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Abstract: Accumulating evidences have indicated that BIM expression largely decides the development of lung cancer and outcome of EGFR-mutant lung can-
cers after TKI treatments. BIM polymorphism is a 2,903-bp deletion in the second exon. To clarify the relationship between this BIM polymorphism and clinical 
outcomes of lung cancers, we conducted this meta-analysis and observed the survival and responses to TKIs. Sixteen cohort studies, covering 4393 WT and 916 
BIM deletion patients were included. Overall, BIM deletion polymorphism was associated with significantly shorter progression-free survival (PFS) and slightly 
shorter overall survival (OS), compared to the WT group. Moreover, patients with BIM deletion polymorphism showed significantly inferior response to EGFR 
TKIs. In conclusion, our analysis confirmed that lung cancer patients harboring the BIM deletion have inferior survival and TKI responses. Examination of the 
novel biomarker BIM deletion in lung cancer patients, especially for the EGFR mutant cohort, could provide some prognostic utility.
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Introduction

Lung cancer is the leading cause of cancer-related 
death in China and even over the world (1). There have 
been some recognized genes, like Kras, EGFR, etc., 
reported to influence the development of lung cancers. 
Particularly, large amounts of lung cancer patients are 
due to mutated EGFR, which are generally recom-
mended targeted therapy, for example tyrosine kinase 
inhibitor (TKI). Recently, Bcl-2-like 11 (BCL2L11 or 
BIM), a member of the Bcl-2 family, has been disco-
vered and increasingly aroused the interest of cancer 
researchers. BIM plays a key role in promoting apop-
tosis. Therefore, it could influence the progress of lung 
cancers and prognosis in all probability (2). Accumu-
lating evidences have indicated that the expression of 
BIM largely decides not only the development of lung 
cancer but also the outcome of EGFR-mutant lung can-
cers after TKI treatments (3-5). BIM polymorphism 
mainly refers to a 2,903-bp deletion in the second exon. 
BIM deletion usually leads to alternative splicing of 
BIM mRNA. BIM loss was hypothesized to attenuate 
the apoptosis even under the TKI condition, and theo-
retically those patients with BIM deletion may show 
a significant resistance to TKI treatment. This was 
confirmed by some typical references (6-8). However, 
controversial studies exist as well, that some researchers 
reported no significance of BIM polymorphism in lung 
cancer development (9, 10). To clarify the relationship 
between this BIM polymorphism and clinical outcomes 
of lung cancers, we conducted this meta-analysis and   

observed several most important indexes, like progres-
sion-free survival (PFS), responses to TKIs, and so on. 
BIM polymorphism has been confirmed highly associa-
ted with the clinical responses to TKIs and survival out-
come of lung cancer patients.

Materials and Methods

Literature search strategy
This review was conducted in accordance with the 

Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. Literatures 
were searched using the following key words: “BIM” 
or “BCL-2-like 11” or “BCL2-like 11” or “BCL-2 like 
11” AND “polymorphism” AND “lung cancer”. We col-
lected data from the all full-published English papers, 
not any meeting or conference abstract. A thorough lite-
rature search was undertaken using the following data-
bases: PubMed (http://www.ncbi.nlm.nih.gov), Embase 
(http://www.embase.com), and Science Direct (http://
www.sciencedirect.com) databases. Abstracts were 
scrutinized, and full articles were analyzed. The lite-
rature retrieval was performed by two independent au-
thors. And no language or date restrictions were found 
in literature collection.

Inclusion and Exclusion Criteria
As figure 1 shown, the inclusion criteria were as fol-

low. (1) Type of study: studies should be clinical ran-
domized controlled trials (RCTs); (2) Publication in the 
PubMed, Embase, Cochrane, and Web of Science data-
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bases; (3) Lung-cancer studies; (4) Clinical outcomes 
were stratified by BIM polymorphism status; (5) The 
direct results including indexes we were interested in 
were available. 

The exclusive criteria were as follow, besides repli-
cation removing: (1) Not regarding to the BIM gene 
polymorphism; (2) Not clinical studies; (3) Confe-
rence abstracts, comments, reviews or meta-analysis; 
(4) Insufficient data: no detailed data about BIM gene 
subtypes, patient progression or survival, or no control 
group existed.

Indexes to Observe
The following indexes, as well as the mutual rela-

tionships, were observed in different groups, if docu-
mented: survival time (Medium), Recurrence-free sur-
vival (RFS), Post-recurrence survival (PRS), hazard 
ratio (HR) of PRS for BIM polymorphism, overall sur-
vival (OS), HR of OS for BIM polymorphism.

Statistical Analysis
All data were obtained only from the lung cancer 

population. The health controls were excluded if docu-

mented in studies. Data were analyzed with RevMan 
software (version 5.3; Cochrane Collaboration, Oxford, 
UK). The quality of a study was regarded as high if all 
aspects were assessed acceptable. Mean differences 
(MDs) with 95% confidence intervals (CIs) were calcu-
lated for the continuous measures. The adjusted HR was 
used when reported in the original papers. Forest plots 
were presented after analysis, in which lines represented 
different estimates and CIs, and boxes represented the 
weight given to each study. HRs in the forest plots were 
all represented in the log(HR) form. We also quantified 
the effect of heterogeneity using I2. Substantial hete-
rogeneity across the studies was detected when I2 was 
> 50% or the p-value for heterogeneity was < 0.10. All 
the P-values were two-sided. A P value less than 0.05 
was considered to be statistically significant, while the 
P value less than 0.1 was considered to be significant 
statistically in heterogeneity analysis.

Results

Search Results
For initial searches, there were 80 papers potentially 

relevant to the search terms (PubMed: 34, Embase: 56, 
Web of Science: 0, Cochrane: 0). Among them, 19 dupli-
cate studies were removed, and 27 conference abstracts 
were excluded. Then, the following three types of stu-
dies were further removed: animal, cell or biochemical 
studies (3 papers), reviews or meta-analysis papers (11 
papers), and those clinical studies found insufficient of 
required indexes we focused on (4 papers). Eventually, 
data from the remaining 16 papers were used for meta-
analysis (6-24). As a whole, 4393 WT and 916 BIM 
deletion patients were included. The characteristics of 
our selected studies were presented in table 1.

Patients with BIM deletion have shorter PFS
Using these included studies, we analyzed the asso-

ciation between the BIM deletion polymorphism and 
clinical outcomes. First, we compared differences in 
PFS. Three studies were used for continuous analysis, 

Figure 1. Flow of the study identification, inclusion, and exclu-
sion.

Study
WT patients BIM-deletion patients

Number Average Age Gender (M/F) Number Average Age Gender (M/F)
Atsumi 2015 350 67.9 198/152 61 66.5 38/23
Cardona 2016 75 60.8 22/53 14 52.6 5/9
Cho 2015 343 63.4 ± 11.0 226/117 63 64.5 ± 9.5 41/22
Isobe 2014 57 65.4±14.1 15/42 13 63.8±6.7 4/9
Isobe 2016 29 - - 4 - -
Lee 2013 172 - - 21 - -
Lee 2014 171 61.7 65/106 33 66.7 15/18
Lee 2015 173 59±10 59/114 32 59±10 7/25
NG 2012 200 - - 200 - -
Qian 2017 71 - 26/45 14 - 4/10
Xia 2016 2005 - 1324/681 338 - 234/104
Zhang 2017 60 52 (23-81) 31/29 9 51 (39-68) 2/7
Zhao 2014 307 59 (32-81) 153/154 45 59 (39-75) 20/25
Zheng 2013 102 - - 21 - -
Zhong 2014 245 58.33±11.73 105/140 45 59.98±11.08 23/22
Zhou 2014 33 - - 3 - -

Table 1. Characteristic of the included studies.
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indexes. Two studies demonstrated the hazard ratio of 
BIM deletion regarding to OS (Fig. 3A). Similar to PFS, 
OS was also shorter in BIM deletion patients compa-
red to WT (Test for overall effect: Z = 3.08, P = 0.002), 
without significant heterogeneity (Heterogeneity: Chi² 
= 1.97, P = 0.16, I² = 49%). Only one study showed the 
months of OS (Fig. 3B), and the OS of patients with 
BIM deletion was slightly shorter (not significantly dif-
ferent) than the WT group (Test for overall effect: Z = 
0.53, P = 0.59).

BIM deletion implied poor TKI responses
Eight studies were aggregated for odds ratio analysis 

of TKI response, which included 462 WT and 88 BIM-
deficient patients. As figure 4 shown, all these studies 
consistently concluded that BIM deletion means signi-
ficantly poorer TKI response (complete or partial res-
ponse, Test for overall effect: Z = 6.51, P < 0.00001), 
and no significant heterogeneity was observed (Hete-
rogeneity: Chi² = 5.50, P = 0.60, I² = 0%). This result is 
consistent with the above conclusion that BIM is asso-
ciated with significant poor survival (PFS or OS).

Other factors associated with BIM deletion
In consistent, some independent studies included in 

this analysis also highlight a tumor-promoting role of 
BIM deletion polymorphism. For example, Isobe et al 
reported that BIM-γ RNA expression was significantly 
higher in patients with BIM deletion polymorphism, 
and patients with BIM-γ had significantly shorter pro-
gression-free survival than those without BIM-γ (21).

Parallelly, there have been some studies suggesting 
that BIM deletion has no relationship with survival (OS 
or PFS). Lee had reported in 2013 that patients with 
BIM deletion polymorphisms and wild-type alleles ex-
hibited no difference in PFS (6). Xia et al also claimed 
that BIM deletion polymorphism was no related with 
age, sex, and smoking or EGFR mutation (16). Zhou et 
al showed that neither BIM polymorphic deletion nor 
EGFR mutation had strong correlation with the effica-
cy of sorafenib (a useful TKI) (11). However, Xia and 
Zhou did not provide any detailed data and thus their 
studies were not added in the forest plots for analysis.

Finally, we found no publication bias for conclusions 
funnel plot analysis, for significant symmetrical appea-
rance were demonstrated for PFS measure and TKI res-
ponses (not shown).

Discussion

In this work, we conducted a meta-analysis using 16 
studies and confirmed that BIM deletion predicts the in-
ferior outcome, especially in the progression-free survi-
val and response to TKIs. BIM deletion polymorphism 
could independently predict shorter survival of lung 
cancer patients. Statistically, we found no strong evi-
dences deciding that BIM deletion significantly reduces 
OS in comparison with WT patients. EGFR mutation 
underlies the mechanism of a large proportion of lung 
cancers, majorly in non–small-cell lung carcinoma (NS-
CLC). We didn’t intentionally screen for EGFR mutant 
types or NSCLCs, but almost all the studies included 
observed NSCLC patients with EGFR mutation, and 
most of them had been treated by EGFR-TKIs.

which were demonstrated as mean and standard errors. 
The PFS time (months) in BIM-deficient patients were 
shorter than the WT (Fig. 2A). Howell, the amount of 
studies was limited and thus no statistical significance 
was found (Test for overall effect Z = 1.85, P = 0.06), 
and no significant heterogeneity was observed (Tau² = 
8.34, Chi² = 4.97, P = 0.08, I² = 60%). On the other hand, 
seven studies have calculated the hazard ratio (HR) of 
BIM deletion towards PFS (Fig. 2B), and significant 
association was found between BIM deletion polymor-
phism and PFS, which highly suggested BIM deletion 
was a hazard predictor for short PFS (Test for overall 
effect: Z = 5.72, P < 0.00001). Nevertheless, significant 
heterogeneity existed (Heterogeneity: Chi² = 25.31, P = 
0.0003, I² = 76%), especially considering a study from 
Lee in 2015 claimed that BIM deletion could mean lon-
ger PFS.

Patients with BIM deletion have shorter OS
Next, we compared OS between two groups. Dif-

ferent from PFS, fewer studies have documented the OS 

Figure 2. Cumulative meta-analysis of the progression-free sur-
vival (PFS) between the BIM deletion polymorphism and the WT 
patients. (A) The PFS time (months) in BIM-deficient patients was 
shorter than the WT, presented as forest plots. (B) the hazard ratio 
(HR) of BIM deletion towards PFS (presented as forest plots).

Figure 3. The overall survival (OS) indexes of two groups. Dif-
ferent from PFS, fewer studies have documented the OS indexes. 
(A) Two studies demonstrated the hazard ratio of BIM deletion 
regarding to OS, which was also shorter in BIM deletion patients 
compared to WT. (B) Only one study showed the months of OS.

Figure 4. BIM deletion patients showed significantly poorer res-
ponses to EGFR-TKIs.
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Different biomarkers have been implied associated 
with the final outcome of TKIs treatment or lung cancer 
progression. Here, BIM polymorphism demonstrated an 
effectiveness and consistency in prognosis prediction. 
These conclusion is consistent with some published stu-
dies. Huang el al summarized a mechanism of EGFR-
TKIs that they lead to cell death through BIM-mediated 
apoptosis (25). Similar studies conducted by Li’s group, 
Wang’s group and Song’s group (all in 2015) repor-
ted that BIM deletion polymorphism was predictive of 
shorter PFS in NSCLC patients and intrinsic resistance 
to EGFR-TKI treatments (26-28). Thereafter, Lim et al 
also confirmed BIM deletion is a significant predictor of 
shorter PFS and OS on EGFR-TKIs in 2017 (29), which 
was further proved by Wang’s group (30).

However, there are some reviews or meta analysis 
not fully supporting our conclusion. Cai et al analyzed 
6 studies and found only marginal improvements but 
not statistical significance in objective response rates 
between BIM deletion and the WT groups (31). But their 
study still agreed that, for patients, WT NSCLC patients 
have longer PFS than those with BIM polymorphism 
after EGFRTKIs treatment. Admittedly, these reviews 
are limited in sample amounts and detailed data in some 
indexes, and further studies are warranted to complete 
the information. On the other aspect, we demonstrated 
the BIM deletion implied poor survival, which suggests 
the BIM deletion is positively related with lung cancer 
development. However, one study probed the relation-
ship between BIM deletion and lung cancer susceptibi-
lity and EGFR mutation. They found the BIM deletion 
polymorphism was neither associated with lung cancer 
susceptibility nor EGFR mutation (10). In combination 
of our observation, the contribution of BIM deletion to 
lung cancer progression may mainly depend on a loss of 
TKI response in the EGFR mutant population. Matsuo 
et al also pointed out in their review that BIM polymor-
phism does not appear to be associated with a higher 
risk to develop lung cancer, while its utility to determine 
treatment options is signifiant (10).

In conclusion, our analysis confirmed that lung can-
cer patients harboring the BIM deletion have inferior 
survival and TKI responses. Examination of the novel 
biomarker BIM deletion in lung cancer patients, espe-
cially for the EGFR mutant cohort, could provide some 
prognostic utility.

Acknowledgments
We thank all patients who participated in these stu-
dies. This study was supported by Science and Tech-
nology Bureau Project of Jiaxing (2017BY18050) and 
(2018AD32163), Science and Technology Planning 
Project of Zhejiang Province [2015C33194].

Conflicts of Interest
We declare no competing interests exist.

References 

1. Morgillo F , Della Corte CM , Fasano M et al. Mechanisms of 
resistance to EGFR-targeted drugs: lung cancer. ESMO Open. 
2016;1(3):e000060.
2. Wang, J.,T. Xin. Effect and Significance of BIM on Non-small 
Cell Lung Cancer. Zhongguo Fei Ai Za Zhi, 2016;19(11):789-792.

3. Karachaliou N, Codony-Servat J, Teixidó C et al. BIM and mTOR 
expression levels predict outcome to erlotinib in EGFR-mutant non-
small-cell lung cancer. Sci Rep. 2015;5:17499.
4. Sakakibara-Konishi J, Oizumi S, Kikuchi J et al. Expression of 
Bim, Noxa, and Puma in non-small cell lung cancer. BMC Cancer. 
2012;12:286. 
5. Simasi J, Oelkrug C, Schubert A et al. The role of BIM-EL and 
BCL2-alpha on the efficacy of erlotinib and gefitinib in lung cancer. 
Respir Physiol Neurobiol. 2015;209:64-68. 
6. Lee JK, Shin JY, Kim S et al. Primary resistance to epidermal 
growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) in 
patients with non-small-cell lung cancer harboring TKI-sensitive 
EGFR mutations: an exploratory study. Ann Oncol. 2013;24(8):2080-
2087.
7.  Lee JY, Ku BM, Lim SH et al. The BIM Deletion Polymorphism 
and its Clinical Implication in Patients with EGFR-Mutant Non-
Small-Cell Lung Cancer Treated with EGFR Tyrosine Kinase In-
hibitors. J Thorac Oncol. 2015;10(6):903-909. 
8. KP Ng, AM Hillmer, CT Chuah et al. A common BIM deletion 
polymorphism mediates intrinsic resistance and inferior responses to 
tyrosine kinase inhibitors in cancer. Nat Med.2012;18(4): 521-528.
9. Cho EN, Kim EY, Jung JY et al. BCL2-like 11 intron 2 deletion 
polymorphism is not associated with non-small cell lung cancer risk 
and prognosis. Lung Cancer. 2015;90(1):106-110.
10. Ebi H, Oze I, Nakagawa T et al. Lack of association between the 
BIM deletion polymorphism and the risk of lung cancer with and 
without EGFR mutations. J Thorac Oncol. 2015;10(1):59-66.
11. Q Zhou, CC Zhou, GY Chen et al. A multicenter phase II study 
of sorafenib monotherapy in clinically selected patients with ad-
vanced lung adenocarcinoma after failure of EGFR-TKI therapy 
(Chinese Thoracic Oncology Group, CTONG 0805). Lung Can-
cer.2014;83(3):369-373.
12. Zhong J, Li ZX, Zhao J et al. Analysis of BIM (BCL-2 like 11 
gene) deletion polymorphism in Chinese non-small cell lung cancer 
patients. Thorac Cancer. 2014;5(6):509-516.
13. Zheng L, Lin B, Song Z et al. Relationship between BIM gene 
polymorphism and therapeutic efficacy in the retreatment of ad-
vanced non-small cell lung cancer with tyrosine kinase inhibitor. 
Zhongguo Fei Ai Za Zhi. 2013;16(12):632-638.
14. Zhao M, Zhang Y, Cai W et al. The Bim deletion polymorphism 
clinical profile and its relation with tyrosine kinase inhibitor resis-
tance in Chinese patients with non-small cell lung cancer. Cancer. 
2014;120(15):2299-2307.
15. Zhang L, Jiang T, Li X et al. Clinical features of Bim deletion 
polymorphism and its relation with crizotinib primary resistance in 
Chinese patients with ALK/ROS1 fusion-positive non-small cell 
lung cancer. Cancer. 2017;123(15):2927-2935.
16. Xia JJ, Zhao SF, Xiong LW et al. Real-time PCR assay with high 
resolution melting for EGFR and BIM mutation of lung cancer. Eur 
Rev Med Pharmacol Sci. 2016;20(13):2805-2811.
17. Takeuchi S, Yoshimura K, Fujiwara T et al. Phase I study of 
combined therapy with vorinostat and gefitinib to treat BIM deletion 
polymorphism-associated resistance in EGFR-mutant lung cancer 
(VICTROY-J): a study protocol.J Med Invest. 2017;64(3.4):321-
325.
18. Qian K, Zhang Y, Zhi X 1. Retrospective Study of Efficacy in 
BIM Gene Polymorphism on First-line EGFR-TKIs Treatment 
for Advanced Lung Adenocarcinoma. Zhongguo Fei Ai Za Zhi. 
2017;20(8):543-548.
19. Lee JH, Lin YL, Hsu WH et al. Bcl-2-like protein 11 deletion 
polymorphism predicts survival in advanced non-small-cell lung 
cancer. J Thorac Oncol. 2014;9(9):1385-1392.
20. Kim GW, Song JS, Choi CM et al. Multiple resistant factors in 
lung cancer with primary resistance to EGFR-TK inhibitors confer 



96

BIM polymorphism and lung cancer: Meta.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 11 

Xiao-feng Li et al.

poor survival.Lung Cancer. 2015;88(2):139-146.
21. Isobe K, Kakimoto A, Mikami T et al. Association of BIM 
Deletion Polymorphism and BIM-gamma RNA Expression in 
NSCLC with EGFR Mutation. Cancer Genomics Proteomics. 
2016;13(6):475-482.
22. Isobe K, Hata Y, Tochigi N et al. Clinical significance of BIM de-
letion polymorphism in non-small-cell lung cancer with epidermal 
growth factor receptor mutation.J Thorac Oncol. 2014;9(4):483-487.
23. Cardona AF, Rojas L, Wills B et al. BIM deletion polymor-
phisms in Hispanic patients with non-small cell lung cancer carriers 
of EGFR mutations. Oncotarget. 2016;7(42):68933-68942.
24. Atsumi J, Shimizu K, Ohtaki Y et al. Impact of the Bim De-
letion Polymorphism on Survival Among Patients With Com-
pletely Resected Non-Small-Cell Lung Carcinoma. J Glob Oncol. 
2015;2(1):15-25.
25. Huang L.,L. Fu. Mechanisms of resistance to EGFR tyrosine 
kinase inhibitors. Acta Pharm Sin B. 2015;5(5): 390-401.
26. Nie W, Tao X, Wei H et al. The BIM deletion polymorphism is 
a prognostic biomarker of EGFR-TKIs response in NSCLC: A sys-
tematic review and meta-analysis. Oncotarget. 2015;6(28):25696-
25700.
27. Ying HQ, Chen J, He BS et al. The effect of BIM deletion poly-

morphism on intrinsic resistance and clinical outcome of cancer pa-
tient with kinase inhibitor therapy.Sci Rep. 2015;5:11348. 
28. Zou Q, Zhan P, Lv T et al. The relationship between BIM de-
letion polymorphism and clinical significance of epidermal growth 
factor receptor-mutated non-small cell lung cancer patients with epi-
dermal growth factor receptor-tyrosine kinase inhibitor therapy: a 
meta-analysis. Transl Lung Cancer Res. 2015;4(6):792-796.
29. Soh SX, Siddiqui FJ, Allen JC et al. A systematic review and 
meta-analysis of individual patient data on the impact of the BIM 
deletion polymorphism on treatment outcomes in epidermal growth 
factor receptor mutant lung cancer. Oncotarget. 2017;8(25):41474-
41486.
30. Sun S, Yu H, Wang H et al. Exploratory cohort study and meta-
analysis of BIM deletion polymorphism in patients with epidermal 
growth factor receptor-mutant non-small-cell lung cancer treated 
with epidermal growth factor receptor tyrosine kinase inhibitors. 
Onco Targets Ther. 2017;10:1955-1967.
31. Huang WF, Liu AH, Zhao HJ et al. BIM Gene Polymorphism 
Lowers the Efficacy of EGFR-TKIs in Advanced Nonsmall Cell 
Lung Cancer With Sensitive EGFR Mutations: A Systematic Review 
and Meta-Analysis. Medicine (Baltimore). 2015;94(33):e1263.


