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ABSTRACT

Merestinib is an oral multi-kinase inhibitor targeting a limited number of 
oncokinases including MET, AXL, RON and MKNK1/2. Here, we report that merestinib 
inhibits neurotrophic receptor tyrosine kinases NTRK1/2/3 which are oncogenic drivers 
in tumors bearing NTRK fusion resulting from chromosomal rearrangements. Merestinib 
is shown to be a type II NTRK1 kinase inhibitor as determined by x-ray crystallography. 
In KM-12 cells harboring TPM3-NTRK1 fusion, merestinib exhibits potent p-NTRK1 
inhibition in vitro by western blot and elicits an anti-proliferative response in two- and 
three-dimensional growth. Merestinib treatment demonstrated profound tumor growth 
inhibition in in vivo cancer models harboring either a TPM3-NTRK1 or an ETV6-NTRK3 
gene fusion. To recapitulate resistance observed from type I NTRK kinase inhibitors 
entrectinib and larotrectinib, we generated NIH-3T3 cells exogenously expressing 
TPM3-NTRK1 wild-type, or acquired mutations G595R and G667C in vitro and in vivo. 
Merestinib blocks tumor growth of both wild-type and mutant G667C TPM3-NTRK1 
expressing NIH-3T3 cell-derived tumors. These preclinical data support the clinical 
evaluation of merestinib, a type II NTRK kinase inhibitor (NCT02920996), both in 
treatment naïve patients and in patients progressed on type I NTRK kinase inhibitors 
with acquired secondary G667C mutation in NTRK fusion bearing tumors.

INTRODUCTION

Aberrant genomic rearrangements frequently 
lead to uncontrolled oncogenic driven growth and are 
generally insensitive to standard anti-cancer modalities. 
Although occurrence of genomic rearrangements in solid 
tumors are rare overall, specific cancers such as prostate 
and Ewing Sarcoma show prevalence of gene fusions in 
50-70% and 90% of cases, respectively [1]. Therefore, 
pharmacologically targeting gene fusions is of great 
interest for drug development. Targeted treatments for 
some of the gene fusions involving the kinase domain of 

ALK, ROS1, and ABL have been successful and approved 
[2–4].

The neurotrophic receptor tyrosine kinases 1, 2 and 
3 (NTRK1, 2, 3 also known as TrkA, B, C) are chiefly 
involved in neuronal development [5]. Yet, genomic 
rearrangements involving the NTRK kinase domain 
fused to unrelated 5’ gene partners causing oncogenic 
tumor growth are evident in many adult and pediatric 
cancers with various frequencies. Up to 3% of NSCLC 
patients harbor an NTRK1 fusion while 90% incidence 
of an NTRK3 fusion are reported in rare tumors such as 
congenital fibrosarcoma and mammary analogue secretory 
carcinoma (MASC) [6]. NTRK fusions as oncogenic 
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drivers are further evidenced by clinical treatment 
response case series to compounds with pan-NTRK 
activity such as crizotinib, entrectinib (RXDX-101) and 
larotrectinib (LOXO-101) [7–11].

Merestinib (LY2801653) is an orally bioavailable, 
small molecule kinase inhibitor targeting several 
oncokinases, currently in phase II clinical development 
(NCT02711553). Previously reported as a type II MET 
kinase inhibitor, merestinib is also potent against several 
oncokinases such as MST1R (aka RON), AXL, MERTK, 
MKNK1/2, and ROS1 [12]. We report here that merestinib 
is also a type II NTRK1 kinase inhibitor as determined by 
x-ray crystallography. We further report that merestinib 
inhibits NTRK1, 2, 3 in vitro and in vivo models expressing 
NTRK1 or NTRK3 rearrangements. Acquired resistance 
to entrectinib or larotrectinib treatment with secondary 
mutation at G667C or G595R in NTRK1 kinase domain has 
been reported [8–10]. As a type II NTRK1 kinase inhibitor, 
merestinib is shown in this study to retain potency in vitro 
and in vivo in NIH-3T3 cells engineered to carry TPM3-
NTRK1 with a kinase domain G667C mutation.

RESULTS

Biochemical assessment of merestinib and its 
metabolites

Merestinib was previously identified to inhibit MET 
kinase biochemically at an IC50 of 4.7 nM with cell based 
activity IC50 values ranging between 35-52 nM. Additional 
kinase targets of merestinib including AXL, MERTK, 
TYRO3, ROS1 and MKNK1/2 were also inhibited in 
cell-based assays ranging between 0.1-170 nM [12]. Two 
primary metabolites of merestinib were observed in a 
phase I clinical study (NCT02779738), designated M1 
and M2 (structures shown in Supplementary Figure 1). 
To address whether M1 and M2 exhibited similar kinase 
profile activity as merestinib, both metabolites were tested 
at concentrations of 0.2, 1 and 5 μM using 468 kinase 
panel scanMAX. Indeed, both metabolites showed similar 
inhibitory activity to that of merestinib (Supplementary 
Table 1). Merestinib and both metabolites inhibited 
NTRK1, 2, 3. Binding constants (Kd) calculated for 
NTRK1 for merestinib, M1 and M2 were 20, 15, 120 nM, 
respectively; NTRK2 binding constants were 92, 61, 320 
nM, respectively and for NTRK3 were 54, 41, and 160 
nM, respectively. In vitro inhibition of cell-based NTRK1 
analysis (activation by the ligand NGF - PathHunter®) 
showed an IC50 for merestinib, M1 and M2 at 17, 12, 92 
nM, respectively (Figure 1A).

In vitro effects of merestinib and its metabolites 
in KM-12 cells

The colorectal carcinoma cell line KM-12 
created in 1988 [13], was later discovered as having an 

intrachromosomal translocation in chromosome 1 [14] 
fusing the actin-binding protein, tropomyosin, to the 
NTRK kinase domain forming a constitutively active 
TPM3-NTRK1 gene fusion. The coil-coil domain of the 
TPM3 is hypothesized to induce dimerization of the NTRK 
fusion protein leading to constitutive NTRK activation in 
the absence of its ligand NGF. To examine if merestinib 
inhibits NTRK1 phosphorylation in vitro, KM-12 cells 
were treated for 2 hours ranging in concentration from 3.9 
-1000 nM. Merestinib showed a dose dependent decrease 
in p-NTRK1 Y490 resulting in complete inhibition at 62.5 
nM as determined by western blot (Figure 1B). Crizotinib, 
which is reported to inhibit NTRK1 [15], blocked Y490 
phosphorylation to near completion at 250 nM. (Figure 
1B). Both merestinib and crizotinib showed dose 
dependent inhibition of phosphorylated MAPK 42/44 
(ERK) in concordance with their respective p-NTRK 
downstream signaling (Figure 1B). In comparison, both 
entrectinib and larotrectinib totally inhibited NTRK1 
Y490 phosphorylation at 3.9 nM and the phosphorylation 
of MAPK 42/44 (ERK) at 15.6nM (Figure 1B).

Merestinib is a potent direct inhibitor of MKNK1/2, 
the kinases responsible for phosphorylating eIF4E at 
S209 [16]. In KM-12 cells, merestinib reduced p-eIF4E 
levels with near-complete inhibition at 62.5 nM (Figure 
1B). Crizotinib, entrectinib and larotrectinib displayed a 
small reduction of p-eIF4E at the higher concentrations, 
suggesting either these three kinase inhibitors mildly 
inhibit MKNK1/2 or the reduction of p-eIF4E might 
have resulted from downstream signaling from inhibiting 
p-NTRK1. Consistent with biochemical scanMAX 
data, merestinib, its metabolite M1, and slightly less 
so for metabolite M2 also displayed potent inhibition 
of p-NTRK1, p-ERK and MKNK1/2 (as a reduction of 
p-eIF4E) in KM-12 cells (Supplementary Figure 2).

We further examined if merestinib, M1 and M2 
metabolites suppress KM-12 cell proliferation in vitro. Within 
72 hours, treatment with merestinib, M1, or M2 suppressed 
cell proliferation with an IC50 of 10 nM, 16 nM and 102 nM, 
respectively. Crizotinib also displayed an anti-proliferative 
response with an IC50 of 92 nM (Supplementary Figure 3A). To 
assess anchorage independent growth, KM-12 cells embedded 
in alginate were treated with inhibitor for 72 hours and assessed 
for colony formation. Merestinib, M1 and M2 treatment 
decreased anchorage independent growth with an IC50 of 45 
nM, 79 nM and 206 nM, respectively, relative to crizotinib 
(IC50 =276 nM) (Supplementary Figure 3B). Collectively, 
these data suggest that merestinib and the metabolites M1 
and M2 block both anchorage dependent and independent 
cell growth in TPM3-NTRK1 bearing KM-12 cells.

Merestinib anti-tumor activity in two TPM3-
NTRK1 harboring xenograft tumor models

As previously reported that TPM3-NTRK1 drives 
tumor growth in KM-12 cells [14], we sought to assess 
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merestinib activity in vivo in KM-12 xenograft tumors 
in athymic nude mice. Merestinib (24 mg/kg once daily 
orally) or crizotinib treatment (25 mg/kg twice daily 
orally) resulted in significant anti-tumor effect (T/C=4%, 
p<0.001; T/C=39.5%, p<0.001 respectively) as compared 
with vehicle control (Figure 2), with the anti-tumor 
activity of merestinib statistically different than that of 
crizotinib (p<0.001). These data suggest a correlation 
between p-NTRK1 reduction and reduced tumor burden. 
To investigate further, anti-tumor effect of merestinib 
was also evaluated in a patient tumor-derived xenograft 
(PDX) model EL1989. EL1989 was from a colorectal 
carcinoma and was characterized to harbor the same 
TPM3-NTRK1 gene rearrangement as the KM-12 cell 
line (Supplementary Figure 4). Merestinib dosed daily 
orally at 24 mg/kg led to tumor regression within 8 days 
of treatment initiation (-15.4%, p=0.003) and persisted 
to end of treatment (-39.1%, p<0.001). Crizotinib dosed 
twice daily orally at 25 mg/kg achieved tumor stasis, but 
without tumor regression (T/C =13.5%, p<0.001) (Figure 
3A). Merestinib treatment showed more anti-tumor effect 

than crizotinib treatment (Day 80, p =0.001). Together, 
these data indicate that merestinib shows compelling in 
vivo anti-tumor effect in TPM3-NTRK1 bearing colorectal 
carcinoma tumors.

EL1989 tumor was found to have mucinous 
secretion (Figure 3B) as illustrated in the H&E staining 
of the vehicle group tumors showing accumulation of pale 
foamy cytoplasmic vacuoles in tumor cells and minimal 
to abundant accumulation of mucin extracellularly. 
Thus, H&E staining of histological sections of tumors 
from each cohort harvested at the end of treatment 
were semi-quantitatively scored for tumor cell viability, 
necrosis and mucin content (Figure 3B, Supplementary 
Table 2). In the merestinib treated cohort, mean tumor 
cell viability was 25% (range 5-70%) relative to either 
the vehicle or crizotinib cohorts, both with a mean cell 
viability of 50% (range 5-90%). Merestinib treatment 
resulted in diminished cell proliferation (measured by 
Ki67 immunostaining) by 63%, (p=0.017) (Figure 3C, 
3D) relative to vehicle control while crizotinib was 
virtually unchanged. In the merestinib treated cohort, 

Figure 1: In vitro effect of merestinib treatment on cell-based NTRK1 inhibition. (A) Effect of merestinib and its two 
metabolites (M1, M2) on cell-based PathHunter TrkA inhibition. Ten-point IC50 analysis of inhibitor ranging from 3.8 nM - 10 μM was 
performed. (B) Western blots of KM-12 cells treated with merestinib, crizotinib, entrectinib and larotrectinib in vitro. Cells were treated 
with compound ranging from 3.9 - 1000 nM for 2 hours. Western blots were re-probed for total NTRK, ERK, eIF4E and β-actin for loading 
control purposes.
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some viable adenocarcinoma tissue remained; however, 
significant mucin accumulation was readily apparent thus 
contributing to the overall residual volume, explaining 
why the observed tumor regression plateaued at 
approximately 200 mm3.

A leukemia cell line MO-91 harboring ETV6-
NTRK3 gene fusion was used by others to evaluate 
NTRK inhibitors [9, 15]. Crizotinib was found to inhibit 
the proliferation of MO-91 cells in vitro with an IC50 of 
10 nM [15] and induced tumor regression of the MO-91 
xenograft tumors at 50 mg/kg once daily dosing [15]. 
As MO-91 cells are not available in publicly accessible 
cell banks, and the parental MO-91 cells are poorly 
tumorigenic [15], we elected to evaluate merestinib and 
crizotinib in a HNSCC PDX model also bearing ETV6-
NTRK3 gene fusion (Figure 4, Supplementary Figure 5). 
Merestinib dosed daily at 24 mg/kg showed reduction of 
tumor growth relative to vehicle control (T/C=6.2%, p < 
0.001) while crizotinib dosed 25 mg/kg twice daily did 
not show significant tumor growth reduction (T/C=76.9%, 
p=0.525) relative to vehicle. Together, merestinib displays 
potent anti-tumor effect in tumors with NTRK fusions.

Merestinib inhibits p-NTRK1 in entrectinib-
resistant models in vitro

Inhibitors targeting NTRK-gene fusions such as 
entrectinib [17] and larotrectinib (LOXO-101) [6] are 
currently in clinical trials in cancer patients harboring 

NTRK fusions. Acquired resistance to entrectinib or 
larotrectinib treatment in patients has been reported [8–
10]. Two missense mutations located within the kinase 
domain of NTRK1, G595R and G667C were identified. 
These acquired secondary mutations may create steric 
hindrance to the binding of these two compounds, thus 
diminishing their potency in inhibiting p-NTRK1 activity 
[10]. In order to determine if merestinib reduces NTRK1 
phosphorylation in either G595R or G667C TPM3-NTRK1 
mutants, stably expressing TPM3-NTRK1 in NIH-3T3 cells 
with wild-type NTRK1 kinase, G595R or G667C missense 
mutations were created (Supplementary Figure 6). All 
three constructs included a 3’-terminal 3X-FLAG Tag. As 
expected, p-NTRK1 (Y490) signaling was reduced in the 
NIH-3T3 cells expressing wild-type TPM3-NTRK1, after 
treatment with 0.2 μM and 0.5 μM merestinib, entrectinib, 
larotrectinib or crizotinib (Supplementary Figure 7, Figure 
5). NIH-3T3 cells expressing mutant G595R TPM3-NTRK1 
showed diminished p-NTRK1 upon merestinib or entrectinib 
treatment, but it was not completely abolished. Larotrectinib 
also showed partial p-NTRK1 inhibition while crizotinib 
had little effect. However, the NIH-3T3 G667C TPM3-
NTRK1 mutant clone remained sensitive to merestinib and 
entrectinib treatment, but not to larotrectinib or crizotinib. 
Of note, entrectinib eliminated p-NTRK1 at both Y490 
and Y674/5 in the G667C mutant expressing cells in this 
study, whereas Russo and colleagues [10] showed very little 
p-NTRK1 inhibition in the G667C mutant with entrectinib 
as determined by Y674/Y675 phosphorylation.

Figure 2: Anti-tumor activity of merestinib in KM-12-derived xenograft tumors.  Merestinib was dosed orally once daily at 
24 mg/kg (- -■- -), crizotinib was dosed orally twice daily at 25 mg/kg (- -▲- -). Dosing began in athymic nude mice implanted with KM-
12 cells once average tumor burden reached 150-200 mm3 on Day 9 (denoted by arrow). Vehicle (— ◊—) dosing terminated on Day 27 as 
animals in this group were removed due to excessive tumor burden. Statistical analyses comparing vehicle to the two treated cohorts were 
performed on Day 27, and comparing crizotinib and merestinib (p<0.001) on Day 34. Animal weights were measured twice weekly with 
no significant weight alteration relative to vehicle.
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In the NIH-3T3 cells with wild-type TPM3-NTRK1 
or G667C TPM3-NTRK1, merestinib showed almost total 
reduction in p-eIF4E (Figure 5), similar to that in the KM-
12 cells (Figure 1). Crizotinib, entrectinib and larotrectinib 
did not show reduction in p-eIF4E (Figure 5). Among the 
four NTRK inhibitors evaluated, merestinib showed the 
most reduction in p-ERK in the NIH-3T3 cells with wild-
type TPM3-NTRK1, G595R TPM3-NTRK1 and G667C 
TPM3-NTRK1 (Figure 5).

Merestinib inhibits growth of wild-type and 
G667C TPM3-NTRK1 expressing tumors in vivo

Merestinib (dosed once daily at 12 mg/kg or 24 mg/
kg) and entrectinib (dosed twice daily at 30 mg/kg) were 
evaluated in mouse tumor models with NIH-3T3 cells 
constitutively expressing wild-type TPM3-NTRK1, TPM3-
NTRK1 with G595R or G667C mutation. Both merestinib 
and entrectinib treatment resulted in tumor regression in 

Figure 3: Anti-tumor activity of merestinib in patient-derived xenograft tumors (EL1989) bearing TPM3-NTRK1 
fusion. (A) Merestinib was dosed daily at 24 mg/kg (- -■- -), and crizotinib was dosed twice daily at 25 mg/kg (- -▲- -). All treatment 
cohorts began dosing on Day 52. Waterfall plot depicts individual animal tumor response to treatment as measured after 28 days of dosing 
(on Day 80). Graph bars below the x-axis indicate tumor regression. (B) Low magnification image (6x) of hematoxylin and eosin stained 
EL1989 PDX tumor histological sections grouped by treatment and harvested at the end of the study: Vehicle control tumors, merestinib 
treated tumors, crizotinib treated tumors. Viable tumor tissue stains light to dark purple, areas of necrosis stain as pale pink and areas 
of mucin accumulation are very pale or lack staining. Tumor viability, tumor necrosis and mucin accumulation scoring were performed 
by a board certified pathologist (KMC). Estimated % viable tumor tissue per cohort are as follows: Vehicle, mean 50%, range 5-90%; 
merestinib, mean 25%, range 5-70%; crizotinib, mean 50%, range 5-90%. Refer to Supplementary Table 2 for individual assessments. (C) 
Percent proliferating tumor cells by treatment based on Ki67 immunostaining and image analysis. Merestinib treated tumors (n=6) were 
significantly reduced (p=0.016) relative to vehicle (n=10). Crizotinib treated tumors were not significantly different (p=0.94). Five of six 
merestinib treated tumors showed thin rims of viable tumor tissue located mostly around the outer perimeter in comparison to the crizotinib 
treated cohort that displayed tumors with more abundant viable cells distributed throughout most tumor sections. Histological sections from 
vehicle control tumors were performed only on portions of the whole tumors rather than whole intact samples. Of these sections, viable 
cells were distributed throughout the tumors similar to crizotinib treated tumors. Tissue sections were stained with Ki67, and imaged and 
analyzed using an iCys laser scanning cytometer. Error bars denote SEM. (D) Representative image of the Ki67 immunostaining of the 
tumors from vehicle control, crizotinib and merestinib treated groups.



Oncotarget13801www.impactjournals.com/oncotarget

tumors expressing wild-type TPM3-NTRK1 (Figure 6A). 
Similar extent of tumor regression was observed in both 
doses of merestinib treated cohorts in animals bearing 
tumors with the G667C mutant within 4 days of treatment 
initiation (12 mg/kg once daily, regression = 46.8%, p < 
0.001; 24 mg/kg once daily, regression = 51.3%, p < 0.001) 
and maintained through the study period. Entrectinib at 30 
mg/kg twice daily dosing, showed slight tumor regression 
within the first 4 days of treatment initiation (regression 
= 19.5%, p <0.028), but this response was transient as 
tumors grew out while on treatment (Figure 6B). Tumors 
expressing mutant G595R TPM3-NTRK1 were insensitive 
to either merestinib (T/C=65.2%, p=0.147) or entrectinib 
(T/C=86.2%, p=0.596) treatment (Figure 6C).

Merestinib as type II NTRK1 kinase inhibitor

Merestinib was co-crystalized with NTRK1 kinase 
and was shown to bind to the DFG-out configuration of 
NTRK1 (Figure 7A, 7B), as was previously shown for the 
binding mode of merestinib to the MET kinase domain 
[12], confirming merestinib is a type II kinase inhibitor 
of NTRK1. Of note, the binding configuration of the 
warhead portion of merestinib in NTRK1 differs with 
respect to the binding configuration with MET kinase 
domain [12]. The location of the two acquired resistant 

mutations from entrectinib and larotrectinib treatment, 
G595 and G667 (highlighted in red) in the structure of the 
NTRK1 kinase domain (Figure 7A), is far from the bound 
merestinib with a distance of at least 5 Å between the Cα 
and most of the atoms from the bound merestinib. The 
binding conformation of merestinib (in blue) differs from 
that of entrectinib (in brown) in the NTRK kinase pocket 
(Figure 7B). The different conformations are largely the 
result of entrectinib being a type I inhibitor (with DFG-
in conformation) and merestinib being a type II inhibitor 
(with DFG-out conformation). Larotrectinib is a type I 
inhibitor and its conformation bears more similarity to that 
of entrectinib as reported by Drilon et al. [9]. Crizotinib, 
a type 1B inhibitor of ALK [18], and entrectinib, a type I 
inhibitor of ROS1 [19], are expected to bind much closer 
in proximity to G595 and G667 of NTRK1, as seen from 
the structures of their complex with NTRK1 (internal 
data) or projected from their complex with ALK based 
on homology (Figure 7C). The G667 position of NTRK1 
corresponds to G1269 in ALK and is frequently mutated 
to alanine. Due to this close proximity to this mutation 
site, crizotinib lost 6-8 fold potency in G1269A mutation 
in ALK [20].

Entrectinib is bound to NTRK1 with short 
distances to G595 and G667 (Figure 7D). The short 
distance between G595, G667 and the inhibitor means 

Figure 4: Anti-tumor effect of merestinib or crizotinib in HNSCC PDX model. HNSCC PDX model harboring an ETV6-
NTRK3 fusion treated with merestinib or crizotinib (n=5 per group). Treatment began on Day 0. Merestinib dosed at 24 mg/kg once 
daily blocked tumor growth of the PDX HNSCC model harboring an ETV6-NTRK3 fusion on Day 59 (T/C = 6.2%, p<0.001). Crizotinib 
dosed twice daily at 25 mg/kg was not statistically different than vehicle control (T/C=76.9%, p=0.525). Merestinib dosed 24 mg/kg was 
significantly more efficacious than crizotinib (p<0.001). 12 mg/kg merestinib failed to suppress tumor growth. Animal weights were 
measured twice weekly with no statistical change relative to vehicle control.
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that mutations to a bulkier residue (G595R, G667C) will 
disturb the bound inhibitor. Larotrectinib is also a type I 
inhibitor with a similar fluoro-phenyl group located near 
G667C and thus is expected to lose sensitivity to the same 
mutation, as was shown in a recent study [9]. Merestinib 
does not have a group very close to either G595 or G667, 
and therefore lost activity to a lesser degree. We believe 
that the different sensitivity shown by merestinib towards 
the NTRK1 G595R and G667C mutations is largely due to 
its different binding conformation, especially as a type II 
kinase inhibitor of NTRK1. While protein conformational 
plasticity and inhibitor flexibility can accommodate the 
mutations to some degree, merestinib depends much less 
on such accommodation, particularly at the G667C site.

DISCUSSION

Considerable research has been conducted in 
targeting the NTRK1-NGF axis in drug development for 
pain management [23–25] and for targeting NTRK1, 2, 3 as 

oncogenes in 19 different types of cancer [6, 21, 22]. In this 
report, merestinib is shown to be a type II NTRK1 kinase 
inhibitor based on the x-ray crystal structure analysis, as 
it binds to the DFG-out configuration of the NTRK1 
kinase domain. Merestinib and its primary metabolites, 
M1 and M2, are potent inhibitors of the NTRK kinases 
with merestinib having a Kd to NTRK1, 2, 3 of 20, 92 
and 54 nM, respectively. Merestinib and its metabolites 
inhibit p-NTRK1 (Y490) in a dose-dependent manner in 
the colorectal KM-12 cell line harboring a TPM3-NTRK1 
fusion. Phosphorylation at Y490/Y785 reportedly activates 
downstream MAPK signaling [26, 27], which supports 
the observed reduction of p-ERK in KM-12 cells upon 
treatment with merestinib or its metabolites.

Merestinib and the metabolites inhibited both 
anchorage dependent (IC50 of 13-105 nM) and anchorage 
independent KM-12 cell proliferation (IC50 of 45-206 nM). 
Furthermore, merestinib demonstrated potent anti-tumor 
effect in vivo in multiple xenograft tumor models bearing 
NTRK gene rearrangements. In both KM-12 xenograft and 

Figure 5: Evaluation of NTRK inhibitors with NIH-3T3 cells transfected with G595R or G667C mutation in TPM3-
NTRK1 fusion in vitro. Cell lysates from NIH-3T3 cells stably transfected with TPM3-NTRK1 wild-type, mutant G595R, or G667C 
TPM3-NTRK1 expressing clones were analyzed by immunoblotting after treatment with 0.5 μM of the indicated NTRK inhibitor for 4 
hours. All three TPM3-NTRK1 clones expressed 3’-3X-FLAG-Tag as confirmed by anti-FLAG antibody. eGFP control vector served as a 
control with no NTRK or FLAG expression.
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the PDX model EL1989 harboring a TPM3-NTRK1 gene 
fusion, merestinib significantly reduced tumor growth 
as compared to vehicle or crizotinib treated tumors. In 
EL1989 PDX, merestinib treatment resulted in tumor 
regression. Merestinib also significantly reduced tumor 
growth in a head and neck squamous cell carcinoma 
(HNSCC) PDX model expressing ETV6-NTRK3 gene 
fusion. Together these data suggest that merestinib blocks 
p-NTRK signaling and blocks tumor growth in oncogenic 
driven NTRK gene rearranged tumors.

While targeted tyrosine kinase inhibitors such as 
EGFR and ALK inhibitors, often yield early clinical 
response, they are frequently not durable due to onset of 
acquired resistance of secondary mutations in the kinase 
domain. Similar experiences of acquired resistance to 
experimental NTRK inhibitor treatment in patients with 
NTRK fusion have already been reported for entrectinib 
and larotrectinib [8–10]. The reported secondary acquired 
mutations are G623R in NTRK3 fusion and G595R and 

G667C mutations in NTRK1 fusions. We compared the 
potency of the type II NTRK1 inhibitor, merestinib, with 
several type I NTRK inhibitors (entrectinib, larotrectrinib/
LOXO-101 and crizotinib) on p-NTRK1 signaling in 
NIH-3T3 cells stably expressing either wild-type, G595R 
or G667C mutated TPM3-NTRK1. All NTRK inhibitors 
eliminated p-NTRK signaling in wild-type expressing 
TPM3-NTRK1 in vitro. In the G595R and G667C mutant 
cell lines, larotrectinib and crizotinib did not show inhibitory 
effect on NTRK1 phosphorylation. With the G667C mutant, 
entrectinib or merestinib abolished p-NTRK at 0.2 μM and 
0.5 μM. In contrast, only moderate p-NTRK1 inhibition 
was shown by entrectinib or merestinib in cells expressing 
the G595R mutation at 0.5 μM. In vivo, entrectinib or 
merestinib treatment resulted in tumor regression in tumors 
with NIH-3T3 cells stably expressing wild-type TPM3-
NTRK1. Merestinib, but not entrectinib treatment also 
resulted in sustained tumor regression in tumors with NIH-
3T3 cells stably expressing G667C mutant TPM3-NTRK1. 

Figure 6: Comparison of anti-tumor effect of merestinib with entrectinib in vivo in tumors bearing G595R or G667C 
mutation. NIH-3T3 cells constitutively expressing TPM3-NTRK1 variants were implanted subcutaneously in the flank region in athymic 
nude mice. Once the average tumor volume reached 150-200 mm3, compound dosing was initiated: merestinib dosed orally once daily at 
12 mg/kg (- -○- -), 24 mg/kg (- -■- -) or entrectinib dosed orally twice daily at 30 mg/kg (- -▲- -) for 21 days. Tumor growth of vehicle 
control (—♦—), merestinib or entrectinib treatment was evaluated in: (A) wild-type TPM3-NTRK1; (B) mutant G667C TPM3-NTRK1; (C) 
mutant G595R TPM3-NTRK1 in mouse tumor models. Arrows indicate beginning of dosing.
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Neither entrectinib nor merestinib significantly inhibited 
tumor growth of the mutant G595R TPM3-NTRK1 in vivo. 
These data suggest that complete and not partial p-NTRK 
inhibition is necessary to block tumor growth, and that 
merestinib, a type II NTRK kinase inhibitor may have an 
advantage over type I NTRK kinase inhibitors in durability 
of treatment response in patients.

Modeling and crystal structure of bound entrectinib 
and merestinib also provide insight into the difference in the 
in vivo data of the two compounds in this study. The G595R 
and G667C mutations contributing to entrectinib resistance 
are much closer in distance to the bound entrectinib or 
crizotinib than to merestinib. Similar short distance of the 
bound larotrectinib to G595 and G667 was shown recently 

[9]. Thus the steric hindrance of the G667 mutation to 
entrectinib in binding to NTRK1 does not predict the similar 
potency of entrectinib and merestinib in the G667C TPM3-
NTRK1 expressing cell lines in vitro as determined by 
western blot. The structural modeling appears to be a better 
predictor of the in vivo resistance to entrectinib treatment 
and that merestinib retains potency to the tumors bearing the 
G667C mutation. It is not known whether NTRK mediated 
reduction of phosphorylated ERK could also play a role 
in countering resistance. Merestinib inhibits p-ERK in a 
dose dependent manner, which is not observed with either 
entrectinib or larotrectinib/LOXO-101. It is not clear why 
crizotinib is reducing p-ERK to a greater extent than p-NTRK 
in either G595R or G667C mutant expressing NIH-3T3 cells.

Figure 7: Comparison of X-Ray crystal structures of NTRK1 bound to merestinib and entrectinib, and structures of 
ALK bound to entrectinib and crizotinib. (A) Merestinib bound to NTRK1 in ribbon diagram where the protein part is in cyan and 
the inhibitor in pink. G595 and G667 are highlighted in red in the ribbon. Arrows are used to show key interactions between the inhibitor 
and protein, the blue arrow for hinge interaction, the black arrow for hydrophobic interaction in the interior pocket while the green arrow for 
the interaction in the pocket created from the DFG-out conformation. (B) Entrectinib (in brown) and merestinib (in blue) bound to NTRK1 
(complex with entrectinib in yellow and complex with merestinib in cyan). The dramatically different conformations in the activation loop 
(downstream G667) arise from the DFG-in conformation with the type I inhibitor entrectinib and the DFG-out conformation with the type 
II inhibitor merestinib. (C) Entrectinib (in grey, PDB accession code 5fto) and crizotinib (in blue, PDB accession code 2xp2) bound to ALK 
to show the similar binding mode of the type I inhibitors. (D) Entrectinib bound to NTRK1 with shown close distances to G595 and G667. 
The short distance between G595, G667 and the inhibitor means that mutations to a bulkier residue (G595R, G667C) will disturb the bound 
inhibitor. Larotrectinib is also a type I inhibitor with a similar fluoro-phenyl group located near G667C and thus is expected to be sensitive 
to the same mutation. This is actually what was presented in a recent study [9].
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It is important to point out that while merestinib is a 
potent inhibitor of NTRK, it also targets additional kinases 
such as the TAM receptors (AXL, MERTK, and TYRO3), 
and MKNK1 and MKNK2, which may also contribute 
to anti-tumor growth. TAM receptor signaling has been 
implicated in stimulating cancer growth by augmenting 
pro-survival pathways and diminishing apoptosis [28]. 
Importantly, we did not detect AXL protein expression in 
KM-12 cells (data not shown). Antibodies directed against 
TYRO3 or MERTK are of poor quality and not reliable 
to assess merestinib induced inhibition. Because eIF4E 
phosphorylation resides at a convergent point between 
two predominant signaling pathways (mTOR and ERK 
signaling), the MKNK kinases play a critical role in the 
downstream translation initiation of pro-cancer mRNA 
[16]. Shown here, merestinib and its metabolites inhibit 
phosphorylation of eIF4E via MKNK1 and MKNK2 in 
KM-12 cells. Understanding MKNK inhibition is an 
ongoing interest and merestinib’s contribution to curbing 
translation initiation is currently being explored.

Together, these data indicate that merestinib is a 
potent inhibitor of NTRK and blocks tumor progression 
in vivo in preclinical studies. These data support the 
clinical evaluation of merestinib in patients with NTRK 
rearrangements (NCT02920996). Merestinib as a type 
II NTRK kinase inhibitor may also offer an advantage 
over type I NTRK kinase inhibitors in retaining potency 
to acquired secondary kinase mutations, similar to the 
hypothesis for type I and type II MET kinase inhibitors 
for MET driven tumors [29, 30]. Merestinib may also 
offer as an alternative to LOXO-195, a second generation 
NTRK inhibitor designed to overcome acquired resistance 
to treatment with type I NTRK inhibitors [9].

MATERIALS AND METHODS

Kinase activity profiling for merestinib, M1 and 
M2 metabolites were analyzed using the scanMax 
Kinase Assay Panel at 0.2, 1 and 5 μM concentrations 
with % inhibition calculated as described by DiscoveRx 
(Freemont, CA). Subsequently, the binding affinity (Kd) 
for merestinib, M1 and M2 metabolites was determined 
using an 11-point concentration response curve for TrkA, 
B, C (NTRK1, 2, 3). The TrkA PathHunter cell based 
kinase assay was performed at DiscoveRx. All in vivo 
experimental protocols were approved by the Eli Lilly 
and Company Animal Care and Use Committee. Eli 
Lilly and Company is accredited by the Association for 
Assessment and Accreditation of Laboratory Animal Care 
International. Please refer to the Supplementary Materials 
and Methods for a detailed description of the following: 
anchorage dependent and independent cell proliferation 
of KM-12 cells; western blot analysis; PCR and DNA 
sequence verification of NTRK fusions; merestinib 
co-crystal structural analysis; in vivo mouse xenograft 
studies; cloning and cell transfection of wild-type TPM3-

NTRK1 and TPM3-NTRK1 kinase domain mutants; 
histological assessment of xenograft tumors; imaging and 
quantification of markers in xenograft tumors.
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