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A selective tyrosine kinase inhibitor devel-
oped by Loxo Oncology has shown striking 
efficacy across 17 different kinds of tumors. 
Loxo’s results with the tropomyosin receptor 
kinase (TRK) inhibitor have prompted many 
oncologists to predict the biotech could earn 
the first approval for an investigational ther-
apy for any solid tumor with a specific genetic 
feature regardless of the body part where the 
tumor originates.

“I view these data as among the most 
compelling targeted therapy data to emerge 
in solid tumors of any kind,” says David 
Hyman, chief of early drug development at 
Memorial Sloan Kettering Cancer Center 
(MSKCC) in New York City, who presented 
pooled results from three phase 1 or 2 stud-
ies of Loxo’s oral inhibitor called larotrec-
tinib at the 2017 American Society of 
Clinical Oncology (ASCO) Annual Meeting 
in Chicago. As Hyman reported at the June 
meeting, larotrectinib shrank tumors in 38 
of 50 evaluable patients whose cancers har-
bored fusions in any one of the three genes—
NTRK1, NTRK2 and NTRK3—that encode 
the TRK family of proteins.

“The data are pretty striking. There’s very little 
toxicity, they’re hitting the target, we’re seeing 

Loxo TRK inhibitor data wows oncologists 
efficacy across different tissue types,” says Trever 
Bivona, a cancer biologist at the University of 
California, San Francisco, who was not involved 
in the drug’s testing. “All of that adds up to a 
compelling story that, I think, will become the 
paradigmatic example of the pan-cancer-type 
approach” to drug development.

TRK proteins ordinarily bind neurotrophic 
growth factors to regulate the survival and 
function of neurons in the central nervous sys-
tem. This explains why some drug companies 
are developing small-molecule inhibitors of 
TRK or antibody drugs that target its ligand 
with the goal of treating pain stemming from 
osteoarthritis or other pain-inducing ailments 
(Nat. Biotechnol. 34, 679–680, 2016). In oncol-
ogy, however, the reason TRK is proving such 
an attractive target is because the NTRK genes 
sometimes undergo fusion events and the 
resulting chimeric oncoproteins drive ligand-
independent activation and overexpression in 
tumors of all stripes.

Fusions are not the only molecular alterations 
in these genes found in cancer cells. Tumors 
can also contain NTRK-related point muta-
tions, copy number variants, amplifications 
or insertions/deletions. However, according to 
MSKCC oncologist Alexander Drilon, those 

kinds of genetic defects are “most likely to be 
passengers and not drivers of growth, unlike 
the fusions, which are bona fide drivers.” That 
could account for the fact that in larotrectinib’s 
phase 1 testing, Drilon, Hyman and other co-
investigators only observed anti-tumor activ-
ity in patients with NTRK fusions and none in 
patients with other kinds of NTRK alterations. 

Stamford, Connecticut–based Loxo subse-
quently restricted its inclusion criteria to allow 
only patients with NTRK fusions into its phase 
2 basket study. According to Loxo CEO Josh 
Bilenker, that trial has already accrued a suf-
ficient number of participants for the compa-
ny’s marketing application, but remains open 
for enrollment to provide continued drug 
access to patients and to gather more clinical 
data. The Loxo drug is also one of the many 
targeted agents included in the US National 
Cancer Institute’s massive basket trials known 
as MATCH and Pediatric MATCH (Nat. 
Biotechnol. 33, 790–791, 2015).

Loxo now plans to petition the US Food 
and Drug Administration (FDA) to market 
larotrectinib for any cancer patient with a 
NTRK fusion, regardless of where the tumor 
is located in the body. This will happen in the 
coming months—by early 2018 at the latest, 
says the company’s chief business officer Jake 
Van Naarden. If greenlighted, larotrectinib 
would join the immunotherapy drug Keytruda 
(pembrolizumab) as the only therapies granted 
such tissue-agnostic go-aheads (Nat. Biotechnol. 
35, 297–298, 2017).

The difference with Keytruda is that 
Kenilworth, New Jersey–based Merck received 
the okay for use with a particular genetic marker 
regardless of tumor location when Keytruda 
was already a best-selling drug. The check-
point inhibitor was approved in 2014 and the 
supplementary indication to treat patients with 
mismatch-repair-deficient or microsatellite-
instability-high tumors came in May 2017 after 
many other supplementary approvals. In con-
trast, larotrectinib looks poised to go straight 
from investigational trials to a biomarker-based 
blanket approval across tumor types. 

Such an approval, says Hyman, could go 
a long way to building the case for routine 
genomic profiling, something that currently 
only happens in isolated large hospitals or 
for select groups of cancer patients. However, 
many existing ‘universal’ tests on offer still fail 
to pick up NTRK fusions because the presence 
of large introns makes it difficult for next-gen-
eration sequencing technologies to read the 
DNA. That’s why Hyman advocates incorporat-
ing some form of parallel, RNA-based sequenc-
ing into these kinds of assays. A few companies, Cancers with TRK fusions, such as the secretory breast cancer shown above, respond to larotrectinib.
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one of these resistance events could be traced 
back to mutations that affect drug binding.

As Drilon notes, seeing a common on-
target resistance mechanism mirrors the 
pattern clinicians have long observed with 
EGFR inhibitors, for which the majority of 
patients develop a type of gatekeeper muta-
tion known as T790M. “We’re seeing the same 
thing echoed here,” he says.

Fortunately for those patients, there 
are already two TRK inhibitors in clini-
cal testing that purport to overcome these 
recurrent resistance mutations. In data 
presented earlier this year at the 2017 
American Association for Cancer Research 
Annual Meeting in Washington, DC, TP 
Therapeutics scientists reported that their 
TRK inhibitor TPX-0005 had potent anti-
tumor activity in cell lines and in mouse 
xenograft models of NTRK fusion-positive 
cancers with the so-called ‘solvent-front’ 
mutation. “TPX-0005 is specifically designed 
to systematically address resistance issues,” 
says CSO Jean Cui, a former Pfizer scientist 
who helped develop Xalkori before found-
ing TP Therapeutics in 2013. The company 
started first-in-human testing earlier this 
year.

Meanwhile, Loxo is already having some 
clinical success with its second-generation 
TRK inhibitor, LOXO-195 now in clinical 
testing, but originally given on an expanded 
access basis. As reported recently by Hyman, 
Drilon and others, the drug helped shrink 
tumors in the first two patients treated: a 
55-year-old woman with colorectal cancer 
and a 2-year-old girl with infantile fibro-
sarcoma, each of whom had NTRK fusion-
positive tumors that initially responded to 
larotrectinib but showed signs of progres-
sion within 6–8 months (Cancer Discov. 
doi:10.1158/2159-8290.CD-17-0507, 2017).

“I don’t know if that’s ever happened in the 
history of drug development where the very 
first patients to respond and develop resis-
tance to a novel compound are transitioned 
seamlessly to a next-generation compound,” 
says Hyman. “I’ve never seen that before—
and I hope we see more of this.”

Elie Dolgin Somerville, Massachusetts

investigational candidates of two San Diego–
based firms, Ignyta and TP Therapeutics, 
each also inhibit fusions involving ROS1 and 
ALK, two genes that are often rearranged in 
non-small cell lung cancers and are also tar-
getable with approved drugs such as Xalkori 
(crizotinib) and Zykadia (ceritinib).

In theory, says David Hong, deputy chair 
of investigational cancer therapeutics at the 
University of Texas MD Anderson Cancer 
Center in Houston, because TRK inhibi-
tors like larotrectinib are selective for NTRK 
fusion-positive tumors, patients should have 
fewer off-target effects than with ‘dirtier’ 
agents such as Ignyta’s entrectinib, the other 
advanced candidate in the drug class. The 
number of treated patients with either agent 
is still small, but “larotrectinib seems to be 
a bit cleaner in terms of its AEs,” Hong says, 
referring to adverse events.

Efficacy comparisons are difficult. In 
phase 1 trials of entrectinib, investigators saw 
tumor regression in 18 of 25 evaluable study 
participants with fusion-positive tumors, 
but most of these patients had rearrange-
ments in ROS1 or ALK. Only four patients 
had NTRK fusions; and all four responded 
(Cancer Discov. 7, 400–409, 2017). Ignyta is 
currently evaluating the drug in a 300-per-
son, global phase 2 basket study; interim data 
are expected before the end of the year.

Where a less specific drug like entrectinib 
could potentially have a leg up is in avoid-
ing resistance, notes Alice Shaw, a thoracic 
oncologist at the Massachusetts General 
Hospital Cancer Center in Boston. Of course, 
mutations can arise in NTRK itself, “but also 
importantly,” says Shaw, “other signaling 
pathways can be activated to drive resis-
tance,” and so a multi-kinase inhibitor might 
be preferable.

Cases of acquired resistance to the experi-
mental TRK inhibitors have already started to 
crop up. In his ASCO presentation, Hyman 
described six such cases in the larotrectinib 
trials; reports of entrectinib resistance have 
also been described by Hyman’s colleagues 
at MSKCC (Ann. Oncol. 27, 920–926, 2016) 
and a team from the University of Torino in 
Italy (Cancer Discov. 6, 36–44, 2016). All but 

including Foundation Medicine of Cambridge, 
Massachusetts, and Thermo Fisher Scientific of 
Waltham, Massachusetts, have already done so 
with some (but not all) of their commercial 
offerings (p 699). “That’s really the next frontier 
for improving the sensitivity of fusion detec-
tion,” Hyman says.

Sticking with an older technology, Loxo is 
also working with a Tucson, Arizona–based 
subsidiary of Roche, Ventana Medical Systems, 
to develop and commercialize a cheaper immu-
nohistochemistry (IHC)-based test that can 
pick up signs of elevated TRK expression, an 
indicator of a fusion event. “You’re actually 
going to see us have multiple announced diag-
nostic partnerships with multiple modalities,” 
says Van Naarden. “IHC just happens to be the 
first one that we inked.”

In the US alone, an estimated 1,500–5,000 
cancer patients are diagnosed each year with 
tumors that harbor NTRK fusions. These tend 
to occur in less than 1% of the more common 
cancers, such as those of the lungs or gastro-
intestinal tract, but are present in nearly every 
case of select rare malignancies, including 
secretory breast carcinoma, a form of salivary 
gland cancer and pediatric types of kidney and 
soft tissue cancer.

Because NRTK fusions are such a defin-
ing factor of some childhood cancers, Loxo 
launched its pediatric phase 1 trial of larotrec-
tinib only about 18 months after opening 
enrollment on its first adult study, and the 
company has since tested the drug in babies 
as young as one month old to adults in their 
mid-70s. “I’m not personally aware of anything 
else that was concurrently developed quite as 
quickly as larotrectinib,” says Theodore Laetsch, 
a pediatric oncologist at the University of Texas 
Southwestern Medical Center in Dallas, who 
presented detailed results on the pediatric phase 
1 study at the ASCO meeting.

“This should serve as an example for pharma 
companies to follow in the future that if you 
have a specific driver mutation, regardless of the 
age, regardless of the site of the tumor, regard-
less of the histology, that both adult and pedi-
atric patients can benefit,” says Alberto Pappo, 
director of the solid tumor division at St. Jude 
Children’s Research Hospital in Memphis, 
Tennessee, who led the team that treated the 
first child with larotrectinib (Pediatr. Blood 
Cancer 63, 1468–1470, 2016). 

Besides larotrectinib, a few other small-
molecule therapies that block NTRK fusions 
are also in clinical development (Table 1). But 
whereas larotrectinib and another second-
generation experimental agent from Loxo tar-
get only fusions in the three NTRK genes, the 

Table 1  Drugs targeting TRK fusions in clinical trials
Drug Company Target fusions Phase

Larotrectinib Loxo Oncology NTRK1,2,3 2

Entrectinib Ignyta NTRK1,2,3, ALK and ROS1 2

TPX-0005 TP Therapeutics NTRK1,2,3, ALK and ROS1 1/2

LOXO-195 Loxo Oncology NTRK1,2,3 1/2

Sources: companies and www.clinicaltrials.gov
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http://www.clinicaltrials.gov

