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Figure 4. Combined RAF and EGFR inhibition
leads to improved in vivo efficacy in BRAF-
« mutant colorectal cancer. A, BRAF-mutant
il colorectal cancer xenografts derived from HT-29
2 af and WiDr cells were treated with vehicle only
< (CON), vemurafenib only (VEM, 75 mpk twice
§’ daily), erlotinib (ERL, 100 mpk daily), or both
g inhibitors (VEM/ERL) in combination for 21 days.
o Average percent change in tumor volume relative
,‘l‘ ~ to initial tumor volume is shown. Error bars
I © represent SEM.**P, 0.001 for combined
* vemurafenib/erlotinib vs. all other treatment
groups. B, waterfall plots showing the percent
change in volume (relative to initial tumor
volume) for the individual tumors in each
treatment group. C, tumor tissue from HT-29
CRC Melanoma xenografts treated for 3 days as indicated was
D evaluated by IHC for P-ERK and a marker of cell
proliferation (Ki67). Tumors were harvested
4 hours after dosing on day 3. D, levels of
P-EGFR were assessed in human BRAF-mutant
colorectal cancers (CRC) and melanomas by IHC.
Representative examples are shown. Colorectal
cancer cases with the lowest (C3) and highest
@ (C7) P-EGFR levels are shown. A total of 60%
% of BRAF-mutant colorectal cancers (n= 10)
w exhibited high levels of P-EGFR, whereas only
o 18% of BRAF-mutant melanomas (n=11)
exhibited high levels of P-EGFR (P, 0.05).
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incomplete MAPK suppression. Interestingly, although
BRAF-mutant melanoma cells had globally low levels of phos-
phorylated RTKs (perhaps explaining their exquisite sensitiv-
ity to single-agent RAF inhibitors), BRAF-mutant colorectal
cancer cells exhibited high levels of several phosphorylated
RTKs. This finding raises the possibility that other RTKs in
addition to EGFR (e.g., HER2, MET, IGF1R) could mediate
resistance to RAF inhibitors through activation of RAS and
the MAPK pathway.

In our colorectal cancer cell line models we observed
that EGFR appeared to exert dominant control over RAS
and the MAPK pathway, despite the presence of these ad-
ditional phosphorylated RTKs (Fig. 3A-C). However, it re-
mains possible that some BRAF-mutant colorectal cancers
may depend on RTKs other than EGFR. Interestingly, al-
though we detected the presence of P-EGFR in all cases of
BRAF-mutant colorectal cancer evaluated, we observed
that a subset of these cancers (60%) exhibited particularly
high P-EGFR levels (Fig. 4D). Future studies will deter-
mine whether P-EGFR levels can predict which patients
might benefit most from combined RAF/EGFR inhibition
and which might benefit from an alternative approach
[e.g., combined RAF/MEK inhibition (Supplementary
Fig. S1), currently in clinical trials for BRAF-mutant colorec-
tal cancer; ref. 19]. In summary, the improved suppression
of MAPK signaling and the substantial tumor regressions
observed in our xenograft studies support the evaluation
of combined RAF/EGFR inhibition in clinical trials for pa-
tients with BRAF-mutant colorectal cancer.

METHODS

Detailed methods are included in the Supplementary Methods.

Cell Lines, Reagents, and Patient Samples

All cell lines were grown in DMEM/F12 (GIBCO) with 10% FBS
and assayed in DMEM/F12 with 5% FBS; cell lines were obtained
from the Massachusetts General Hospital Center for Molecular
Therapeutics, which performs routine cell line authentication test-
ing by single-nucleotide polymorphism and short tandem repeat
analysis. Genotype data were obtained from the Sanger Cancer
Genome Project (www.sanger.ac.uk/genetics/CGP). Chemical in-
hibitors from the following sources were dissolved in DMSO for
in vitro studies: vemurafenib (Active Biochem); gefitinib, erlotinib,
and lapatinib (LC Laboratories); NVP-AEWS541 (Selleck Chemicals);
crizotinib (ChemieTek); and AZD6244 (Otava Chemicals). Human
tumor specimens were obtained from the Massachusetts General
Hospital under Institutional Review Board-approved studies. All
patients provided written, informed consent. BRAF mutation sta-
tus was determined by the Massachusetts General Hospital Clinical
Laboratory and Department of Pathology.

Xenograft Studies

HT-29 or WiDr cells were injected (5 X 10° cells per injection) into
the flanks of male athymic nude mice (Charles River Laboratories).
Once tumors reached an average volume of approximately 100 to 200
mm’, mice were randomized into treatment arms and tumor volume
was assessed by caliper measurements during a 21-day period. For
pharmacodynamic studies, tumor tissue was harvested and formalin-
fixed 4 hours after the morning doses of drug on the third day of
treatment. Vemurafenib and erlotinib for i vivo studies were obtained
from the Massachusetts General Hospital Pharmacy. Vemurafenib was
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formulated in 5% dimethyl sulfoxide, 1% methylcellulose, and dosed at
75 mg/kg twice daily by oral gavage. Erlotinib was formulated in poly-
sorbate and dosed at 100 mg/kg daily. Animal care and treatment was
performed in accordance with institutional guidelines.

Immunohistochemistry

Immunohistochemistry (IHC) on formalin-fixed paraffin-em-
bedded tissue was performed for P-ERK as previously described
(20). THC for P-EGFR was performed with the use of P-EGFR
Y1068 antibody (Cell Signaling 3777, 1:800 dilution in SignalStain
Antibody Diluent) according to the manufacturer’s protocol. IHC
for Ki67 was performed with the use of Ki67 antibody (Novocastra/
Leica NCL-Ki67p at 1:1000 dilution in PBS/3% bovine serum albu-
min) and developed with the use of Dako Envision Plus System/
HRP (DAB). P-EGFR IHC intensity scoring of all human colorectal
cancer and melanoma specimens was performed by the same pa-
thologists (A. Piris and M. Nishino). Intensities of 0 (no staining), 1
(low staining), 2 (intermediate staining), and 3 (high staining) were
used with P-EGFR staining in normal colonic crypts as a standard
for a score of 3.
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