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Abstract: ROS1 inhibition provides impressive survival benefits in ROSI-rearranged non-
small cell lung cancer (NSCLC) patients. Crizotinib is the only tyrosine kinase inhibitor
(TKI) approved by both FDA and EMA for the treatment of ROS1-positive lung cancer. In
addition, several TKI have been tested with preliminary proofs of success in this oncogene-
driven disease, either in the post-crizotinib setting or as first-line targeted agents. Here we
present the evidence concerning entrectinib, an ALK/ROS1/NTRK inhibitor developed
across different tumor types harboring rearrangements in these genes, in the context of
ROS1-driven NSCLC. Of interest, in August 2019 entrectinib was granted by FDA acceler-
ated approval for the treatment of ROS/-rearranged NSCLC, as well as of NTRK-driven
solid tumors.
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Introduction

Molecular anticancer agents are determinant in providing survival benefits in
patients affected by oncogene-driven malignant diseases. Non-small cell lung
cancer (NSCLC) represents the most relevant example in precision cancer medi-
cine, accounting to the multitude of molecular targets, responsible for tumor
initiation and growth, suitable of direct inhibition with kinase inhibitors. Of note,
the spectrum of both targets (eg EGFR/BRAF/MET/HER?2 mutations, ALK/ROS1/
RET/NTRK rearrangements, HER2/MET amplifications) and corresponding kinase
inhibitors is in constant expansion. Even if the proportion of patients harboring each
specific molecular alteration appears limited among the total NSCLC cases, the
global epidemiology of this tumor type, regarding both incidence and mortality
worldwide,' makes their absolute number of definite relevancy.

ROS]I rearrangements are present in 1-2% of NSCLC.? Currently, ROSI mole-
cular diagnosis relies on tumor analysis.® Nevertheless, even though the detection
of gene fusions in liquid biopsies is still challenging,” next generation sequencing
(NGS) of plasmatic circulating tumor DNA (ctDNA) has been recently proven a
valid option to detect molecular alterations suitable of targeted treatments in
NSCLC, including ROSI rearrangements.” The positive predictive value of
ctDNA, its concordance with tumor biopsy analyses, as well as the favorable
turnaround time and the achievement of a complete genotyping sustain the clinical
implementation of this valuable tool, thus fostering ROS1 positivity recognition.

The favorable outcomes of ROS1-positive NSCLC patients receiving specific
tyrosine kinase inhibitors (TKI) may be inferred by the recent update of the
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dedicated expansion cohort within PROFILE 1001 phase |
trial of crizotinib in advanced malignancies.®’ After a
median follow-up (mFU) of more than five years, among
the 53 ROSI-positive NSCLC patients median progres-
sion-free survival (mPFS) of 19.3 months [95% confidence
interval (CI) 15.2-39.1] and median overall survival
(mOS) of 51.4 months [95% CI, 29.3—not reached (NR)]
were observed.’ Still taking into account the peculiar sen-
sitivity of ROSI-driven diseases to pemetrexed-based
chemotherapy,™® the subsequent availability of additional
ROS1-TKI is supposed to contribute to the impressive OS
results, although the treatments received after crizotinib
failure were not explicited.” Dealing with advanced
tumors, disease progression as a consequence of resistance
to targeted agents eventually occurs in virtually every
treated patient and further treatment options are needed.
Besides crizotinib (the only drug approved by both FDA
and EMA for ROS1-driven NSCLC), additional TKI have
shown activity and efficacy in ROSI-rearranged lung can-
cer: ceritinib, cabozantinib, entrectinib, lorlatinib, brigati-
DS-6051b 1).10°1°
According to NCCN guidelines, lorlatinib is the only

nib, and repotrectinib  (Figure

ROS1-TKI approved after crizotinib failure,”® based on

available clinical trial data.'®!”
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Similarly to what observed in EGFR- and ALK-posi-
tive diseases, the novel TKI can contribute to the prolon-
gation of disease control (turning out to be a surrogate of
0S) in two alternative ways. First, their administration is
active (ie, overcomes resistance) after the first-generation
TKI (crizotinib in the case of ROS1-positve NSCLC) and
generates improvements in efficacy outcomes (PFS, OS).
Otherwise, new TKI may be administered upfront (e,
substituting crizotinib) if they are deemed to guarantee a
more prolonged control of the disease compared to a
sequential strategy.”' In addition to activity and efficacy
estimations of each TKI in the two depicted scenarios,
toxicity spectra of TKI should be taken into account, as
dealing with chronic treatments.

In this context, the present review aims to recapitulate all
the available evidence concerning entrectinib for the treat-
ment of ROS1-positive NSCLC. Of note, FDA has recently
granted entrectinib (600 mg daily, oral intake) an accelerated
approval in this precise setting, as well as for the treatment of
NTRK fusion—positive solid tumors.** In addition, entrecti-
nib has received the Priority Medicines (PRIME) designation
by EMA, whereas in Japan it is approved for NTRK-rear-
ranged solid tumors and under regulatory review for the
treatment of ROS1-positive NSCLC.>?
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Figure | ROSI inhibitors approved and in clinical development. Chemical structures are depicted.
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Preclinical proofs of entrectinib
activity in ROS|-positive NSCLC

models

Entrectinib (ROZLYTREK, RDX-101. Genentech Inc.)
has been developed through the chemical optimization of
an ALK-TKI utilized as a tool compound for preclinical
studies.”® Sharing similarities in their tyrosine kinase
domain amino-acidic ALK, ROS1 and
TRKA/B/C emerged as suitable entrectinib targets.”
Indeed, the half maximal inhibitory concentration (ICsg)
against purified ALK, ROS1 and TRKs enzymes were 12,

7 and 1-5 nM, respectively.>* Albeit experiments on

sequences,

human-derived tumor cells were performed in ALK- and
TRK-driven models only, the activity of entrectinib was
tested on engineered ROS1-dependent Ba/F3 cells models,
in which the drug confirmed an ICsy of 5 nM.>+2¢
Overlapping results were observed in ALK- and TRK-
positive models, whereas ABL- and RET-dependent cells
were characterized by ICs, in the uM range, thus consid-
ered resistant and testifying entrectinib selectivity.>**° The
compound showed highest potency in ROS1 inhibition
compared to crizotinib (ICso 180 nM) even in short-term
immunoblot analyses, still in the lack of an extensive study
on the intracellular signaling (ie, MEK/ERK, PI3K/
mTOR, JAK/STAT pathways), yet performed with success
in ALK- and TRK-positive models.*®

In in vitro and in vivo models, entrectinib showed also
favorable pharmacokinetic profiles, in terms of absorption,
distribution, metabolism, and excretion (ADME) proper-
ties, translating into high oral bioavailability, low clear-
ance, satisfactory volume of distribution and half-life
estimations.** In this sense, complete regression of mice
tumors derived by subcutaneous injection of ROS1-depen-
dent Ba/F3 was obtained with entrectinib administration
(60 mg/kg orally twice daily for 10 consecutive days),
similarly to what observed in ALK- and TRK-positive
animals.*®

In these first entrectinib studies, researchers addressed
two of the main questions regarding overcoming resistance
to crizotinib in ALK- and ROS!-rearranged NSCLC.

First, ALK mutations in the kinase domain, known to
confer crizotinib resistance, were expressed in Ba/F3 mod-
els for dose-response assays. If entrectinib retained activity
against ALK'"5%Y and ALK™'"M mutants (ICsq of 29
and 67 nM, respectively), inhibition of cellular growth in
ALKS"292R and ALKS'2%94 was obtained at concentrations

compatible with drug resistance (897 and 390 nM,

respectively).?® No specific evidence of entrectinib activity
against ROS! mutants had been provided in this study.
Nevertheless, the similarity in the spectrum of resistance
mutations between ALK and ROS! suggested that the
compound may not inhibit ROS19?°*R (the most com-
monly emerging at progression on crizotinib and the less
prone to be reverted towards sensitivity by next-generation
drugs).?” Indeed, Katayama and colleagues have recently
provided an extensive study on the differential activity of
ROSI1 inhibitors against specific ROSI mutants.”® In par-
ticular, while retaining activity at nanomolar concentra-
tions in ROSI™?*'® ROS1™*°*M (corresponding to
ALKMM) and - ROS1P#*N  (corresponding  to
ALKP'2%3N) ‘models, entrectinib was not able to inhibit

cell growth and signaling in cells harboring ROS192%32R

(corresponding to ALK®'?°2R) In this study, activity
against ROS19°%?® was maintained only by DS-6051b.

Second, brain disease dissemination is extremely fre-
quent in ALK- and ROSI1-positive NSCLC at diagnosis
and during the disease course, owing both to the peculiar
cellular tropism and to the limited crizotinib activity in
central nervous system (CNS) localizations.*® ! The intra-
cranial injection of an ALK-rearranged cell line (NCI-
H2228) in mice led to the development of macroscopic
CNS lesions and entrectinib was therefore administered at
the dose previously used against subcutaneous tumors and
at its double, given an estimated cerebrospinal fluid (CSF)/
plasma concentration ratio of 50%.?® Albeit the “standard”
dose already performed better that crizotinib, the most
significant results in terms of disease control and OS
were observed at the dose of 120 mg/kg twice daily. As
the suboptimal intracranial activity of crizotinib is ascribed
to pharmacokinetics issues (low CSF concentration), these
results provided the first evidence for entrectinib brain
penetration ability. Of note, no relevant toxicity in animals
treated with different entrectinib doses for a period of
14 days had been observed up to the dose of 240 mg/kg
daily.

If no report of the molecular mechanism underpinning
entrectinib resistance in ROS1-positive NSCLC patients
exists, recent evidence has been provided using preclinical
models. Exposing HCC78 cell line (harboring SLC34A2-
ROS|I fusion) to increasing doses of entrectinib, resistant
clones were obtained with a KRAS mutation GI12C
detected by next-generation sequencing.*> KRAS mutation
was accompanied by KRAS and FGF3 amplification and
overexpression in two different resistant clones. Of note,
these cells were cross-resistant to other ROS1 inhibitors
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such as crizotinib, ceritinib and lorlatinib, whereas the
combination of entrectinib with the MEK inhibitor selu-
metinib revealed synergistic effect against resistant
clones.*?

Clinical evidence of entrectinib
activity and efficacy in ROSI-
rearranged NSCLC patients

The clinical development of entrectinib focused on speci-
fic oncogene targets since its early phases. ALKA-327-001
(EudraCT 2012-000148-88, phase 1), STARTRK-I1
(NCT02097810, phase I), STARTRK-2 (NCT02568267,
basket phase II) enrolled exclusively patients suffering
from advanced tumors harboring ALK, ROSI or NTRK1/
2/3 rearrangements. The recommended phase II dose of
600 mg daily emerged from dose-escalation cohorts.

With specific regards to entrectinib profile in the set-
ting of ROS1-postive NSCLC, interesting insights may be
driven mainly from the manuscript by Drilon and colla-
borators, focusing on the two phase I studies,'® and from
the recent presentation by Barlesi and colleagues at the
2019 ELCC (European Lung Cancer Congress), that
gather data from the three mentioned trials.** In addition,
further preliminary results were presented at 2017 and
2018 World Conference on Lung Cancer (WCLC)**33
and may have been incorporated in the more recent report
by Barlesi and coauthors, including a longer follow-up. Up
to this latter update, 53 ROSI1-positive NSCLC patients
received entrectinib as the upfront TKI (efficacy popula-
tion), the majority having received no (n=17, 32%) or one
(n=23, 43%) previous lines of systemic treatment, with a
minimum follow-up of 12 months. Objective response rate
(ORR) and duration of response (DoR) were the two
primary endpoints. According to a blinded independent
central review, ORR was observed in 41 cases (77.4%,
95% CI 63.8-87.7), whereas mPFS and mDoR were
respectively estimated, after a mFU of 15.5 month
(12 months minimum), at 19 (95% CI 12.2-36.6) and
24.6 months (95% CI 11.4-34.8). mOS, even in its lower
95% CI bound, was not estimable (NE), with only nine
events (17%).%

Of note, a relevant number of patients (n=23, 43%)
presented CNS involvement before treatment initiation. In
this population, whereas activity measures were overlap-
ping to the global one (ORR 74%, 95% CI 51.6-89.8),
mPFS (13.6 months, 95% CI 4.5-NE) and mDoR
(12.6 months, 95% CI 6.5-NE) were reduced. These

data, together with intacranial RR of 55% (11 out of 20
evaluable patients), mPFS of 7.7 months (3.81-9.3) mDoR
of 12.9 months (5.6-NE), vouch for entrectinib activity
and efficacy against CNS lesions.*® Nevertheless, the
inferior survival outcomes observed in patients with prior
CNS involvement suggest that brain disease progression is
likely frequent. The lack of information regarding the type
of brain imaging screening and timeline of follow-up
(putting as a remarkable reference ALEX trial comparing
alectinib versus crizotinib in first-line ALK-positive
NSCLC),?® the incidence of brain progression in patients
without baseline CNS metastases and the limited patient
number preclude a complete evaluation of entrectinib CNS
potency.

Of note, the total number of ROS1-positive patients
who received at least one dose of entrectinib and were
included in the safety analysis (see next section) accounted
to 134. Albeit similar proportions of previously untreated/
pretreated patients were included in efficacy and safety
populations, it cannot be retraced how many patients had
previously received crizotinib or another ROS1 inhibitor.
The only information on TKI-pretreated patients derives
from the previous publication by Drilon and colleagues.'?
None out of the six patients who had previously received
crizotinib experienced disease response. No specific resis-
tance mechanisms responsible for crizotinib resistance (ie,
ROS1 acquired mutations), as well as CNS disease status,
were reported for this small population apparently refrac-
tory to crizotinib. This observation makes compelling to
envisage the potential utility of entrectinib after crizotinib
specifically in the presence of CNS progression or
acquired secondary ROS/ mutations. Entrectinib has been
showed by in vitro studies to retain activity against some
ROS! mutants, but it is ineffective on ROS192%32R-28 the
most relevant in the clinical setting of post-crizotinib
resistance (see Section 2).*'

Entrectinib toxicity spectrum

Since its early development, entrectinib appeared a man-
ageable drug.'’> The good safety profile was confirmed
with a longer follow-up and a wider population. If con-
sidering all the patients regardless of tumor type and
molecular alteration who received at least one entrectinib
dose (n=355), gathering ALKA-327-001, STARTRK-1,
STARTRK-2 and the phase I/Ib STARTRK-NG trials,
grade 1/2, 3 and 4 adverse events (AEs) occurred in
61%, 28% and 3% of the cases, respectively.”® No grade
5 AEs were reported, while dose reductions and treatment
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discontinuation were respectively required in 27% and 4%
of the patients. Similar proportions were registered in the
ROS1-positive NSCLC
Considering toxicities observed at least in 10% of the

safety population (n=134).

patients, 42% reported dysgeusia, whereas fatigue, weight
increase, diarrhea, constipation and dizziness occurred in
proportions between 20% and 30%. Of note, almost all the
reported AEs were of grade 1/2. Three and 10 patients
experienced grade >3 diarrhea and weight increase,
respectively, whereas other severe toxicities occurred
sporadically.”

Entrectinib in the context of ROSI

inhibition in NSCLC

ROSI1 targeting in NSCLC has significantly progressed in
the last few years and crizotinib has to be considered as
the reference treatment, harboring the widest body of
supporting evidence and representing the only ROSI inhi-
bitor approved by both FDA and EMA thus far. Despite its
significant results about activity and efficacy, resistance to
crizotinib occurs virtually in every patient and novel treat-
ment strategies are needed. With regard to non-targeted
agents, pemetrexed-based chemotherapy still carries a
meaningful role in ROSI-positive NSCLC patients.®’
Concerning immunotherapy contribution, the limited num-
ber of reported cases exposed to PD-1/PD-L1 inhibitors
precludes definitive conclusions. Nevertheless, responsive-
ness of ROS1-dependent diseases to these agents seems to
recapitulate the scarce cases observed in EGFR- and ALK-
driven NSCLC.*” Further evidence is needed to establish a
potential role of anti-angiogenic treatment in synergizing
with chemo-immunotherapy, as seen for EGFR-mutated
lung cancers.*®

Similarly to what observed in the other oncogene-
addicted references, the development of additional specific
inhibitors, in the present case beyond crizotinib, is crucial.
By date, six drugs have shown anti-ROS1 clinical activity:
ceritinib, cabozantinib, entrectinib, lorlatinib, brigatinib,
DS-6051b and repotrectinib (Figure 1). According to
NCCN guidelines, lorlatinib is the only ROSI inhibitor
recommended in the post-crizotinib setting thus far.*’ In
order to be more proficient than crizotinib, these inhibitors
should be more potent against the target and its mutants
emerging as resistance mechanisms, retain a good brain
activity accounting to crizotinib suboptimal one and the
frequent CNS involvement of ROS1-positive disease.*®!

In addition, dealing with chronic treatments, drug

specificity is required to avoid off-target activity engender-
ing toxicities. These novel inhibitors may provide survival
effects beyond crizotinib in two major scenarios: perform-
ing better than the reference treatment if given upfront, or
being active and efficient once tumors escape on crizotinib.
If ever both strategies were successful, a debate on which
should be adopted will be of interest in the setting of ROS1-
positive NSCLC, flanking EGFR- and ALK-driven diseases
one.”!

Given the relative rarity of ROSI-rearranged NSCLC,
that can be defined as a rare molecular subclass of a
common tumor, is it difficult to envisage head-to-head
comparisons between different ROS1 inhibitors, as seen
for EGFR- and ALK-positive lung tumors. Albeit always
challenging and risky due to methodological issues, indirect
comparisons between different trials and experiences may
serve as a surrogate to define the potential role of each drug.

As approached in Section 3, the data regarding entrec-
tinib administration in the post-crizotinib setting are extre-
mely scarce (only six patients reported) and not
encouraging, as no response was observed. Of note, simi-
lar results were obtained in ceritinib phase II trial, as the
two patients enrolled after crizotinib resistance experi-
enced further progression on ceritinib.'® In addition, Sun
and colleagues reported four cases out of four in which
primary ceritinib resistance after crizotinib progression
was managed by cabozantinib  administration.'?
Responses to cabozantinib, lorlatinib, DS-6051b and repo-
trectinib were indeed observed, with a special mention to
the last drug, retaining significant activity against brain
disease and, even more remarkably, against the recalcitrant
ROS19%232R  mutation,'-!%!415:17-19 The evidence con-
cerning the activity of each mentioned ROS1-TKI against
specific ROS1 mutants will be likely extended, given the
current documentation of resistance mutations from
ctDNA in ROS1-positive NSCLC patients,***’ similar to
EGFR-mutated and ALK-rearranged ones.*'** The large-
scale availability of such analyses, bypassing the practical
issues of tumor biopsies, would allow the systemic capture
of resistance mechanisms to ROS1 inhibitors and pave the
way for the following correlations with drug activity.

In the upfront setting, evidence thus far available
regarding activity and efficacy of the different inhibitors
are resumed in Table 1. Whereas OS data are still imma-
ture to drive any conclusion, it seems that entrectinib per-
forms quite similarly to other anti-ROS1 agents. Still with
regard to patients who had not received crizotinib before,

the signals of drug activity and efficacy in the case of CNS

Lung Cancer: Targets and Therapy 2019:10

submit your manuscript 9]

Dove


http://www.dovepress.com
http://www.dovepress.com

Facchinetti and Friboulet

Dove

Table | Activity and efficacy of ROSI inhibitors in ROSI-TKI naive

NSCLC patients in clinical trials

Shaw Ann Oncol 20197

Inhibitor reference Patients mFU months ORR mPFS months mDoR months | mOS months
n (95% CI) (95% CI) (95% ClI) (95% CI) (95% CI)
Crizotinib 53 62.6 72% (58-83) 19.3 (15.2-39.1) 24.7 (15.2-45.3) 51.4 (29.3-NR)

Michels | Thorac Oncol 2019*

Crizotinib 127 21.4 (20.1-23.0) 71.7% (63.0-79.3) | 15.9 (12.9-24.0) | 19.7 (14.1- NR) | 32.5 (32.5- NR)
Wu | Clin Oncol 2018%
Crizotinib 34 20.6 70% (51-85) 20.0 (10.1-NR) | 19.0 (9.I-NR) NR (17.1- NR)

Cho ASCO 2019'?

Crizotinib 26 21 (19.0-24.5) 65% (44-82) 22.8 (152-30.3) | 21.4 (127-30.1) | NR
Landi Clin Cancer Res 2019%

Ceritinib 30 14.0 (IQR 9.0-19.0) 67% (48-81) 19.3 (1-37) 21 (17-25) 24 (5-43)*
Lim J Clin Oncol 2017'°

Lorlatinib 13 19.5 (16.6-24.8) 61.5% (31.6-86.1) | 21.0 (4.2-26.7) 19.6 (4.0-25.3) NA

Ou WCLC 2018'®

Entrectinib 53 15.5 77.4% (63.8-87.7) | 19 (12.2-36.6) 24.6 (11.4-34.8) | NE (NE-NE)
Barlesi ELCC 201933

Repotrectinib I 16.4 82% (48-98) NA NR (5.6-17.7+) | NA

Note: *Considering the entire population (n=32, including two patients previously treated with crizotinib).
Abbreviations: n, Number; mFU, Median follow-up; 95% Cl, 95% confidence interval; ORR, Objective response rate; mPFS, Median progression-free survival; mDoR,
Median duration of response; mOS, median overall survival; NR, not reached; NA, Not available; NE, Not estimable.

metastases at baseline are gathered in Table 2. Of note, the
specific intracranial activity and efficacy have been
reported for entrectinib only (see Section 3).** Indirect
comparisons may be indeed performed only with regard
to “global” ORR and PFS in patients with CNS disease at
baseline; whereas activities seem overlapping between the
inhibitors, PFS appears slightly longer with entrectinib

Table 2 Activity and efficacy of ROSI inhibitors in ROSI-TKI naive

compared to crizotinib (mPFS 13.6 versus 10.2 months,
respectively).

In summary, ROSI1 inhibition represents a current
crowded space in development in NSCLC. Besides crizoti-
nib, approved by both FDA and EMA, and entrectinib, hav-
ing recently been granted accelerated approval by FDA,

several promising drugs are showing activity and efficacy.

NSCLC patients with brain metastases

Inhibitor reference Patients mFU months ORR mPFS months mDoR months mOS months
n (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Crizotinib 23 21.4 (20.1-23.0) 73.9% (51.6— 10.2 (5.6-13.1) NA NA
Wu | Clin Oncol 20183' 89.8)
Michels 6 20.6 66.7 (22.3— 9.4 (1.7-NR) NA NR (1.7-NR)
J Thorac Oncol 2019* 95.7)
Crizotinib 6 21 (19.0-24.5) 33.3% NA NA NA
Landi Clin Cancer Res
2019*
Ceritinib 8* 14.0 (IQR 9.0-19.0) 25% (7-59) NA NA NA
Lim ) Clin Oncol 2017'°
(Continued)
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Table 2 (Continued).

Inhibitor reference Patients mFU months ORR mPFS months mDoR months mOS months
n (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Lorlatinib 6 NA 66.7% (22.3— NA NA NA

Ou WCLC 2018" 95.7)

Entrectinib 23 15.5 77.4% (63.8— 13.6 (4.5-NE) 12.6 (6.5-NE) NE (NE-NE)

Barlesi ELCC 2019 87.7)

Repotrectinib 3 16.4 100% (29-100) | NA NA NA

Cho ASCO 2019'?

Note: *Considering the entire population (n=32, including two patients previously treated with crizotinib).
Abbreviations: n, Number; mFU, Median follow-up; 95% Cl, 95% confidence interval; ORR, Objective response rate; mPFS, Median progression-free survival; mDoR,
Median duration of response; mOS, median overall survival; NA, Not available; NE, Not estimable.

Focusing on entrectinib, no signs of activity in the post-

crizotinib setting have been reported (still in a very limited

number of patients). With regard to the population that have

not previously received any TKI, the long-term survivor

outcomes observed with crizotinib require other trials to be

reported with longer follow-up. Nevertheless, for entrectinib
and for other additional TKI with anti-ROS1 activity, the
prolonged benefit observed with crizotinib in ROS1-positive
NSCLC appears hard to beat.
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