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Abstract
Background Crizotinib has been approved for the treatment of non-small-cell lung cancer (NSCLC) with ROS proto-
oncogene 1 (ROS1) gene fusion. This drug has also been granted breakthrough designation for NSCLCs with MET exon 14 
alterations.
Objective This systematic review and meta-analysis aimed to investigate the efficacy and safety of crizotinib in patients 
with these diseases.
Methods We searched PubMed and Web of Science for relevant studies. Meta-analysis of proportions was conducted to 
calculate the pooled rate of complete response, partial response, stable disease, progressive disease, disease control rate 
(DCR), objective response rate (ORR), and drug adverse effects (AEs) of crizotinib in NSCLCs with ROS1 rearrangement 
or MET alterations.
Results A total of 20 studies were included for meta-analysis. Among patients with ROS1-positive NSCLC, crizotinib 
exhibited a pooled DCR of 93.2% (95% confidence interval [CI] 90.8–95.5) and a pooled ORR of 77.4% (95% CI 72.8–82.1). 
The median progression-free survival (PFS) and overall survival (OS) of patients in this group was 14.5 and 32.6 months, 
respectively. For NSCLC with MET alterations, crizotinib was associated with a lower efficacy (DCR 78.9% [95% CI 
70.3–87.4] and ORR 40.6% [95% CI 28.3–53.0]). The median PFS was 5.2 months, and median OS was 12.7 months. The 
most common drug AEs were vision impairment (43.7%), edema (42.9%), and fatigue (40.1%).
Conclusion Our study highlighted and confirmed the efficacy of crizotinib in patients with NSCLC with ROS1 or MET genetic 
alterations. Crizotinib had remarkable effects on advanced NSCLC with ROS1 fusion, as previously reported. However, the 
role of this targeted therapy in MET-altered NSCLC remains investigational.
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1 Introduction

Lung cancer continues to be the deadliest malignancy in 
the world. It caused 1.8 million deaths in 2018 and has a 
5-year survival rate of only about 15% [1]. Lung cancer is 
classified into two types: small-cell and non-small-cell lung 
cancer (NSCLC). While the former accounts for 15% of lung 
cancers and is aggressive and mostly incurable at advanced 
stages, the latter accounts for about 85% of lung cancer and 
often has better prognosis because of its differing underly-
ing biology.

Over the past several years, the emergence of genom-
ics has led to the identification of specific driver mutations 
in NSCLC, which have become targets for more specific 
treatment [2–7]. Of those, the driver mutations of protein 
tyrosine kinase receptor MET encoded by gene MET, and 
tyrosine kinase receptor ROS proto-oncogene 1 (ROS1) 
encoded by gene ROS1, have been studied as treatment tar-
gets in NSCLC [8–10]. MET alterations, which have been 
shown to drive carcinogenesis, include MET copy number 
gains and amplification and MET exon 14 skipping muta-
tions [11]. MET gene amplification has been seen in about 
20% of patients with NSCLC who developed acquired resist-
ance to epidermal growth factor receptor (EGFR) tyrosine 
kinase inhibitors (TKIs) [12] and was rarely seen in EGFR 
TKI-untreated patients [13]. MET splice mutations did not 
concurrently occur in tumors with MET amplification [14]. 
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Key Points 

Crizotinib elicits a dramatic response in advanced non-
small-cell lung cancer (NSCLC) with ROS proto-onco-
gene 1 (ROS1) rearrangements.

The role of crizotinib in MET-deregulated NSCLC 
remains investigational.

Drug-related adverse effects are common among patients 
with NSCLC treated with crizotinib.

followed the recommendations of the Preferred Reporting 
Items for Systemic Review and Meta-Analysis (PRISMA) 
statement [26].

2.2  Selection Criteria and Abstract Screening

All studies were imported into EndNote, and duplicates 
were deleted. Two reviewers then independently screened 
the titles and abstracts of all articles. Studies were eligible 
if they were studies or clinical trials reporting the efficacy 
of crizotinib as monotherapy in patients with NSCLC with 
MET alterations or ROS1 fusions. Studies were excluded if 
they were (1) studies on other lung cancer types (e.g., sali-
vary gland type cancer, lymphoma); (2) studies reporting the 
efficacy of crizotinib in combination with other drugs; (3) 
case reports; (4) reviews; (5) conference/proceeding papers, 
posters, theses, books; and (6) duplicated results. Discrepan-
cies between the two reviewers were resolved by discussion 
and consensus.

2.3  Full‑Text Screening and Data Extraction

The following data were extracted from the included studies: 
institution, city, country, year of publication, study design, 
age, sex, smoking history, metastasis sites, histologic sub-
types of NSCLC, Eastern Cooperative Oncology Group per-
formance status, prior treatments, duration of follow-up and 
treatment, patient best response (complete response [CR], 
partial response [PR], stable disease [SD], progressive dis-
ease [PD]), disease control rate (DCR), objective response 
rate (ORR), progression-free survival (PFS), overall survival 
(OS), and drug adverse effects (AEs). To ensure accuracy, 
two reviewers read the full text of potential articles, and 
data were extracted into a predesigned worksheet. Disagree-
ments, if any, were resolved by discussion and consensus.

2.4  Data Analysis

Statistical analyses were conducted using the JAMOVI 
(www.jamov i.org) and Comprehensive Meta-Analysis (Bio-
stats Inc., Englewood, NJ, USA) software. Pooled propor-
tions and corresponding 95% confidence intervals (CIs) were 
calculated using a random-effects model. Heterogeneity 
among the included studies was tested using the I2 statistic, 
which is the percentage of the total variation between studies 
that cannot be attributed to chance [27]. We classified the 
heterogeneity across the studies as low if 25% < I2 ≤ 50%, 
moderate if 50% < I2≤ 75%, and high if I2 > 75 [27]. Publi-
cation bias was analyzed using Egger’s regression test and 
funnel plots. A p value ≤ 0.05 was considered a statistically 
significant publication bias.

The MET pathway dysregulations, including MET gene 
amplification and MET exon 14 skipping mutations, have 
been found in about 3% of NSCLCs [16–18]. This genetic 
alteration induces loss of ubiquitin-mediated degradation 
through the Casitas B-lineage lymphoma-negative regula-
tory mechanism and promotes tumorigenesis [19].

The ROS1 gene fusion occurs in approximately 2% of 
patients with NSCLC [6]. ROS1 is a type of tyrosine kinase 
insulin-receptor gene. ROS1 fusion causes uncontrolled 
downstream signal transduction, leading to carcinogenesis 
[15].

The US FDA approved the use of crizotinib, a TKI, as 
a treatment in patients with NSCLC with translocations 
involving the anaplastic lymphoma kinase (ALK) in 2011 
[20] and has since also approved an additional expansion 
of crizotinib use in patients with NSCLC with positive 
ROS1 rearrangement [21]. Crizotinib has also been granted 
breakthrough designation for NSCLCs with MET exon 14 
alterations [22]. Subsequently, a number of trials have been 
conducted to assess the efficacy and safety of crizotinib in 
patients with NSCLC with ROS1 fusion or MET alterations 
[7, 9, 23–25]. However, associations between a positive 
ROS1 fusion or MET alteration status and clinical adaptation 
and prognosis in patients with NSCLC receiving crizotinib 
remain inconsistent. This study aimed to summarize the effi-
cacy and safety of crizotinib in patients with NSCLC with 
positive ROS1 gene fusion or MET deregulation.

2  Methods

2.1  Search Strategy and Study Identification

We searched for potential articles published from inception 
to May 2020 in electronic databases including PubMed, Web 
of Science, and clinicaltrials.gov. We used the following 
search terms: crizotinib AND (ROS1 OR MET) AND (lung 
OR pulmonary OR NSCLC). Our study protocol strictly 

http://www.jamovi.org
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3  Results

We found 711 results from PubMed and Web of Science. In 
total, 37 were selected for full-text reading, after which 20 
studies comprising 719 patients with NSCLC were included 
for final analyses [9, 25, 28–44, 46] (Fig. 1). Characteristics 
of the included studies are shown in Table 1. All included 
studies recruited patients with advanced-stage NSCLC. 
The initial dose for crizotinib was 250 mg twice daily in 
all studies. Treatment efficacy and tumor response were 
assessed using Response Evaluation Criteria in Solid Tumor 
classifications. 

Data from the studies by Li et al. [30] and Shen et al. 
[45] were from the same institution. Additionally, patients 
in the two studies by Shaw et al. [7, 46] were both recruited 
from the PROFILE 1001 trial. To avoid overlapping data, 
we selected from these only studies with the highest number 
of patients for analyses.

3.1  Efficacy of Crizotinib in Non‑Small‑Cell Lung 
Cancer (NSCLC) with ROS Proto‑Oncogene 1 
(ROS1) Fusion/Deletion

In total, 16 studies reported the efficacy of crizotinib in 
patients with ROS1 alterations. The pooled proportions for 
CR, PR, SD, and PD were 4.2% (95% CI 1.9–6.4), 71.2% 
(95% CI 65.3–77.1), 13.4% (95% CI 9.7–17.0), and 5.8% 
(95% CI 3.8–7.8), respectively. The pooled DCR was 93.2% 

(95% CI 90.8–95.5), and the pooled ORR was 77.4% (95% 
CI 72.8–82.1) (Fig. 2). Most analyses had a significant level 
of heterogeneity (I2 > 25%).

The median PFS of ROS1-positive NSCLC treated with 
crizotinib ranged from 5.5 to 22.8 months, and the pooled 
median PFS was 14.5 months. The median OS was not 
reached in most of the included studies. In studies in which 
these data were available, the median OS was 32.6 months 
(range 17.2–51.4) (Table 2). Six studies reported the sur-
vival of cluster of differentiation (CD)-74 versus non-CD74 
ROS1-positive patients [30, 35, 41–43, 46]. Our analysis 
showed no statistical difference in patient survival between 
these two subgroups.

3.2  Efficacy of Crizotinib in NSCLC with MET 
Alterations

Six studies reported the treatment response to crizotinib in 
patients with NSCLC with MET deregulations (Table 1). 
The pooled proportions for CR, PR, SD, and PD were 
3.1% (95% CI 0.5–5.7), 39.3% (95% CI 25.8–52.7), 36.9% 
(95% CI 28.6–45.1), and 17.5% (95% CI 7.4–27.7). The 
pooled DCR and ORR were lower than in the ROS1 altera-
tion group: 78.9% (95% CI 70.3–87.4) and 40.6% (95% CI 
28.3–53.0), respectively (Fig. 3). There was a consider-
able amount of heterogeneity among the included studies 
(I2 > 25%). Sensitivity analysis did not detect the source of 
heterogeneity among the included studies (data not shown).

All six studies reported data for OS and PFS. The median 
PFS was 5.2 months (range 2.4–7.3) and median OS was 
12.7 months (range 5.4–31.0) (Table 2). Survival data for 
MET deregulation subgroups (mutation vs. amplification) 
were insufficient for further analysis.

3.3  Crizotinib‑Related Adverse Effects

The most common crizotinib-related AEs, regardless of 
grade, were vision impairment (43.7%), edema (42.9%), 
and fatigue (40.1%), followed by gastrointestinal symptoms 
(nausea, vomiting, diarrhea) (Table 3). Neutropenia (5.7%) 
and elevated transaminase (4.2%) were the most commonly 
seen severe AEs (grade 3 or higher). Data for all AEs are 
presented in Table 3.

3.4  Publication Bias

Egger’s regression test and observation of funnel plots 
did not suggest any evidence of publication bias (data not 
shown).

Fig. 1  Study flowchart
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Fig. 2  Pooled disease control rate (a) and objective response rate (b) of crizotinib in patients with non-small-cell lung cancer with ROS proto-
oncogene 1 (ROS1) rearrangements. Abbreviation: CI confidence interval

Table 2  Efficacy of crizotinib in patients with non-small-cell lung cancer with ROS1 gene fusion or MET alterations

CR complete response, DCR disease control rate, NA not applicable, NR not reached, ORR objective response rate, OS overall survival, PD pro-
gressive disease, PFS progression-free survival, PR partial response, ROS1 ROS proto-oncogene 1, SD stable disease

Study Follow-up dura-
tion (months)

Median PFS 
(months)

Median OS 
(months)

Patient best response

CR PR SD PD DCR (%) ORR (%)

ROS1 fusion
 Capizzi et al. [28] NA NA NA 2 3 0 3 62.5 62.5
 Joshi et al. [29] 15.2 NR NR 2 13 0 1 93.8 93.8
 Landi et al. [9] 21.0 22.8 NR 1 16 6 1 95.8 70.8
 Li et al. [30] 31.9 12.6 32.7 0 30 5 1 97.2 83.3
 Liu et al. [31] NA 11.0 41.0 0 25 8 2 94.3 71.4
 Masuda et al. [32] 35.5 10.0 28.7 0 8 2 0 100.0 80.0
 Mazières et al. [33] NA 9.1 NA 5 19 2 4 86.7 80.0
 Mehta et al. [34] 6.0 NR NR 0 9 3 2 85.7 64.3
 Michels et al. [35] 20.6 20.0 NR 0 21 6 2 90.0 70.0
 Moro-Sibilot et al. [36] NA 5.5 17.2 1 26 4 3 86.1 75.0
 Shaw et al. [46] 62.6 19.3 51.4 6 32 10 3 94.1 74.5
 Wu et al. [40] NA 15.9 32.5 17 74 21 9 88.2 71.7
 Xu et al. [41] 24.9 14.9 NR 0 47 7 2 96.4 83.9
 Zeng et al. [42] NA 13.6 NA 0 17 1 1 94.7 89.5
 Zhang et al. [43] NA 9.8 NA 1 11 3 0 100.0 80.0
 Zhu et al. [44] NA 14.5 NA 0 13 5 5 78.3 56.5
MET alterations
 Drilon et al. [25] 11.5 7.3 20.5 3 18 29 4 76.9 32.3
 Landi et al. [9] 21.0 4.4 5.4 0 7 11 6 75 29.2
 Moro-Sibilot et al. [36] NA 3.2 7.7 1 6 7 10 58.3 29.2

NA 2.4 8.1 0 11 11 6 78.6 39.3
 Song et al. [37] NA 6.5 31.0 0 11 3 1 93.3 73.3
 Wang et al. [38] NA NA NA 0 2 1 1 75 50.0
 Wang et al. [39] NA 6.0 17.2 0 4 3 1 87.5 50.0
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4  Discussion

Lung cancer is the most commonly diagnosed cancer and 
the leading cause of cancer death for people of all genders 
[1]. Effective treatments for advanced-stage NSCLC are 
desperately needed because of the poor prognosis and lack 
of effective targeted therapies for the majority of patients. 
Crizotinib has shown promising results in treating patients 

with ALK-positive, ROS1-positive, and MET-deregulated 
NSCLCs [7, 16, 47].

Patients treated with crizotinib had improved outcomes 
compared with patients treated with platinum-pemetrexed 
chemotherapy in ROS1-fused NSCLC [41, 45]. Our data 
showed that crizotinib was highly effective and had a signifi-
cantly improved response rate in ROS1-rearranged NSCLCs. 
CD74 is the most common variant among patients with 

Fig. 3  Pooled disease control rate (a) and objective response rate (b) of crizotinib in patients with non-small-cell lung cancer with MET genetic 
alterations. Abbreviation: CI confidence interval

Table 3  Adverse effects of crizotinib in patients with non-small-cell lung cancer with ROS1 gene fusions or MET alterations

AE adverse effect, CI confidence interval, I2 percentage of the total variation between studies that cannot be attributed to chance, ROS1 ROS 
proto-oncogene 1

Drug AEs Studies (N) All AE grades AE grade 3 or higher

Pooled propor-
tion (%)

95% CI I2 (%) Pooled propor-
tion (%)

95% CI I2 (%)

Edema 12 42.9 30.3–55.4 89 0.9 0.1–1.8 0
Vision impairment 13 43.7 30.0–57.5 92 0.9 0.1–1.7 0
Nausea 13 39.7 28.7–50.7 85 1.8 0.6–2.9 0
Vomiting 10 36.2 26.2–46.2 75 1.6 0.3–2.9 0
Diarrhea 11 36.9 24.4–49.5 90 1.1 0.2–2.0 0
Constipation 9 28.9 20.8–37.0 71 0.8 0.0–1.7 0
Fatigue 10 40.1 23.0–57.1 96 1.2 0.2–2.2 1
Decreased appetite 8 16.6 13.0–20.2 0 1.1 0.1–2.1 0
Dysgeusia 9 14.1 10.3–17.9 20 0.8 0.0–1.6 0
Bradycardia 9 18.0 8.9–27.0 85 1.5 0.3–2.7 0
Neuropathy 7 13.1 7.8–18.3 34 1.3 0.0–2.7 0
Dizziness 6 18.9 7.7–30.1 87 1.2 0.2–2.5 0
Skin rash 6 9.7 3.9–15.5 71 1.1 − 0.1–2.3 0
Elevated transaminase 10 35.0 24.1–46.0 82 4.2 2.3–5.2 0
Hypophosphatemia 5 8.8 2.0–15.7 86 1.5 0.0–3.0 1
Neutropenia 10 15.2 8.4–22.0 85 5.7 2.8–8.5 50
Anemia 9 27.4 11.6–43.2 95 2.4 0.5–4.2 10
Elevated creatinine 7 10.1 4.0–16.2 81 0.7 − 0.2–1.6 0
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ROS1-positive NSCLC [7, 35]. Survival outcomes between 
ROS1-positive subgroups treated with crizotinib have been 
reported in several studies [30, 35, 41–43, 46], and we fur-
ther confirmed that there was no statistical difference among 
different ROS1-positive subgroups. In most of the series, 
responses to treatment occurred early: about 50% of patients 
had an objective response after 2 cycles of treatment. 
Although the initial clinical response rate to ROS1 protein 
TKIs is dramatic, it is almost always temporary because 
acquired resistance to these drugs invariably develops. 
Nearly 50% of patients later developed disease progression 
or had died at the end of the follow-up [7]. A few distinct 
mechanisms of resistance to crizotinib among ROS1-positive 
NSCLC have been discussed previously [48, 49]. Capizzi 
et al. [28] reported that patients with ROS1 deletion had a 
high chance of response to crizotinib. However, it should be 
noted that half of the patients with ROS1 5′ deletion detected 
by fluorescent in situ hybridization also had a ROS1 rear-
rangement upon next-generation sequencing. As a result, 5′ 
deletion might not represent a biologically relevant genetic 
event since most of the responders in that study harbored 
ROS1 or ALK gene fusions [28]. We observed a considerable 
amount of heterogeneity among some analyses of the ROS1 
group. The variations in the mutation baseline of selected 
cohorts might be a potential explanation. ROS1 rearrange-
ment may occur concurrently with other genetic events in 
patients with NSCLC, such as EGFR, ALK, or TP53. Exclu-
sive ROS1 fusion was associated with a better prognosis than 
were concomitant mutations [50]. Concomitant ROS1 fusion 
and TP53 mutations conferred a poorer outcome than ROS1 
alone [35]. Additionally, variations in previous treatment 
modalities may have also crucially affected the treatment 
outcome of targeted therapies.

Recent phase III randomized clinical trials with MET 
inhibitors in NSCLC have shown discouraging results 
[51–53]. However, it should be noted that those trials did 
not specifically target tumors with MET exon 14 alterations. 
Our results indicated that crizotinib demonstrated a consid-
erably lower response rate and shorter PFS/OS in patients 
with MET alterations than in those with ROS1-positive dis-
ease. The 95% CIs of DCR and ORR in the patients with 
ROS1-rearranged and MET-deregulated NSCLC were suf-
ficient to indicate statistical significance. Given the high rate 
of drug AEs (Table 3), this factor might limit the use of 
crizotinib in MET-positive NSCLC. There are several poten-
tial explanations for the discrepancies in efficacy between 
ROS1-positive and MET-positive groups. First, the activa-
tion mechanisms of ROS1 fusion protein and MET mutation 
differ. ROS1 fusion may signal tumorigenesis and promote 
cell growth and survival through mitogen-activated protein 
kinase (MAPK)/extracellular signal-regulated kinase (ERK), 
phosphoinositide 3 kinase/protein kinase B (PI3K/AKT), 

Janus kinase/signal transducer and activator of transcrip-
tion 3 (JAK/STAT3), and Src homology region 2 domain-
containing phosphatase-1 and 2 [54–56]. On the other hand, 
MET exon 14 mutation prevents ubiquitination and further 
promotes stabilization of MET protein [57]. In addition, the 
clinicopathological characteristics of patients with NSCLC 
with MET exon 14 mutations or amplifications have been 
demonstrated as distinct from those with ROS1-positive dis-
ease [6, 18, 58].

We observed a significant level of heterogeneity regard-
ing response rate and survival among studies investigating 
the efficacy of crizotinib in patients with NSCLC with MET 
genetic alterations. Moro-Sibilot et al. [36] reported that 
patients with a high level of MET amplification were more 
likely to respond to crizotinib than those with low amplifi-
cation. MET-amplified NSCLC without MET mutation is 
a heterogeneous group that is more likely associated with 
concurrent driver mutations such as NRAS, KRAS, and TP53 
mutations [59]. In a phase I trial, those with NSCLC with 
a high MET/centromere ratio and gene copy number had a 
higher response rate to capmatinib than those with a lower 
level [60]. Possible underlying reasons for these heterogenei-
ties are differences in patient selection, MET deregulation 
types of tumors (mutations, amplification, or copy number 
change), and different follow-up durations. It should also be 
noted that the MET TKI capmatinib has just been approved 
by the FDA to treat advanced NSCLC with MET exon 14 
skipping [61]. In the phase II GEOMETRY mono-1 trial, 
capmatinib elicited a high response rate and relatively dura-
ble responses in advanced NSCLC with MET exon 14 muta-
tions [62].

Although this meta-analysis demonstrated the promising 
efficacy of crizotinib in ROS1-positive and MET-positive 
NSCLC, a few limitations must be addressed. The first is 
an inevitable selection bias caused by the inclusion of ret-
rospective studies, which were the most predominant type 
among the included studies. As we have stated, there was 
significant existing heterogeneity among the included stud-
ies, which might stem from differences in patient baseline 
characteristics, prior treatment regimens, and underlying 
genetic events.

5  Conclusion

Our meta-analysis confirmed remarkable results with cri-
zotinib in advanced NSCLC with ROS1 fusion. However, 
the role of this targeted therapy in MET-altered NSCLC 
remains investigational. Additional trials with other TKIs 
(e.g., capmatinib) and longer follow-ups can further opti-
mize the therapeutic treatment of advanced-stage NSCLCs 
with MET alterations.
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