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in brief

in their words
“We were devastated 
when we found out about 
the diagnosis and locked 
ourselves in our house for 
three days. We decided 
to stop feeling sorry for 
ourselves and decided 
to fight back against 
SMA.” Vincent Gaynor, 

whose three-year-old daughter, Sophie, suffers 
from spinal muscular atrophy. Gaynor, with the 
help of his union of steamfitters, has been 
raising money for Sophie’s Cure Foundation.  
(Wantagh-Seaford Patch, 10 June 2013)

Dengue clinches Takeda 
deal
Takeda Pharmaceutical of Osaka, Japan, 
has acquired vaccine developer Inviragen, a 
biotech company specializing in innovative 
vaccines for emerging infectious diseases. 
Under the May 7 deal, Takeda will pay  
$35 million upfront and up to $215 million 
in clinical and commercial milestones to 
the Fort Collins, Colorado–based biotech. 
Takeda was attracted to Inviragen’s vaccine 
expertise, and primarily its lead candidate 
DENVax, a tetravalent recombinant dengue 
fever vaccine in phase 2 testing, according to 
Rajeev Venkayya, executive vice president and 
head of Takeda’s vaccine business division. 
The acquisition brings recombinant vaccine 
technology and additional live-attenuated 
vaccine capabilities to the big pharma. Last 
October Takeda also acquired Bozeman, 
Montana–based LigoCyte Pharmaceuticals for 
its virus-like particle and inactivated vaccine 
technologies, as well as a phase 1/2 vaccine 
candidate to prevent norovirus gastroenteritis. 
In addition to innovative technologies, each 
acquisition provides a distinct geographical 
reach, Venkayya explains. The norovirus 
vaccine could initially target populations 
in more developed countries, whereas 
the Inviragen candidates “would be more 
immediately beneficial to middle- and lower-
income developing countries,” Venkayya says. 
Viren Mehta, founder and managing partner of 
Mehta Partners, a strategic and institutional 
advisory firm based in New York, says Takeda 
is taking a wise step towards the global 
vaccines market. More than half the world’s 
population is at risk of becoming infected by 
the mosquito-borne dengue viruses, which are 
endemic throughout subtropical and tropical 
regions and cause more than 20,000 deaths 
each year. “Ten years ago, nobody wanted to 
hear about how developing markets would 
drive growth similar to the developed world,” 
Mehta says. “The Inviragen and LigoCyte 
acquisitions will be positioning Takeda over 
the next several years with the right set of 
innovations.”  Aaron Bouchie

Cancer Center in Nashville, Tennessee, at 
the American Society of Clinical Oncology 
(ASCO) annual meeting in Chicago, in June.  
Inhibiting MEK along with BRAF helps 
overcome the upstream RAS mutations and 
BRAF splice variants that confer drug resis-
tance in about half of patients.  (RAS so far 
is undruggable.)

The nature of the emerging resistance 
remains unknown, because BRAF, a signal 
transduction protein kinase, unlike driver 
oncogenes in other tumors, doesn’t mutate 
the drug binding site. Growth factors in the 
tumor microenvironment seem to be impli-
cated. In July 2012, two groups reported 
that growth factor signaling from the tumor 
microenvironment drives receptor tyrosine 
kinase activation, restoring RAS-ERK sig-
naling and activating the PI3 kinase path-
way, and conferring immediate resistance 
to BRAF inhibitors  (Nature 487, 500–504 
and 505–509, 2012).  The main culprit in 
these studies was hepatocyte growth factor 
(HGF), but other growth factors have also 
been implicated.

The stage is now set for rationally choos-
ing combinations to overcome drug resis-
tance in individual patients.  Novartis in 
Basel is preparing to launch an innovative 
phase 2 melanoma trial of its new BRAF 
inhibitor, LGX818, together with experimen-
tal inhibitors of MEK, CDK 4/6, FGFR, PI3K 
and c-Met, the receptor for HGF.  The drug 
combination used for any given patient will 
depend on the exact form of that individual’s 
molecular resistance to LGX818, determined 
from biopsy samples.  “It’s a very ambitious 

trial design,” says Chapman. 
Meanwhile, melanoma immunotherapy 

is moving just as fast.  Here the resistance 
problem is different.  Because immuno-
therapy targets the immune system, not 
the tumor, mutations in driver oncogenes 
like RAS and BRAF don’t matter.  Instead, 
in response to the persistent presentation of 
tumor-associated antigens, T cells upregulate 
negative checkpoint receptors that dampen 
T-cell activity and allow tumor cells to escape 
immune cell killing.  Such T-cell “exhaus-
tion” appears to be a fundamental mecha-
nism of tumor resistance to immunotherapy.

Two such exhaustion-inducing negative 
checkpoint receptors are CTLA4 (cytotoxic 
T-lymphocyte-associated antigen 4) and 
PD-1 (programmed cell death protein-1).  
The FDA approved the anti-CTLA4 anti-
body Yervoy (ipilimumab), from Bristol-
Myers Squibb in New York, for melanoma in 
March, 2011 (Nat. Biotechnol. 29, 75, 2011), 
and the pharma’s anti-PD-1 monoclonal 
antibody nivolumab has shown impressive 
single-agent activity (Nat. Biotechnol. 30, 
729–730, 2012).  Yervoy and nivolumab 
produce objective response rates of 11% and 
31%, respectively, including some long-term 
responses and even apparent cures. (One 
phase 1 trial patient has been tumor free for 
almost 12 years.)  Researchers are struggling 
to understand why some people respond but 
the majority do not.

One possible reason is the functional 
redundancy of CTLA4 and PD-1.  The two 
molecules work differently to disable T cells. 
“PD-1 seems to interfere with the wiring of 

Table 1  Selected melanoma combination trials
Company sponsor Agents Cancer type Stage

GlaxoSmithKline Dabrafenib (BRAF inhibitor) and trametinib 
(MEK inhibitor)

BRAF V600E/K mutant 
melanoma

Phase 3

Bristol-Myers Squibb Ipilimumab and Nivolumab (anti-PD1 mAb) Melanoma Phase 3 

Bristol-Myers Squibb Ipilimumab and Zelboraf (sequentially) Melanoma Phase 2

Novartis MEK162 and AMG 479 (ganitumab) (anti-
IGFR MAb)

BRAF-mutated melanoma; 
colorectal and pancreatic

Phase 2

Novartis MEK162 and LEE011  (CDK 4/6 inhibitor) NRAS mutant melanoma Phase 2

Novartis LGX818 (BRAF inhibitor) and MEK162, 
LEE011, BGJ398 (FGFR inhibitor), 
BKM120 (PI3K inhibitor) and INC280 
(c-Met inhibitor)

BRAF-mutated melanoma; 
individual combination based 
on documented molecular  
resistance mechanism

Phase 2 
pending

Novartis LGX818 and MEK162 BRAF-dependent solid 
tumors

Phase 1b/2

Novartis MEK162 and RAF265 Solid tumors with RAS or 
BRAF mutations

Phase 1 

Genentech MPDL3280A (anti-PD-L1 mAb) and  
Zelboraf

Melanoma Phase 1b 

Genentech MPDL3280A (anti-PD-L1) and Avastin 
(bevacizumab)

Solid tumors Phase 1

Bristol-Myers  
Squibb, Genentech

Ipilimumab and Avastin Melanoma Phase 1

Source: Clinicaltrials.gov
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