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Abstract 

Lung cancer is the most prevalent cancer in the world, and the main treatment for advanced non-small cell lung 
cancer is immunotherapy combined with chemotherapy. In recent years, bTMB has received increasing attention 
as an emerging metric for monitoring the efficacy of tumour immunotherapy in terms of its operability, accessibility 
and real-time nature. We envisaged whether immunotherapy alone could be used to reduce the side effects of chem-
otherapy in patients with high bTMB lung cancer. We thus did a meta-analysis in order to show that immunotherapy 
alone is feasible in patients with high bTMB NSCLC.

Methods This study aims to compare the efficacy of PD- 1/PD-L1 inhibitors (namely, atezolizumab, pembrolizumab, 
nivolumab, or tislelizumab) versus chemotherapy in NSCLC patients. The search for relevant studies was conducted 
in three major databases (i.e., PubMed, Embase, and Medline) up until January 2023. Specifically, we identified studies 
that reported risk ratios (HRs) for reporting progression-free survival (PFS) or overall survival (OS), or objective remis-
sion rates (ORs) for immunotherapy alone versus chemotherapy in high bTMB and low bTMB patient groups. Given 
that NSCLC represents the predominant type of lung cancer, we exclusively focused on this subtype. Our analysis 
encompassed a meta-analysis of the identified literature, incorporating heterogeneity analysis and sensitivity analysis. 
The quality of the evidence is evaluated using the Grading of Recommendations Assessment, Development and Eval-
uation (GRADE) approach to ascertain the reliability and robustness of the findings.

Result-We conducted a meta-analysis of seven randomised controlled trials including 4,755 patients with advanced 
non-small cell lung cancer (NSCLC) evaluated the efficacy of PD- 1 or PD-L1 monotherapy compared to chemo-
therapy alone. All patients were randomized to receive either PD- 1/PD-L1 treatment alone or chemotherapy alone 
as a control. In the high bTMB patient group, PD- 1/PD-L1 monotherapy resulted in significant improvements in over-
all survival (HR = 0.55, 95% CI 0.49–0.61, p = 0.77) and progression-free survival (HR = 0.74, 95% CI 0.68–0.81, p = 0.78) 
compared to chemotherapy alone. Conversely, in the low bTMB patient group, PD- 1 monotherapy or PD-L1 mono-
therapy failed to demonstrate significant improvements in overall survival (HR = 0.82, 95% CI 0.73–0.92, p = 0. 13) 
and progression-free survival (HR = 1.22, 95% CI 1.22- 1.45, p = 0.003) in advanced NSCLC. 

Conclusion Our analysis suggests that monotherapy with immunotherapy is a feasible option for patients 
with advanced NSCLC and high bTMB. However, the results have to be construed with caution because of the small 
sample size and the potential bias in the studies included. Therefore, further research with larger sample sizes and rig-
orous study designs is necessary to confirm the observed benefits of immunotherapy in this patient population.
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1  Introduction
Lung cancer represents a major public health concern 
worldwide, with the highest incidence of all cancers [1]. 
In China, it has the highest incidence and mortality rates 
among all malignancies, with NSCLC accounting for 
about 85% of cases. While surgical resection is the pri-
mary treatment for resectable NSCLC, only a minority of 
patients (20%-25%) are eligible for curative surgery. Even 
after undergoing surgery, long-term survival rates are sub-
optimal, with 5-year survival rates ranging from 36% to 
60%. Chemotherapy remains the cornerstone of treatment 
for both advanced primary and metastatic lung cancer, 
although it has some limitations and adverse effects that 
hinder patient compliance, such as lack of tumor specific-
ity and development of drug resistance. In the most recent 
guidelines, chemotherapy in combination with immu-
notherapy is recommended as a first-line treatment for 
advanced NSCLC [2], offering a promising therapeutic 
approach to improve patient outcomes. Over the past 
decade, the use of immune checkpoint inhibitors (ICIs) in 
the treatment of NSCLC has changed the treatment out-
look for this stubborn disease [3]. In advanced NSCLC, an 
increasing number of clinical studies have shown that the 
use of ICIs can lead to major breakthroughs in PFS and OS 
[4–6]. As a result, the US Food and Drug Administration 
has been quick to include ICIs in the first-line treatment 
of advanced NSCLC [7]. PD- 1 immunotherapy, which 
involves the programmed death inhibitory factor 1 (PD- 1) 
and its ligand PD-L1, is currently a popular medical treat-
ment. PD- 1 is a programmed death molecule that binds to 
receptors on immune cells, specifically T cells, and PD-L1, 
the ligand, is present on tumour cells. When the two com-
bine, the T cell’s ability to kill tumour cells is diminished. 
Blocking antibodies to PD- 1 or PD-L1 have been made 
and they have since been approved for the treatment of 
a number of advanced cancers, including NSCLC, mak-
ing them successful ICIs. In comparison to chemotherapy 
and radiotherapy, immunotherapy has shown significant 
improvements in durable remission rates in monotherapy 
and combination therapy for patients who have advanced 
NSCLC, extending long-term survival while also limit-
ing adverse effects. An emerging biomarker to monitor its 
impact is the tumour mutation burden (TMB), which is 
defined as the quantity of mutations present in a tumour. 
It may promote the creation of new antigens and further 
increase immunogenicity. Recently, studies have dem-
onstrated that TMB which measured by whole exome 
sequencing (WES) or next-generation sequencing (NGS) 
of the cancer genome (CGP), can be a effective candidate 

biomarker for clinical outcomes in melanoma, lung cancer, 
and uroepithelial carcinomas when using immune check-
point blockage (ICBs) [8]. TMB is a measure of the amount 
of tumor mutation, and a higher TMB is associated with 
increased neoantigen formation, improved recognition by 
T-cells, and better clinical outcomes with immune check-
point inhibitors (ICIs). Despite TMB being the most com-
monly used biomarker for ICIs, it has several limitations, 
including the need for biopsy, which is not always feasible 
in approximately 30% of NSCLC patients. Consequently, 
non-invasive detection of TMB based on circulating 
tumor DNA (ctDNA) in blood has emerged as an alterna-
tive method for monitoring prognosis. With the advent of 
liquid biopsy and the next-generation sequencing (NGS) 
technologies, the first EGFR mutation-based liquid biopsy 
products were approved by the FDA in 2016 [9]. Recently, 
a study by scientists from UC Davis, Foundation Medicine, 
and other institutions validated the value of blood tumor 
mutational burden (bTMB) for OS and PFS in NSCLC 
patients treated with immunotherapy. While chemother-
apy-immunotherapy combinations are not effective for 
all solid tumors, studies involving PD-L1 positive patients 
have demonstrated that atezolizumab and cemiplimab, 
immunotherapy agents, are more effective than chemo-
therapy. In addition, in a randomized study involving 
partially advanced unresectable stage NSCLC patients, 
durvalumab showed a noticeable improvement in median 
PFS compared to placebo, without progression following 
standard concurrent platinum cytotoxic and radiotherapy 
treatment [10, 11]. The notion of utilizing mono-immuno-
therapy for select patients with NSCLC has emerged as a 
potential strategy. PD-L1 expression as the most commonly 
used biomarker for immunotherapy. cps scoring is a type 
of scoring for tumor immunity. However, its sensitivity and 
specificity may vary for different cancers [12]. Considering 
the prognostic significance of bTMB in immunotherapy, 
we were prompted to investigate the feasibility of imple-
menting immunotherapy alone as an alternative treatment 
option for patients with elevated bTMB [13]. The objective 
was to mitigate the adverse effects of chemotherapy, allevi-
ate cancer-related conditions and improve patients’ quality 
of life, and attain favorable therapeutic outcomes. To this 
end, we conducted a meta-analysis.

2 � Conclusion
The feasibility of utilizing immunotherapy alone for 
treating advanced NSCLC patients with high bTMB has 
been demonstrated. However, the reliability of the results 
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is subject to various biases and limitations inherent in the 
small sample size utilized.

2.1 � Search strategy
The included literature was independently searched by 
two investigators for databases such as PubMed, Embase 
and Medline. From inception to January 2023 RCTs. The 
major search terms were as follows: (lung cancer [MeSH 
Major Topic]) AND (blood tumor mutation burden)

2.2 � Study selection
The randomized controlled trials (RCTs) included in this 
study satisfied the following criteria: (1) patients with 
advanced NSCLC who provided a bTMB cut-off value, 
which divided them into a high bTMB group and a low 
bTMB group, and supplied sample sizes along with cal-
culated hazard ratios (HRs) and 95% confidence intervals 
(CIs); (2) all patients were received with immunotherapy, 
such as PD1, PD-L1 inhibitors, and ctla inhibitors; (3) 
the control group was treated with chemotherapy and 
standard care; and (4) bTMB testing was conducted on all 
patients before treatment. Literature reviews, letters, trial 
designs, editorials, conference abstracts and unrelated 
clinical trials were exempted. Trials that lacked bTMB 
cut-off values or did not use chemotherapy as a control, 
as well as studies that reported efficacy analyses only 
in subgroups of patients with high or low bTMB, were 
excluded. Next-generation sequencing (NGS) genomic 
assays were utilized for bTMB testing in all literature. The 
direct groupings of high and low bTMB used in this study 
were based on the included literature, which employed 
varying optimal cut-off values for bTMB. As there is no 
standardised criteria for grouping high bTMB versus low 
bTMB, the groupings regarding high and low bTMB in 
this study were directly adopted from the original group-
ings in the included literature, and data from the included 
literature were used. It is because the values for high and 
low expression of bTMB are not uniformly specified, and 
in the literature we included, such as Yu-tong Chen and 
Gandara and Yiting Dong [14–16] who performed simi-
lar analyses of two well-known clinical trials (POPLAR 
and OAK), although they studied from the same tri-
als, they included different numbers of NSCLC patients 
with different groupings and cut-off values for high and 
low bTMB, and their findings are still important for our 
mete-analysis.

2.3 � Data extraction
The included studies were analyzed for relevant informa-
tion. The extracted data included the name of the author, 
year of publication of the literature, type of tumour stud-
ied, type of study and method, type of blood biomarker, 
method of biomarker detection, cut-off point for blood 

biomarkers, type of immune checkpoint inhibitor (ICI) 
used, type of outcome, and results (HRs and 95% CI). 
After conducting the database search, 40 articles were 
retrieved. Using the exclusion criteria specified, seven 
articles that were not relevant to the study were excluded. 
Specifically, one duplicate article, five reviews, four arti-
cles not related to lung cancer, 13 articles without a 
bTMB cut-off, two articles with missing experimental 
results, and two articles that did not compare immuno-
therapy alone with chemotherapy alone were removed. 
As a result, our meta-analysis included seven articles 
(Figure 1).

Two independent investigators extracted the follow-
ing information from each trial: year of trial publication, 
first author of each trial, trial design method, numbers of 
patients with high and low bTMB in the trial and control 
groups, treatment regimens in both groups, treatment 
routes, bTMB cut-off values, and outcomes for patients 
in the high bTMB and low bTMB groups using immune 
agents compared with chemotherapy, including 95% CI, 
PFS, and OS. Any discrepancies were resolved through 
consensus among the investigators.

2.4 � Quality assessment
We used Cochrane’s own risk of bias tool to assess the 
quality of the included RCTs. The tool assesses the risk 
of bias for each RCT based on six criteria, namely ran-
dom sequence generation(selection bias), allocation 
concealment (selection bias), blinding of participants 
and personnel (performance bias), blinding of outcome 
assessment (detection bias), incomplete outcome data 
(attrition bias), selective reporting (reporting bias), and 
other biases. Each criterion was evaluated and catego-
rized as low risk, high risk, or unclear risk. The results 
of the quality assessment are depicted in Figure  2. Two 
investigators independently performed data extrac-
tion and quality assessment, and any discrepancies were 
resolved through discussion between all investigators.

2.5 � Statistical analysis
The study evaluated the differences curative effect 
between PD- 1/PD-L1 inhibitors alone and chemother-
apy (CT) for high bt and low bTMB groups using haz-
ard ratios (HR) for OS and PFS. To assess heterogeneity 
between studies, a q-test was performed, and the I2 and 
Q-value statistics were used, with considerable heteroge-
neity defined as I2 > 50% and/or p < 0. 1. Conversely, non-
heterogeneity was defined as I2 < 50% and/or p > 0. 1. The 
overall effect was deemed to be statistically significant at 
p < 0.05. A series of sensitivity analyses were performed 
on subgroups with high heterogeneity to confirm the 
robustness of the results. Asymmetric funnel plots were 
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used to remove studies with heterogeneity, and Review 
Manager 5.3 was used to conduct all analyses.

A total of 4755 patients with NSCLC were included 
from 7 trials (13 cohorts) [14–20] to examine the asso-
ciation between OS and PFS in patients with high bTMB 
receiving immunotherapy versus chemotherapy. In com-
parison to chemotherapy, PD- 1/PD-L1 inhibitors alone 
significantly extended OS (HR=0.55, 95% CI 0.49-0.61, 
p=0.77) and PFS (HR=0.74, 95% CI 0.68-0.81, p=0.78) 
in patients with high bTMB. Conversely, in patients 
with low bTMB, immunotherapy alone did not demon-
strate any significant improvement in the risk of death 

in advanced NSCLC (OS: HR=0.82, 95% CI 0.73-0.92, 
p=0. 13 and PFS: HR= 1.22, 95% CI 1.02- 1.45, p=0.003). 
In patients with high bTMB, the effect of PD- 1/PD-L1 
inhibitors alone on OS in NSCLC (I2 = 64%, P=0.0009) 
was more heterogeneous (Figure 3), but after we removed 
the two studies from Peters. S, we found (I2= 0%, P=0.77) 
that the heterogeneity became less, and from the origi-
nal article we found that this cohort was an intention-
to-treat population, which may have late cancer stage 
and drug treatment is no longer effective, among other 
reasons, so we removed this cohort from our analysis 
for Peters. S. We will also use a funnel diagram below to 

Fig. 1  Enrollment process of the included studies. The processes of identification, screening eligibility, and inclusion are shown
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Fig. 2  Assessment of risk of bias at the study level. A Risk of bias graph: review authors’ judgments of each risk of bias item presented as percentage 
across all included full report studies. B Risk of bias summary: review authors’ judgments of each risk of bias item
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explain the rationale for removing the study. In patients 
with high bTMB, the effect of PD- 1/PD-L1 inhibitors 
alone on PFS in NSCLC (I2= 0%, P=0.78) was less hetero-
geneous in this group and the results were more reliable 
(Figure 4). However, there was a moderate degree of het-
erogeneity in the outcome of PFS in NSCLC patients with 
low bTMB using PD- 1/PD-L1 inhibitors alone (I2=67%, 
P=0.003). There was a mild degree of heterogeneity in OS 
outcomes in NSCLC patients with low bTMB using PD- 
1/PD-L1 inhibitors alone (I2=36%, P=0.13) (Figure 5).

2.6 � Risk of bias and sensitivity analysis
All trials were randomised and controlled, so the risk 
of selective bias in Random sequence generation (selec-
tion bias) was low. The lack of blinding was a major issue 
affecting quality. This was because most of the experi-
ments are open-label.

2.7 � Relationship between high bTMB level and overall 
survival and progression‑free survival

In advanced NSCLC, a growing number of clinical stud-
ies have shown that the use of ICIs can lead to significant 
breakthroughs in PFS and OS, and in this way we focus 
on the OS and PFS of immunotherapy alone compared to 
chemotherapy [4, 5, 13]. Six trials (13 cohorts) assessed 
the relationship between OS with PD- 1/PD-L1 inhibitors 
alone and PFS with PD- 1/PD-L1 inhibitors in patients 
with high bTMB. Six trials (12 cohorts) assessed the rela-
tionship between PFS with PD- 1/PD-L1 inhibitors alone 
and PFS with PD- 1/PD-L1 inhibitors in patients with 
high bTMB. We graded quality using GRADE software 
and all results were of high quality, for the results showed 
that in patients with high bTMB, the use of immuno-
therapy alone significantly reduced the risk of death in 
patients with NSCLC (OS: HR=0.61 95% CI 0.57-0.69 
I2=64%, P=0.0009, PFS: HR=0.74 95% CI 0.68 -0.81 I2 

=0%, P=0.78). However, in patients with high bTMB, the 
I2=64% effect of immune agents alone on OS was mod-
erately heterogeneous, and the effect of immune agents 
alone on PFS was minimally heterogeneous. We therefore 
performed a sensitivity analysis of the effect of immune 
agents alone on OS in patients with high bTMB. In the 
funnel plot, the two studies of Peters, S [18] were on one 
side of the axis of symmetry and one study was even on 
the outside side of the funnel plot, suggesting that there 
may be a large error in these two studies (Figure  6), so 
we removed these two studies. After removing this study, 
we obtained OS for immunotherapy alone versus chem-
otherapy alone in patients with high bTMB (HR=0.55, 
95% CI 0.49-0.61, p=0.77, I2=0%), demonstrating the 
error of Peters,S on the effect of immunization alone on 
OS in patients with high bTMB, and therefore our study 
removed Peters,S on the effect of immunization alone on 
OS in patients with high bTMB. The results are reliable 
because I2=0%, p=0.77 (>0. 1) and p<0.00001 (p<0.05 is 
statistically significant) in the test for overall effect. In 
conclusion, OS and PFS were better in patients with high 
bTMB treated with anti-PD- 1 or PD-L1 alone than in 
patients treated with CT alone.

2.8 � Relationship between low bTMB level and overall 
survival and progression‑free survival

In advanced NSCLC, we examined the impact of immune 
agents alone on OS and PFS in patients with low bTMB. 
Our analysis included six trials (9 cohorts) that investi-
gated the relationship between OS in patients with low 
bTMB treated with immune agents alone, and six trials 
(8 cohorts) that assessed the relationship between PFS 
in patients with low bTMB treated with immune agents 
alone. Quality grading, performed using GRADE soft-
ware, indicated high quality for all results. However, our 
findings revealed that the use of immune agents alone did 

Fig. 3  Effect of immunotheraphy alone versus chemotheraphy on OS in patients with high bTMB(Due to the large heterogeneity, we removed 
the peters, S study)
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not result in reduced risk of death in patients with low 
bTMB NSCLC (OS: HR=0.82, 95% CI 0.73-0.92, I2=36%, 
p=0. 13 and PFS: HR= 1.22, 95%CI 1.02- 1.45, I2=67%, 
p=0.003). The mild heterogeneity of I2=36% and p=0. 13 
in OS was acceptable, as long as p is greater than 0. 1 and 
I2<50%. However, for PFS in patients with NSCLC with 
low bTMB, the effect of immunotherapy alone compared 
to chemotherapy alone was I2=67%, and p<0. 1, indicat-
ing large heterogeneity in this outcome. Additional stud-
ies are needed to elucidate the impact of immunotherapy 
in comparison to chemotherapy on PFS in patients with 
low bTMB.

2.9 � Principal findings
The present meta-analysis demonstrates that immuno-
therapy alone significantly reduces the risk of death in 
NSCLC patients with high bTMB when compared to 
chemotherapy, with a 45% reduction in risk for OS and 
26% reduction in risk for PFS. In contrast, for patients 
with low bTMB, the use of immune agents alone did not 

significantly decrease the risk of death, and significant 
heterogeneity was observed, likely because of the limited 
sample size. However, the current study may be limited 
by the small number of trials included, and divergent 
findings have been also reported in other researchs. For 
instance, Jun Lu reported that atezolizumab alone pro-
duced greater benefits in both PFS and OS in patients 
with low and high bTMB (≤7 or >20) in the OAK cohort, 
as opposed to POPLAR [21]. Further prospective trials 
are warranted to validate the effectiveness of immuno-
therapy alone in patients with high bTMB.

2.10 � Advantages of bTMB and novel detection methods
Recent research has indicated that blood-based 
tumour mutation burden (bTMB) presents an appeal-
ing alternative to tissue-based TMB due to its numer-
ous advantages. Firstly, bTMB testing is non-invasive, 
eliminating the need for an intrusive biopsy. Secondly, 
the mutation coverage provided by cfDNA analy-
sis is more comprehensive than that obtained from a 

Fig. 4  Forest plot of a fixed-effect meta-analysis of the efficacy of immunotheraphy alone versus chemotheraphy alone on overall survival (OS) (A) 
and progression-free survival (PFS) (B) in patient with high bTMB
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single-site tumour biopsy. Thirdly, bTMB testing has 
the potential to detect disease recurrence earlier than 
conventional diagnostic imaging. The principal disad-
vantage of TMB is that it necessitates a biopsy, which 
can lead to many patients with advanced cancer being 
unable to undergo the procedure. Furthermore, a sin-
gle biopsy may not offer a complete mutational profile 
of the tumour, particularly in the presence of metas-
tases. Certain metastases may not be visible on radio-
logical scans, rendering them unassessable. However, 
bTMB overcomes this limitation. Analyzing tumour 
genomes by a simple blood sample offers clear advan-
tages over collecting tissue biopsies. Blood serves as a 
readily accessible and concurrent source of diagnostic 
material, and bTMB testing is likely to be less suscep-
tible to the underlying sampling bias which associated 
with one-site tissue biopsies. The numerous advantages 
of bTMB have sparked a surge of interest in the area of 
blood-based DNA testing, with several reliable tech-
niques for detecting cell-free DNA (cfDNA) mutations 
now available. These techniques include digital drop-
let PCR, allele-specific PCR and panel-based NGS2. In 
addition, more recently been developed methods such 
as digital PCR (dPCR), droplet digital PCR (ddPCR), 
and magnetic bead emulsion amplification (beam) 
are utilized to analyze ctDNA. Sequencing methods 

include tagged AMplicon deep sequencing (TAM-Seq), 
Duplex sequencing , safe-sequencing (Safe-Seq), can-
cer personalized analysis deep sequencing (CAPP-Seq) 
and safe-sequencing (Safe-Seq) [22]. Cell-free DNA 
(cfDNA) plays a pivotal role in detecting blood tumour 
mutation burden (bTMB) in NSCLC by quantifying the 
number of somatic mutations present in the genomic 
coding region. Advances in technology have made the 
prognostication of bTMB for immunotherapy. A study 
conducted by Zhijie Wang, MD demonstrated that the 
NCC-GP150 [23], a bTMB estimation algorithm opti-
mized for genome size, was feasible [24]. Additionally, 
the GuardantOMNI ctDNA platform was found to be 
feasible, accurate, and reproducible for quantifying 
bTMB in plasma samples, as demonstrated by the study 
conducted by Han Si [23]. Furthermore, Xi Chen’s 
research indicated that the OncOScreen panel can be 
used to be employed for assessing both tissue-based 
TMB and bTMB. Our own research has confirmed the 
utility of bTMB as a prospective biomarker for identify-
ing patients with advanced NSCLC who are more likely 
to derive benefit from ICIs. The field of bTMB meas-
urement is expected to expand with the advent of new 
methods and platforms. The numerous advantages of 
bTMB have motivated our research direction. How-
ever, bTMB also has its limitations. For instance, bTMB 

Fig. 5  Forest plot of a fixed-effect meta analysis of the efficacy of immunotheraphy alone versus chemotheraphy alone on overall survival (OS) (A) 
and progression-free survival (PFS) (B) in patients with low bTMB
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exhibits high specificity but low sensitivity, likely owing 
to the proportionality between the amount of circulat-
ing tumour DNA and tumour volume. Furthermore, 
although bTMB assessment can be performed simul-
taneously with somatic mutation testing for cfDNA 
in patients with stage IV NSCLC, using only one NGS 
test, reflex to tissue-based TMB assessment may be 
necessary in cases of low bTMB values, which may pre-
clude proper assessment of the immunotherapeutic 
effect. Additional limitations include low yield, a lack 

of standardized techniques, and insufficient validation 
data [25].

2.11 � Limitations and future study directions
Our investigation demonstrated that immune agents 
alone improved OS and PFS compared to ct in patients 
with high bTMB, suggesting that immunotherapy alone 
can be a feasible option for patients who have advanced 
lung cancer. However, the optimal cut-off values for 
bTMB included in the study exhibited variability, and the 

Fig. 6  A, B Funnel plots. Potential funnel plot analysis of overall survival (OS) in patients with high bTMB (A) and studies with large error removed 
bias in overall (OS) (B)
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results were controversial as to the precise bTMB cut-
off value that yielded greater effectiveness of immuno-
therapy alone. In the Gandara study, the assay performed 
optimally at three cut-off values of bTMB, specifically 
bTMB≥ 10, ≥ 16, and ≥20 [15]. Han Si’s study showed 
that high bTMB predicted the clinical benefit of dulvali-
zumab plus trametumab over chemotherapy using a new 
bTMB algorithm and an optimal bTMB cut-off of ≥20 
mut/Mb [8]. A POPLAR and OAK study determined that 
the optimal bTMB cut-offpoint was 13. In Zhijie Wang’s 
study, an HR of 0.39 (0. 18-0.84) was found for self bTMB 
greater than 6 compared to less than 6 [26]. A newly pub-
lished prospective study (B-F1RST) evaluating the role of 
bTMB in predicting the efficacy of Atezolizumab in the 
first-line treatment of advanced NSCLC showed a sig-
nificant absolute prolongation of PFS and OS in patients 
in the bTMB ≥ 16 mutations/Mb group compared to 
the bTMB < 16 mutations/Mb group (median PFS: 5.0 
months vs Edward S. Kim and his colleagues came to 
the same conclusion [27], with patients with bTMB ≥ 16 
having longer OS at long-term follow-up. In Xi Chen’s 
study [24], HR=0.39 (0. 13- 1. 17) for bTMB ≥ 11 versus 
< 11. These suggest that in patients with NSCLC, those 
with high bTMB appear to have a higher survival rate and 
are much more likely to obtain a benefit from immuno-
therapy. Interestingly, in a study by Wei Nie [28], patients 
were divided into three groups of high bTMB (≥14 muta-
tions/Mb), medium (8- 13 mutations/Mb), and low (≤7 
mutations/Mb), resulting in OS In Wei Nie’s study, the 
groups with high and low bTMB had prolonged OS com-
pared to medium, which is different from our findings. 
However, this may provide a new direction for future 
studies as to whether bTMB is better than or as effective 
as chemotherapy alone in patients with advanced NSCLC 
between certain areas. Future studies could divide the 
bTMB into groups to get a more precise range of bTMB.

There are some limitations to our statistics, firstly we 
only included 7 trials with 13 cohorts. They were mainly 
from the Pumbed, Embase, and Medline databases; liter-
ature from other databases was not included at this time. 
Second, as each experiment measured different cut-off 
values of bTMB and different scholars selected different 
sample sizes for the same experimental data, new classifi-
cations of cut-off values of bTMB were also made, which 
may lead to greater heterogeneity and affect the reliability 
of this study. Thirdly, although new techniques for meas-
uring bTMB continue to beinnovated, bTMB measure-
ment techniques are still in their early stages and some 
errors are bound to exist between measured and specific 
values. For instance, significant factors affecting ctDNA 
shedding, such as EGFR or TP53 mutations or amplifi-
cation tumour burden and visceral metastases, are likely 
to be unbalanced in clinically validated cohorts [29, 30]. 

Fourth: bTMB is subject to interference by a number of 
factors. A study by Zhijie Wang, MD found that the max-
imum somatic allele frequency (MSAF), i.e. frequency 
(MSAF), the MSAF of all somatic mutations in each 
sample detected through next-generation sequencing, in 
order to reflect the quantity of ctDNA in the blood. Due 
to the interference of MSAF, bTMB is unable to predict 
the benefit of immunotherapy on OS. Secondly, some 
tumour DNA does not flow into the blood sufficiently; 
samples with inadequate tumour shedding cannot be 
reliably used to measure bTMB, resulting in bTMB not 
being measured. Finally, A retrospective analysis of the 
POPLAR and OAK studies found for the first time a con-
cordance between bTMB and tissue TMB (tTMB), with 
patients with bTMB ≥ 16 mut/Mb having longer PFS in 
more than 1,000 patients treated with atalizumab, and 
bTMB correlating with tTMB [15]. bTMB values may 
correlate with TMB, although previous studies have 
found a close connection between bTMB and TMB in 
cancer patients [18]. However, these studies failed to 
assess the overall concordance [31], and in addition 
the relationship between bTMB and TMB is currently 
unclear and controversial due to the many heterogenei-
ties in tumours. Whereas TMB is associated with the 
effects of receiving PD- 1 or PD-L1, and few of the lit-
erature we included linked bTMB to TMB in trials, future 
trials may need to examine bTMB and TMB together. 
Although immune agents alone had longer OS and PFS 
values in our analysis in patients with NSCLC with high 
bTMB, their effectiveness needs to be identified in more 
trials. A large number of previous studies have shown 
and the latest guidelines remain that chemotherapy plus 
immunotherapy is the first line of treatment for patients 
with lung cancer.

For future development: currently some scholars have 
tried to derive other annotators to predict the prognosis 
of NSCLC immunotherapy based on bTMB, such as af-
bTMB, and there are also many studies investigating its 
efficacy. Zhijie Wang, MD created and validated a new-
type LAF-bTMB algorithm, which can be used as a viable 
predictor of OS, PFS and ORR in NSCLC patients fol-
lowing immunotherapy [32]. This provides a new direc-
tion for the efficacy of immunotherapy on NSCLC in 
the future. Thanks to technological updates we can also 
dynamically detect bTMB, and Tao Jiang investigated 
the relationship between bTMB dynamics (∆bTMB) and 
survival benefit [20] : for NSCLC patients, PFS was sig-
nificantly shorter in patients with elevated or unchanged 
bTMB levels after pretreatment (∆bTMB ≥ 0). Optimised 
bTMB obtained by excluding high frequency mutations 
(AF>5%) or ultra-low frequency mutations [AF/MSAF 
< 10%] had a higher predictive effect than conventional 
bTMB. We have demonstrated in this study the effect of 
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immunotherapy alone in patients with high bTMB. In 
addition, when a patient has a low bTMB value, it may 
also have some other suggestive effects. For example, a 
low bTMB result may also be a result of low tumour load 
early in the disease as well as poor tumour shedding [33]. 
Future studies need to perform more subgroup analy-
sison the basis of NSCLC, e.g. NSCLC is classified as 
squamous carcinoma , adenocarcinoma, large cell lung 
cancer, etc. There are several groups of mutations com-
mon to non-small cells EGFR, ROS1, ALK, etc., for which 
subgroup analyses can be performed, as well as subgroup 
analyses of ethnicity, age, whether or not one smokes, 
etc., to draw more precise conclusions. In addition, btmb 
is also used as an indicator to monitor the effectiveness 
of its treatment in other cancers, such as liver cancer 
and colon cancer [34, 35]. In addition, some scholars 
have investigated the relationship between chemother-
apy combined with immunotherapy and immunization 
alone in patients with high Btmb NSCLC, e.g., the study 
by Leighl, N. B demonstrated that chemotherapy com-
bined with immunotherapy resulted in longer OS and 
PFS compared to immunotherapy alone in patients with 
high bTMB NSCLC [36], but due to reasons such as a 
relatively small sample size, this requires future further 
studies. In addition, for some NSCLC patients with low 
bTMB, the most suitable treatment method also needs 
further research.

3 � Discussion
Multiple studies have evidenced that the use of immune 
combination chemotherapy confers a substantial exten-
sion of OS and PFS in patients with advanced NSCLC 
when compared to chemotherapy alone [36, 37]. 
Our study has similarly demonstrated a noteworthy 
enhancement of OS and PFS in patients possessing high 
bTMB who were treated with PD- 1/PD-L1 inhibitors 
as opposed to chemotherapy. This treatment modal-
ity represents a novel avenue of treating NSCLC in the 
future, eschewing the use of chemotherapy in favor of 
immunotherapy. By avoiding chemotherapy, patients 
can avoid the painful and undesirable side effects 
associated with it, thereby reducing the likelihood of 
treatment abandonment due to intolerance. Our find-
ings suggest that a chemotherapy-free treatment para-
digm may be a viable option for NSCLC patients who 
are unable to tolerate chemotherapy but exhibit high 
bTMB. Nevertheless, given the limited size of our study 
cohort, further experimental validation is necessary 
to corroborate these findings. In particular, the opti-
mal bTMB cutoff value warrants examination by future 
investigators. However, there are limitations to this 
paper, such as the insufficient sample size included and 

the optimal bTMB cutoff value is not clearly defined, 
which may shed some light on future directions.

4 � Conclusion
The results of this meta-analysis suggest that the effi-
cacy of PD- 1/PD-L1 inhibitors in the treatment of 
NSCLC may be related to bTMB levels. Patients with 
high bTMB treated with PD- 1/PD-L1 inhibitors alone 
had significantly improved OS and PFS compared 
with chemotherapy, whereas patients with low bTMB 
treated with immunotherapy alone had no significant 
improvement in OS. Immunotherapy alone is feasible 
in some NSCLC with high bTMB that are intolerant to 
chemotherapy.
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