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therapy was the durability of response across mul-
tiple tumor types. This was particularly notable 
given the advanced stage of disease and previous 
treatments of patients in our study. This durabil-

ity appeared to be greater than that observed with 
most chemotherapies and kinase inhibitors used 
in these diseases, although no direct comparisons 
have been performed.
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Figure 1. Activity of Anti–PD-L1 Antibody in Patients with Advanced Melanoma and Non–Small-Cell Lung Cancer.

Shown is the tumor burden (assessed as the longest linear dimension) over time in patients with melanoma (Panel A) 
and non–small-cell lung cancer (Panel B) who received 10 mg of anti–PD-L1 antibody per kilogram of body weight. 
In most patients who had an objective response, responses were durable and were evident by the end of cycle 2  
(12 weeks) of treatment, regardless of the drug dose or tumor type. The vertical dashed line marks the 24-week  
time point at which the rate of progression-free survival was calculated. Tumor regression followed both conven-
tional and immune-related patterns of response, such as a prolonged reduction in the tumor burden in the pres-
ence of new lesions.
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A bs tr ac t

Background
Programmed death 1 (PD-1) protein, a T-cell coinhibitory receptor, and one of its li-
gands, PD-L1, play a pivotal role in the ability of tumor cells to evade the host’s im-
mune system. Blockade of interactions between PD-1 and PD-L1 enhances immune 
function in vitro and mediates antitumor activity in preclinical models.

Methods
In this multicenter phase 1 trial, we administered intravenous anti–PD-L1 antibody 
(at escalating doses ranging from 0.3 to 10 mg per kilogram of body weight) to pa-
tients with selected advanced cancers. Anti–PD-L1 antibody was administered every 
14 days in 6-week cycles for up to 16 cycles or until the patient had a complete re-
sponse or confirmed disease progression.

Results
As of February 24, 2012, a total of 207 patients — 75 with non–small-cell lung cancer, 
55 with melanoma, 18 with colorectal cancer, 17 with renal-cell cancer, 17 with ovar-
ian cancer, 14 with pancreatic cancer, 7 with gastric cancer, and 4 with breast cancer 
— had received anti–PD-L1 antibody. The median duration of therapy was 12 weeks 
(range, 2 to 111). Grade 3 or 4 toxic effects that investigators considered to be re-
lated to treatment occurred in 9% of patients. Among patients with a response that 
could be evaluated, an objective response (a complete or partial response) was ob-
served in 9 of 52 patients with melanoma, 2 of 17 with renal-cell cancer, 5 of 49 with 
non–small-cell lung cancer, and 1 of 17 with ovarian cancer. Responses lasted for 
1 year or more in 8 of 16 patients with at least 1 year of follow-up.

Conclusions
Antibody-mediated blockade of PD-L1 induced durable tumor regression (objective 
response rate of 6 to 17%) and prolonged stabilization of disease (rates of 12 to 41% 
at 24 weeks) in patients with advanced cancers, including non–small-cell lung can-
cer, melanoma, and renal-cell cancer. (Funded by Bristol-Myers Squibb and oth-
ers; ClinicalTrials.gov number, NCT00729664.)
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Duruissaux M, Oncotarget 2017, Epub February 

French Clin-ALK Cohort (n=263) 
263 patients with advanced ALK+ NSCLC exposed to crizotinib 

OS from the diagnosis of the metastatic disease 
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% 
Samples collection Bronchoscopy 27.5 

Trans-thoracic biopsy 28 

Surgery 24.1 

Other 20.4 

Delay between samples collection and analysis (days, median) 8 
Samples analyzed/patient 1 95.5 

2 4.3 

3 or more 0.2 

Delay between start of analysis and results (days, median) 11 
Histology Adenocarcinoma 76.1 

Large cell 3.2 

Squamous cell 5.3 

Other NSCLC subtypes 15.4 
Barlési F, ASCO 2013 

Biomarqueurs France project (n=9911 patients) 

TKI ou CDDP en 1ière ligne ?  
 délais d’obtention du résultat des mutations 



Cible Biologie % Traitement (1L) Traitement (2L) 

EGFR Mutation/del 11-12% Gefitinib, erlotinib, 
Afatinib, Osimertinib 

osimertinib 

ALK Réarrangement 4-5% Crizotinib, Alectinib, 
Ceritinib 

Ceritinib, Alectinib, 
Birgatinib, 
Lorlatinib 

B-Raf Mutation 2% Dabrafenib+ trametinib 

ROS1 translocation 1% Crizotinib Ceritinib 
Lorlatinib 
Brigatinib 
Entrectinib 

HER2 Mutation ex20 1% Trastuzumab +/-Taxane Lapatinib 
Afatinib 
Neratinib 
TDM-1 

K-Ras mutation 25-30% ?? ?? 

Altérations moléculaires anciennes 



  

Kohno t; Cancer Sci |2013 
 

Altérations émergentes 
l’oncogène RET 



Kodama – Mol Cancer Ther 2014 
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PFS: 7 mo. OS: 10 mo. ORR 38%. 

Drillon, Lancet Oncol 2016 
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Pemetrexed in RET patients  

20 

Drilon  - Ann Oncol 2016 

Pemetrexed-containing regimens 
 should be considered in RET  patients 



Altérations émergentes 
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Peruzzi B, Clin Cancer Res 2006; Birchmeier C, Nature 
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ABSTRACT     Focal amplifi cation and activating point mutation of the  MET  gene are well-char-
acterized oncogenic drivers that confer susceptibility to targeted MET inhibitors. 

Recurrent somatic splice site alterations at  MET  exon 14 ( MET ex14) that result in exon skipping and 
MET activation have been characterized, but their full diversity and prevalence across tumor types 
are unknown. Here, we report analysis of tumor genomic profi les from 38,028 patients to identify 221 
cases with  MET ex14 mutations (0.6%), including 126 distinct sequence variants.  MET ex14 mutations 
are detected most frequently in lung adenocarcinoma (3%), but also frequently in other lung neoplasms 
(2.3%), brain glioma (0.4%), and tumors of unknown primary origin (0.4%). Further  in vitro  studies 
demonstrate sensitivity to MET inhibitors in cells harboring  MET ex14 alterations. We also report three 
new patient cases with  MET ex14 alterations in lung or histiocytic sarcoma tumors that showed durable 
response to two different MET-targeted therapies. The diversity of  MET ex14 mutations indicates that 
diagnostic testing via comprehensive genomic profi ling is necessary for detection in a clinical setting. 

  SIGNIFICANCE:  Here we report the identifi cation of diverse exon 14 splice site alterations in MET that 
result in constitutive activity of this receptor and oncogenic transformation  in vitro . Patients whose 
tumors harbored these alterations derived meaningful clinical benefi t from MET inhibitors. Collectively, 
these data support the role of  MET ex14 alterations as drivers of tumorigenesis, and identify a unique 
subset of patients likely to derive benefi t from MET inhibitors.  Cancer Discov; 5(8); 850–9. ©2015 AACR.                  
See related commentary by Ma, p. 802.
See related article by Paik et al., p. 842. 
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ploidy, and better prognosis. Terminal respiratory unit-
subtype tumours were also enriched for EGFR mutations 
and kinase fusions. RAS pathway activation was 
predominantly dependent on receptor tyrosine kinase 
activation in terminal respiratory unit tumours, loss of NF1 
in proximal-infl ammatory tumours, and KRAS mutations 
in proximal-proliferative tumours. While comutation of 
NF1 and TP53 was frequent in proximal-infl ammatory 
tumours, proximal-proliferative tumours showed a high 
frequency of KRAS mutation and LKB1 inactivation.

Similar to the breast cancer model, in which gene 
expression profi ling-based intrinsic subtyping 
(luminal A, luminal B, HER2-enriched, and basal-like 
subtypes) is prognostic and predictive of the effi  cacy of 
neoadjuvant chemotherapy and risk of disease relapse, it 

is worth exploring the use of molecular sub-classifi cation 
in predicting outcomes after complete resection in early-
stage lung adenocarcinoma in carefully designed 
studies.82,83

Epigenetic alterations
Chromatin modifi cation and DNA methylation are well-
known mechanisms of epigenetic regulation. Through 
deregulation of these epigenetic pathways, cancer cells 
aberrantly overexpress oncogenes and silence tumour 
suppressors.84 The methylation status of several CpG sites 
across the genome can be investigated through the use of 
methylation-specifi c probes (eg, the HM450 assay includes 
probes for more than 480 000 CpG sites).85 Investigators 
from TCGA11 classifi ed lung adenocarcinoma samples 
into various CpG island methylator phenotypes (CIMP) 
based on the extent of CpG methylation. Tumours were 
classifi ed as either high CIMP, normal-like or low, or 
intermediate. The Wnt pathway was over-represented in 
genes that were hypermethylated, and underexpressed in 
CIMP-high tumours. Tumours showing CDKN2A 
hypermethylation were enriched for mutations in SETD2, 
a gene that regulates chromatin modifi cation. CIMP-high 
tumours were also associated with an overexpression of 
MYC, although the underlying mechanism driving this 
association was unclear. A more thorough understanding  
of epigenetic alterations in lung adenocarcinoma will be 
crucial to identify patients with adenocarcinoma who 
might benefi t from epigenetic therapies.

Intratumour heterogeneity and clonal evolution
Cancers are composed of related clones by virtue of their 
common ancestry.86 The forces of natural selection 
constantly shape the evolution of these neoplastic clones. 
Cancer cells grow in hostile environments in which they 
compete for resources such as nutrition and oxygen, and 
must survive attacks by host immunity and antineoplastic 
treatments. Moreover, cancer cells also constantly accrue 
mutations that either confer survival advantages, or reduce 
their fi tness compared to other non-neoplastic cells. The 
selection pressures to which cancer cells are exposed 
therefore shape their clonal architecture over time, and 
results in the emergence of cells with increased fi tness.

The estimation of variant allele frequencies for diff erent 
genes across many regions of a tumour (multiregion 
sequencing) aids the study of intratumoral heterogeneity 
and its clonal composition.9,28,29,87 Recently, two independent 
groups reported substantial intratumoral heterogeneity 
within lung adeno carci nomas.28,29 The mutations present 
in all tumour regions were classifi ed as ubiquitous and 
those that were spatially restricted in their distribution 
were classifi ed as heterogeneous. Ubiquitous alterations 
are acquired early in the course of tumour evolution and 
represent molecular events that characterise the founder 
clone. Alternatively, heterogeneous alterations represent 
events that occur later in the course of tumour evolution at 
a subclonal level. When the clonal structure of a tumour is 

Figure 2: Schematic representation of the various types of molecular alterations encountered in cancer cells 
and alternative splicing
(A) The eff ects of diff erent types of point mutations on RNA transcription and protein translation. (B) The formation 
of (1) derivative chromosomes through interchromosomal translocations and (2) chromosomal inversion intra-
chromosomal translocations. These rearrangements can result in the formation of fusion proteins that result in 
constitutive growth signalling through abnormal dimerisation (3). (C) Alternative splicing resulting in the translation 
of three isoforms of the same protein.
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are detected most frequently in lung adenocarcinoma (3%), but also frequently in other lung neoplasms 
(2.3%), brain glioma (0.4%), and tumors of unknown primary origin (0.4%). Further  in vitro  studies 
demonstrate sensitivity to MET inhibitors in cells harboring  MET ex14 alterations. We also report three 
new patient cases with  MET ex14 alterations in lung or histiocytic sarcoma tumors that showed durable 
response to two different MET-targeted therapies. The diversity of  MET ex14 mutations indicates that 
diagnostic testing via comprehensive genomic profi ling is necessary for detection in a clinical setting. 
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loss ( 14 ,  17 ). This suggests that targeted therapies inhibiting 
MET signaling would be benefi cial for patients with  MET ex14 
alterations. Recently, three case reports have demonstrated 
clinical response to crizotinib, a tyrosine kinase inhibitor, in 
lung carcinoma patients with  MET ex14 alterations ( 29–31 ). 

 We present a large series of genomic profi les of advanced 
cancers, assayed in the course of clinical care, with  MET ex14 
alterations. We also present  in vitro  studies, further dem-
onstrating the oncogenic potential of  MET ex14 alterations. 
Finally, we report durable responses to MET-targeted therapy 
in three patients with tumors harboring  MET ex14 alterations.   

 RESULTS 
 Comprehensive cancer genome profi ling ( 32 ) was per-

formed on 38,028 tumor specimens from unique patients in 
the course of routine clinical care, in  a Clinical Laboratory 
Improvement Amendments (CLIA)–certifi ed laboratory, 
between April 2012 and February 2015. Base substitution, 
indel, copy-number alteration, and rearrangement altera-
tions were examined to identify those likely to affect splic-
ing of exon 14 of the  MET  gene ( MET ex14 alterations). 

In total, 224 distinct  MET ex14 alterations were identifi ed, 
occurring in 221 specimens. These alterations displayed 
remarkably diverse sequence composition, with 126 differ-
ent genomic sequence variants represented. The alterations 
comprised base substitutions ( n  = 2) and indels ( n  = 33) at 
splice acceptor sites, base substitutions ( n  = 102) and indels 
( n  = 31) at splice donor sites, and base substitutions ( n  = 2) 
and indels ( n  = 49) in the ∼25 bp intronic noncoding region 
immediately adjacent to the splice acceptor site ( Fig. 1A ). 
We also identifi ed fi ve samples with whole exon deletions 
of  MET  exon 14 ( Fig. 1A and B ). Indels were predominantly 
deletions, but several insertions and complex indels were 
detected (Supplementary Table S2).  

  MET ex14 alterations were detected in 221 cases and were 
distributed among primary disease sites as lung adenocar-
cinoma [3%; 131/4,402; 95% confi dence interval (CI), 2.5%–
3.5%], other lung neoplasms (2.3%, 62/2,669; 1.8%–3%), brain 
glioma (0.4%; 6/1,708; 0.1%–0.8%), tumors of unknown pri-
mary origin (0.4%; 15/3,376; 0.3%–0.7%), and other tumor 
types (<0.1%; 7/25,873).  MET ex14 alterations were not found 
in tumors of the female reproductive system ( n  = 7,436), 
colon and rectum ( n  = 3,714), pancreas ( n  = 1,424). We did 

 Figure 1.      The genomic  position of  MET ex14 alterations. Genome coordinates are human genome build GRCh37/hg19. Genomic positions with altera-
tions occurring in more than one case are indicated with * for two and the number of cases for greater than two. A, chr7:116,411,600-116,412,200. 
B, chr7:116,411,300-116,415,300.   
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Figure 1 Physical characteristics of a patient with CIPA, a 5-
year-old white girl born to nonconsanguineous parents. A,There are
no abnormalities of the hair, eyebrows, or eyelashes. B, Palmar skin
is dry and hyperkeratotic. C, Plantar skin is dry and hyperkeratotic,
with significant fissuring. Deep heel ulcers are painless and slow to
heal. Informed consent for publication of photographs was obtained
from her parents.

exons of the TRKA gene, including their flanking in-
tronic sequences, were amplified from the genomic DNA
of each patient with CIPA by use of the PCR primers
specified in table 1. All exons and intron-exon bound-
aries were sequenced. We detected putative mutation(s)
in the proband. For missense mutations, we compared
DNA sequences from 100 nonaffected chromosomes to
reduce the likelihood that the described change repre-
sented a polymorphism.

In a male patient with CIPA, of family KI-102, se-
quencing of genomic DNA revealed that a 3′ splice site
contained a GrC transversion in the first position of
intron 4 (IVS4!1GrC; fig. 2A and table 2). The sub-
stitution destroys a restriction enzyme site for MvaI. Di-
gestion analysis with this enzyme also demonstrated that
the proband and parents were homozygous and hetero-
zygous, respectively (fig. 2A). In addition, we detected
a CrA transversion at nucleotide 337 in exon 2, which
causes an ArgrSer substitution at amino acid 85
(Arg85Ser; table 2). Both parents were heterozygous for
this substitution (data not shown).

In family KI-103 a single base A at nucleotide 284
was deleted, in exon 1 of the two female patients (fig.
2B and table 2). The deletion (∼284delA) causes a frame-
shift and premature termination codon after amino acid
Asn 67 (Asn67fr). The patients and parents were ho-
mozygous and heterozygous, respectively. One of three
male siblings with normal phenotype was wild type, and
the other two were heterozygous for this deletion. Thus,
∼284delA is apparently the cause of CIPA in this family.

In family KI-104 we found a CrT transition, at nu-
cleotide 2011 in exon 15 (∼2011CrT), which causes an
ArgrTrp substitution at amino acid 643 (Arg643Trp)
(fig. 2C and table 2). After amplification of exon 15 from
parental genomic DNA, we detected mutant and wild-
type alleles. The substitution destroys a restriction-en-
zyme site for MspI. Digestion analysis with this enzyme
showed that the patient and parents were homozygous
and heterozygous, respectively (fig. 2C).

In two female patients with CIPA, from family KI-
105, a 5′ splice site of intron 7 contained a GrA sub-
stitution in the first position (IVS7"1GrA) (fig. 2D and
table 2). The proband and parents were homozygous
and heterozygous for IVS7"1GrA, respectively. A fe-
male sibling with normal phenotype was heterozygous.

In family KI-106 we found a CrT transition at nu-
cleotide 109 (109CrT) in exon 1, which changes a Gln
to a termination codon at amino acid 9 (Gln9X) in the
proband (fig. 2E [upper] and table 2). In addition, we
detected two further base changes, both in exon 15: a
CrT transition at nucleotide 1876 (∼1876CrT) and a
GrT transversion at nucleotide 1904 (∼1904GrT) that
cause a HisrTyr substitution at amino acid 598
(His598Tyr) and a GlyrVal substitution at amino acid
607 (Gly607Val), respectively (data not shown). The
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Growth Factor
Sek Mardy,1 Yuichi Miura,1 Fumio Endo,1 Ichiro Matsuda,1 László Sztriha,2 Philippe Frossard,2
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Summary

Congenital insensitivity to pain with anhidrosis (CIPA)
is characterized by recurrent episodes of unexplained
fever, anhidrosis (inability to sweat), absence of reaction
to noxious stimuli, self-mutilating behavior, and mental
retardation. Human TRKA encodes a high-affinity ty-
rosine kinase receptor for nerve growth factor (NGF), a
member of the neurotrophin family that induces neurite
outgrowth and promotes survival of embryonic sensory
and sympathetic neurons. We have recently demon-
strated that TRKA is responsible for CIPA by identifying
three mutations in a region encoding the intracellular
tyrosine kinase domain of TRKA in one Ecuadorian and
three Japanese families. We have developed a compre-
hensive strategy to screen for TRKA mutations, on the
basis of the gene’s structure and organization. Here we
report 11 novel mutations, in seven affected families.
These are six missense mutations, two frameshift mu-
tations, one nonsense mutation, and two splice-site mu-
tations. Mendelian inheritance of the mutations is con-
firmed in six families for which parent samples are
available. Two mutations are linked, on the same chro-
mosome, to Arg85Ser and to His598Tyr;Gly607Val,
hence, they probably represent double and triple mu-
tations. The mutations are distributed in an extracellular
domain, involved in NGF binding, as well as the intra-
cellular signal-transduction domain. These data suggest
that TRKA defects cause CIPA in various ethnic groups.
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Introduction

Congenital insensitivity to pain with anhidrosis (CIPA;
MIM 256800) is a rare autosomal recessive disorder
characterized by recurrent episodes of unexplained fever,
anhidrosis (inability to sweat), absence of reaction to
noxious stimuli, self-mutilating behavior, and mental re-
tardation (Swanson 1963; Dyck 1984; McKusick 1994).
CIPA is also known as “congenital sensory neuropathy
with anhidrosis,” “hereditary sensory and autonomic
neuropathy type IV,” and “familial dysautonomia type
II.” In CIPA, there is a lack of pain sensation, most likely
the result of the absence of the dorsal root ganglia re-
sponsible for pain sensation. A feature of CIPA is the
absence of small-diameter afferent neurons, which are
activated by tissue-damaging stimuli (Swanson et al.
1965; Rafel et al. 1980). A loss of innervation of eccrine
sweat glands, by sympathetic neurons, explains the phe-
nomenon of anhidrosis (Langer et al. 1981; Ismail et al.
1998). Previously, the diagnosis of CIPA was established
on the basis of clinical findings, pharmacological tests,
and peripheral-nerve biopsy.

Nerve growth factor (NGF) is the first growth factor
to be identified and characterized (Levi-Montalcini
1987). Cell survival, growth, and differentiation in the
nervous system are mediated by numerous growth fac-
tors, including neurotrophic factors (neurotrophins).
NGF supports the survival of sympathetic ganglion neu-
rons and nociceptive sensory neurons in dorsal root gan-
glia, derived from the neural crest, and ascending cho-
linergic neurons of the basal forebrain (Levi-Montalcini
1987; Thoenen and Barde 1980). TRKA (also named
NTRK1) was isolated from a colon carcinoma as a po-
tential new member of the tyrosine kinase gene family
(Martin-Zanca et al. 1986) and was later found to be
expressed in the nervous system (Martin-Zanca et al.
1990). TRKA is a receptor tyrosine kinase that is phos-
phorylated in response to NGF (Kaplan et al. 1991;
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 Figure 2.      TRKA oncogenic variants and TRK gene fusion partners. A, schematic of TRKA isoforms, deletions, and mutations are shown. Mutations are 
shown in the TRKAI isoform. Amino acid position numbers are shown in black. B, schematic showing the known  NTRK1  (blue),  NTRK2  (red), and  NTRK3  
(green) fusions and the tumor types in which they have been identifi ed. It is important to note that not all of these gene fusions have yet been character-
ized functionally, but each one occurred in-frame with an intact TRK kinase domain and are thus potentially oncogenic. Known or potential 5′ dimerization 
domains are shown (gray), and 3′ domains shown in blue ( NTRK1 ), red ( NTRK2 ), or green ( NTRK3 ). No protein domains are shown for fusions that lack a 
reported breakpoint. Fusion proteins are not drawn to scale. ADC, adenocarcinoma; PTC, papillary thyroid cancer; AML, acute myeloid leukemia; CMN, 
congenital mesoblastic nephroma; MASC, mammary analogue secretory carcinoma; HNSCC, head and neck squamous cell cancer; CCD, coiled-coil domain; 
TD, trimerization domain; IG-C2, Immunoglobulin-like C2-type domain; IG-V, Immunoglobulin-like V domain; OD, oligomerization domain; ZF QUA1, Quaking 1 
domain; BTB, bric-a-brac, tramtrack, and broad complex domain; ETS, E26 transformation-specifi c domain.   
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of TRK receptors in non–cancer-related diseases is beyond 
the scope of this review, but can be found elsewhere ( 86, 87 ). 
Interestingly, one of the potential benefi cial side effects of 
targeting TRK receptors in cancer might be a decrease in pain 
sensation, a frequent symptom among patients with cancer. 
Conversely, it will be important to monitor for potential neu-
rologic side effects in clinical trials, given the expression pat-
tern of the TRK family of receptors. Currently, little data exist 
on the toxicities of the more selective TRK inhibitors. A phase 
I study of PHA-848125AC with signifi cant blood–brain pen-
etration produced dose-limiting (grade 3) ataxia and tremors, 
but as this drug inhibits cyclin-dependent kinases in addition 
to TRKA, it is unclear which drug target was responsible for 
these side effects ( 88 ). One of the largest reported studies of a 
drug with TRKA inhibition was a randomized study of lestau-
rtinib in  FLT3 -mutant AML ( 89 ). Only one neurologic adverse 
event was noted, a death due to cerebellar toxicity; however, 
given the multiple kinase targets of this drug, no conclusions 
can be drawn about the relationship of this toxicity to TRKA 
inhibition. Monoclonal antibodies against TRKA or NGF 
have been developed for the treatment of pain ( 35 ); however, 
antibodies to TRKA or other TRK family members would not 
be effective against TRK fusions, as the extracellular domains 
for these fusions are routinely lost in the gene rearrangement. 

 Currently, several TKIs with activity against the TRK family 
are being explored in clinical trials ( Table 2 ). Two patients with 
identifi ed  NTRK1  fusions were recently treated with inhibitors 
that demonstrated the potential clinical benefi t of targeting 
this family of oncogenes. The fi rst was a patient with lung 
cancer harboring the  MPRIP–NTRK1  fusion, who was treated 
off-label with the multikinase inhibitor crizotinib ( 4 ). Crizo-
tinib has only modest activity against TRKA and produced 
only a proportionally transient, minor radiographic response, 

emphasizing the need for more potent TRK inhibitors in the 
clinic. More recently, a patient with colorectal cancer with a 
 TPM3–  NTRK1  gene fusion was treated in the phase I portion of 
a clinical trial investigating an interrupted dosing schedule of 
RXDX-101 (Ignyta; ref.  90 ). RXDX-101 is a pan–TRK inhibitor 
that also has activity against two other gene fusion targets, ALK 
and ROS1. The TRKA-positive ( TPM3–NTRK1 ) patient experi-
enced a partial response, providing the fi rst evidence of clinical 
activity of a TRK inhibitor in a patient with an oncogenic TRK 
alteration ( 90 ). A phase I/II study of RXDX-101 called STAR-
TRK-1 is currently accruing patients with TRK alterations 
(NCT02097810). LOXO-101 (Loxo Oncology) is a selective 
pan–TRK inhibitor that has no signifi cant activity outside of 
the TRK family and is currently being investigated in a phase 
Ia/Ib trial across multiple tumor types (NCT02122913). TSR-
011 (Tesaro) is a TRKA and ALK inhibitor that is currently in 
a phase I study (NCT02048488). PLX-7486 (Plexxikon) is a 
pan–TRK inhibitor that also targets FMS (McDonough Feline 
Sarcoma Viral; CSF1R). It is currently being investigated as 
monotherapy or in combination with nab-paclitaxel in pancre-
atic cancer, but there are plans to explore activity in patients 
with oncogenic TRK alterations in the future (NCT01804530). 
DCC-701 (Deciphera), XL-184 (Exelexis), and MGCD516 
(Mirati) are all multikinase inhibitors that are currently in 
clinical trials that allow multiple different molecular subtypes, 
including the TRK family. Lestaurtinib (CEP-701; Cephalon) 
showed promising preclinical activity in  NTRK1  fusion models, 
but its clinical development remains unclear ( 4 ).    

 CONCLUSIONS 
 TRK was one of the fi rst oncogenes identifi ed, more than three 

decades ago. The TRK oncogenes occur across a broad array of 

 Table 2.    TRK inhibitors under development   

Drug Stage of development Targets Clinical trial identifi er
DCC-2701 Phase Ia/Ib in advanced solid tumors  TRKA/B/C , MET, TIE2,

and VEGFR
NCT02228811

LOXO-101 Phase Ia/Ib in patients with genetic alterations in  TRKA ,
 TRKB , or  TRKC 

 TRKA/B/C NCT02122913

MGCD516 Phase I/Ib in patients with advanced NSCLC with genetic 
alterations in MET, AXL, RET, TRK, DDR2, KDR, PDGFRA or
KIT, or HNSCC with alterations in MET

 TRK , MET, AXL, RET, DDR2, 
KDR, PDGFRA, and KIT

NCT02219711

PLX7486 Phase I as single agent and in combination with gemcitabine 
and nab-paclitaxel in solid tumors (pancreatic cancer
expansion cohort)

 TRKA/B/C  and FMS NCT01804530

RXDX-101 Phase Ia/IIa in patients with genetic alterations in  TRKA ,
 TRKB ,  TRKC , ROS1, and ALK

 TRKA/B/C , ALK, and
ROS1

NCT02097810

TSR-011 Phase I/IIa in solid tumors and hematologic malignancies
(ALK or  TRKA  positive)

 TRKA  and ALK NCT02048488

XL-184 Phase II in advanced NSCLC with NTRK, RET, or ROS1 -positive 
fusions, or increased MET or AXL activity

 TRKA , RET, ROS1, MET, 
and AXL

NCT01639508

  NOTE: A chart listing the TRK inhibitors that are currently in clinical trials, additional non–TRK targets, the current stage of clinical development, 
and the identifi er for the relevant clinical trial at clinicaltrials.gov. Items in bold are the primary drug targets. 
Abbreviations: HNSCC,  head and neck squamous cell carcinoma; FMS, McDonough Feline Sarcoma Viral. 
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Number at risk 
Pembrolizumab 154 136 121 82 39 11 2 0 
Chemotherapy 151 123 106 64 34 7 1 0 

Reck M. et al. - ESMO® 2016 - Abs. LBA8 

KEYNOTE-024: Survie globale (n=355) 
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