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The treatment of non-small-cell lung cancer (NSCLC) has progressed from histology-oriented cytotoxic
therapy to the era of molecular biology-oriented targeted therapy and immunotherapy. As the first
tyrosine kinase inhibitor (TKI) targeting the ROS1 pathway, crizotinib is widely used as a first-line regimen
for ROS1-rearranged NSCLC. However, due to the paucity of solid data from randomized, controlled phase
III clinical studies, clinicians often require more systematic, real-world data-based guidance for its optimal
clinical use. As one of the leading countries of real-world research on crizotinib, China has contributed
significantly to data on standardization of the therapeutic use of crizotinib, including its clinical treatment
patterns, the timing and duration of treatment and drug resistance monitoring and management.

Plain language summary: As the game-changer for the treatment of advanced ROS1-positive non-small-
cell lung cancer (NSCLC), crizotinib is currently one of the most recommended first-line treatment options
for these patients. However, as crizotinib was initially approved for the treatment of ALK-positive NSCLC,
data from large-scale randomized, controlled trials of crizotinib in ROS1-positive NSCLC patients are
limited. Consequently, the availability of comprehensive and large-scale, real-world evidence and clinical
practice experience data from China is particularly important for its optimal use. In this review, we
summarize the clinical efficacy and safety of crizotinib, drug resistance mechanisms and related mutation
patterns and treatment options after drug resistance based on real-world experience in China to help
clinicians in this country and elsewhere in the world make clinical decisions.

Shareable abstract: A series of real-world studies in China has contributed significantly to standardization
of the clinical use of crizotinib. This article summarizes the practical experience of crizotinib in ROS1-
positive NSCLC in China, and provides more evidence for clinicians to make optimal clinical decisions.
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In 2022, there were estimated to be about 870,982 new lung cancer cases and 766,898 lung cancer-related deaths
in China [1]. As one of the most common driver genes in non-small-cell lung cancer (NSCLC), ROS1 (ROS
Proto-Oncogene 1) rearrangement is found in 0.9 to 2.6% of patients with NSCLC. The histological and clinical
features associated with ROS1-positive NSCLC include female sex, adenocarcinoma histology, younger age, a never
or light smoking history and advanced node stages [2].

After decades of development, the treatment of NSCLC has progressed from histology-oriented cytotoxic therapy
to the era of molecular biology-oriented targeted therapy and immunotherapy. As the first tyrosine kinase inhibitor
(TKI) targeting the ROS1 pathway, crizotinib is widely used as a first-line regimen for ROS1-rearranged NSCLC.
However, due to the lack of solid evidence from large-scale randomized, controlled trials, clinicians may still
require systematic, real-world data-based guidance for the optimal clinical application of crizotinib, especially
regarding the standardization of testing, timing and duration of treatment and drug resistance monitoring and
management. As one of the leading countries of real-world research on crizotinib, China has contributed significantly
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Table 1. Search strategy summary.
Items Specification

Databases PubMed, Embase and major Chinese databases (Wanfang and CNKI)

Search keywords/terms ROS Proto-Oncogene 1 (ROS1) with or without rearrangement; non-small-cell lung cancer (NSCLC); Crizotinib with or without
resistance; entrectinib, lorlatinib, repotrectinib and other second- or third-line agents

Timeframe 2014–2024

Inclusion criteria Real-world studies; randomized controlled trials; observational studies; retrospective studies; prospective studies

Selection criteria Studies were selected based on their representativeness, statistically significant sample sizes and credibility of evidence.

CNKI: China National Knowledge Infrastructure.

to standardization of the clinical use of crizotinib. This article aims to summarize the practical experience of crizotinib
in China and impart this knowledge to clinicians in this country and elsewhere in the world. We focused on studies
published between 2014 and 2024, identified through PubMed, Embase and major Chinese databases (Wanfang
and CNKI). Articles were selected based on their relevance, statistical robustness and credibility to provide a
comprehensive overview. The search strategy is described in Table 1.

Molecular mechanism of action of crizotinib on ROS1 pathways
Crizotinib is an orally available, multiple-signaling TKI targeting ROS1, anaplastic lymphoma kinase (ALK) and
the mesenchymal-epithelial transition receptor (MET). It inhibits ATP-dependent cellular processes by forming
a complex with respective protein kinase domains, leading to strong suppression of ROS1, MET, ALK and their
downstream pathways [3].

ROS1 is a transmembrane tyrosine kinase located on 6q22.1, belonging to the insulin receptor family. The
macromolecule contains an N-terminal (the extracellular domain), a single-channel hydrophobic transmembrane
channel and a C-terminal (the intracellular tyrosine kinase domain). Currently, a total of 14 ROS1 gene fusion
patterns have been found in lung cancer, including CD74, SLC34A2, SDC4, etc [4]. ROS1 activation promotes
cell proliferation and survival through MAPK/ERK, PI3K/AKT, JAK/STAT3 and SHP1/2 pathways. Amino acid
sequence analysis shows that ROS1 has 64% homology with ALK in the tyrosine kinase region and the homology
of the ATP binding site in the catalytic domain of ROS1 kinase and ALK kinase is as high as 84% [3]. Because
crizotinib used as an ALK tyrosine kinase inhibitor targets the ATP binding site in the ALK kinase catalytic region,
crizotinib is presumed to have an anticancer effect in the treatment of NSCLC with fusion mutations of ROS1,
which has been demonstrated in a series of preclinical and clinical trials.

Although the binding domains are highly homologous, the efficacy spectrum of crizotinib in ROS1-positive and
ALK-positive NSCLC still exhibits some differences. For example, the efficacy of crizotinib is more consistent in
patients with different ROS1 fusion subgroups and the long-term survival data in ROS1-positive patients receiving
crizotinib appears to be better than that in ALK-positive patients. Furthermore, not all ALK inhibitors can inhibit
both ROS1 and ALK activity.

The possible reasons for the difference in efficacy of crizotinib in ROS1-positive and ALK-positive NSCLC may
include:

� Crizotinib has different binding sites and binding characteristics with ROS1 and ALK kinase domains and has
proved to have a stronger binding affinity and inhibitory effect on ROS1 in molecular (in vitro) research studies [5].
Molecular experiments have found that the equilibrium dissociation constant (Kd) of crizotinib binding to the
ROS1 kinase domain is 0.4 nmol/l, which is significantly lower than its Kd value for binding to ALK (4.4 nmol/l);
this means that the binding affinity of crizotinib to ROS1 is significantly higher than that of ALK. The IC50

(concentration required to inhibit a cell line by 50%) of crizotinib (PF-02341066) on c-MET and ALK has been
found to be 11 and 24 nmol/l, respectively, in cell-based assays, while the IC50 on ROS1 (wild-type/without
mutation) is 3.9–5.4 nmol/l [6]. The Ki value of crizotinib (concentration required to produce half maximal
inhibition) in ROS1-positive cell lines is 0.6 nmol/l.

� ROS1 is relatively conservative in its evolution. Previous studies have shown that ROS1 gene rearrangements,
rather than ROS1 mutations, are involved in the pathogenesis of NSCLC because no mutations in the kinase
domain of ROS1 were found in newly diagnosed patients with NSCLC. It is speculated that the gene sequence
of the kinase region of ROS1 is relatively stable, whereas mutations are the primary cause of drug resistance and
treatment failure.
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Table 2. Summary of data from reported clinical trials of crizotinib.
Study (ROS1-positive
patients, n)

Phase Treatment line ORR mPFS (months) mOS (months) mDOR (months) OS rate Ref.

PROFILE 1001 (50) Ib 13% first line 72% 19.3 51.4 24.7 12 months: 85%
48 months: 51%

[8]

EUCROSS (34) II 21% first line 70% 20 NR 19 12 months: 83%
24 months: 63%

[9]

OO12-01 (127) II 18.9% first line 72% 15.9 32 19.7 12 months: 83.1% [10]

METROS (26) II 76% first line 65% 22.8 NR 21.4 6 months: 96.2%
12 months: 79.2%

[11]

AcSé (34) II 3% first line 69% 5.5 17 – – [12]

mDOR: Median duration of response; mOS: Median overall survival; mPFS: Median progression-free survival; NR: Not reached; ORR: Objective response rate; OS rate: Overall
survival rate.

Progress of research on crizotinib (Table 2)
In 2011, crizotinib was initially approved as the first ALK/ROS1/MET multi-pathway TKI for ALK-positive
NSCLC. In ROS1-rearranged cell lines, crizotinib also showed a potent apoptotic effect (IC50 of 60 nmol/l),
allowing researchers to explore the potential effect of crizotinib in ROS1-positive NSCLC. The PROFILE 1001
phase I clinical trial (n = 50) demonstrated encouraging results. Patients with ROS1-rearranged NSCLC who
received crizotinib treatment achieved an objective response rate (ORR) of 72%, a 12-month OS rate of 85% and a
median PFS of 19.2 months [7]. In an additional >3-year follow-up analysis, the long-term effectiveness and safety
of crizotinib were also confirmed. The median PFS and OS of patients reached 19.3 months and 51.4 months,
respectively, and the median 48-month OS rate was 51% [8].

The promising results of the PROFILE 1001 study have led to the indications for crizotinib being extended to
ROS1-rearranged NSCLC in various countries since 2016. Subsequently, a series of retrospective and prospective
studies have been conducted to further verify the efficacy and safety of crizotinib as a treatment option for
ROS1-positive NSCLC. Initial observational data supported the use of crizotinib in the second-line setting for
ROS1-positive NSCLC, followed by a step-by-step transition to the first-line setting.

In a prospective phase II trial (EUCROSS), 34 ROS1-positive patients with NSCLC patients showed an overall
ORR of 70%, a median PFS of 20.0 months (95% CI, 10.1 not reached) and a median OS of ‘not reached’
after a median follow-up of 55.9 month [9]. Brain metastasis (log-rank, p = 0.1805) and TP53 mutation (log-rank,
p = 0.015) seemed to be notable risk factors for a poor OS outcome. Among the overall population, 21% of patients
received crizotinib as first-line therapy.

In Asia, a prospective study (OO12-01) [10] recruited 127 Chinese patients with ROS1-positive, advanced
NSCLC and demonstrated an ORR of 72% (including a complete response [CR] rate of 11%), a median OS
of 32 months, and a median PFS of 15.9 months, respectively. 18.9% of patients in this trial received crizotinib
as first-line treatment. The treatment responses and survival outcomes with crizotinib therapy from eastern and
western countries are highly replicable and overlapping, suggesting that crizotinib has consistent efficacy across
different ethnicities, allowing real-world research results in different countries to be referenced with each other.

Currently, crizotinib has been approved by the Food and Drug Administration (FDA USA, 2016), European
Medicines Agency (EMA, 2016) and the National Medical Products Administration (NMPA, China, 2017) for
the treatment of patients with advanced ROS1-positive NSCLC. Other approved drugs for this indication include
entrectinib (2017 by the FDA and 2022 by the NMPA). Although the clinical evidence was sufficient for crizotinib
to be approved for the ROS1 population in China and for its first-line use, the lack of large phase III randomized,
controlled studies had an influence on clinical confidence with crizotinib for the ROS1-positive NSCLC population,
making supplementation with real-world data in Chinese patients desirable.

Chinese real-world studies of Crizotinib
Clinical features of ROS1 in China
In 2018, Zhang et al. [13] conducted a large-scale retrospective study to explore ROS1 fusion features in the Chinese
population with NSCLC (n = 6066). The results showed an ROS1 fusion frequency of 2.59% (157/6066) in Chinese
patients with NSCLC, which was consistent with former reports. Younger age (positive group: 55.68 ± 11.34 years
vs negative group: 61.02 ± 10.44 years; p < 0.01), female gender (3.71 % vs men 1.81%; p < 0.01), non-smokers
(3.33% vs smokers 1.21%; p < 0.01), pathology type with adenocarcinoma (2.77% vs squamous carcinoma

10.57264/cer-2024-0043



Review Zhong, Lu, Wang & Han

Table 3. Summary of data from Chinese real-world studies of crizotinib.
Study (ROS1-positive pts,
n; %)

Treatment line Regimen ORR DCR PFS OS Ref.

Zhang et al. (2309; 2.2%) Second line Crizotinib vs
chemotherapy

80.0% vs
40.8%† and
25.0%‡

90.0% vs
71.4%† and
47.7%‡

294 days vs
179 days† and
110 days‡

– [15]

Zeng et al. (1466; 1.5%) 73.7% first line Crizotinib 89% – 13.6 months – [16]

Li et al. (2400; 2.0%) 38.9% first line Crizotinib 83.3% – 12.6 months 32.7 months [17]

Liu et al. (1842; 1.9%) 50% first line Crizotinib 71.4% (1st line)
82.4%

94.3% (1st line
100%)

11.0 months 41.0 months [18]

Zhu et al. (2617; 2.56%) 17% first line
83% ≥ second line

Crizotinib 56.52% 78.26% 14.5 months – [19]

Xu et al. (102; 100%) 100% first line Crizotinib vs
chemotherapy

83.9% vs 56.5%
(p = 0.002)

96.4% vs 100% 14.9 vs
8.5 months
(p � 0.001)

NR vs NR [20]

Shen et al. (77; 100%) 100% first line Crizotinib vs
chemotherapy

86.7% vs 44.7%
(p � 0.001)

96.7% vs 85.1% 18.4 vs
8.6 months
(p � 0.001)

NR vs
28.4 months

[21]

Zheng et al. (56; 100%) 100% first line Crizotinib 64.7% 94.1% 23.0 months 60.0 months [22]

Zhang et al. (235, 100%) 100% first line Crizotinib vs
chemotherapy

85.7% vs 41.8% – 18.0 vs
7.0 months
(p � 0.001)

– [23]

†Pemetrexed-treated patients.
‡Non-pemetrexed-treated patients.
DCR: Disease control rate; NR: Not reached; ORR: Objective response rate; OS: Overall survival; pt: Patient; PFS: Progression-free survival.

0.93%; p = 0.017) and later advanced node stages (1.31%, 1.40%, 2.07% and 3.23% for N0, N1, N2 and N3,
respectively; p = 0.027) were correlated with higher ROS1 fusion frequency. However, the treatment regimens and
survival data were not provided in this report.

The study of Zhuang et al. [14] was the first research to focus on clinical features and treatment options in
NSCLC patients with concomitant mutations of EGFR, ALK, ROS1, KRAS or BRAF in China. A total of 3774
NSCLC patients were screened in the study and the incidence of ROS1 rearrangement was 2.1%. 9.1% (8/88) of
patients harboring an ROS1 rearrangement had co-alterations, which occurred more frequently in male patients
(p = 0.02). Among patients with EGFR, ALK or ROS1 alterations, 21 patients received TKIs as first-line treatment,
with an ORR of 61.9% and a median PFS of 11.8 months. However, only two of them were ROS1 positive patients
harboring coalterations. Therefore, the sample size was too small to compare the efficacy of crizotinib in patients
with single ROS1 rearrangements or combined co-alterations.

Crizotinib in the second-line setting
The first large-scale, retrospective study was conducted in 2016 to comprehensively investigate the efficacy of
crizotinib and chemotherapy (including pemetrexed-based and non-pemetrexed-based regimens) in Chinese pa-
tients with ROS1 fusion-positive NSCLC [15]. A total of 2309 patients were screened for ROS1 alteration and
51 (2.2%) patients were confirmed to harbor an ROS1 rearrangement. In the ROS1 fusion-positive group, all
crizotinib-treated patients were in the second-line setting or above. The treatment response and survival outcomes
of patients in the crizotinib group were improved more significantly than in patients in the pemetrexed-treated
and non-pemetrexed-treated groups: the ORR values in the 3 groups were 80.0, 40.8 and 25.0%; disease control
rate (DCR) values were 90.0, 71.4 and 47.7%; and the median PFS values were 294 days, 179 days and 110 days,
respectively. The results suggested that in the Chinese ROS1-rearranged NSCLC population, crizotinib had robust
efficacy as a second-line option. Notably, the treatment response was consistent among different ROS1 fusion
partners (in that no distinct correlation was observed).

Crizotinib in the first-line or multi-line (including first-line) settings [Table 3]
In a study conducted by Zeng et al. (n = 1466 patients with NSCLC) reported a ROS1 rearrangement frequency
of 1.5% (22 of the 1466 patients) [16]. Among the 19 ROS1 positive NSCLC patients that received crizotinib
treatment, the ORR with crizotinib was 89% and the median PFS was 13.6 months. The median PFS was longer
in patients with a single ROS1 rearrangement than in those harboring concomitant alterations (15.5 vs 8.5 months,
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p = 0.0213). It was noted that 73.7% patients in this study received crizotinib as first-line treatment. Therefore,
this was the first real-world study demonstrating the efficacy of crizotinib in the first-line setting of Chinese
ROS1-positive patients with NSCLC.

Li et al. compared the efficacy of crizotinib among different types of ROS1 fusion partners in Chinese patients
with ROS1-rearranged NSCLC for the first time [17]. A total of 49 patients with ROS1 rearrangement-positive
NSCLC received crizotinib treatment, providing an ORR of 83.3%, a median OS of 32.70 months and a median
PFS of 12.63 months. According to different fusion partners, both the median PFS and OS of patients in the non-
CD74-ROS1 group were significantly longer than those in the CD74-ROS1 group (PFS: 17.63 vs 12.63 months,
p = 0.048; OS: 44.50 vs 24.33 months, p = 0.036). In multivariate analysis, only the presence of brain metastases
at baseline before treatment was significantly associated with the median OS (p = 0.01). Due to limitations such
as a small sample size, imbalanced baseline characteristics of enrolled patients, the retrospective nature of the study
and a relatively short follow-up period, the comparative conclusion between the different fusion groups needs to
be further explored.

Two additional retrospective studies in 2019 patients further demonstrated that crizotinib is highly effective and
well tolerated in real-world clinical settings in the Chinese NSCLC population. In the study conducted by Liu
et al. [18] (n = 35 ROS1-positive patients with NSCLC), 50% of patients received crizotinib as the first-line therapy
option. The ORR with crizotinib treatment was 71.4%, the DCR was 94.3% and the estimated median PFS
and median OS reached 11.0 months (95% CI, 7.8–14.2) and 41.0 months (95% CI, 22.5–59.5), respectively.
The study conducted by Zhu et al. [19] in 2617 patients with NSCLC and reported a ROS1 fusion incidence of
2.56% (67/2617). The ORR, DCR and median PFS of patients receiving crizotinib were 56.52%, 78.26% and
14.5 months, respectively; OS was not reported. The most common adverse events were mild and manageable and
included gastrointestinal discomfort (such as diarrhea and vomiting), elevated transaminases and vision disorders.

Xu et al. [20] conducted a study comparing crizotinib with platinum-based chemotherapy as first-line treatment
for advanced NSCLC with different ROS1 fusion partners in 2019 patients (n = 102); 54.9% received crizotinib
and 45.1% received chemotherapy as first-line treatment. The results showed that the ORR and median PFS of
patients in the crizotinib group were significantly improved compared with those in the chemotherapy group (ORR
(83.9 vs 56.5%, respectively, p = 0.002); median PFS 14.9 versus 8.5 months, respectively, p < 0.001. The OS
in both groups was not reached. The study was the first large-scale, head-to-head one to demonstrate the efficacy
superiority of crizotinib over platinum-based chemotherapy in a real-world, first-line setting in China. As regards
different fusion variants, patients carrying CD74 fusion variants achieved a significantly longer median PFS with
crizotinib treatment (20.1 vs non-CD74 variants 12.0 months, p = 0.046). This result seemed to be inconsistent
with other studies, because the incidence of brain metastases at baseline in the CD74 variant group was lower than
that in the non-CD74 variant group (11.8 vs 27.7%), which is contrary to the baseline features reported in other
studies. Therefore, this study’s conclusion might have been related to a baseline imbalance and this still needs to be
explored by larger-scale studies.

Another first-line study conducted by Shen et al. [21] also demonstrated an advantage of crizotinib over platinum-
pemetrexed chemotherapy (n = 77). Compared with the platinum-pemetrexed chemotherapy group, patients in the
crizotinib group had a significantly better ORR (86.7 vs 44.7%, p < 0.001), significantly longer median PFS (18.4
vs 8.6 months, p < 0.001), and numerically longer OS (not reached vs 28.4 months, p = 0.176). There was no
statistically significant difference in OS between the two groups, which might be related to the high crossover rate
after first-line treatment failure (disease progression) in this study. A total of 37 patients had treatment crossover
after failure of first-line treatment. Among them, 30 patients receiving first-line chemotherapy were switched to
second-line crizotinib, which might improve the expected survival prognosis of these patients (versus without
crossover).

Prognostic & predictive factors of crizotinib treatment
Zheng et al. [22] investigated the prognostic factors of first-line crizotinib treatment in 56 Chinese patients with
ROS1-rearranged NSCLC. The median PFS and OS after first-line crizotinib treatment was 23.0 and 60.0 months,
respectively. In univariate analysis, female sex (median PFS: 12.0 vs 24.0 months, p = 0.015) and the presence of
>2 baseline metastatic organs (median PFS: 4.0 vs 24.0 months, p < 0.001; median OS: 6.0 vs 60.0 months,
p < 0.001) was associated with significantly poor survival outcomes. In multivariate analysis, only the involvement
of >2 baseline metastatic organs was an independent risk factor for a shorter PFS (p = 0.008). The study also
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explored the mutation profile of crizotinib resistance, showing that a G2032R mutation in the ROS1 kinase domain
was the most common resistance-associated mutation (4/8 patients, 50%).

In 2021, a larger multicenter retrospective study (n = 235) was conducted to further explore the clinical
and molecular factors influencing the efficacy of first-line crizotinib therapy in patients with ROS1-rearranged
NSCLC [23]. The ORR was 85.7% (144/168) in the first-line crizotinib group and 41.8% (28/67) in the
chemotherapy group. First-line treatment with crizotinib versus chemotherapy significantly improved the median
PFS of Chinese patients with ROS1-positive NSCLC (18.0 months vs 7.0 months, p < 0.001). Consistent with a
series of previous studies, CD74-ROS1 fusions (17.0 months vs non-CD74 ROS1 fusions 21.0 months, p = 0.008),
and the presence of baseline brain metastasis (16.0 vs 22.0 months, p = 0.03) were associated with a significantly
shorter PFS. The study contributed to the concomitant mutation spectrum of the Chinese ROS1 population,
showing that TP53 was the most common concomitant mutation with ROS1 rearrangement (the incidence was
13.1% in the CD74-ROS1 fusions group and 18.4% in the non-CD74-ROS1 fusions group). And the presence of
TP53 concomitant mutation was associated with a significantly shorter median PFS (6.5 months vs wild-type TP53
group 21.0 months, p < 0.001). In addition to TP53, concomitant driver mutations (11.0 months vs 24.0 months,
p = 0.0167) or concomitant tumor suppressor genes (i.e., TP53, RB1, or PTEN: 9.5 months vs 24.0 months,
p < 0.001) were also associated with significantly worse PFS outcomes, suggesting that bypass signaling might
weaken the efficacy of crizotinib or lead to a risk of resistance. Thus, baseline brain metastatic status and different
molecular features could contribute to distinct clinical outcomes from first-line crizotinib therapy.

Resistance analysis of crizotinib treatment
Zhang et al. [24] conducted a study focusing on the treatment failure patterns and resistance mechanisms of
crizotinib treatment in Chinese patients with ROS1-positive NSCLC (n = 49). At baseline, the most common
fusion partners were CD74-ROS1 (57.1%), followed by SDC4-ROS1 (20.4%), EZR-ROS1 (12.2%), SLC34A2-
ROS1 (4.1%), TPM3-ROS1 (4.1%) and CCDC6-ROS1 (2%). After progression on first-line crizotinib therapy,
61.2% (30/49) of patients developed secondary ROS1 point mutations, of which ROS1 G2032R was the most
common (28.5%; 14/49). Other common mutations included G2032K (8.3%; 4/49), G2026M (6.1%; 3/49),
L2086F (6.1%; 3/49), S1986Y (4.1%; 2/49), S1986F (2%; 1/49), L1174F (2%; 1/49) and L2155S (2%; 1/49).
The most common progression types and sites were extracranial-only (67.3%), intracranial-only (22.4%) and both
intracranial and extracranial progression (10.2%). Patients with extracranial-only progression had a significantly
higher frequency of point mutations compared with patients with intracranial-only progression (72.7% vs 15.2%,
respectively; p = 0.001).

Resistance mechanism, management & salvage treatment of crizotinib
The mechanism of resistance of ROS1 with crizotinib is mainly due to secondary mutation or bypass activation.
Secondary mutations are usually mutations in the kinase region of ROS1, accounting for 50–60%, which is higher
than the 20–25% mutation rate in the kinase region of ALK [25]. The most common drug resistance mutation in
ROS1 is G2032R, which is similar to G1202 in ALK. G2032R is the first drug-resistance mutation discovered and
it leads to drug-binding damage independently of drug dose but does not alter the onchogenic kinase activity. In an
analysis of 17 samples resistant to crizotinib treatment, the incidence of G2032R mutation was 41%, emphasizing
that G2032R plays an important role in acquired resistance of ROS1 [26]. Another common resistance-related
mutation is D2033N, which is similar to ALK D1203N and affects the electrostatic effect of the D2033 residue
for binding ability to crizotinib. Other drug resistance-related mutations include S1986Y/F and L2026M [25].

Activation of bypass signaling is another important mechanism of crizotinib resistance and was identified in
around 45% of crizotinib-resistant ROS1-rearranged NSCLC malignancies. Common bypass activation related to
crizotinib resistance included the EGFR pathway and the KIT pathway [3]. Just as independent upregulation of
EGFR activity was not controlled by crizotinib, KIT pathway activation could lead to crizotinib resistance through
promoting uncontrolled auto-phosphorylation and cell proliferation in vitro. Therefore, the addition of EGFR
inhibitors such as erlotinib and gefitinib, or KIT inhibitors such as ponatinib might be beneficial in this subgroup
of crizotinib-resistant patients. Last, upregulation of MAPK signaling plus the amplification of TP53 and HER2
have been reported in crizotinib-resistant cells, which might play a key role in bypass mechanisms.

Entrectinib is an emerging TKI with high blood–brain barrier (BBB) penetration that has demonstrated robust
ALK and ROS1 inhibition, as well as effective TRKA, TRKB and TRKC signaling suppression. However, entrectinib
has a similar resistance profile to crizotinib, showing limited efficacy against G2032R, D2033N and L2026M ROS1
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mutants. Furthermore, a meta-analysis in 2022 showed that crizotinib and entrectinib have comparable efficacy
in ROS1-positive NSCLC and an adjusted simulated treatment comparison found non-significant trends favoring
crizotinib over entrectinib: ORR risk ratio = 1.04 (95% CI 0.85–1.28); mean difference in the median duration
of response = 16.11 months (95% CI -1.57–33.69); mean difference in the median PFS = 3.99 months (95%
CI -6.27–14.25); 12-month OS risk ratio = 1.01 (95% CI 0.90–1.12). Thus, entrectinib may not be an optimal
choice after the occurrence of crizotinib resistance [27].

If disease progression is observed while receiving crizotinib treatment, it is suggested that a second-line choice
is lorlatinib. This drug is approved for ALK/ROS1-positive NSCLC that has progressed on other ALK inhibitors,
and appears to overcome acquired resistance to crizotinib in ROS1-positive NSCLC. A phase I/II trial in ROS-1
positive NSCLC patients (n = 69, 48 of whom had previously received ROS1 TKI therapy) showed that whether
crizotinib was used or not, lorlatinib could bring treatment benefit [28]. A phase II study in China (NCT05297890)
is also ongoing, which may complement evidence from the Chinese population.

Case reports suggest that cabozantinib may be effective in ROS1-positive patients who have developed resistance
to crizotinib. Ceritinib is also showing effectiveness, but may not be able to overcome acquired resistance spectrum
to crizotinib. For example, a phase II trial (n = 28) in evaluable advanced ROS1-rearranged patients with NSCLC
found that ceritinib treatment achieved an ORR of 62%, a duration of response (DOR) of 21 months, and a DCR
of 81%. The overall median PFS was 9.3 months, the median PFS in crizotinib-naive patients was 19.3 months,
and the median OS was 24 months [29].

Although alectinib and brigatinib are effective in ALK-positive NSCLC, they have little clear ROS1 inhibitory
activity. In addition, early clinical trials of drug candidates such as cabozantinib, ceritinib, repotrectinib and
taletrectinib (DS-6051b) for ROS1 NSCLC are ongoing [6].

The TRIDENT-1 study (n = 127) showed that repotrectinib achieved promising efficacy for ROS1 fusion-
positive patients with NSCLC, regardless of treatment lines [30]. For ROS1 TKI-naive patients (n = 71), the ORR
was 79%, the median PFS was 35.7 months and the median DOR was 34.1 months. For patients who had received
one ROS1 TKI, the ORR was 38%, the median PFS was 9.0 months, the median OS was 25.1 months and the
median DOR was 14.8 months. 59% of patients harboring ROS1 G2032R responded to repotrectinib. Therefore,
the US FDA has recently approved repotrectinib for the treatment of locally advanced or metastatic ROS1-positive
NSCLC.

Another phase II study (TRUST-I: n = 173) which was conducted in China, showed that taletrectinib also
achieved encouraging efficacy in TKI-naive patients or crizotinib-pretreated patients [31]. For TKI-naive patients,
the ORR was 91%; neither median PFS nor DOR was reached until a maximum follow-up of 23.5 month.
For crizotinib-pretreated patients, the ORR was 52%, median PFS was 7.6 months and median DOR was
10.6 months. 67% (8/12) of patients harboring the G2032R mutation had a response. Preclinical studies had
shown that taletrectinib has excellent blood–brain barrier penetration and high intracranial activity and this phase
II study further confirmed that its notable intracranial ORR in both TKI-naive and crizotinib-treated patients
(88% and 73%, respectively). Therefore, for crizotinib-treated patients especially those harboring a ROS1 G2032R
mutation, repotrectinib and taletrectinib may be alternative treatment options that can be considered.

For ROS1-positive NSCLC patients who choose not to have any targeted therapy options for subsequent-line
treatment, potential treatment options include: chemotherapy, immunotherapy, chemotherapy combined with
immunotherapy and multidrug combinations containing anti-angiogenic agents.

Preclinical studies have demonstrated that PD-L1 expression was significantly up-regulated in experimental cells
after forced expression of ROS1 fusion, and was eliminated when HCC78 (crizotinib-sensitive) cell lines and
xenograft mouse models were treated with crizotinib [32]. Also, in HCC78CR (crizotinib-resistant) cells, PD-L1
expression was not affected by crizotinib and was persistently highly expressed after treatment. The correlation
between ROS1-fusion and PD-L1 overexpression suggests that PD-L1/PD-1 inhibitors could be a second-line
choice for the crizotinib-resistant NSCLC with ROS1 rearrangement. On the other hand, mouse xenograft models
with Ba/F3 ROS1 fusion showed more CD3 + PD-1+ T cells in both blood and tissues, and more sensitivity than
the cells with Ba/F3 ROS1-G2032R resistant mutations after anti-PD-L1 therapy [33]. This mouse model suggested
that the use of anti-PD-1/PD-L1 therapy in ROS1-G2032R resistant mutations might be less efficient, and further
research is needed to explore more clinical situations where immunotherapy is applicable.

Platinum-based therapy as a second-line treatment with or without bevacizumab for patients who have received
prior crizotinib has also been recommended in several guidelines. However, the response rate is not encouraging. An
in vitro study found that the IC50 of cisplatin in a crizotinib-resistant cell line (HCC78CR) was also significantly

10.57264/cer-2024-0043



Review Zhong, Lu, Wang & Han

Ta
b

le
4.

IC
50

va
lu

es
o

f
cr

iz
o

ti
n

ib
ve

rs
u

s
n

ew
er

TK
Is

ta
rg

et
in

g
d

if
fe

re
n

t
R

O
S1

m
u

ta
ti

o
n

s.
R

O
S1

m
u

ta
ti

o
n

s
IC

50
va

lu
es

(n
m

o
l/

l)

C
ri

zo
ti

n
ib

En
tr

ec
ti

n
ib

Lo
rl

at
in

ib
R

ep
o

tr
ec

ti
n

ib
C

ar
b

o
za

n
ti

n
ib

C
er

it
in

ib
B

ri
g

at
in

ib
Ta

le
te

ct
in

ib
A

le
ct

in
ib

Pa
re

n
ta

l
84

0.
5§

18
01

.0
§

�
30

00
§

12
18

.0
§

�
30

00
§

11
17

.0
§

�
30

00
§

�
30

00
§

12
07

.0
§

N
o

n
-m

u
ta

n
ts

5.
4†

2.
7†

0.
7†

2.
0†

2.
8†

16
.4

†
9.

4†
2.

6†
99

5.
4§

G
20

32
R

60
9.

6§
46

3.
3§

19
6.

6‡
23

.1
†

17
.5

†
34

6.
4§

47
2.

7§
53

.3
‡

10
91

.0
§

L2
00

0V
37

.1
†

25
.9

†
2.

5†
10

.1
†

7.
6†

12
4.

9‡
78

.9
‡

29
.8

†
98

5.
0§

L2
08

6F
53

6.
8§

44
0.

0§
�

30
00

§
58

7.
9§

3.
6†

22
6.

9§
15

9.
3‡

12
65

.0
§

67
2.

5§

S1
98

6F
/
L2

00
0V

15
9.

4‡
36

.1
†

2.
4†

7.
2†

5.
1†

86
.9

‡
62

.5
‡

20
.3

†
10

80
.0

§

S1
98

6F
/
L2

08
6F

46
9.

7§
34

4.
2§

�
30

00
§

24
1.

2§
1.

3†
15

4.
8‡

48
.5

†
66

2.
6§

91
9.

9§

G
20

32
R
/
L2

08
6F

49
8.

6§
33

5.
4§

�
30

00
§

24
8.

9§
5.

0†
57

3.
9§

45
0.

9§
74

4.
2§

12
54

.0
§

S1
98

6F
/
G

20
32

R
59

4.
4§

71
8.

5§
99

0.
6§

65
.1

‡
70

.1
‡

61
4.

7§
71

7.
0§

10
5.

4‡
11

37
.0

§

S1
98

6F
G

20
32

R
/
L2

08
6F

56
2.

8§
11

11
.0

§
21

31
.0

§
11

78
.0

§
9.

4†
11

16
.0

§
13

41
.0

§
24

32
.0

§
11

50
.0

§

†
IC

50
≤5

0
nm

ol
/
l.

‡
IC

50
50

nm
ol

/
lt

o
�

20
0

nm
ol

/
l.

§
IC

50
≥2

00
nm

ol
/
l.

D
at

a
ta

ke
n

fr
om

Li
n

et
al

.[
6]

.

10.57264/cer-2024-0043 J. Comp. Eff. Res. (2024) e240043



Real-world studies of crizotinib in patients with ROS1-positive non-small-cell lung cancer Review

higher than in the parental line HCC78 (25.86 vs 10.08 μmol/l), suggesting that the use of chemotherapy in
crizotinib-resistant patients may still be controversial.

Table 4 shows IC50 values of ROS1 TKIs targeting different mutations. The lower the IC50 value, the more
potent the drug is against that mutation (adapted from reference [6]).

Prospect & conclusion
Because crizotinib was initially approved for the treatment of ALK-positive NSCLC, and its indication was then
expanded to ROS1-positive NSCLC, there has been a lack of solid phase III randomized, controlled clinical trial
data on ROS1-positive NSCLC, making comprehensive and large-scale, real-world evidence and practice experience
in China particularly important.

The experience from real-world studies in China that can be summarized includes the clinical efficacy and safety
of crizotinib; risk factors for drug resistance; drug resistance mechanism and related mutation patterns; treatment
options after drug resistance, etc. In conclusion, crizotinib has changed the treatment landscape of advanced
ROS1-positive NSCLC and it is the preferred first-line option for these patients. The benefit of crizotinib over
standard chemotherapy has also been strongly demonstrated by a series of real-world studies in China, although a
large proportion of patients have experienced disease progression and the development of resistance to crizotinib.
Newer generation TKIs or other agents to overcome ROS1 resistance are therefore required. Also required is
higher BBB penetration of novel agents, a deeper understanding of molecular mechanisms in drug resistance and
disease progression processes, the exploration of more effective combination regimens and the exploration for more
accurate predictive biomarkers for optimal benefit populations. Among the newer generation of TKIs, entrectinib
has unique activity due to its high CNS penetration, but its resistance spectrum is similar to that of crizotinib
and thus it may not be the best salvage treatment option for crizotinib resistance. Other emerging drugs such as
repotrectinib and taletrectinib can overcome the resistance caused by the common G2032R mutation in crizotinib-
treated patients. In this regard, the high CNS penetration of taletrectinib is notable, but these data need further
confirmation from large-scale clinical studies. In future, a more comprehensive understanding of ROS1 molecular
rearrangement is essential for the design of more precise and effective combination therapies and individualized
long-term management strategies.

Future perspective
A large proportion of patients have reported disease progression and resistance to crizotinib. A new generation of
agents to overcome ROS1 resistance is therefore required. Also required is higher penetration of the CNS, more
effective combination regimens and exploration of predictive biomarkers for optimal benefit populations. In future,
a more comprehensive understanding of ROS1 molecular rearrangement is essential for the design of more precise
and effective combination therapies and individualized long-term management strategies.

Summary points

• The treatment of non-small cell lung cancer (NSCLC) has progressed from histology-oriented cytotoxic therapy to
the era of molecular biology-oriented targeted therapy and immunotherapy.

• As one of the most common driver genes in NSCLC, ROS1 rearrangement is found in 0.9%–2.6% of patients with
NSCLC.

• Crizotinib is an orally available, multiple-signaling tyrosine kinase inhibitor (TKI) targeting ROS1, as well as
anaplastic lymphoma kinase (ALK) and the mesenchymal-epithelial transition receptor (MET).

• Although crizotinib has been widely used for ROS1-rearranged NSCLC, data from large-scale randomized,
controlled trials of crizotinib are limited.

• Consequently, real-world studies become important for the optimal clinical use of crizotinib.
• Chinese real-world studies of crizotinib have reported its efficacy and safety in ROS1-positive NSCLC.
• In addition, the mechanisms of resistance to crizotinib, and treatment options for resistance have also been

explored, as a large proportion of patients have experienced disease progression and the development of
resistance.
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30(12), 1985–1991 (2019).

13. Zhang Q, Wu C, Ding W et al. Prevalence of ROS1 fusion in Chinese patients with non-small cell lung cancer. Thorac. Cancer 10(1),
47–53 (2019).

14. Zhuang X, Zhao C, Li J et al. Clinical features and therapeutic options in non-small cell lung cancer patients with concomitant
mutations of EGFR, ALK, ROS1, KRAS or BRAF. Cancer Med. 8(6), 2858–2866 (2019).

15. Zhang L, Jiang T, Zhao C et al. Efficacy of crizotinib and pemetrexed-based chemotherapy in Chinese NSCLC patients with ROS1
rearrangement. Oncotarget 7(46), 75145–75154 (2016).

• The first large-scale, retrospective study to comprehensively investigate the efficacy of crizotinib and chemotherapy in Chinese
patients with ROS1 fusion-positive NSCLC.

10.57264/cer-2024-0043 J. Comp. Eff. Res. (2024) e240043

https://creativecommons.org/licenses/by-nc-nd/4.0/


Real-world studies of crizotinib in patients with ROS1-positive non-small-cell lung cancer Review

16. Zeng L, Li Y, Xiao L et al. Crizotinib presented with promising efficacy but for concomitant mutation in next-generation
sequencing-identified ROS1-rearranged non-small-cell lung cancer. Onco Targets Ther. 11, 6937–6945 (2018).

•• The first real-world study demonstrating the efficacy of crizotinib in the first-line setting of Chinese ROS1-positive patients with
NSCLC.

17. Li Z, Shen L, Ding D et al. Efficacy of crizotinib among different types of ROS1 fusion partners in patients with ROS1-rearranged
non-small cell lung cancer. J. Thorac. Oncol. 13(7), 987–995 (2018).

18. Liu C, Yu H, Chang J et al. Crizotinib in Chinese patients with ROS1-rearranged advanced non–small-cell lung cancer in routine
clinical practice. Target Oncol. 14(3), 315–323 (2019).

19. Zhu YC, Zhang XG, Lin XP et al. Clinicopathological features and clinical efficacy of crizotinib in Chinese patients with ROS1-positive
non-small cell lung cancer. Oncol. Lett. 17(3), 3466–3474 (2019).

20. Xu H, Zhang Q, Liang L et al. Crizotinib vs platinum-based chemotherapy as first-line treatment for advanced non-small cell lung
cancer with different ROS1 fusion variants. Cancer Med. 9(10), 3328–3336 (2020).

21. Shen L, Qiang T, Li Z, Ding D, Yu Y, Lu S. First-line crizotinib versus platinum-pemetrexed chemotherapy in patients with advanced
ROS1-rearranged non-small-cell lung cancer. Cancer Med. 9(10), 3310–3318 (2020).

22. Zheng J, Cao H, Li Y et al. Effectiveness and prognostic factors of first-line crizotinib treatment in patients with ROS1-rearranged
non-small cell lung cancer: a multicenter retrospective study. Lung Cancer 147, 130–136 (2020).

23. Zhang Y, Zhang X, Zhang R et al. Clinical and molecular factors that impact the efficacy of first-line crizotinib in ROS1-rearranged
non-small-cell lung cancer: a large multicenter retrospective study. BMC Med. 19(1), 206 (2021).

24. Zhang Y, Huang Z, Zeng L et al. Disease progression patterns and molecular resistance mechanisms to crizotinib of lung
adenocarcinoma harboring ROS1 rearrangements. NPJ Precis. Oncol. 6(1), 20 (2022).

•• An important study that provides real-world clinical evidence of the association between the molecular mechanisms of resistance
and patterns of disease progression in patients with ROS1-rearranged advanced NSCLC who received first-line crizotinib.

25. Sehgal K, Patell R, Rangachari D, Costa DB. Targeting ROS1 rearrangements in non-small cell lung cancer with crizotinib and other
kinase inhibitors. Transl. Cancer Res. 7(Suppl. 7), S779–S786 (2018).

26. Gainor JF, Tseng D, Yoda S et al. Patterns of metastatic spread and mechanisms of resistance to crizotinib in ROS1-positive
non-small-cell lung cancer. JCO Precis. Oncol. 2017, PO.17.00063 (2017).

27. Tremblay G, Groff M, Iadeluca L et al. Effectiveness of crizotinib versus entrectinib in ROS1-positive non-small-cell lung cancer using
clinical and real-world data. Future Oncol. 18(17), 2063–2074 (2022).

28. Shaw AT, Solomon BJ, Chiari R et al. Lorlatinib in advanced ROS1-positive non-small-cell lung cancer: a multicentre, open-label,
single-arm, phase I–II trial. Lancet Oncol. 20(12), 1691–1701 (2019).

29. Lim SM, Kim HR, Lee JS et al. Open-label, multicenter, phase II study of ceritinib in patients with non-small-cell lung cancer harboring
ROS1 rearrangement. J. Clin. Oncol. 35(23), 2613–2618 (2017).

30. Drilon A, Camidge DR, Lin JJ et al. Repotrectinib in ROS1 fusion-positive non-small-cell lung cancer. N. Engl. J. Med. 390(2),
118–131 (2024).

31. Li W, Xiong AW, Yang N et al. Efficacy and safety of taletrectinib in Chinese patients with ROS1+ non-small cell lung cancer: the phase
II TRUST-I study. J. Clin. Oncol. 42(22), 2660–2670 (2024).

32. Liu Z, Zhao K, Wei S et al. ROS1-fusion protein induces PD-L1 expression via MEK-ERK activation in non-small cell lung cancer.
Oncoimmunology 9(1), 1758003 (2020).

33. Cai L, Duan J, Qian L et al. ROS1 fusion mediates immunogenicity by upregulation of PD-L1 after the activation of ROS1-SHP2
signaling pathway in non-small cell lung cancer. Front Immunol. 11, 527750 (2020).

10.57264/cer-2024-0043



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


