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Background: Osimertinib, a third-generation epidermal growth factor receptor-tyrosine kinase inhibitor 
(EGFR-TKI), has been approved by the U.S. Food and Drug Administration in treating T790M mutation-
positive advanced non-small cell lung cancer (NSCLC). A systematic review and meta-analysis was conducted 
to assess the efficacy and safety of osimertinib in treating advanced NSCLC patients with acquired T790M 
mutation.
Methods: PubMed, EMBASE, Cochrane Library and Web of Science were searched to obtain the 
eligible studies following the “population, interventions, comparisons, outcomes, study design” (PICOS) 
criteria. The pooled analysis of objective response rate (ORR), disease controlled rate (DCR), progression-
free survival (PFS), overall survival (OS) and adverse events (AEs) were performed using STATA12.0 and 
RevMan5.0. 
Results: A total of 1,050 patients were included in the meta-analysis. The combined osimertinib ORR was 
0.64 (95% CI, 0.60–0.69), the ORR of central nervous system (CNS) was 0.54 (95% CI, 0.37–0.71), DCR 
was 0.89 (95% CI, 0.86–0.92), PFS at six months (PFS-6m) rate was 0.69 (95% CI, 0.58–0.79), PFS at one 
year (PFS-1y) rate was 0.33 (95% CI, 0.20–0.46), OS at one year (OS-1y) rate was 0.69 (95% CI, 0.55–0.84). 
The pooled incidence rate of the AEs of grade ≥ III was 0.25 (95% CI, 0.09–0.40). The results from Begg’s 
and Egger’s tests presented no publication bias in the included studies.
Conclusions: Osimertinib demonstrated a superior therapeutic benefit with high efficacy and low toxicity 
for T790M-positive advanced NSCLC patients who were treated with early-generation EGFR-TKIs. 
Meanwhile, osimertinib showed promising for the treatment of advanced patients with CNS metastases.
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Introduction

Lung cancer ranks first in cancer incidence and mortality 
worldwide (1). Non-small cell lung cancer (NSCLC) 
accounts for approximately 85% of all lung cancer, and most 

NSCLC patients are diagnosed at an advanced stage (2,3). 

The activation of epidermal growth factor receptor (EGFR) 

mutations, one of most common genetic event, has been 

identified as oncogenic drivers for NSCLC (4). However, 
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conventional chemotherapy showed poor treatment efficacy 
and prognosis in treating EGFR mutation-positive advanced 
NSCLC patients. Recently, specific targeted therapies using 
EGFR- tyrosine kinase inhibitors (TKIs), which block the 
growth of cancer cells through interfering with EGFR 
gene, have demonstrated significant clinical benefit and 
become first-line treatment in advanced NSCLC patients 
with an EGFR driver mutation (5-9). Despite impressive 
tumor responses with first-line EGFR-TKIs, acquired drug 
resistance occurs inevitably in most EGFR mutant advanced 
NSCLC patients (10).

Thr790Met (T790M) mutation in exon 20, detected 
in more than half of the patients who develop resistance 
to EGFR-TKIs, is recognized as the dominant acquired 
resistance mechanisms (11). The resistance mechanism of 
EGFR-T790M mutation is that the presence of T790M 
variant increases the affinity of adenosinetriphosphate 
(ATP) for the EGFR active site, and reduces the binding 
ability of the EGFR-TKIs relatively, resulting in reduced 
inhibition of EGFR-TKIs-mediated downstream signaling 
pathway (12). T790M mutation were detected in EGFR-
mutant advanced NSCLC patients after drug resistance 
in first-generation EGFR-TKIs within 9–14 months (13). 
The second-generation EGFR-TKIs were developed to 
overcome EGFR-T790M mutation-related resistance by 
irreversibly binding to the cysteine residue of EGFR (14,15). 
However, these TKIs were non-selective between EGFR-
T790M mutant and wild-type EGFR. They also had potent 
against wild-type EGFR and lead to severe toxicity that 
limited clinical doses required to inhibit T790M mutation 
effectively. Moreover, the second-generation EGFR-TKIs 
did not show improvement in treating patients who had 
received treatment with first-generation TKIs (16,17). 
Thus, the clinical utility of second-generation EGFR-TKIs 
remains questionable in advanced NSCLC patients with 
T790M mutation following disease progression on the first-
generation TKIs.

Osimertinib is an oral, central nervous system (CNS) 
active, irreversible third-generation EGFR-TKI that has 
potent against both the EGFR mutations and the EGFR-
T790M resistance mutation selectivity, with a minimal 
inhibition of the wild-type EGFR (18). Osimertinib 
showed stronger potency against T790M mutation at 
cellular level compared with early generation TKIs. 
Studies in vivo using xenograft and transgenic tumor 
models suggested that osimertinib produced profound and 
sustained regression in EGFR-T790M mutant tumors (19).  
In  addit ion,  os imert inib demonstrated markedly 

penetration of blood-brain barrier (BBB) and induced 
durable shrinkage in mouse and nonhuman primate brain 
models (20). Currently, several clinical trials have been 
reported, but there was a discrepancy in the outcomes of 
osimertinib for the treatment of EGFR-T790M mutation-
positive advanced NSCLC (21-26). In the present study, we 
conducted a systematic review and meta-analysis aiming to 
provide comprehensive clinical evidence for evaluating the 
efficacy and safety of osimertinib in treating these patients. 
We present the following article in accordance with the 
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1357).

Methods 

Search strategy

The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines were followed for our 
systematic review and meta-analysis. PubMed, EMBASE, 
the Cochrane Library, and Web of Science were searched 
for clinical trials of osimertinib in treating EGFR-T790M 
advanced NSCLC published before July 29, 2019. Abstracts 
and presentations from all major conference proceedings 
were also reviewed, including the American Society of 
Clinical Oncology (ASCO) and the European Society for 
Medical Oncology (ESMO), from January 1, 2010, to July 
29, 2019. The search terms were “Osimertinib”, “Tagrisso”, 
“AZD9291”, “non-small cell lung cancer”, “NSCLC”, 
“EGFR”, “T790M”. The references of enrolled studies 
were reviewed in the final selection to ensure that no trails 
were missed.

Study selection

Studies meeting the following PICOS criteria were 
included: (I) patients: advanced NSCLC patients with 
EGFR T790M-positive; (II) intervention: treatment with 
Osimertinib; (III) comparison: treatment with at least one 
of the previous EGFR-TKIs (Gefitinib/Erlotinib/Afatinib/
Dacomitinib); (IV) outcome: at least one of the following 
data: objective response rate (ORR), disease controlled rate 
(DCR), progression-free survival (PFS), overall survival (OS) 
and adverse events (AEs) were reported; (V) study design: 
the randomized controlled trial (RCT) or prospective 
phase I, II, and III trial. Exclusion criteria were as follows: 
(I) reviews, letters, editorials, meeting, repeated data or 
overlapping studies; (II) studies on cellular or animal; (III) 
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providing insufficient data for estimating the results.

Data extraction and quality assessment 

The data extraction was carried out independently by 
two reviewers (Lu Liu, Yaling Zhang), in accordance with 
PRISMA. Any discrepancies were resolved by discussion 
and consensus. The following baseline information was 
collected from the eligible studies: name of the first author, 
year of publication, phase of the trial, sample size, previous 
EGFR-TKIs treatment, outcomes of treatment effect (ORR, 
DCR, median PFS, OS-1y rate) and toxicity.

To assess the methodological quality of the included 
articles, the Cochrane Collaboration’s “risk of bias” (ROB) 
tool and Newcastle-Ottawa Scale (NOS) were used, which 
was also performed independently by two reviewers. The 
Cochrane Collaboration’s ROB tool was used to evaluate 
the RCTs. The overall ROB of a study were defined as “low” 
if the “low risk” items were more than four, “medium” if 
the “low risk” items were two or three, and “high” if the 
“low risk” items were fewer than two or “high risk” items 
were more than one. The NOS was used to estimate the 
single-arm trials (27). The NOS quality evaluation consists 
of three aspects (Appendix 1): selection (0–4 points), 
comparability (0–2 points), and outcome (0–3 points). The 
quality of each study was defined as “poor” when the total 
score was less than 4, “fair” when the score ranged from 4 
to 6 ,and “good” when the score ranged from 7 to 9 (28).

Statistical analysis

Pooled data management and analysis were performed 
by using STATA12.0 (provided by Stata Corp) and 
Review Manager 5.0 software (provided by Cochrane 
Collaboration). The heterogeneity among the retrieved 
studies was evaluated by using Higgins inconsistency 
index (I2) test. The fixed-effects models was used if I2<50% 
(P>0.1), otherwise, the random-effect model was applied. 
Statistical analysis of ORR, DCR, PFS-6m rate, PFS-
1y rate, OS-1y rate and AEs of all grades or of grade 
≥ III were combined with the corresponding 95% CI. 
The pooled ORR of patients with CNS metastases was 
calculated as well. When PFS or OS were not reported 
directly in studies, the data were extracted from the 
survival curves as reported. A two-sided P value of <0.05 
was considered statistically significant. Publication bias 
of the included studies was evaluated by using Begg’s and 

Egger’s test.

Results

Search results

Based on our search strategy, 515 potentially relevant 
studies were initially identified, of which 118 articles were 
excluded for duplication, 378 articles were excluded after 
titles and abstracts screening, 13 articles were excluded 
after full-text reviewing. As a result, the remaining 6 articles 
were enrolled for our meta-analysis (21-26). The selection 
process was presented in Figure 1.

Characteristics of the included studies

A total of six eligible clinical studies including 1010 EGFR-
T790M advanced NSCLC patients were enrolled in this 
analysis. The number of patients in each trails ranged 74 
to 279, and the included studies were published from 2016 
to 2018. All eligible trials were carried out to estimate the 
efficacy and safety of osimertinib including three RCTs 
(Mok 2017, Nie 2017 and Wu 2018) (21-23) and three 
single-arm trials (Yang 2017, Goss 2016, and Zhou 2017) 
(24-26). Additionally, three among all studies evaluated the 
CNS impact of osimertinib treatment in the patients (23-25). 
Detailed baseline characteristics of the enrolled studies were 
summarized in Table 1. There was no “high risk” or “poor” 
for quality assessment of our included studies (the detailed 
quality assessment of included studies was reported in  
Table S1 and Figure S1).

Efficacy 

Six studies provided the data on ORR and DCR of 
osimertinib in the treatment of EGFR T790M-positive 
advanced NSCLC. Those tests for heterogeneity were 
significant, and the random-effects model was applied. 
The pooled ORR and DCR were 0.64 (95% CI, 0.60–0.69; 
I2=51.2%, P=0.084; Figure 2A) and 0.89 (95% CI, 0.86–
0.92; I2=51.7%, P=0.082; Figure 2B), respectively. Besides, 
the pooled CNS ORR was 0.54 (95% CI, 0.37–0.71; 
I2=86.5%, P=0.001; Figure 2C). The data on PFS and OS 
were available from four studies. The combined PFS-
6m rate, PFS-1y rate and OS-1y rate were 0.69 (95% CI, 
0.58–0.79; I2=86.2%, P<0.001; Figure 3A), 0.33 (95% CI, 
0.20–0.46; I2=93.1%, P<0.001; Figure 3B), and 0.69 (95% 
CI, 0.55–0.84; I2=92.2%, P<0.001; Figure 3C), respectively. 

https://cdn.amegroups.cn/static/public/APM-20-1357-supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-20-1357-supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-20-1357-supplementary.pdf
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Figure 1 Flow chart of the literature search.
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Table 1 Baseline characteristics of included studies in the meta-analysis 

Study (year) Phase
Sample 
size, n

Previous  
EGFR-TKI (%)

ORR (%) DCR (%)
Median PFS (m) 

(95% CI)
OS-1y  

rate (%)
Quality score

Mok (2016) III 279 Gefitinib/erlotinib/
afatinib (59%/34%/7%)

198/279 (70.97) 260/279 (91.3) 10.1 (8.3–12.3) NR Cochrane ROB 
Tool: Low risk

Nie (2018) III 74 Gefitinib/erlotinib 
(62.2%/37.8%)

46/74 (62.16) 65/74 (87.84) 10.2 (NR) 36/74 (48.6) Cochrane ROB 
Tool: Low risk

Yang (2017) II 201 Gefitinib/erlotinib/
afatinib/dacomitinib 

(58%/58%/18%/2%)

122/201 (60.70) 179/201 (89.05) 12.3 (9.5–13.8) 159/201 (79.1) 6

Goss (2016) II 210 Gefitinib/erlotinib/
afatinib/dacomitinib 

(58%/57%/18%/1%)

140/210 (66.67) 182/210 (86.67) 9.9 (8.5–12.3) 170/210 (81)  6

Zhou (2017) II 171 NR 103/171 (60.23) 150/171 (87.72)  NR NR 6

Wu (2018) III 75 NR 30/75 (40.00) 65/75 (87) 11.7 (10–NC) NR Cochrane ROB 
Tool: Low risk

EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitors; PFS, progression-free survival; ORR, objective response rate; DCR, 
disease control rate; OS-1y rate, survival rate for 1 year; m, month; NR, not report; ROB, risk of bias.
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Figure 2 Forest plots of the efficacy of osimertinib treatment in EGFR-T790M mutant advanced NSCLC patients. (A) ORR, objective 
response rate; (B) DCR, disease control rate; (C) ORR1, objective response rate of osimertinib treatment in EGFR-T790M mutant advanced 
NSCLC patients with CNS metastases.

Safety

The analyses of AEs (all grades or of grade ≥ III) of 
osimertinib covered five trials. The most common AEs in all 
grade were rash or acne, diarrhea and dry skin, and results 
of the random-effects model showed that the combined 
incidence rate of those AEs were 0.34 (95% CI, 0.26–0.42), 
0.33 (95% CI, 0.27–0.38) and 0.30 (95% CI, 0.21–0.38), 
respectively (Figure 4). Regarding the AEs of grade ≥ III, 
the pooled incidence rate was 0.25 (95% CI, 0.09–0.40, 
Figure 4D). The ranking pooled incidence rate of the AEs 
of grade ≥ III suggested that the highest pooled rate was 
anemia (0.01, 95% CI, 0.00–0.02), followed by dyspnea 
and asthenia (0.01, 95% CI, 0.00–0.02). In addition, the 
combined rate of diarrhea (grade ≥ III) was 0.01 (95% CI, 
0.00–0.01), and the pooled rate of rash or acne (grade ≥ III) 
was 0.01 (95% CI, 0.00–0.01).

Publication bias

For each analysis of the efficacy and safety, Begg’s and 

Egger’s tests were used to assess publication bias of the 
included studies. No evidence in the results of Begg’s and 
Egger’s tests suggested publication bias in those studies. 
The details of publication bias are shown in Table 2.

Discussion

The acquired resistance to first- and second-generation 
EGFR-TKIs has become a critical issue in the treatment 
of EGFR T790M-positive advanced NSCLC patients. 
Osimertinib, a third-generation EGFR-TKI, has been 
approved for the treatment in patients with EGFR T790M-
positive advanced NSCLC. Our studies conducted a meta-
analysis based on all the evidence available on the efficacy 
and safety of osimertinib therapy for advanced NSCLC 
patients with T790M mutation after treatment with early 
generation EGFR-TKIs. The statistical analysis showed 
that the pooled ORR and DCR were 64% and 89%, 
respectively, and the combined rate of PFS-6m, PFS-
1y and OS-1y were 69%, 33%, and 69%, respectively, 
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Figure 3 Forest plots of the efficacy of osimertinib treatment in advanced NSCLC patients with EGFR-T790M mutation. (A) PFS-6m rate, 
the proportion of patients in 6 months progression free survival; (B) PFS-1y rate, the proportion of patients in one year progression free 
survival; (C) OS-1y rate, the proportion of patients in one year overall survival.

which confirmed the satisfactory and persistent efficacy of 
osimertinib in treating EGFR-T790M mutant advanced 
NSCLC. In addition, the most common AEs rates were 
34% for rash or acne, 33% for diarrhea and 30% for dry 
skin. The incidence of AEs of grade ≥ III was 25%, with 
each grade 3 or higher AEs rate being controlled within 
2%, indicating a well tolerance. Moreover, the pooled 
CNS ORR of 54% demonstrated the encouraging effect of 
osimertinib on the patients with CNS metastases.

The treatment strategies for advanced NSCLC patients 
with acquired EGFR-T790M mutation after early 
generation TKI treatments are sparse. Platinum-based 
chemotherapy has become one of the common regimens for 
those patients. However, several previous studies showed 
dismal clinical effects (ORR: 26%; PFS: 6.0 months) and 
significantly adverse events in patients received platinum-
based chemotherapy (29-31). Moreover, it was useless to 
receive treatment with other first or second generation 
EGFR-TKIs for the patients who had acquired T790M 
mutation after first-line EGFR-TKIs therapy (16).  

Osimertinib is now the only third-generation EGFR-
TKIs recommended for clinical use. Recently, an indirect 
comparison study showed that advanced NSCLC patients 
received osimertinib had better ORR (64.3% vs. 33.3%) 
and PFS (10.9 vs. 5.3 months) compared to those received 
platinum-based doublet chemotherapy (32). Data from 
two published RCTs suggested that the clinical effects of 
osimertinib were superior to platinum–pemetrexed therapy 
and docetaxel-bevacizumab therapy in EGFR-T790M 
mutant advanced NSCLC. 

In addit ion to ef f icacy,  drug safety  i s  another 
consideration for the drug assessment.  Although 
dermatologic and gastro-intestinal toxicities remain the 
most common toxic effects, osimertinib has significantly 
lower incidence rate that previous generation EGFR-
TKIs (33). Meanwhile, osimertinib also reduce the risk of 
severe adverse events in patients when compared to other 
treatment regimens. Collectively, osimertinib demonstrated 
a superior optional strategy with the high efficacy and 
low toxicity for advanced NSCLC patients who acquired 
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Figure 4 Forest plots of the safety of osimertinib treatment in EGFR-T790M mutant advanced NSCLC patients. (A) Rash or acne, the 
proportion of patients with rash or acne; (B) Diarrhea, the proportion of patients with diarrhea; (C) Dry skin, the proportion of patients with 
dry skin; (D) AEs of grade≥3, the proportion of patients with adverse events grade 3 or beyond.

Table 2 Begg’s and Egger’s tests

Efficacy Begg’s test Egger’s test

ORR 0.462 0.193

ORR1 1.000 0.381

DCR 0.462 0.073

PFS-6m rate 0.308 0.060

PFS-1y rate 0.734 0.259

OS-1y rate 0.296 0.083

≥grade3 AEs 0.089 0.084

ORR, objective response rate; ORR1, objective response rate of 
osimertinib treatment in EGFR-T790M mutant advanced NSCLC 
patients with CNS metastases; DCR, disease control rate; PFS-
6m rate, progression-free survival rate for six months; PFS-1y rate, 
progression-free survival rate for one year; OS-1y rate, survival rate 
for one year; AEs, adverse events.

T790M mutation following disease progression on the early 
generation EGFR-TKIs.

According to our data analysis on CNS metastases, 
osimertinib was impressively CNS active. Osimertinib had 
greater ability to penetrate the BBB than first- and second-
generation TKIs in preclinical trials (20). A pooled data 
analysis of CNS metastases from two phase II clinical trials 
showed that osimertinib exhibited encouraging CNS ORR 
(54%) and DCR (92%) in advanced NSCLC patients who 
had EGFR T790M mutation and CNS metastases (34). In 
an AURA3 RCTs, compared with platinum-pemetrexed, 
osimertinib demonstrated a longer PFS (11.7 vs .  
5.6 months), fewer CNS progression and lower incidence 
of new CNS lesions for the patients (23). These promising 
evidence provides a strong impetus for further research 
in the treatment of CNS metastases with osimertinib. 
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Previous studies suggested a low incidence rate of T790M 
mutation in CNS due to the poor CNS penetration of early 
generation TKIs (35,36). However, in a latest FLAURA 
study, osimertinib reduced the risk of CNS progression for 
EGFR mutant advanced NSCLC patients without T790M 
mutations (37). Therefore, osimertinib may be effective 
against both the T790M resistance mutation and EGFR 
sensitizing mutations for CNS metastases.

Recently, a global RCT showed that, first-line use of 
osimertinib had much better treatment efficacy than first-
generation TKIs, especially for PFS (18.9 vs. 10.2 months), 
and did not find T790M resistance mutation was found in 
advanced EGFR mutant NSCLC patients (38). The highly 
clinical benefit of osimertinib as first-line treatment brought 
a new stage in advanced NSCLC therapy. Unfortunately, 
the follow-up clinical trials showed that acquired resistance 
has also inevitably emerged in the treatment of osimertinib 
and EGFR C797S mutation was the predominant resistance 
mechanism in both first- or later-line treatment with 
osimertinib (39). Interestingly, several case reports showed 
the sequential therapy of osimertinib followed by early 
generation TKIs prolonged the survival time (40-43). 
However, the patients still occurred progressive disease 
few months later. Therefore, the optimal strategy for the 
use of osimertinib in sequential therapy remains to be 
determined in further clinical trials. Given the evolving 
resistance mechanisms, there is an urgent need to develop 
new generation EGFR-TKIs. 

Several limitations of our study should be considered. 
First, only three of the included articles were RCT, and 
all the others were single-arm trials, thus the significantly 
statistical conclusions were limited. Second, the overall 
statistical data were extracted from published articles 
without individual patient data. Third, the subgroup 
analysis of Exon 19 deletion and L858R in patients with 
EGFR-T790M mutation could not be performed due to 
the lack of sufficient data. Lastly, for patients who had CNS 
metastases, we only assessed the efficacy of osimertinib 
based on ORR because of the relatively deficiency details 
of CNS metastases in our meta-analysis. More clinical data 
such as PFS, OS and AEs from future studies are required 
to support our results. 

Conclusions

The outcomes from our analysis demonstrate that 
osimertinib is a satisfactory optional strategy with the high 
efficacy and low toxicity in treating advanced NSCLC 

patients who acquired EGFR-T790M mutation after the 
treatment of early generation EGFR-TKIs. Osimertinib 
shows a promising efficacy for EGFR-T790M mutant 
advanced patients with CNS metastases. Moreover, further 
studies exploring sequential strategy of osimertinib and 
early generation TKIs are needed to provide appropriate 
clinical guidance. 
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Appendix 1

We evaluated the methodological quality of the included articles according to Ottawa scale, with detailed information as 
follows:

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
Selection (0–4 points):
1) Representativeness of the exposed cohort

a) truly or somewhat representative of the average level in the community(1 point).
b) selected group of users or no description of the derivation of the cohort(0 point).

2) Selection of the non-exposed cohort 
a) drawn from the same community as the exposed cohort(1 point).
b) drawn from a different source or no description of the derivation of the non-exposed cohort(0 point).

3) Ascertainment of exposure
a) secure record or structured interview(1 point).
b) written self report or no description(0 point).

4) Demonstration that outcome of interest was not present at start of study
a) yes (1 point). 
b) no (0 point). 

Comparability (0–2 points): 
1) Comparability of cohorts on the basis of the design or analysis 

a) study controls for the most important factor and any additional factor(1 point).
b) study controls for any additional factor(1 point). 
c) study controls without the most important factor or any additional factor(0 point). 

Outcome (0–3 points): 
1) Assessment of outcome  

a) independent blind assessment or record linkage(1 point). 
b) self report or no description(0 point).  

2) Was follow-up long enough for outcomes to occur
a) yes (1 point). 
b) no (0 point). 

3) Adequacy of follow up of cohorts 
a) complete follow up or subjects lost to follow up unlikely to introduce bias(1 point). 
b) follow up rate <80% and no description of those lost, or no statement(0 point).

Quality assessment: 
1) The quality of each study was defined as

a) “poor” (total score <4).
b) “fair” (4≤ total score ≤6).
c) “good” (7≤ total score ≤9).

Supplementary
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Table S1 Quality assessment of eligible single-arm studies using the Newcastle-Ottawa quality assessment scale 

Study (year) Selection Comparability Outcome Total scores

Yang 2017 3 0 3 6

Goss 2016 3 0 3 6

Zhou 2017 3 0 3 6

Figure S1 The risk of bias in the included RCTs.


