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SAF-189s, a potent new-generation ROS1 inhibitor, is active
against crizotinib-resistant ROS1 mutant-driven tumors
Zong-jun Xia1,2,3, Yin-chun Ji1,2, De-qiao Sun1,2,3, Xia Peng1,2, Ying-lei Gao1,2, Yan-fen Fang1,2, Xing-dong Zhao4, Wei-bo Wang4,
Jian Ding1,2, Mei-yu Geng1,2,3 and Jing Ai1,2

The ROS1 fusion kinase is an attractive antitumor target. Though with significant clinical efficacy, the well-known first-generation
ROS1 inhibitor (ROS1i) crizotinib inevitably developed acquired resistance due to secondary point mutations in the ROS1 kinase.
Novel ROS1is effective against mutations conferring secondary crizotinib resistance, especially G2032R, are urgently needed. In the
present study, we evaluated the antitumor efficacy of SAF-189s, the new-generation ROS1/ALK inhibitor, against ROS1 fusion wild-
type and crizotinib-resistant mutants. We showed that SAF-189s potently inhibited ROS1 kinase and its known acquired clinically
resistant mutants, including the highly resistant G2032R mutant. SAF-189s displayed subnanomolar to nanomolar IC50 values
against ROS1 wild-type and mutant kinase activity and a selectivity vs. other 288 protein kinases tested. SAF-189s blocked cellular
ROS1 signaling, and in turn potently inhibited the cell proliferation in HCC78 cells and BaF3 cells expressing ROS1 fusion wild-type
and resistance mutants. In nude mice bearing BaF3/CD74–ROS1 or BaF3/CD74–ROS1G2032R xenografts, oral administration of SAF-
189s dose dependently suppressed the growth of both ROS1 wild-type- and G2032R mutant-driven tumors. In a patient-derived
xenograft model of SDC4–ROS1 fusion NSCLC, oral administration of SAF-189s (20 mg/kg every day) induced tumor regression and
exhibited notable prolonged and durable efficacy. In addition, SAF-189s was more potent than crizotinib and comparable to
lorlatinib, the most advanced ROS1i known against the ROS1G2032R. Collectively, these results suggest the promising potential of
SAF-189s for the treatment of patients with the ROS1 fusion G2032R mutation who relapse on crizotinib. It is now recruiting both
crizotinib-relapsed and naive ROS1-positive NSCLC patients in a multicenter phase II trial (ClinicalTrials.gov Identifier:
NCT04237805).
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INTRODUCTION
Oncogenic c-ros oncogene (ROS1) fusion kinases have been found
in various cancers, including non-small cell lung cancer (NSCLC),
and are attractive antitumor targets [1–3]. Crizotinib is a well-
known first-generation inhibitor of ALK and ROS1 and has shown
significant clinical efficacy in ROS1 fusion-positive NSCLC [4, 5].
However, similar to patients treated with other kinase inhibitors
[6, 7], patients treated with crizotinib also develop acquired
resistance via secondary point mutations in ROS1 kinase. Some
mutations associated with acquired resistance, such as G2032R,
S1986Y, S1986F, D2033N, L2026M, and L1951R, have been
identified in patients who relapse on crizotinib [8]. ROS1G2032R is
the most frequent secondary mutation [9]. Novel ROS1is active
against known resistance-associated mutants, especially the
ROS1G2032R mutant, are needed.
SAF-189s is a novel new-generation ALK inhibitor with central

nervous system (CNS)-penetrating properties that was codeveloped
by Fochon Pharmaceuticals Ltd and the Shanghai Institute of Materia
Medica. In the multicenter dose-finding portion phase I/II trial of SAF-
189s in ALK-positive NSCLC, notable antitumor activity was observed

in both crizotinib-naive and crizotinib-relapsed patients, particularly
in patients with CNS metastasis, and SAF-189s was very tolerable
[10]. In parallel, in the present study, SAF-189s was found to be
effective against ROS1 kinase and a series of clinically resistant
mutants, including the highly resistant G2032R mutant. Moreover,
SAF-189s displayed substantial efficacy against both ROS1 wild-type
(wt)- and G2032R mutant-driven tumors. Based on these impressive
preclinical and clinical data, both crizotinib-relapsed and naive ROS1-
positive NSCLC patients are being recruited for the multicenter phase
II trial (ClinicalTrials.gov identifier: NCT04237805).
Here, for the first time, we explored the preclinical antitumor

activity of SAF-189s against tumor cell lines and subcutaneous (s.c.)
xenograft models derived from ROS1 fusion wt and crizotinib-
resistant tumors.

MATERIALS AND METHODS
Compound
SAF-189s was designed and synthesized by Fochon Pharmaceu-
ticals Ltd (WO 2014071832, WO 2017133663). Crizotinib, ceritinib,

Received: 4 June 2020 Accepted: 17 August 2020
Published online: 11 September 2020

1Division of Anti-Tumor Pharmacology, State Key Laboratory of Drug Research, Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 201203, China;
2University of Chinese Academy of Sciences, Beijing 100049, China; 3School of Life Science and Technology, ShanghaiTech University, Shanghai 201210, China and 4Fochon
Pharmaceuticals Ltd, Chongqing 401123, China
Correspondence: Jing Ai (jai@simm.ac.cn)

www.nature.com/aps

© CPS and SIMM 2020

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-020-00513-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-020-00513-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-020-00513-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-020-00513-3&domain=pdf
mailto:jai@simm.ac.cn
www.nature.com/aps


and lorlatinib were purchased from Selleck Chemicals
(Houston, USA).

Cell lines
The HCC78 and BaF3 cell lines were obtained from Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH. HighF-
ive cells were obtained from the American Type Culture Collection.
All cell lines used in this study were acquired between August
2014 and March 2016 and were maintained in the medium
suggested by the suppliers. Cells were confirmed to be
mycoplasma free and were passaged less than 25–30 times after
resuscitation. Cell lines were characterized using short tandem
repeat markers by Genesky Biopharma Technology (last tested
in 2017).

Expression and purification of the human ROS1 kinase domain
The sequence of the GST-tagged fusion human ROS1 kinase
domain was synthesized by Generay Biotech and cloned into the
pFastBacHTB insect cell expression vector (Life Technologies).
Baculovirus stock was generated using the Bac-to-Bac baculovirus
expression system. HighFive cells were harvested 48 h after
baculovirus infection. Protein purification was performed using
Glutathione Sepharose™ 4B Media (Thermo Fisher).

Kinase inhibition assay
Active ALK proteins were purchased from Eurofins (Fremont, USA),
and the kinase activity of ROS1 and ALK was assessed using ELISA,
as previously reported [11]. IC50 values were calculated by
dose–response curve fitting using GraphPad Prism. The broad
kinase selectivity profile of SAF-189s (0.001, 0.01, 0.1, and 1 μM)
was determined by Eurofins (UK) by screening the compound
against 299 human recombinant kinases.

ATP competition assay
An ELISA-based ATP competition assay was performed by
introducing increasing concentrations of ATP. The inhibition of
ROS1 kinase activity at different ATP concentrations (5, 25, 125, or
625 μM) was assessed with a series of fixed concentrations of SAF-
189s. Inhibition rate–concentration curves were used to distin-
guish competitive and noncompetitive inhibitors.

Cell proliferation and viability assays
Cells were seeded into 96-well plates overnight, incubated with a
series of concentrations of the compounds or control solvent for
72 h, and then subjected to a sulforhodamine B or cell counting
kit-8 assay. IC50 values were calculated by dose–response curve
fitting with a SoftMax Pro-based four-parameter method.

Western blot analysis
After the indicated treatment, cells were lysed in 1× sodium
dodecyl sulfate (SDS). Cell lysates were subsequently separated by
SDS-polyacrylamide gel electrophoresis and transferred to nitro-
cellulose membranes. Proteins were incubated with the appro-
priate primary antibodies (against phospho-ROS1, phospho-SHP2,
phospho-ERK1/2, phospho-AKT, phospho-STAT3, ROS1, SHP2,
ERK1/2, AKT, STAT3, GAPDH, and actin) (Cell Signaling Technology,
Beverly, MA, USA) followed by horseradish peroxidase-conjugated
anti-rabbit or anti-mouse IgG. Protein bands were detected using
enhanced chemiluminescence detection reagent (Thermo Fisher
Scientific, Rockford, IL, USA).

In vivo antitumor activity assay
Cell line-derived xenograft (CDX) model. Female nude mice
(4–6 weeks old) were housed and maintained under specific
pathogen-free conditions. Tumor cells (5 × 106 in 200 μL) were
grown as s.c. tumors in nude mice. Treatment experiments were
started when the tumor volume (TV) reached 100–150mm3, and
mice were randomized to the vehicle control or compound-

treated group (oral, qd) and treated for 14 days. The number of
mice per group in the vehicle- and compound-treated groups was
12 and 6, respectively. The tumor size was measured twice weekly.
The CDX model studies were approved by the Institutional Animal
Care and Use Committee (IACUC) at Shanghai Institute of Materia
Medica.

Patient-derived xenograft (PDX) model. Animal studies using the
LU-01-0414 NSCLC PDX model were performed by WuXi AppTec
(Shanghai, China) (n= 6/group). The mice were orally adminis-
tered vehicle control, SAF-189s, or crizotinib at the indicated dose
once daily for 35 days. In addition, 20 mg/kg SAF-189s was
administered for another 25 days, and administration was then
stopped for an additional 20 days until we ended the experiment.
The PDX model study was approved by the IACUCs of WuXi
AppTec.
We calculated the TVs with the following formula: TV= (width2 ×

length)/2. Tumor growth inhibition (TGI) (%) values in the
compound-treated and vehicle-treated mice were calculated on
the final day of the study with the following formula: 100 × {1−
[(VTreated Final Day− V Treated Day 0)/(VControl Final Day− VControl Day 0)]}.

Immunohistochemistry (IHC)
Tumor specimens were fixed in 4% paraformaldehyde and
embedded in paraffin. IHC was performed by Shanghai Zuo-
ChengBio Co., Ltd. using a Vectastain ABC Kit (Vector Laboratories).
The Ki67 antibody was purchased from Shanghai ZuoChengBio
Co., Ltd.

Statistical analysis
Statistical analysis was performed by one-way ANOVA using
GraphPad Prism 8. P < 0.05 was considered statistically significant.

RESULTS
SAF-189s is highly potent against ROS1 wt and G2032R mutant
kinases
SAF-189s significantly inhibited ROS1 kinase activity in biochem-
ical assays (IC50= 0.5 nM). In addition, as shown in Fig. 1a–d and
Table 1, SAF-189s was more potent than crizotinib and ceritinib
and comparable to lorlatinib, the most advanced ROS1i known to
be active against ROS1G2032R. Moreover, SAF-189s effectively
inhibited the kinase activity of a series of reported crizotinib-
resistant ROS1 mutants, especially the most frequently identified
mutant, ROS1G2032R (Fig. 1b–d and Table 1). The efficacy of SAF-
189s was equivalent to that of lorlatinib, although the inhibitory
effect of these two compounds against some ROS1 mutants
was slightly weaker than that against wt ROS1. However, ceritinib,
another next-generation ROS1i, could not overcome the
ROS1G2032R mutant, consistent with previously reported data
[12]. In addition, SAF-189s is an ATP-competitive ROS1i according
to kinetic tests (Fig. 1e). Therefore, these findings indicate that in
addition to being an ALK inhibitor, SAF-189s is also a highly
potent, ATP-competitive ROS1i with notable potency against a
series of crizotinib-resistant mutants, including ROS1G2032R.
Furthermore, the broad kinase selectivity of SAF-189s was
investigated in a panel of 299 other protein kinases (Table S1).
In contrast to its high potency against ROS1 and the ALK
family (with an IC50 of ~1 nM), SAF-189s had no obvious inhibitory
effect against the other 288 (96.3%) tested kinases, with
more than 200-fold (214 kinases) or 20-fold (74 kinases)
selectivity over ROS1 (IC50= 0.5 nM), demonstrating the selectivity
of SAF-189s for ALK and ROS1. In the present study, we focused on
ROS1.
We further evaluated the cellular activity of SAF-189s on

targeting ROS1 and its potential to overcome resistance mutants.
ROS1 fusions preferentially signal through the autophosphoryla-
tion of ROS1 and the phosphorylation of SHP2, MEK/ERK,
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PI3K/AKT, and STAT3 [13]. Therefore, we examined the impact of
SAF-189s on these pathways. As shown in Fig. 2a, in the HCC78
NSCLC cell line harboring a ROS1 gene translocation
(SLC34A2–ROS1), the phosphorylation of ROS1, SHP2, AKT, and
ERK was significantly inhibited upon treatment with SAF-189s or
other ROS1is, whereas the p-STAT3 level remained unchanged,
consistent with the previous observation of ROS1i treatment in
HCC78 cells [14]. Moreover, 50 nM SAF-189s almost completely
blocked ROS1 signaling activation (Fig. 2a). The activity of SAF-
189s was much more potent than that of crizotinib and ceritinib;
indeed, the potency of SAF-189s at 50 nM was almost comparable
to that of crizotinib and ceritinib at 500 nM (Fig. 2a).
Furthermore, we generated a “ROS1-dependent” context by

introducing a CD74–ROS1 fusion using a mouse pro-B BaF3 cell
line that is recognized to be dependent on IL-3 for survival, and
the introduction of oncogenic kinases allows cell growth to be
independent of IL-3 [15, 16]. The levels of p-ROS1 and p-SHP2, as

well as those of p-AKT and p-ERK, were similarly reduced in BaF3/
CD74–ROS1 cells (Fig. 2b).
Next, to investigate the potential of SAF-189s to overcome

resistance mutants, BaF3 cells engineered to express crizotinib-
resistant mutants, including the G2032R and L2026M mutants,
were used. As expected, SAF-189s showed potent inhibitory
activity against ROS1 signaling in ROS1G2032R mutant cells.
Moreover, the potency of SAF-189s against signaling through
the G2032R mutant and L2026M mutant was comparable to
that of lorlatinib, as observed in the CD74–ROS1 wt context
(Fig. 2c, d). In contrast, crizotinib and ceritinib had only a
marginal effect on ROS1 signaling in the above BaF3 cell lines
harboring resistance mutations (Fig. 2c, d). These data suggest
that SAF-189s significantly inhibits the kinase activity and
related downstream signaling of both wt ROS1 and resistance
mutants.

SAF-189s potently inhibits cell proliferation driven by ROS1 fusion
wt and resistance mutants
We then investigated the antiproliferative effect of SAF-189s in
cells expressing ROS1 fusion wt and resistance mutants. The
antiproliferative potency of SAF-189s, crizotinib, ceritinib, and
lorlatinib was compared. As shown in Table 2, SAF-189s
significantly inhibited the proliferation of HCC78 and BaF3/
CD74–ROS1 cells, both of which harbor the wt ROS1 fusion. The
respective IC50 values were 49.4 and 1.1 nM. Moreover, SAF-189s
was 20-fold more potent than crizotinib or ceritinib and
comparable to lorlatinib (Table 2). Next, we extended our
investigation to the context of cells expressing a resistance
mutant. The BaF3 cell line expressing the CD74–ROS1 fusion
protein with the G2032R mutation was resistant to both crizotinib

Table 1. Biochemical activities (IC50, Mean± SD, nM) of ROS1 inhibitors
and SAF-189s.

Kinase SAF-189s Crizotinib Ceritinib Lorlatinib

ROS1 0.5 ± 0.1 1.5 ± 0.2 2.7 ± 0.8 0.3 ± 0.2

ROS1G2032R 12.4 ± 5.4 222.5 ± 55.2 271.4 ± 82.8 17.3 ± 3.7

ROS1L2026M 0.2 ± 0.2 9.8 ± 1.3 2.6 ± 0.2 2.4 ± 0.1

ROS1S1986F 0.7 ± 0.4 3.1 ± 0.9 3.7 ± 1.1 0.4 ± 0.2

ROS1S1986Y 0.3 ± 0.3 2.9 ± 0.7 5.7 ± 1.4 0.4 ± 0.3

ROS1D2033N 2.9 ± 0.9 20.2 ± 3.3 24.0 ± 2.5 2.2 ± 0.3

Fig. 1 SAF-189s is highly potent against ROS1 wild-type and G2032R mutant kinases. Kinase activity inhibition curve of SAF-189s against
ROS1 (a), ROS1G2032R (b), and ROS1L2026M (c). d IC50 values of SAF-189s, lorlatinib, ceritinib, and crizotinib against the kinase activity of ROS1
and a series of crizotinib-resistant mutants. e SAF-189s functions in an ATP-competitive manner to inhibit ROS1 kinases. The values shown in
Fig.1 represent the mean ± SD.
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and ceritinib (Table 2), consistent with reported data. In contrast,
SAF-189s and lorlatinib showed more potent growth inhibitory
effects on BaF3 cells expressing the G2032R and L2026M-mutated
ROS1 fusion protein than crizotinib (Table 2), further confirming
that SAF-189s can block downstream signaling in resistant
ROS1G2032R and ROS1L2026M mutant cells. Similarly, SAF-189s
significantly inhibited the proliferation of BaF3 cells expressing
other resistance mutants, including the S1986F, S1986Y, and
D2033N mutants (Table 2). Taken together, these in vitro results
suggest that SAF-189s potently inhibits the wt ROS1 fusion
kinase and overcomes crizotinib resistance mutations, including
G2032R.

SAF-189s shows potent antitumor efficacy against ROS1 wt- and
G2032R mutant-driven tumors
The in vivo antitumor efficacy of SAF-189s was further assessed in
established xenograft models derived from BaF3 cells expressing
native CD74–ROS1 and the CD74–ROS1G2032R mutant. The oral
administration of SAF-189s displayed dramatic antitumor activity
in CD74–ROS1 xenografts. The TGI rates of SAF-189s were 97.3%,
106.7%, and 107.1% at doses of 5, 10, and 20mg/kg, respectively
(Fig. S1a). Moreover, all of the mice in the group receiving 10 and
20mg/kg exhibited complete tumor regression (Fig. 3a).
In contrast to its potent antitumor activity in the BaF3/

CD74–ROS1 model (TGI, 103.5%) (Fig. S1a), 50 mg/kg crizotinib

Fig. 2 SAF-189s significantly inhibits the downstream signaling pathway of ROS1 and resistance mutants. a SAF-189s, crizotinib and
ceritinib suppressed ROS1 pathway activation in HCC78 cells. HCC78 cells were lysed after 1h of treatment with the corresponding compound
and subjected to Western blot analysis. Effects of SAF-189s, crizotinib, ceritinib, and lorlatinib on ROS1 phosphorylation and downstream
signaling in BaF3/CD74–ROS1 (b), BaF3/CD74–ROS1G2032R (c), and BaF3/CD74–ROS1L2026M (d) cells. The corresponding cells were lysed after
0.5 h of treatment with the indicated compound and subjected to Western blot analysis.
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Table 2. Cellular activities (IC50, Mean ± SD, nM) of ROS1 inhibitors and SAF-189s.

Cell lines SAF-189s Crizotinib Ceritinib Lorlatinib

HCC78 49.4 ± 21.8 739.3 ± 65.1 1712.0 ± 556.8 33.0 ± 11.0

BaF3/CD74–ROS1 1.1 ± 0.6 32.2 ± 7.6 102.1 ± 11.5 1.2 ± 0

BaF3/CD74–ROS1G2032R 141.0 ± 16.8 629.2 ± 131.3 1256.8 ± 67.8 262.0 ± 11.1

BaF3/CD74–ROS1L2026M 3.1 ± 0.5 162.8 ± 35.0 209.4 ± 53.8 9.0 ± 1.3

BaF3/CD74–ROS1D2033N 15.6 ± 4.8 177.2 ± 14.5 686.8 ± 25.6 8.6 ± 1.4

BaF3/CD74–ROS1S1986F 0.8 ± 0.2 51.5 ± 4.2 163.2 ± 9.5 2.9 ± 0.8

BaF3/CD74–ROS1S1986Y 1.2 ± 0.7 52.9 ± 2.2 74.7 ± 10.6 1.8 ± 0.2

BaF3+ IL-3 1490.3 ± 223.1 1317.4 ± 28.2 1787.0 ± 342.5 >10000

Fig. 3 SAF-189s shows potent antitumor efficacy against ROS1 wild-type- and G2032R mutant-driven tumors. Nude mice bearing BaF3/
CD74–ROS1 (a) or BaF3/CD74–ROS1G2032R (b) subcutaneous xenografts were administered vehicle or the compounds once daily for 14 days.
The values shown in a and b represent the mean ± SEM. c, d Tumor samples were collected at the end of treatment, and intratumoral Ki67
expression was assessed by immunohistochemical (IHC) analysis. BaF3/CD74–ROS1 (c) or BaF3/CD74–ROS1G2032R (d). Nude mice bearing BaF3/
CD74–ROS1 (e) or BaF3/CD74–ROS1G2032R (f) subcutaneous xenografts were administered vehicle or compounds once daily for 14 days. Body
weights were measured twice a week and are shown as the mean ± SEM. The values shown in a and b represent the mean ± SEM. ***P < 0.001;
by one-way ANOVA.
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exhibited only marginal effects in the BaF3/CD74–ROS1G2032R

mutant model (TGI, 22.8%) (Fig. S1b), indicating crizotinib
resistance in the CD74–ROS1G2032R model. However, SAF-189s
treatment led to marked TGI in the BaF3/CD74–ROS1G2032R mutant
model (Fig. 3b). Notably, the effect of SAF-189s at 30 mg/kg was
comparable to that of lorlatinib at 30mg/kg (data not shown). The
intratumoral Ki67 proliferation index was then analyzed in the
above models, and we found a significant decrease in the Ki67
level in the groups treated with the optimal dose of SAF-189s
(Fig. 3c, d). Moreover, SAF-189s was well tolerated at all tested
doses (Fig. 3e, f).
Collectively, these findings indicate that SAF-189s, a potent

new-generation ROS1i, is effective against reported clinically
resistant mutants, including the highly resistant G2032R mutant.

SAF-189s shows potent antitumor efficacy against the SDC4–ROS1
fusion in the PDX model
Compared with the traditional CDX model, which lacks molecular
and cellular heterogeneity, the PDX model is expected to serve as
an improved disease model by increasing the diversity of
molecular damage and retaining 3D tumor-stromal cell compo-
nents and interactions. We thus investigated the in vivo efficacy of
SAF-189s in the ROS1 fusion-positive NSCLC PDX model (LU-01-
0414, harboring the SDC4–ROS1 fusion).
We treated the PDX model with SAF-189s (1.25, 5, and 20mg/kg)

for 35 days. In addition, SAF-189s (20mg/kg) was administered for
further 25 days and then stopped for an additional 20 days to
observe whether the tumor would rebound until we ended the
experiment (Fig. 4a). As shown in Fig. 4b, c, SAF-189s inhibited
tumor growth in a dose-dependent manner during the 35-day
treatment period. Moreover, 20mg/kg SAF-189s caused tumor
regression, with a TV reduction of greater than 97.9%. After SAF-
189s treatment (20 mg/kg), one of the six tumor-bearing mice
experienced complete tumor regression.
After treatment with 20 mg/kg SAF-189s for another 25 days,

five of the six mice exhibited complete tumor regression. Notably,
SAF-189s resulted in prolonged and durable posttreatment
efficacy, with no tumor regrowth for 20 days post treatment until
we ended the experiment (Fig. 4a). In addition, SAF-189s was well
tolerated at the tested dose (Fig. 4b). These data indicate that SAF-
189s can effectively inhibit tumor growth in the PDX model.
Importantly, the tumor will not rebound following treatment with
SAF-189s at a dose of 20 mg/kg after ending administration.

DISCUSSION
ROS1 is a clinically validated therapeutic target in NSCLC. Novel
ROS1is that can overcome the secondary mutations conferring
resistance to the first-generation inhibitor crizotinib, especially the
frequently identified G2032R mutation, are urgently needed.
The next-generation ALK inhibitor SAF-189s is currently in a

multicenter phase II trial (ClinicalTrials.gov identifier:
NCT04237805). Intriguingly, in addition to targeting ALK, SAF-
189s also potently inhibits ROS1 and is effective against reported
clinically resistant mutants, showing subnanomolar to nanomolar
biochemical potency against wt ROS1 kinase and the G2032R,
L2026M, S1986F, S1986Y, and D2033N mutants in the present
study. Similarly, using a cancer cell line and a series of BaF3
model cell lines, we found that SAF-189s inhibits cell proliferation
mediated by ROS1 fusion wt and resistance mutants. Moreover,
SAF-189s was more potent than crizotinib and ceritinib and
comparable to lorlatinib, the most advanced ROS1i known,
against the ROS1G2032R mutant. In both native CD74–ROS1- and
CD74–ROS1G2032R mutant-driven CDX models, SAF-189s signifi-
cantly suppressed tumor growth. Indeed, in the G2032R-resistant
mutant model, the efficacy of 30 mg/kg SAF-189s was compar-
able to that of 30 mg/kg lorlatinib. In the NSCLC PDX model
harboring a ROS1 fusion, 20 mg/kg SAF-189s induced tumor

regression, and five of the six mice exhibited complete tumor
regression. Notably, SAF-189s resulted in prolonged and durable
posttreatment efficacy, as indicated by the absence of tumor
regrowth for another 20 days after the 60-day treatment period
until we ended the experiment.

Fig. 4 SAF-189s shows potent antitumor efficacy against the
SDC4–ROS1 fusion in the patient-derived xenograft model.
a Schematic of the SAF-189s treatment schedule. Tumor growth
and survival were monitored until the experimental endpoints.
b, c Nude mice bearing the PDX model (LU-01-0414) with the ROS1
fusion were administered vehicle control or SAF-189s once daily.
Body weight is shown as the mean ± SEM in the bottom of b. The
changes in tumor volumes in all treated groups at the end of the
35-day treatment period are shown in c. Body weights were
measured twice a week, and there was no significant body weight
loss in nude mice bearing tumors. The values shown in b represent
the mean ± SEM. ***P < 0.001; by one-way ANOVA.
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New-generation ROS1is are active against crizotinib-resistant
mutants, such as the L2026M gatekeeper and L1951R, S1986Y/F,
and D2033N mutants. However, only a few have been reported to
exhibit activity against the most common solvent front mutant,
G2032R, including lorlatinib, repotrectinib, and DS-6051b
[12, 17, 18]. Interestingly, it could not be ignored that, in
preclinical studies, these inhibitors achieved strong antitumor
efficacy only at much higher doses in the ROS1 fusion G2032R
xenograft model than in the wt ROS1 fusion model. Similar
observations were observed at the cellular level [12, 17, 18].
Likewise, this result was similar to our observations after treatment
with SAF-189s and lorlatinib both in vitro and in vivo. However,
repotrectinib was recently reported to show promising clinical
activity in patients with the ROS1 fusion G2032R mutation [17]. In
addition, the results from the dose-finding portion phase I/II study
of SAF-189s showed that it is very tolerable [10]. These results
together suggest the promising potential of SAF-189s for the
treatment of patients with the ROS1 fusion G2032R mutation who
relapse on crizotinib.
In conclusion, our data demonstrate that SAF-189s, a potent

new-generation ROS1 kinase inhibitor, is able to overcome a series
of crizotinib-resistant mutants, including the high-frequency
G2032R mutant. Overall, these results support its clinical devel-
opment in crizotinib-relapsed and naive ROS1-positive NSCLC
patients.
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