MEK inhibitor selected from Table 1, including GDC-0973/XL-

10 518, wherein said patient is on a 28-day cycle in which said patient is administered with both
GDC-0941 or II and MEK inhibitor selected from Table 1, including GDC-0973/XL-518 for 21
consecutive days, and no GDC-0941 or II or a MEK inhibitor selected from Table 1, including
GDC-0973/XL-518 for the next 7 consecutive days.

In another aspect, the invention relates to a method of treating a patient with RAS/RAF mutant
15 locally advanced or metastatic solid tumors comprising administering to said patient concurrent-
ly 80mg, 100mg, 130mg or 180mg of GDC-0941 or Il in combination with 20mg, 40mg or 60mg
of a MEK inhibitor selected from Table 1, including GDC-0973/XL-518, wherein said patient is
on a 28-day cycle in which said patient is administered with both GDC-0941 or Il and a MEK
inhibitor selected from Table 1, including GDC-0973/XL-518 for 14 consecutive days, and no
20 GDC-0941 or 1T or a MEK inhibitor selected from Table 1, including GDC-0973/XL-518 for the

next 14 consecutive days.

In another embodiment of the present invention there is provided a method of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors comprising administering to
said patient concurrently 80mg, 100mg, 130mg or 180mg of GDC-0941 or II and 20mg, 40mg or

25  60mg of GDC-0973/XL-518, wherein said patient is on a 28-day cycle in which said patient is
administered with both GDC-0941 or Il and GDC-0973/XL-518 for 21 consecutive days, and no
GDC-0941 or II or GDC-0973/XL-518 for the next 7 consecutive days.

In another embodiment of the present invention there is provided a method of treating a patient
with RAS/RAF mutant locally advanced or metastatic solid tumors comprising administering to

30 said patient concurrently 80mg, 100mg, 130mg or 180mg of GDC-0941 or II and 20mg, 40mg or
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60mg of GDC-0973/XL-518, wherein said patient is on a 28-day cycle in which said patient is
administered with both GDC-0941 or Il and GDC-0973/XL-518 for 14 consecutive days, and no
GDC-0941 or II or GDC-0973/XL-518 for the next 14 consecutive days.

In another aspect, methods of treatments of the invention include those comprising administering
5 GDC-0941 or II and a MEK inhibitor selected from Table 1, including GDC-0973/XL-518 in the

form of various pharmaceutically acceptable salts and/or pharmaceutical compositions.

The PI3K inhibitor GDC-0941 (I), Il and MEK inhibitors described herein such as those in Table
1, including GDC-0973/XL-518 (II) include all stereoisomers, geometric isomers, tautomers,

metabolites and pharmaceutically acceptable salts thereof.

10  Pharmaceutical compositions of the invention may further comprise pharmaceutically acceptable

carriers, diluents or excipients.
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RAS/RAF mutational status in patients with locally advanced or metastatic solid tumors may be
determined from tumor tissue samples from patients using methods known in the art, e.g. to
ascertain the presence or absence of BRaf (¢.g., BRaf Y*°°"), NRas or KRas muations described

above.

The PI3K inhibitor GDC-0941 and MEK inhibitors including GDC-0973/XL518 of the present
invention may exist in unsolvated as well as solvated forms with pharmaceutically acceptable
solvents such as water, ethanol, and the like, and it is intended that the invention embrace both

solvated and unsolvated forms.

The PI3K inhibitor GDC-0941 and MEK inhibitors including GDC-0973/XL518 of the present
invention may also exist in different tautomeric forms, and all such forms are embraced within
the scope of the invention. The term "tautomer" or "tautomeric form" refers to structural isomers
of different energies which are interconvertible via a low energy barrier. For example, proton
tautomers (also known as prototropic tautomers) include interconversions via migration of a
proton, such as keto-enol and imine-enamine isomerizations. Valence tautomers include inter-

conversions by reorganization of some of the bonding electrons.

The PI3K inhibitor GDC-0941 and MEK inhibitors including GDC-0973/XL518 of the present
invention may also be isotopically-labeled, i.c., one or more atoms are replaced by an atom
having an atomic mass or mass number different from the atomic mass or mass number usually
found in nature. All isotopes of any particular atom as specified are contemplated within the
scope of the compounds of the invention, and their uses. Exemplary isotopes that can be incor-
porated into the PI3K inhibitor GDC-0941 and MEK inhibitors including GDC-0973/XL518 in-
clude isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, chlorine and
iodine, such as 2H, *H, ''C, 1°C, 1c, BN, 5N, 150, 70, %0, ?p, P, 353, 8F, 3Cl, %] and 'Z.
Certain isotopically-labeled compounds of the present invention (e.g., those labeled with *H and
'C) are useful in compound and/or substrate tissue distribution assays. Tritiated CH) and
carbon-14 ('*C) isotopes are useful for their case of preparation and detectability. Further, sub-
stitution with heavier isotopes such as deuterium (*H) may afford certain therapeutic advantages
resulting from greater metabolic stability (e.g., increased in vivo half-life or reduced dosage re-
quirements) and hence may be preferred in some circumstances. Positron emitting isotopes such
as "0, PN, "'C and "°F are useful for positron emission tomography (PET) studies to examine
substrate receptor occupancy. Isotopically labeled compounds of the present invention can

generally be prepared by substituting an isotopically labeled reagent for a non-isotopically
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labeled reagent.

The PI3K inhibitor GDC-0941 and MEK inhibitors including GDC-0973/XL518 of the present
invention may be administered in the form of a pharmaceutical composition comprising GDC-
0941 and a pharmaceutical composition comprising a MEK inhibitor including GDC-

5 0973/XL518, wherein said pharmaceutical compositions comprise one or more pharmaceutically

acceptable carrier, glidant, diluent, or excipient.

Suitable carriers, diluents and excipients are well known to those skilled in the art and include
materials such as carbohydrates, waxes, water soluble and/or swellable polymers, hydrophilic or
hydrophobic materials, gelatin, oils, solvents, water and the like. The particular carrier, diluent
10  or excipient used will depend upon the means and purpose for which the compound of the pre-
sent invention is being applied. Solvents are generally selected based on solvents recognized by
persons skilled in the art as safe (GRAS) to be administered to a mammal. In general, safe sol-
vents are non-toxic aqueous solvents such as water and other non-toxic solvents that are soluble
or miscible in water. Suitable aqueous solvents include water, ethanol, propylene glycol, poly-
15 ethylene glycols (e.g., PEG 400, PEG 300), etc. and mixtures thereof. The compositions may
also include one or more buffers, stabilizing agents, surfactants, wetting agents, lubricating
agents, emulsifiers, suspending agents, preservatives, antioxidants, opaquing agents, glidants,
processing aids, colorants, sweeteners, perfuming agents, flavoring agents and other known
additives to provide an elegant presentation of the drug (i.e., a compound of the present inven-
20 tion or pharmaceutical composition thereof) or aid in the manufacturing of the pharmaceutical

product (i.c., medicament).

The compositions may be prepared using conventional dissolution and mixing procedures. For

example, the bulk drug substance (i.e., compound of the present invention or stabilized form of

the compound (e.g., complex with a cyclodextrin derivative or other known complexation agent)
25 s dissolved in a suitable solvent in the presence of one or more of the excipients described

above.

The pharmaceutical compositions include those suitable for the administration routes detailed

herein. The compositions may conveniently be presented in unit dosage form and may be pre-

pared by any of the methods well known in the art of pharmacy. Techniques and formulations
30 generally are found in Remington's Pharmaceutical Sciences 18™ Ed. (1995) Mack Publishing

Co., Easton, PA. Such methods include the step of bringing into association the active ingredient
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with the carrier which constitutes one or more accessory ingredients. In general the formulations
are prepared by uniformly and intimately bringing into association the active ingredient with

liquid carriers or finely divided solid carriers or both, and then, if necessary, shaping the product.

Also falling within the scope of this invention are methods of treating a patient with locally ad-
5 vanced or metastatic solid tumors with the combination of the in vivo metabolic products of
GDC-0941 and MEK inhibitors described herein including GDC-0973/XL-518, in accordance to
the regimens described above. Such products may result e.g. from the oxidation, reduction,
hydrolysis, amidation, deamidation, esterification, deesterification, enzymatic cleavage, and the

like, of the administered compound.
10 EXAMPLES

In order to illustrate the invention, the following examples are included. However, it is to be
understood that these examples do not limit the invention and are only meant to suggest a

method of practicing the invention.

Example 1: In vitro combination efficacy of GDC-0941 and GDC-0973 in a set of
15 melanoma and NSCLC cell lines using a 4-day CellTiterGlo viability assay

Calcusyn, a program utilizing the Chou and Talalay (1984) method of calculating synergy, was
used to calculate the combination index and, thus, determine the level of synergy (Figure 1).
Strong synergy, as indicated by combination index values < 0.3, was observed in the majority of
melanoma cell lines, about 60% of which carry oncogenic mutations in BRAF. Synergy, as

20 indicated by combination index values < 0.7, or strong synergy was observed in all but one of the

NSCLC cell lines, of which about half carry oncogenic mutations in KRAS.

Example 2: GDC-0973 and GDC-0941 as therapeutic agents in NCI-H2122 (NSCLC,
KRAS®C, PI3K/PTEN WT) and A2058 (Melanoma, BRAF"*"", PTEN™")

xenograft models

25 Both of these models show moderate sensitivity to GDC-0973 or GDC-0941 as single agents;
however, neither has exquisite sensitivity to either drug alone, resulting in tumor growth delay,
but not stasis or regression. Therefore, pathway activity for both MEK and PI3K is evident in
cach model, making these relevant models to test combinations of MEK and PI3K inhibitors.

NCI-H2122 tumor-bearing animals were treated with GDC-0973 (5 mg/kg, daily), GDC-0941
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(50 mg/kg, daily) or the combination. NCI-H2122 tumors showed sensitivity to single agent
GDC-0973 with tumor growth inhibition (TGI, relative to vehicle control) of 57% in the 5 mg/kg
QD arm (Figure 2). Likewise, NCI-H2122 tumors are also sensitive to single agent GDC-0941
with a TGI of 73% in the 30 mg/kg arm (Figure 2). The combination of GDC-0973 and
GDC-0941 resulted in a marked improvement in efficacy over either single agent at both dose
levels, resulting in 98% TGI, or tumor stasis (Figure 2). Student’s t-tests comparing the mode-
rate doses of GDC-0973 or GDC-0941 to the combination of the two agents revealed that the
anti-tumor effect was statistically significant (Student’s t-test p = 0.032, p = 0.046, respectively,
on Day 21; Figure 2). GDC-0973 and GDC-0941 were well tolerated when administered alone
and in combination, even at higher doses of GDC-0973 at 10 mg/kg, daily with GDC-0941 at
100 mg/kg, daily (data not shown). These data show that GDC-0973 and GDC-0941 have a
significant impact on tumor growth in the NCI-H2122 NSCLC xenograft model when used in

combination.

Example 3: Moderate and high doses of GDC-0973 (6 and 10 mg/kg, daily) and
GDC-0941 (30 and 100 mg/kg, daily) as well as combinations of the lower

and higher doses in A2058 tumor-bearing animals

Similar to NCI-H2122, A2058 tumors also show moderate sensitivity to single agent GDC-0973
with TGIs of 41% at 6 mg/kg and 62% at 10 mg/kg (Figure 3A and B, respectively). Likewise,
A2058 tumors are also moderately sensitive to single agent GDC-0941 with TGIs of 18% at 30
mg/kg and 56% at 100 mg/kg (Figure 3A and B, respectively). The combination of GDC-0973
and GDC-0941 results in a marked improvement in efficacy over either single agent, resulting in
an improvement to 69% TGI at lower doses and 90% TGI at higher doses, approaching tumor
stasis (Figure 3A and B, respectively). Student’s t-tests comparing the moderate doses of
GDC-0973 or GDC-0941 to the combination of the two agents revealed that the anti-tumor effect
was statistically significant (p = 0.048, p = 0.008, respectively, on Day 17). Similarly, com-
parison of the high doses of GDC-0973 or GDC-0941 to the combination revealed a significant
difference (Student’s t-test p = 0.001, p = 0.004, respectively, on Day 17). Combination of
GDC-0973 and GDC-0941 did not result in any obvious adverse effects for the mice.

Example 4: Treatment of FaDu (HNSCC) tumor-bearing animals with either single agent

GDC-0973 or GDC-0941 or the combination of the two

FaDu tumors show moderate sensitivity to single agent GDC-0973 at 5 mg/kg, daily with a per-
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status will be categorized as conpl et eldlesponse, partial response, stable
di sease, or progressive disease per RECI ST. (bjective response wll be
confirmed by repeat physical exam natdlgim®r i nage-based eval uation 4 weeks
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2. The method of claim 1 wherein said therapeutic combination comprises compounds I and III.
10 3. The method of claim 1 wherein said therapeutic combination comprises compounds I and II1.

4. The method according to claim 1 wherein said patient is administered concurrently 80 mg,

100 mg, 130 mg or 180 mg of I or II and 20 mg, 40 mg, or 60 mg of I11.

5. The method of claim 1 wherein said patient is administered a compound of formula I or II in

combination with a compound of formula III wherein said patient is on a 28 day cycle in which
15  said patient is administered both the compound of formula I or II and the compound of formula

III for 21 consecutive days and no compound of formula I, IT or III for the next 7 consecutive

days.

6. The method of claim 1 wherein said patient is administered a compound of formula I or II in

combination with a compound of formula III wherein said patient is on a 28 day cycle in which



2. The nethod of claim1 wherein said therapeutic conbination conprises
conpounds! and I1l. 10 3. The nethod of claim1l wherein said therapeutic
conbi nat iwo 20tmpué28es conpounds!! and 111. 4. The net hedTareands3goto
claiml1l wherein said patient is adm nistered concurrently 80 ng, 100 ng,
130 ng or 180 ng of! or!! and 20 ny, 4@2ry, or 60 ng of!!!. 5. The nethod
of claim1 wherein said patient is adm nistered a conpound of fornula! or!!
i N conBhidgfation ivadindt@edPetiNthe @bmbouinil fotrhlla Moe IEind thatsmpatndeTtointlon a
28 day cycle in which 15 sajd patient is adm nistered both the conpound of
f or mul AT f9F 14 camgeutivs degnpstracasmpaund of formula L dber B forghe sl teanyaytéveand

no congﬁggd of fornmula!, Il or Ill for the next 7 consecutive days. WO
2011/ 0 OPCT/ EP2010/ 065149 -102- said patient is adm nistered both, the
compound of formula I or Il and the conpound of formula Il for 14

consecUt iNe wayfa asdpmomdedfpoundl of Ilfaccarding té clainh 1 gm cothbinhtgon whk amext 14
consecuti v S. 7. The use, of conmpound of .forrmula | or Il according
o oT e o EiEE S H P aS Rl d BB gt Of ehiN aenseLarcB g « o

clai m Lofi@runtdie treatnent of |ocally advanced or netastatic solid tunors.
The invention as hereinbefore descri bed.

&. The invention as hereinbefore described.



