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Figure 1. The use of precision oncology for the determination of potentially actionable genes with directed
targeted therapy (a sequence from mass gene exploration until NTRK identification). Despite the cost of the
generalized implementation of in-depth genomics, the directed use of state-of-the-art therapeutic strategies
has demonstrated a global saving of 5.6% in the participating population. This care strategy based on value
could reduce the global costs of directed oncological treatment after 18 months of intervention in more than
7.5%, a valid event for one in four patients with advanced cancer.

reach beyond research. Although these efforts ini-
tially attempted merely to describe the tumor
genomic landscape, the idea of modification and
intervention over these said discoveries has gained
much ground in recent years and has permeated
into clinical practice, especially in clinical oncol-
ogy. This new prospect in medical care is known
as precision medicine, and is explored extensively
in this review.

What is precision oncology and what is its

use?

In oncology, precision medicine refers to the use of
diagnostic and therapeutic activities combined for
the benefit of a subset of patients whose tumors
present specific genomic events that stem from
molecular alterations that modify the biology of the
tumor cell deregulating potentially actionable sign-
aling pathways.” The rapid evolution of technologi-
cal tools that allow for polygenic evaluation through
molecular profiles has allowed for the inclusion of
predictive biomarkers that have radically modified
the outlook of cancer care® (Figure 1). Globally, 40%
and 63% of the predictive and prognostic biomark-
ers in use are related to cancer.® These figures
translated into a net effect of precision technology
that oscillates between 11% and 18% of the affected

population.!® In the face of annual evidence of
32.6 million survivors with cancer globally, the cor-
rect use of precision medicine could modify the
survival and quality of life of more than 5.5 million
patients per year. In 2018, 101,893 cases of cancer
were registered in Colombia,!! which in turn out-
lines that 18,340 people living with cancer in our
area could benefit from the use of precision oncol-
ogy. Considering a region-wide approach, approxi-
mately 6270 of the 1,412,732 cancer patients in
Latin America!? will have tumors with different
NTRK-1-3 translocations (neurological receptor of
the kinase for tropomyosin), among which 20% are
expected to be children.

Key points (1)

e Precision oncology includes the use of
diagnostic and therapeutic strategies combined
to benefit a subgroup of patients whose tumors
present specific genomic events that stem
from molecular alterations susceptible to
management with direct therapies.

e Up to 18% of patients with cancer benefit from
precision oncology.

e NTRK1-3 translocations present in different
tumors and their directed treatment constitute
the most relevant example to demonstrate
the usefulness of the value model based on
precision oncology.
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Figure 2. The use of NGS tests during the last 12months among United States oncologists.’

What is the effect of precision oncology on

rare tumors?

Many studies have demonstrated the relevance of
the routine use of precision oncology, including
some performed in community institutions not
considered reference centers. Recently, Schram
et al. determined that the inclusion of mass
genome sequencing in regular clinical practice
modified 20-25% of decisions. In the same man-
ner, amongst the patients whose treatment was
not rectified, attending physicians indicated the
presence of at least one actionable genetic alter-
nation in 55% of the cases. However, only 45% of
these had a genomic variety validated by experts.
In an attempt to optimize the use of high-
precision and complex genomic tools, interactive
genomic reports have been designed along with
multidisciplinary meetings for results analysis and
artificial intelligence platforms to accurately inter-
pret the large amounts of data stemming from
bioinformatics.!%15 In this situation tools such as
the app ESCAT (ESMO Scale for Clinical
Actionability of Molecular Targets) enable patient
selection through a standardized classification
system based on the evidence of genomic altera-
tions with clinical implications.!6

Recently, Freedman et al. carried out the National
Survey on Precision Medicine in Cancer Treatment
in the United States that included 1281 oncolo-
gists in community practice centers across the
country.!” Among these, 75.6% said they had used
mass genome sequencing tests to guide treatment
options (Figure 2). In addition, 34% used the

platform routinely to optimize the handling of
patients with advanced refractory disease, 29.1%
used it to determine the eligibility of subjects for
clinical studies, and 17.5% to decide on the unap-
proved use of medicines admitted by the US Food
and Drug Administration (FDA). The results of
these tests provided useful recommendations for
treatment in 26.8%, were occasionally useful in
52.4% and never or rarely useful for 20.8% of
those consulted. Likewise, oncologists under 50
years old received training in genomics more fre-
quently, usually treated more than 50 patients with
direct targeted therapy per month, and had regular
access to a multidisciplinary board that focused on
the discussion of molecular tests.!8

One of the greatest merits of mass genome
sequencing is the identification of specific targets
that maximize the benefit of intervention through
simplifying the diagnosis. The best examples in
this sphere are NTRK translocations found in a
wide range of infrequent tumors amongst the
adult and pediatric population. Once the molecu-
lar target was found linked to the response gener-
ated by larotrectinib, the diagnostic test was
simplified with immunohistochemistry or fluores-
cence in situ hybridization (FISH) with prior vali-
dation of the information. In a study by Gatalica
et al., the authors evaluated samples from 11,502
patients including 53 fusion genes and sequenced
592 additional genes in direct comparison with
the classification by TrkA/B/C immunohisto-
chemistry.!® Among the total cohort, 0.27% had
NTRK alterations, with the most common fusions
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through immunohistochemistry. An example of the staining
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Figure 3. Diagnostic transition of NTRK fusion genes from their initial evaluation with polymerase chain
reaction (PCR] sequencing techniques for mass genome sequencing (NGS)'025-28 (Step 1), the use of
fluorescence in situ hybridization (FISH)2%.30 and sieving though immunohistochemistry?® (Step 2).

being ETV6:NTRK3 (2=10) and TPM3:NTRK1
(n=6). The greatest frequency of NTRK altera-
tions was for patients with gliomas (1.4%), lesions
that usually present an NTRK2 gene fusion. In
parallel, 17 cases that were not related to the cen-
tral nervous system were NTRK carriers, mainly
lung, thyroid, breast, and nasal cavity carcinomas
and diverse soft-tissue sarcomas. The uniform
expression of the gene evaluated by immunohisto-
chemistry found 7/8 NTRK lesions, 8/9 NTRK2
fusions, and 6/11 NTRK3.19 This information
validates the usefulness and simplification of the
sieving through immunohistochemistry.

In a similar manner, Hechtman ez al.2° found evi-
dence that the Pan-Trk panel (rabbit recombi-
nant monoclonal antibody, clone EPR17341,
Abcam, Cambridge, MA) for the detection of
fusion genes through immunohistochemistry has
a sensitivity and diagnostic specificity of 95.2—
100%, respectively. In this study, all cases that
resulted positive through immunohistochemistry
had a cytoplasmic staining, whilst specific pairing
patterns were discovered for five LMNA-NTRK1
fusions that demonstrated accentuation of the
nuclear membrane. In contrast, the four TPM3/4
fusions showed accentuation in the cellular mem-
brane and half (3/6) of the N'TRK3 fusions
showed nuclear staining. In conclusion, Pan-Trk
staining turned out to be a temporarily efficient
test, easily implementable in tissue for the detec-
tion of NTRK fusions, particularly in specific

advanced malignant tumors. In addition, Hung
er al.?! went deeper on the use of immunohisto-
chemistry as an initial diagnostic strategy in
210 cases of children, including 15 fibrosarco-
mas, 5 lipofibromatosis/lipofibromatosis-like
neural tumors, 10 primitive myxoid/mesenchy-
mal tumors of infancy (PMMTI), 15 fibrous
hamartomas of infancy (FHI), miofibromatosis,
desmoid fibromatosis and 20 synovial fibromyxo-
ide sarcomas, rhabdomyosarcomas of spiculated
dermatofibrosarcoma protuberans cells, and
peripheric neural sheath nerves. The Pan-Trk
immunohistochemistry panel confirmed positiv-
ity in the 15 infant fibrosarcomas (100%) and in
the 5 subjects with lipofibromatosis/lipofibroma-
tosis-like neutral tumors (100%), Lastly,
Rudzinski ez al.?? classified the sensitivity and
specificity of the Pan-Trk panel (EPR17341) and
the monoclonal antibody TrkA (EP1058Y) in a
population of NTRK positive patients (n=26).
For the Pan-Trk panel (EPR17341) sensitivity
and specificity were 97% and 98% respectively,
whilst the TrkA IHC clone (EP1058Y) presented
a sensitivity and specificity of 100% and 63%. In
consensus, all this information supports the regu-
lar evaluation of NTRK alterations using immu-
nohistochemistry, relegating the use of in depth
genome sequencing for probable cases that ini-
tially turn out negative.?324 Said strategy eases
tackling and inter-population generalization,
rapid access and reflection on the test, and
the successful implementation of direct target
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treatment derived from rational knowledge of the
fusion gene’s function through multiple tumors.
Figure 3 demonstrates the evolution and simplifi-
cation of diagnostic strategies for diverse NTRK
carrier tumors.

Key points (2)

e Precision oncology permitted the identification
of NTRK1-3 translocations in diverse tumors.
Once the actionable nature of the fusion and
the viability of the use of larotrectinib had
been confirmed, immunohistochemistry
was introduced (Pan-Trk panel) as a
simplified diagnostic strategy. This test has
demonstrated high yield among diverse
tumors in children and adults. It presents an
excellent cost-benefit relationship and a high
sensitivity and specificity, findings that make it
easily implementable at a local level.

The importance of precision medicine in
countries with limited resources

Precision oncology has demonstrated a balance in
favor of economic aggregated value based on
cost-effectiveness and use of the specific block of
diverse molecular targets. Given that the net cost
of the latest generation of oncology drugs repre-
sents between 12% and 20% of the care cost, pre-
cision oncology allows for the reduction of global
investment by moderating the requirement for
hospital care and institutional stay. For example,
in 2015, the United Kingdom spent approxi-
mately £1.3billion (USD $1.83billion) in hospi-
tal services for patients with cancer who received
inter-institutional treatment during their last year
of life. In a similar way, Australia and the United
States invested approximately 79% (AUD
$3.6billion, USD $2.6billion) and 38% (USD
$31.3billion) on their total inter-institutional
cancer care. Based on this profile there is con-
vincing evidence that biomarkers, pharmacoge-
netic tests and specific targeted therapy
significantly reduce visits to the emergency room
and the requirement for hospitalized care.31:32 In
the same way, the improvement in quality of life
has a transcendental effect on the therapeutic
course of infrequent diseases with limited alterna-
tive therapies that have not been very effective up
until now. This is particularly the case in develop-
ing nations, where access to targeted therapies is
not widespread, possibly due to economic condi-
tions, limitations on coverage, and physical acces-
sibility.33 International cooperative clinical trials

offer a possibility to grant certain access to new
effective medications. Taking into account the
large number of newly diagnosed cancer cases in
Latin America and the Caribbean, with the major-
ity of these countries being cataloged as develop-
ing nations,3* a considerable number of patients
with rare cancer diagnoses will suffer from these
diseases without the possibility of a treatment
opportunity. Nonetheless, international coopera-
tion and accessibility to clinical trials offer an
alternative. On the one hand, by recruiting these
patients, clinical trial organizers gain possible
research subjects. On the other hand, contribu-
tion to social value, intrinsically woven into the
fabric of ethical clinical research, can be offered
by administering participants otherwise inacces-
sible medications.?® Furthermore, additional
benefits in participation, such as employment,
training of community members, and increase of
health care services, can be observed.3°

It should be noted that one of the most important
reasons that precision oncology is lagging behind
in resource-limited settings, as compared with
developed countries, is the lack of dedicated
resources and research centers that help to pro-
mote the generation of new knowledge by train-
ing and educating young scientists, medical
students, clinicians, etc. Implementation of per-
sonalized medicine in resource-limited environ-
ments would be stronger if research collaboration
between developed and developing/resource-lim-
ited countries increases. To this end, developing
countries will undoubtedly benefit from treat-
ment access, training opportunities, knowledge
transfer, and expanding transnational networks,
while developed countries are likely to benefit
through comparative work and multicenter pro-
jects on families with rare diseases or unique
clinical features. To achieve this symbiosis, an
enormous commitment should be made by
researchers, physicians, and the pharmaceutical
industry, to conduct high-quality clinical trials
that will benefit patients at the same time as we
gain substantial scientific knowledge.37-38

Another way in which patients with limited
resources could access novel therapeutics is the
compassionate use of drugs. Clinical trials were
previously the only way to access new drugs under
development. However, not every patient meets
the enrolment criteria, and participation is diffi-
cult for patients with life-threatening, long-last-
ing, or seriously debilitating diseases such as
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cancer. Early access programs such as the
“Compassionate Use Program” (CUP) have gen-
erated alternative channels for such patients, and
offer another option for treatment access in devel-
oping countries.3?

Key points (3)

e NTRK inhibition (larotrectinib) has a high
added therapeutic value and constitutes an
unsatisfied medical therapeutic need.

e There are no studies that have evaluated
(locally or internationally) the cost-
effectiveness of larotrectinib. However,
the clear clinical benefit for diverse rare
tumors that carry the NTRK1-3 fusion gene
constitutes a balanced strategy for different
sanitary models on a global scale.

Approximation of NTRK tumors as an

example of practice based on precision
oncology

Mass genome sequencing permits the identifica-
tion of three varieties of the NTRK fusion gene in
17 different tumor types. This active transloca-
tion in a constitutive form and dependent on the
stimulus stemming from different ligands [neuro-
trophins, peripheral nerve growth factor (NGF)
for TrkA, brain derived growth factor (BDGF),
NT-4/5 for TrkB, and NT3 for TrkC] related to
the tropomyosin receptor (TRK), The TRK is
related to the growth, differentiation, maturity,
and survival of neurons. For this reason, it is
expressed as primary and normal tumors in the
central nervous system. Regardless, NTRK fusion
genomes represent a combination of chromo-
somic rearrangements expressed in segment 5
(more than 60 identified) in addition to the frac-
tion 3 that codifies the tyrosine kinase intercellu-
lar segment.40

The binding of the TrkA receptor through NGF
provokes the activation of the kinase Ras/Protein
route activated by mitogens (MAPK) that lead to
a greater proliferation and cellular growth through
kinase signaling regulated by extracellular signals
(ERK). Other routes such as phospholipase C-y
(PLCy) and depending on PI3K are also acti-
vated in a parallel way. Likewise, the coupling of
TrkC with NT3 provokes the preferential action
of the PI3/AKT route, avoiding apoptosis and the
increase of cellular survival, whilst TrkB trans-
duces the BDNF signal through Ras-ERK, PI3K,
and PLCy, resulting in differentiation and tumor
surivival,23,:24,31,32

The NTRKI1 gene is located on the 1q21-q22 4
chromosome and its mutations interrupt the
function of the TrkA protein found in patients
affected by congenital insensitivity to pain with
anhidrosis (CIPA). The NTRK2 gene is mapped
on the 9q22.17 chromosome and contains 24
exons, 8 of which codify a protein of 822 amino
acid residues (TrkB receptor). The NTRK?3 gene
is found on the 15925,9 chromosome and its
transcription product known as TrkC expressed
on the human hippocampus, on the cerebral cor-

tex, and on the layers of granular cerebellum
CCHS.10’23’24’26’28’31’32’40

The family of NTRK gene rearrangements is
implicated in the development of 1% of solid
tumors, with an incremental frequency (between
5% and 7%) in some rare neoplasias of the pedi-
atric population. Amongst others are infant fibro-
sarcoma, congenital mesoblastic nephroma, and
diverse low-grade gliomas. All of these had mini-
mal really effective alternative therapies, until the
advent of precision oncology that permitted
NTRK identification. The transition of biological
information on NTRK amongst adults allowed
for the documentation of alterations in secreting
breast carcinomas, papillary thyroid carcinoma,
bile duct adenocarcinoma, squamous head and
neck carcinoma, acute myeloid leukemia, gastro-
intestinal stromal tumors, and saliva gland carci-
nomas.!® To the best of the authors’ current
knowledge, there is no stablished workflow for
screening NTRK mutations; therefore, we rec-
ommend that in resource-limited settings, NTRK
should only be analyzed in malignancies in which
it has been described that NTRK rearrangements
are frequently present. Figure 4 summarizes the
distribution of positive NTRK tumors.

Polytopic clinical evaluation and new

clinical experiments (perspective in the

face of conventional experiments and new
medications)

In 2017, the FDA approved for the first time a
cancer treatment based on a common biomarker
instead of a traditional neoplasia localization and
its histological architecture. Since then, pembroli-
zumab has been authorized to treat any type of
solid tumor that expresses microsatellite instabil-
ity. This event illustrates a drastic evolution that
altered the treatment panorama in oncology. The
paradigm has changed from general-purpose cyto-
toxic medication towards precision medicine
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Figure 4. Distribution of positive NTRK tumors.

through which compounds are designed that attack
specific tumors through the inhibition of their
peculiar growth and/or survival mechanisms.4!

The proportion of studies that required the pres-
ence or absence of a genome alteration increased
more than five times between 2006 and 2013. For
2017, clinical experiments that included biomark-
ers to stratify patients based on their possibility of
response constituted 34% of cancer studies.*?
The recruitment of sufficient patients with diverse
tumor subtypes that presented a unique biology is
a prevailing limit in performing such studies.*?
Precision medicine continues in essence a focus
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cover various sub-studies under a unique master
protocol that follows a common hypothesis.**

The basket study model includes patients with a
certain common genetic mutation (e.g. NTRK),
regardless of the location or origin of the neopla-
sia. This revolutionary clinical experiment model
has also been described as cube, agnostic, or pan-
tumor studies. Basket studies must be a simple
design to include patients that possess a genome
alteration in each segment. Sometimes, the com-
bination of biomarkers can be considered or
designed for the evaluation of multiple medicines
in a selected number of generic alterations and
their respective tumors (master study).4%% These
studies can be useful, quick, and less costly in
determining a medicine directed at a determined
genetic mutation related to a particular tumor
they can be efficient for treating the same genome
alteration found in the neoplasia originating from
another location. As an example, vemurafenib
(Zelboraf) is a tyrosine-kinase inhibitor that was
originally approved by the FDA in 2011 for the
treatment of BRAFV60'E mutation carrier mela-
noma. After the basket study with diverse patients
that presented some BRAF mutation, it was
determined that vemurafenib was also effective in
the treatment of low-frequency hematological
neoplasia known as Erdheim—Chester disease
(ECD), an occasion in which the BRAF mutation
also presents. This study allowed for the final
FDA approval in 2017 for vemurafenib as an
elective therapeutic intervention for ECD.%

From March 2018 on, 38 basket model studies
were included in the ClinicalTrials.gov platform.
Eleven of these are intended to register the use of
a specific medication for the treatment of diverse
neoplasias before the FDA. The rest (27) were
considered as exploratory. From 2017 on, the
FDA and the EMA (European Medicines
Agency) contemplated the use of basket studies
as a registration study for pathology with a global
prevalence of less than 200,000 patients/year or a
density lower than 1 in 2000 people.*> In total,
this type of study seems ideal to value the use of
medicines in around 7000 low-frequency
nosologic entities. In a similar vein, it promotes
the valuation of an accompanying diagnostic test,
allowing for the resolution of a hypothesis chain
with clear and lineal responses.

The medication’s approval stems from a benefit
analysis in a group population under the premise

that molecular subtype is more important than
histology. The wide majority of basket studies are
designed with only one arm in order to evaluate
the concept test in an early stage of develop-
ment.%> In general, the number of participants in
the individual sub-studies is between 20 and 50
and the hypotheses that can demonstrate statisti-
cal meaning are carried out only when there is an
important therapeutic meaning.*® With regard to
sub-study design, two stage or multiple stage
models can be used. As such, basket model tests
are optimal for the comprehensive evaluation of
patients with rare or low-prevalence cancers. All
basket studies require a precise capacity for the
prediction of the response based on the selection
of a tumor with particular molecular characteris-
tics that favor target control under the concept of
effective biological inhibition.4%47 In addition, the
patients included in each sub-study are frequently
made up of a heterogenous group in terms of
tumor subtype, histology, or base patient charac-
teristics. This makes it difficult to value tempo-
rary outcomes [progression-free survival (PFS)
and global survival], that are regularly homoge-
nized with the totality of the population after the
response is estimated. Given the heterogeneity of
the population, the rarity of the tumors studied
and the absence of a control group, the therapeu-
tic effect is usually confirmed with real life post-
approval studies.*® Figure 6 simplifies a basket
study in images.

Key points (4)

e The designs of specific clinical experiments
(basket and umbrella models) are more
efficient for selecting particular populations
than the use of multiple histological tests.

e |[f efficiency in the treatment of a particular
disease has been demonstrated, this can be
easily translated to another pathology with the
same genetic alteration.

e With a single test, multiple pathologies can be
tackled.

¢ Innovative clinical studies allow for
the demonstration of the usefulness of
medications such as larotrectinib, with high
rates of response and prolonged temporary
outcomes.

Larotrectinib as an example of precision
oncology practice

The growing number of fusion genes discovered
during the last decade (more than 100), including
NTRK, increased interest within the scientific
community in developing new medication with
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Figure 6. Pictorial description of a basket study.

specific inhibitory capacity. In 2012, Bertrand
et al. published the high-resolution crystalline
structure of TrkA and TrkB in its Apo form, as
well as the conformation of inhibitors in nanomo-
lar fraction.%® At least 40 of the kinase dominion
residues in their make-up Asp-Phe-Gly (DFG)
potentially interact with the ligands of the place of
ATP union, an occurrence that is highly con-
served between the Trk proteins. Only 2 of the 30
residues are different between TrkA and TrkB,
whilst the binding sites of ATP with TrkB and
TrkC are identical.?® Thanks to these characteris-
tics, it was easier to design pan-inhibitors for the
three NTRK isoforms (1-3) instead of specific
medication for each of these, intervention with a
wider anti-tumor activity.

Larotrectinib (LOXO0O-101) is a pan-Trk inhibitor
with a highly selective activity against the Trk
kinase super family. Its pharmacokinetics demon-
strated a good systemic exhibition through oral
administration, reaching approximately 98% of
the TrkA, B and C inhibition in maximum con-
centrations with a daily dose of between 50 and
100mg.>! Information on larotrectinib’s clinical
activity was initially provided in the case of a
41-year-old woman with a sarcoma registered in
the phase I study that showed an impressive tumor
response through exposure to the medication for
less than 8weeks.52 Another Trk pan-inhibitor
with parallel action on ROS1 and ALK is entrec-
tinib (RXDX-101 and NMS-E268), composed in
development and with preliminary approval as an

Biomarker N
+
Directed therapy N

orphan molecule in the FDA for patients with
lung and colon cancers that are NTRK fusion car-
riers.53:5¢ Altiratinib (DCC-2701) and sitravatinib
(MGCD516)55 are inhibitors of multiple kinases
with in vitro activity against TrkA and B. Both are
in early development for patients with neoplasias
that present fusion genes in NTKR. In addition,
other compounds with anti-Trk activity in the
course of preclinical research or phase I/II in
patients with neurological illnesses and cancer
include TSR-011, PLLX7468, F17752, and cabo-
zantinib (X1.184).5¢

The recommended dose for larotrectinib in adult
and pediatric patients with a body surface area
(BSA) =1m?is 100 mg twice a day and in pediat-
ric patients with a BSA of <1 m? it is 100 mg/m?
twice a day (medication taken with or without
food). Larotrectinib must be continued until the
disease progresses or in the event that an unac-
ceptable toxicity is produced.’’” As described,
larotrectinib is a highly selective and potent Trk
inhibitor (constant in wvitro inhibitor of 50%
5—11nmol/l), with minimal or null activity against
other molecular targets. Trk inhibition avoids
protein activation, which results both in the insti-
gation of apoptosis as well as the inhibition of cel-
lular growth in neoplasias that overexpress Trk.52
Larotrectinib demonstrates pharmacokinetics
proportional to the dose in a range that oscillates
between 100 and 400mg (i.e. to say 1-4 recom-
mended doses for adults). In adult patients, maxi-
mum plasmatic concentrations are reached in 1 h,
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Figure 7. Studies developed to test larotrectinib in multiple pathologies; for pediatric and adult populations.

with plasmatic levels in a stationary state after
3 days of intervention. In healthy volunteers, the
average absolute bioavailability of oral larotrec-
tinib was 34% and, after an intravenous dose, the
average distribution volume was 48 1. Food had
no clinically relevant effect on the medicine’s
pharmacokinetics and adhesion to plasmatic pro-
teins is close to 70%. The rate and grade of laro-
trectinib absorption was similar in pediatric
patients that received 100mg/m? twice a day
(maximum 100 mg twice a day).>7-58

Larotrectinib’s pharmacokinetics are not affected
in any clinically relevant grade by age (range
between 28 days and 82years), sex, body weight
or the presence of renal insufficiency.’” With
regard to patients with normal hepatic function,
exposure to Larotrectinib was increased by 1.3, 2,
and 3.2 times in patients with light (Child-Pugh
A), moderate (Child-Pugh B), and severe (Child-
Pugh C) hepatic affectation, respectively. The
initial dose of larotrectinib must be reduced in
50% of patients with moderate or serious hepatic
insufficiency.5” Clinically relevant pharmacologi-
cal interactions can be produced when larotrec-
tinib is co-administered with potent CYP3A4
inhibitors (itraconazole) or inducing medications
(rifampicin). In these cases, the joint administra-
tion of these agents with the tyrosine-kinase
inhibitor must be avoided. If joint administration
cannot be avoided, the larotrectinib dose must be
reduced 50% when administered with a CYP3A4
inhibitor and doubled when administered con-
comitantly with an enzyme inducer.5”

Figure 7 discriminates the evolution of clinical
trials with larotrectinib in adult and pediatric

populations. In the phase I study, larotrectinib is
associated with an elevated rate of global response
(93%, 14/15 patients), after a median monitoring
period of 5.6 months in multiple solid tumors.>8
The expansion to three cohorts with a multicen-
tric character included patients from 1 month of
life up to 21years. Globally, these subjects had
locally advanced or metastatic solid tumors, or
recurring primary central nervous system tumors.
In all cases an inadequate response had been doc-
umented to the therapies available in the absence
of other standard systematic interventions.>® In
2016, the eligibility criteria were widened to
include patients with locally advanced infant
fibrosarcoma that required potentially disfiguring
surgery to achieve complete tumor excision.
Presurgical treatment with larotrectinib was a
viable option for children (median age 2years)
who had locally advanced infant fibrosarcoma
n=73) or soft-tissue sarcomas (z=2). Of these five
patients, three had a complete or almost complete
pathological response (>98%) and continued in
the segment (minimum 7-15months after the
surgery) without treatment with larotrectinib. In
the other two patients who had a viable tumor at
the time of the excision, larotrectinib was contin-
ued until intolerance or progression®® (SCOUT
[ClinicalTrials.gov identifier: NCT02637687]).

Figure 7 includes the sequence of studies devel-
oped for the evaluation of larotrectinib in multiple
pathologies for pediatric and adult populations.

In the analysis intended to treat (z=5) the overall
response rate (ORR) evaluated by a central inde-
pendent committee was 75% (95% CI 61-85;
primary outcome for combined analysis), whilst
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Figure 8. Characterization of the response with larotrectinib in the phase | and Il study sequence (including
the NAVIGATE basket study), with respect to the threshold obtained with previously used diverse conventional

interventions.

that calculated by the researcher was 80% (95%
CI 67-90).°° The responses occurred indepen-
dently of the characteristics of the NTRK fusion
gene, patient age or tumor type. By central evalu-
ation, complete responses, partial responses, sta-
ble disease, and disease progression were achieved
in 13%, 62%, 13%, and 9% of patients, respec-
tively (the clinical benefit was 88% and only five
patients progressed). Two patients included in
the analysis temporarily withdrew due to clinical
deterioration. The median response time was
1.8 months, the median response duration (DoR)
and PFS were not reached after 8.3 and
9.9months of monitoring, respectively. After a
year, responses were maintained in 71% of
patients, and 55% remained progression free,
maintaining the benefit after 27 months of laro-
trectinib treatment (the response was maintained
for at least 6months in 73% and 9months in
63%). Most patients (86%) with a response at the
close of data continued receiving larotrectinib or
had been subjected to surgery that was meant to
be remedial.®®

In the NAVIGATE [ClinicalTrials.gov identifier:
NCT02576431] study all patients had a docu-
mented fusion of the NTRK gene, being TRKA,
TRKB, and TRKC in 45%, 2%, and 53% of the
patients, respectively. All cases were evaluated by
sequencing (NGS) or FISH.%%6! For the cut-off
period for data of July 2018, the ORR was 81%
(95% CI 72-88) with complete and partial
responses in 17% and 63% of patients, respectively.
This was for an updated analysis of 109 pediatric
and adult patients evaluable after a median moni-
toring of 17.6months. In the combination of pri-
mary data (55 patients), the median was not
reached for DoR.®! Figure 8 summarizes the
response indexes in the study sequence of larotrec-
tinib versus the threshold for other conventional
therapies before the advent of the tyrosine kinase
inhibitor. In the same way, Figure 9 discriminates
individual response distribution in the integrated
set of patients (diverse neoplasias, 7=109).6!

Larotrectinib has a manageable safety and toler-
ability profile. Based on the joint analysis of

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

Therapeutic Advances in Respiratory Disease 14

50

GIST C ital blastic neph
Colon
Pancreas

Cholangiocarcinoma

Unknown primary
Osteosarcoma

Infant fibrosarcoma M pMelanoma

40 4 NOS sarcoma B Breast
30 1 Thyroids Appendix
20 4 Saliva glands B Lung
10
-10 4
-20 4
-30 4 £d
-40 ~ s
&0 4 n=109
50 ORR (CI 95%) 81% (72-88%)
-60 4 Bestresponse |
70 4 . Partial response 63%

. Complete response 17%
-80 -
-90 A

-100 -

Figure 9. Efficiency of larotrectinib in diverse tumors (updated comprehensive data set, 2018). The overall

response is 81% and the complete response 17%.

three clinical experiments, LOXO-TRK-14001
(n = 70), SCOUT (n=43), and NAVIGATOR
(n=63) it was found that 40% of the patients
include had a larotrectinib exposure of >6 months
and in 20% this was >1year.2 The median
patient age was 51years (25% =18years) and
52% of the patients were male. The most com-
mon tumors were soft-tissue sarcomas (16%),
saliva gland (11%), lung (10%), thyroid (9%),
colon (8%), infant fibrosarcoma (8%), primary
central nervous system (7%), and melanoma
(5%). Most of the adults (80%) received larotrec-
tinib 100 mg twice a day (dose range from 50 to
200 mg twice a day), whilst 68% of the pediatric
patients (age= 18years) received larotrectinib
100 mg/m? twice a day (maximum dose of 100 mg
twice a day, dose range dose 9.6—120 mg/m? twice
a day).’” The most common adverse reactions
(frequency =20%) of any grade that were pro-
duced in patients receiving larotrectinib were:
increased AST level (45%), elevated ALT (45%),
anemia (42%), fatigue (37%), nauseas (29%),
dizziness (28%), vomiting (26%), cough (26%),
constipation (23%), and diarrhea (22%). The
adverse reactions that resulted in temporary inter-
ruptions or a reduction of the dose were increased
ALT level (6%), increased AST level (6%) and
dizziness (3%). The majority of these were pro-
duced during the first 3 months of exposure.®?

Genomic driven tumors treated with inhibitors
such as larotrectinib eventually acquire resistance
to these medications. The majority of patients
who experienced progression during or after
treatment with larotrectinib in phase I/II studies
were found to carry specific point mutations

in NTRK3G263R, NTRKIF8L, NTRK]G5%R,
NTRK16667S, NTRK3G623R, and NTRK3G6%A,
modifications which change the drug binding site,
preventing its union to the kinase domain and
other possible mechanisms.% Detailed knowledge
of the resistance mechanisms led to the design
and development of LOXO-195, a highly potent
TRK kinase inhibitor. Twenty patients enrolled
in a phase I study of the medication and 11 par-
ticipants of an FDA expanded access single
patient protocol across 11 different cancer types
who experienced progression after anti-TRK
therapy were evaluated. An overall response rate
of 34% was found, in patients with a known
acquired resistance mutation, a response rate of
45% was achieved, giving encouraging results.%*

Key points (5)

e From a wide set of integrated data,
larotrectinib has demonstrated an elevated
efficiency in diverse tumors, achieving 81%
ORR and a complete response of 17%.

e Of the patients with NTRK fusions treated with
larotrectinib, 9% required a reduction of the
dose. All maintained a tumor regression.

e Less than 1% of the patients with NTRK
fusion suspended larotrectinib due to the
presentation of an adverse event.

Figure 10 shows a representative case of a 14-year-
old girl with a secreting breast carcinoma that is a
carrier of ETV6-NTRK3 fusion gene, treated
with five prior lines and multiple excisions with-
out response. The patient received larotrectinib
in the expanded access program (not available in
Colombia) achieving rapid illness control.
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Figure 10. Representative case of a 14-year-old girl with a secreting breast tumor showing impressive

response to larotrectinib.

Conclusion

Precision oncology has led to several changes in
clinical trial designs, patient treatment, and
improvement of outcomes. The approval of laro-
trectinib by the FDA for the treatment of NTREK
gene fusion positive solid tumors regardless of
pathology or age of presentation is the pinnacle
representation of precision medicine and consti-
tuted a milestone in the advancement and transi-
tion. Not only does it constitute the first
molecular-based drug approval, but also solidifies
the importance of genomic classification of
tumors and the necessity of expanding its use
even to resource limited nations by offering results
that would not be achieved otherwise, both in
social and clinical aspects.
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