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Purpose  Epidermal growth factor receptor (EGFR) T790M mutations have been detected in the second or third rebiopsy, even if the 
T790M mutation was not identified in the first rebiopsy. This meta-analysis investigated the EGFR T790M mutation detection rates 
and its additional advantages with repeated rebiopsies.    
Materials and Methods  We searched through the PubMed and EMBASE databases up to June 2022. Studies reporting rebiopsy 
to identify the EGFR T790M mutation in case of disease progression among patients with advanced non-small cell lung cancer 
and multiple rebiopsies were included. The quality of the included studies was checked using the Quality Assessment of Diagnostic  
Accuracy Studies-2 (QUADAS-2) tool.
Results  Eight studies meeting the eligibility criteria, reporting 1,031 EGFR mutation–positive patients were selected. The pooled 
EGFR T790M mutation detection rate of the first and repeated rebiopsies were 0.442 (95% confidence interval [CI], 0.411 to 0.473; 
I2=84%; p < 0.01) and 0.465 (95% CI, 0.400 to 0.530; I2=69%; p < 0.01), respectively. Overall, the pooled detection rate of EGFR 
T790M mutation was 0.545 (95% CI, 0.513 to 0.576), which increased by 10.3% with repeated rebiopsies.
Conclusion  This meta-analysis identified that repeated rebiopsy increases the detection rate of EGFR T790M mutation by 10.3%, 
even if EGFR T790M mutation is not detected in the first rebiopsy. Our results indicate that the spatiotemporal T790M heterogeneity 
can be overcome with repeated rebiopsy.
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Introduction

Lung cancer is the second most diagnosed cancer world-
wide and the leading cause of cancer deaths [1]. Patients 
with advanced non–small-cell lung cancer (NSCLC), harbor-
ing the epidermal growth factor receptor (EGFR) mutation, 
are treated with EGFR–tyrosine kinase inhibitors (TKIs) and 
develop disease progression on EGFR-TKI therapy after a 
median of 9-13 months [2]. Several mechanisms of acquired 
resistance to first- or second-generation EGFR-TKIs have 
been identified [3], among which the EGFR T790M muta-
tion is the most common and important resistant mutation 
accounting for 50%-65% [4]. Fortunately, patients with acqui-
red EGFR T790M mutations can be treated with third-gen-
eration EGFR-TKIs, such as osimertinib and lazertinib, and 
have significantly longer progression-free survival (median, 
8.1 to 18.5 months) than those on cytotoxic chemotherapy 
(median, 5.6 months) [2,5]. Therefore, confirming the pres-
ence of the EGFR T790M mutation in patients with disease 
progression to either first- or second-generation EGFR-TKIs 
is paramount [2].

Tissue rebiopsy for EGFR T790M mutation detection has 
shown high sensitivity and specificity; however, tissue rebi-
opsy has limitations, such as invasiveness and difficult tis-
sue acquisition [6]. Therefore, the National Comprehensive 
Cancer Network (NCCN) recommends initial EGFR testing 
using plasma samples [7]. Nonetheless, owing to the low 
sensitivity of liquid biopsy, some patients require additional 
tissue biopsy [8]. Until now, there are no clear criteria for 
identifying those who should undergo tissue and liquid rebi-
opsy. Recently, Kim et al. [9] reported that the accuracy of the 
plasma test was related to tumor burden. That is, the larger 
and more extensive the tumor, the more accurate the plasma 
test.

In addition, previous studies reported that EGFR T790M 
mutations were detected in the second or third rebiopsy even 
if they were not identified during the first rebiopsy [8,10-12]. 
In a recent study by Seto et al. [8], EGFR T790M mutations 
were confirmed in 5.7% of patients in the second rebiopsy 
and 12.5% of patients in the third rebiopsy whose EGFR 
T790M mutation was not confirmed in the first rebiopsy.  
Repeated rebiopsy appears to be helpful in detecting the 
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EGFR T790M mutation; however, systematic studies of this 
issue are currently lacking. Therefore, this meta-analysis 
aimed to investigate the yield of EGFR T790M mutation  
detection and its additional advantages with repeated rebi-
opsy.

Materials and Methods

1. Literature search 
The current meta-analysis was performed in accordance 

with the Preferred Reporting Items for Systematic Reviews 
and Meta Analyses (PRISMA) guidelines [13]. We searched 
through the PubMed and EMBASE databases for English 
language articles published until June 2022 using the follow-
ing search terms: “EGFR” or “T790M” in combination with 
“rebiopsy,” “repeated rebiopsy,” “multiple rebiopsy,” “addi-
tional rebiopsy,” “second rebiopsy” (Table 1).

2. Study selection 
Two authors (S.K. and S.H.K.) independently assessed 

search results using predefined data extraction. Study abs-
tracts were initially reviewed; then, full-text articles were 
examined for inclusion in this meta-analysis. Discordance 
was resolved by consensus of three authors (S.K., S.H.K., and 
J.S.E.). The studies included met all the following criteria: (1) 
rebiopsy performed to identify EGFR T790M mutation using 
tissue, cytology, or plasma in the case of disease progression 
among patients with advanced NSCLC treated with first- or 
second-generation EGFR-TKI; and (2) rebiopsy performed 
twice or more. Exclusion criteria were the following: (1) 
case reports or reviews; (2) non-English language studies; or 
(3) studies that did not provide sufficient data or were not  
related to the purpose.

Table 1.  Search strategy for meta-analysis

Search strategy Search terms

  1 EGFR and rebiopsy
  2 EGFR and repeated rebiopsy
  3 EGFR and multiple rebiopsy
  4 EGFR and additional rebiopsy
  5 EGFR and second rebiopsy
  6 T790M and rebiopsy
  7 T790M and repeated rebiopsy
  8 T790M and multiple rebiopsy
  9 T790M and additional rebiopsy
10 T790M and second rebiopsy

EGFR, epidermal growth factor receptor. Ta
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3. Data extraction 
Data were independently extracted by two authors (S.K. 

and S.H.K.), and discrepancies were resolved by further dis-
cussion with the third author (J.S.E.). The following details 
were extracted from the eligible publications: name of first 
author, publication year, number of participants, median 
age, biopsy sites, number of biopsies, biopsy methods, and 
mutation detection rate. The quality of the included studies 
was checked using the Quality Assessment of Diagnostic  
Accuracy Studies-2 (QUADAS-2) tool, which assesses the 
quality of studies by evaluating the four key domains con-
sisting of patient selection, index test, reference standard, 
and flow of patients [18].

4. Statistical analysis
Statistical analyses were performed using RevMan 5. 

A fixed-effects model with an inverse variance-weighted 
method was used to estimate the diagnostic rate of repeated 
rebiopsy. Study heterogeneity was evaluated using the chi-

Cancer Res Treat. 2023;55(4):1190-1197

Table 3.  Quality assessment for the risk of bias of the included studies

                          Risk of bias    Applicability concerns
Study  Patient  Index  Reference  Flow and  Patient  Index Reference
 selection test standard time selection test standard

Kuiper et al. (2014) [14]  Low Unclear Unclear Low Low Low Low
Ichihara et al. (2018) [10]  Low Unclear Unclear Unclear Low Low Low
Seto et al. (2018) [8]  Low Unclear Unclear Unclear Low Low Low
Lee et al. (2019) [15]  Low Unclear Unclear High Low Low Low
Chiang et al. (2020) [16] Low Unclear Unclear Unclear Low Low Low
Chu et al. (2020) [17]  Low Unclear Unclear Unclear Low Low Unclear
Ninomaru et al. (2021) [11] Low Unclear Unclear Unclear Low Low Low
Kudo et al. (2022) [12] Low Unclear Unclear Unclear Low Low Low

St
an

da
rd

 e
rr

or

0

0.35

Logit transformed proportion
1.0 1.5–0.5–1.5 –1.0 0 0.5

0.15

0.20

0.25

0.05

0.30

0.10

Seto et al. (2018) 

Lee et al. (2019)
Chiang et al. (2020)

Kudo et al. (2022)
Chu et al. (2020)

Ninomaru et al. (2021)

Ichihara et al. (2018)
Kuiper et al. (2014)

Fig. 2.  Funnel plot of publication bias [8,10-12,14-17].
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- Other cancers (n=11)    
- Rebiopsy less than two times (n=32)

Studies identified through EMBASE/PubMed (n=242)

Studies screened by article type (n=100)

Studies excluded based on abstract (n=142)

Studies excluded case reports, reviews (n=49)

Studies screened based on full text review (n=51)

Included studies (n=8)

Fig. 1.  Flow diagram of search and study selection.
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Study

First rebiopsy
    Kuiper et al. (2014) 
    Ichihara et al. (2018)  
    Seto et al. (2018) 
    Lee et al. (2019) 
    Chiang et al. (2020)
    Chu et al. (2020)  
    Ninomaru et al. (2021)
    Kudo et al. (2022) 
Total (95% CI)
Heterogeneity: Tau2=0.1558; Chi2=44.31, df=7 (p < 0.01); I2=84%
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  29
448

Weight (%)
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     66
     55
   205
   274
   240
     78
     50
     63
1,031

0.3 0.4 0.5 0.6 0.7 0.8

A

Study

Repeated rebiopsy
    Kuiper et al. (2014) 
    Ichihara et al. (2018)  
    Seto et al. (2018) 
    Lee et al. (2019) 
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0.800 (0.663-0.900)
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Fig. 3.  Forest plot of epidermal growth factor receptor (EGFR) T790M mutation detection rate [8,10-12,14-17]. (A) EGFR T790M mutation 
detection rate in the first rebiopsy. (B) EGFR T790M mutation detection rate in the repeated rebiopsy. (C) Pooled EGFR T790M mutation 
detection rate of the first and repeated rebiopies. CI, confidence interval.
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square statistic test (χ2 test), and quantified by the I2 index 
[19]. Statistical heterogeneity was considered as significant 
heterogeneity when the p-value was < 0.01 in the χ2 test, and 
the I2 index value was > 50%. Publication bias was evaluated 
by applying a funnel plot together with Egger’s and Begg’s 
tests [20]. A p-value less than 0.05 was considered statisti-
cally significant. Subgroup analysis was performed based on 
biopsy method (tissue vs. plasma).

Results

We identified 242 studies from the PubMed and EMBASE 
databases. After eliminating inapplicable and/or failing to 
meet the inclusion criteria articles through abstract screening, 
eight studies were finally selected (Table 2, Fig. 1) [8,10-12,14-
17]. As a result, data from 1,031 EGFR mutation–positive  
patients who reported disease progression after treatment 
with first- or second-generation EGFR-TKI were analyzed. 
The first biopsy performed after disease progression was 
referred to as the first rebiopsy, and the additional biopsy, 
when EGFR T790M mutation was not detected in the first 
rebiopsy, was referred to as the repeated rebiopsy.

Table 3 provides a quality assessment of all included stud-
ies based on QUADAS-2. The overall analysis showed good 
performance in the patient selection and index test criteria. 
However, it showed poor performance in the flow and time 
criteria. The funnel plot was symmetric (Fig. 2), with both 
Egger’s (p=0.573) and Begg’s tests (p=0.823) showing insig-
nificant p-values, indicating an absence of publication bias.

1. EGFR T790M detection rates
In the first rebiopsy, EGFR T790M mutation was found in 

448 of 1,031 patients, and the pooled EGFR T790M mutation 
detection rate was 0.442 (95% confidence interval [CI], 0.411 
to 0.473; I2=84%; p < 0.01). Of the 583 patients without EGFR 
T790M mutation in the first rebiopsy, 248 (42.5%) underwent 
repeated rebiopsies, and the pooled detection rate of EGFR 

T790M mutation of repeated rebiopsy was 0.465 (95% CI, 
0.400 to 0.530; I2=69%; p < 0.01). Overall, the pooled detec-
tion rate of EGFR T790M mutation was 0.545 (95% CI, 0.513 
to 0.576; I2=91%; p < 0.01), which increased by 10.3% with 
repeated rebiopsies (Fig. 3).

In some cases, the EGFR T790M mutation was negative in 
liquid biopsy but turned positive when repeated rebiopsy 
was performed using tissue samples, and vice versa. Seto et 
al. [8] reported that among 46 patients with negative EGFR 
T790M mutation based on tissue or cytology samples, two 
(4.3%) were positive for EGFR T790M mutation when repea-
ted rebiopsy was performed using plasma samples [8]. The 
opposite was observed in five out of 110 patients (4.5%).

2. Subgroup analyses
In the first rebiopsy using tissue or cytology, the pooled 

EGFR T790M mutation detection rate was 0.380 (95% CI, 
0.297 to 0.471; I2=50%; p=0.157) [8,12]. However, in the  
repeated rebiopsy using tissue or cytology, the pooled EGFR 
T790M mutation detection rate was 0.260 (95% CI, 0.180 to 
0.358; I2=0%; p=0.746) [8,12,16]. Moreover, the pooled EGFR 
T790M mutation detection rate was 0.226 (95% CI, 0.164 to 
0.302; I2=81%; p=0.023) in the first liquid rebiopsy [8,12] and 
was 0.310 (95% CI, 0.150 to 0.534; I2=71%; p=0.030) in the  
repeated liquid rebiopsy [8,12,16].

Discussion

This is the first meta-analysis to evaluate the efficacy of  
repeated rebiopsy for detecting EGFR T790M mutation. In 
this report, the overall EGFR T790M mutation detection rate 
was 54.5% and the repeated rebiopsies increased the pooled 
detection rate by 10.3%. Our analyses suggest that even 
though the EGFR T790M mutation was not detected in the 
first rebiopsy, repeated rebiopsy could help detect the EGFR 
T790M mutation.

Individual tumors have variations in genetic diversity over 

Cancer Res Treat. 2023;55(4):1190-1197

Table 4.  Comparisons of clinical outcomes after osimertinib treatment between patients with T790M at the first rebiopsy and patients with 
T790M at the repeated rebiopsy

                           ORR (%)                           DCR (%)                          PFS (mo)

Study  First   Repeated   First   Repeated  First   Repeated 
 rebiopsy rebiopsy rebiopsy rebiopsy rebiopsy rebiopsy

Ichihara et al. [10] 56 50 89 70 N/A N/A
Ninomaru et al. [11] 82 77 94 91 23 21
Kudo et al. [12] N/A N/A N/A N/A 12 16
Chiang et al. [16] N/A N/A N/A N/A 15 13
DCR, disease control rate; N/A, not available; ORR, objective response rate; PFS, progression-free survival.
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time, and there is an unequal distribution of genetic diversity 
in different sites or within a single tumor site, called spati-
otemporal heterogeneity [21]. Tumor heterogeneity plays an 
important role in acquired resistance to targeted therapy in 
patients with advanced NSCLC [22]. Consequently, evaluat-
ing the state of evolutional changes in the somatic mutations 
through iterative analyses is important, which can lead to  
appropriate treatment agent selection. Furthermore, the 
EGFR T790M–positive strain may not be detected at the first 
time due to the spatiotemporal heterogeneity of tumors, and 
several studies have consistently reported the importance of 
iterative evaluation through repeated rebiopsy [11,21]. In the 
present study, repeated rebiopsy increased the overall EGFR 
T790M mutation detection rate by 10.3%, which suggests 
that the spatiotemporal heterogeneity of EGFR T790M muta-
tion can be overcome with repeated rebiopsy. In particular, 
repeated liquid rebiopsy should be preferentially performed 
because it is simple, convenient, non-invasive, and can over-
come spatial heterogeneity.

Kim et al. [23] reported that the smaller the lung lesion, 
the higher the detection rate of EGFR T790M mutation.  
Recently, Hong et al. [24] found that lymph node sampling 
using endobronchial ultrasound-guided transbronchial 
needle aspiration was more appropriate for EGFR T790M 
mutation detection than lung biopsy using radial probe  
endobronchial ultrasound. In addition, Oxnard et al. [25] 
demonstrated that the EGFR T790M mutation detection rate 
was higher in the lung, pleura, and lymph nodes than in 
distant sites. Although there has been controversy regard-
ing the favorable anatomical site of EGFR T790M mutation 
development and detection, the data suggest that spatial 
heterogeneity in the EGFR T790M mutation development is 
evident. Moreover, Lin et al. [26] recently reported that EGFR 
T790M mutation was found in 17% of advanced NSCLC  
patients who underwent salvage surgery after EGFR-TKI 
treatment (mean duration of EGFR-TKI treatment before sal-
vage surgery=134 days), indicating that EGFR T790M muta-
tion develops gradually at the beginning of EGFR-TKI treat-
ment, so-called temporal heterogeneity. Although there are 
no gold standards for selecting the biopsy method, site, and 
timing, active rebiopsy is required whenever disease pro-
gression is confirmed to overcome spatial and/or temporal 
heterogeneity. 

In the subgroup analysis, the detection rate of the first 
tissue rebiopsy for the EGFR T790M mutation was 38%, 
whereas the yield of repeated tissue rebiopsy decreased to 
26%. On the contrary, the EGFR T790M mutation detection 
rate of repeated liquid rebiopsy was higher than that of the 
first liquid rebiopsy (22.6% vs. 31%). Notably, the detection 
rate of EGFR T790M mutation of repeated liquid rebiopsy 
was numerically higher than that of repeated tissue rebiopsy 

(31% vs. 26%). According to previous data, the sensitivity of 
EGFR T790M mutation detection in tissue samples is higher 
than in plasma samples [6]. Generally, tissue acquisition is 
not always easy in advanced lung cancer patients, especially 
those already heavily treated [8]. Moreover, a previous study 
demonstrated that tissue sampling is possible in only 55% 
of patients [27]. Most patients with relapse or progression 
have a poor general condition, making it difficult to acquire 
tissue or cytology samples. Therefore, there may be a pos-
sible tendency to prefer liquid biopsy in repeated rebiopsy 
and repeated tissue rebiopsy may be determined in a limited 
number of study subjects. 

There are advantages and disadvantages associated with 
repeated rebiopsy. First, there are concerns regarding the pro-
cedure-related complications developed after repeated rebi-
opsy. However, until now, life-threatening complications of 
repeated rebiopsy have not been reported. In addition, there 
is no difference in the complication rate between the first tis-
sue rebiopsy and the repeated tissue rebiopsy. Chu et al. [17] 
reported that 11% of patients experienced complications in 
the first rebiopsy and 9% in repeated rebiopsy. On the con-
trary, the benefits of repeated rebiopsy are also evident. For 
example, clinical outcomes, such as the objective response 
rate, disease control rate, and progression-free survival, with 
osimertinib were not significantly different between patients 
with EGFR T790M mutation at the first rebiopsy and patients 
with EGFR T790M mutation at the repeated rebiopsy (Table 
4) [10-12,16].

This study has several limitations. First, the number of stud-
ies and patients was relatively small. Second, only 42.5% of 
EGFR T790M mutation-negative patients in the first rebiopsy 
underwent repeated rebiopsy. A more aggressive repeated 
rebiopsy may increase the overall EGFR T790M mutation 
detection rate. Third, the possible differences in the priori-
ties of tissue or plasma samples by each research institution 
were not reflected. Fourth, this meta-analysis did not reflect 
that each study had different expertized doctors and medical 
resources, which may also affect the yield of tissue rebiopsy. 
Fifth, there are several PCR-based diagnostic methods for  
detecting the EGFR T790M mutation, and each test has dif-
ferent sensitivity and specificity for EGFR T790M detection 
[28,29]. However, in the literature reviewed in this meta-anal-
ysis, the data were insufficient to compare the EGFR T790M 
mutation detection rate among different methods and kits. 
Sixth, most repeated rebiopsies in this study were performed 
at the time of disease progression. Until now, there are no  
established definitive data on the optimal timing for repeat-
ed rebiopsy; hence, further research is needed in this regard. 
Finally, owing to the heterogeneity of the included studies, 
the detection rates of EGFR T790M mutations according to 
rebiopsy sites (primary vs. intrathoracic or extrathoracic 



1196     CANCER  RESEARCH  AND  TREATMENT

metastatic lesions) could not be compared, which might limit 
the interpretation of our study results.

In conclusion, this study identified that repeated rebiop-
sy increases the detection rate of EGFR T790M mutation in  
patients with advanced NSCLC, even if EGFR T790M muta-
tion was not detected in the first rebiopsy. Our results indi-
cate that the spatiotemporal heterogeneity of EGFR T790M 
mutation in individual patients with EGFR-mutant NSCLC 
after acquired resistance to EGFR-TKI can be overcome with 
repeated rebiopsy.
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