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Background: In non-small cell lung cancer (NSCLC) patients treated by immune
checkpoint inhibitors (ICls), tumor mutation burden (TMB) has been found to have
predictive potential for survival. When compared to TMB detection in tissue ({TMB),
detecting TMB in the blood (bTMB) has practical advantages; yet, the results of various
studies are conflicting. The question of whether bTMB can be utilized as a predictive
biomarker is becoming increasingly contentious. To confirm the predictive efficacy of
bTMB, researchers did a systematic review and meta-analysis to look into the relationship
between ICls and bTMB.

Method: From the inception to March 2021, Cochrane Library, PubMed, EMBASE and
other databases were systematically searched. The predictive value of bTMB in ICls, or
the efficacy of ICIs against chemotherapy, was studied. The results were presented as
pooled ratio rate (RR) and hazard ratio (HR) with 95% confidence intervals for the
Obijective response rate (ORR), progression-free survival (PFS), and overall survival
(OS). Subgroup analysis, heterogeneity analyses, and sensitivity analysis were
also performed.

Results: A total of 2,610 NSCLC patients were studied in seven trials. There were no
significant differences in OS (HR = 1.09; 95% CI: 0.62-1.91, P=0.774) or PFS (HR =0.73;
95% Cl: 0.20-2.65, P = 0.629) between high and low bTMB groups in the ICIs cohort.
When ICls were compared to chemotherapy, ICls were found to enhance OS (HR = 0.74;
95% Cl: 0.59-0.92, P = 0.006), but the improvement in PFS and ORR was only a
numerical trend (PFS: HR = 0.83; 95% CI: 0.63-1.09, P = 0.173; ORR: RR = 0.92, 95%
Cl: 0.77-1.10, P = 0.372). NSCLC patients treated with ICls in the high bTMB group had
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better survival benefits than chemotherapy patients in terms of OS (HR = 0.63; 95%
Cl: 0.51-0.76, P <0.001), PFS (HR = 0.63; 95% CI: 0.52-0.76, P <0.001), and ORR
(RR =1.86; 95% CI: 1.32-2.62, P <0.001), while in the low TMB group, the results were
no different or even reversed (OS: HR = 0.89; 95% CI: 0.64-1.24, P = 0.485; PFS: HR =
1.21, 95% CI: 0.93-1.58, P = 0.154; ORR: RR = 0.68, 95% CI: 0.54-0.85, P = 0.001).

Conclusions: TMB could predict the enhanced survival benefit of NSCLC patients
treated with ICls; however the role of bTMB is limited at this stage. For NSCLC patients
with high TMB, IClc may be a better option than chemotherapy.

Keywords: tumor mutation burden (TMB), liquid biopsy, immune checkpoint inhibitors (ICIs), non-small cell lung

cancer (NSCLC), meta-analysis

INTRODUCTION

Immunotherapy has attracted increasing attention from clinical
oncologists in recent years as a revolutionary therapy,
particularly with immune checkpoint inhibitors as a successful
representative. Immune checkpoint inhibitors (ICIs) that
target programmed cell death-1 (PD-1) or its ligand (PD-L1)
as monotherapy or in combination with anticytotoxic
T-lymphocyte-associated antigen-4 therapy have been shown
to be more effective than standard therapies in several cancers,
particularly non-small cell lung cancer (NSCLC) (1-4). However,
a large proportion of patients do not respond to immunotherapy,
and response rates in most cancer types are only around 20% in
unselected patient populations (5). Although combination
immunotherapy can improve response rates, it also increases
the occurrence of immune-related adverse events (irAEs) (6, 7).
Furthermore, the cost of these therapies is so high (close to
$150,000 per patient per year) that it frequently places a severe
financial burden on patients (8). As a result, identifying
predictive biomarkers to identify responsive patients is critical.
Several biomarkers, including but not limited to the status of
microsatellite instability (MSI)/DNA mismatch repair (MMR)
and PD-L1 expression, have been reported to predict ICI efficacy
in multiple malignancies. Currently, the Food and Drug
Administration (FDA) has approved the two biomarkers as
predictive biomarkers for immunotherapy in certain cancers
(9-11). The clinical application of these biomarkers, however,
is difficult due to their inherent limitations. MSI-high (MSI-H)/
MMR deficiency (AIMMR) is a rare occurrence (0.6%) in NSCLC,
so the application in clinical testing is not common. Patients who
were PD-L1 positive had a 15-31% chance of benefiting from
ICIs, despite the fact that PD-L1 expression is a widely accepted
biomarker for predicting ICI benefit in NSCLC. However, 10-
24% of patients with negative expression responded to ICI
monotherapy (12-14). Because of the presence of various
flaws, the predictive value of these two biomarkers has been
questioned. Tumor mutation burden (TMB), a surrogate for
tumor neoantigen load derived from the total somatic mutation
count, has been shown in clinical trials to correlate with ICI
efficacy (15, 16). Recent research has found that higher TMB
predicts better clinical benefit in melanoma (17), NSCLC (18-
20), urothelial carcinoma (21) and other cancers. There is

currently no unified standard for TMB detection. Previous
studies used whole exome sequencing (WES) or targeted
panel-based sequencing from tumor tissue samples to
determine TMB. However, it is unfortunate that obtaining
adequate tissue samples is frequently clinically impossible,
particularly for patients with advanced or metastatic cancers
(22, 23). Furthermore, because of their invasiveness and risk of
complications, biopsy techniques pose logistical and ethical
challenges (24). Furthermore, biopsy specimens that have been
archived do not always correspond to the molecular features
of the disease at the time of treatment initiation. TMB
measurement from blood specimens (bTMB) has also emerged
in recent years (25, 26). Although blood-based TMB shows
promising results, there is still debate about whether bTMB
assessed by panel-based targeted sequencing has potential
predictive power in NSCLC patients treated with ICIs (27, 28).
As a result, it is becoming increasingly urgent and important to
investigate the true role of bTMB in ICI-treated NSCLC patients.

In summary, we conducted a systematic review and meta-
analysis to assess the value of bTMB in order to better
understand the predictive efficacy of bTMB on ICI therapy in
patients with NSCLC.

MATERIALS AND METHODS

Literature Search and Study Selection

A comprehensive systematic review and meta-analysis were
carried out in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guideline
(29). PubMed, EMBASE, Cochrane Library, SinoMed, and
CNKI were systematically searched to identify relevant
studies published between inception and March 2021, with
no language restrictions. The databases were searched
independently by two investigators (NZ and XY). The
following were the key search terms: “tumor mutation burden”
OR “tumor mutational burden” OR “tumor mutation load” OR
“tumor mutational load” OR “TMB” OR “TML”. Initially,
articles were screened using the title and abstract; then, eligible
articles were evaluated using the full text. We also looked
through the reference lists of the included articles to find any
missing literature.
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To identify eligible studies, the following inclusion criteria
were used: 1) patients with NSCLC who accepted ICIs treatment;
2) TMB is precisely defined, and the sample used to test TMB
must be blood; 3) at last one or more main evaluation indicators
[progression-free survival (PFS), overall survival (OS) or
Objective response rate (ORR)]were available comparing low
bTMB against high bTMB in ICIs cohort group or comparing
ICIs treatment and chemotherapy (any kind of chemotherapy);
4) the hazard ratio (HR) with 95 percent confidence interval (CI)
of OS and PFS, as well as the relative risk (RR) of ORR, could be
obtained directly; and 5) only recent studies were chosen when
authors from the same institution published multiple articles.

Due to a lack of information, reviews, guidelines, letters,
expert opinion, comments, meeting abstracts, animal studies
and so on were excluded.

Data Extraction and Assessment of the
Quality of the Included Studies

Two investigators (NZ and XY) independently reviewed the
included studies and extracted the following data: the surname
of the first author, publication year, type of study, sample size,
study design, country of origin, drugs, line of therapy, bTMB
cutoff value, and the main reporting outcomes. HR and 95% CI
for OS and/or PES or RR for ORR were extracted for pooled
analysis. The two investigators (NZ and XY) then independently
examined all of the data. Any disagreements were discussed with
another author (XH) and resolved. The Newcastle-Ottawa Scale
(NOS) recommended by the Cochrane Non-Randomized
Studies Methods Working Group (30) and Cochrane
Collaboration’s Tools (31) were used to assess the
methodology quality of non-randomized trials and randomized
controlled trials for meta-analysis. The NOS is made up of three
quality parameters: selection (0-4 points), comparability (0-2
points), and outcome assessment (0-3 points). The total NOS
scores ranged from 0 to 9, with higher scores indicating higher
quality. Methodological studies with a score of 6 are of high
quality. The randomized controlled studies were evaluated using

the Cochrane Collaboration’s Tools, which included seven items
such as random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and
other bias. Each item was categorized as low, high, or unclear risk
of bias.

Statistical Evaluation

The combined HRs and 95% Cls extracted from each eligible
study were used to assess the relationship between TMB and OS/
PFS. To estimate the relationship between TMB and ORR, the
combined RRs and their 95% CI were combined. Forest plots
were used to estimate the overall HR/OR and its 95% CI. The
combined HR<1 with a 95% CI less than one or the combined
RR>1 with a 95% CI greater than one indicated an improved
survival benefit for patients with high TMB. A Z-test was used to
determine the statistical significance of the pooled HR and RR. If
P <0.05, the results are considered statistically significant. The Q
test and I value, which is a quantitative measure of inconsistency
across studies, were used to assess study heterogeneity. The fixed
effect model (Mantel-Haenszel method) was used if P <0.10 in
the Q test or I? was <50% (32).. Otherwise, a random effect model
analysis was carried out. Sensitivity analyses were used to
investigate the source of heterogeneity. STATA software
(version 14.0; Stata Corporation, College Station, TX) was used
for all statistical analyses and P <0.05 was considered
statistically significant.

RESULTS

Literature Search and Study
Characteristics

Figure 1 depicts the process of conducting a literature search. In
the initial electronic search of the major database, 1,321 papers
were found. After excluding reviews, letters, conference abstracts,
and other items, 779 papers were left out. The remaining 542

779 articles excluded :

583 Conference abstract and CNKI

1321 articles identified from Pubmed ,
Embase, Cochrane Library, SinoMed,

46 Review

27 Article in Press
33 Letter
15 Editorial

and so on

542 articles classified basis on diseases

77 Non small cell lung cancer
41 lung adenocarcinoma

20 melanoma
18 breast cancer

18 colorectal cancer
16 liver cell carcinoma

77 articles eligible for text assessing I and so on

73 articles excluded:
3 with insufficient data

65 fail to meet the criteria
5 not related to the topic

3 articles included by
manual search

7 articles included in the
quantitative synthesis
(meta-analysis)

FIGURE 1 | Flow chart of literature search.
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publications were classified according to disease species. There
were 77 papers related to non-small cell lung cancer among
them. Following that, we carefully reviewed the remaining 77
publications, and 73 were eliminated due to failing to meet the
criteria. According to the references, there were three
publications that could meet the demand. The meta-analysis
eventually included seven articles (25, 27, 28, 33-36) published
between 2018 and 2020. Table 1 lists the main characteristics of
the included studies. Four of the seven included studies were
retrospective, two were randomized controlled trials, and one
was a prospective study involving 2,610 NSCLC patients. Three
multicenter studies were conducted: two in China and two in the
United States. Patients in two studies were at stage IV of the
tumor, patients in four studies were at stages III-IV, two studies
did not specify a stage, and patients in one study were at stages I-
IV. In all of the literatures, bTMB detection is based on the next-
generation sequencing (NGS) gene panel assays. The definitions
of high and low bTMB varied across studies. The cutoft value for
bTMB ranged from 6 to 20. Wang (27) and Gandara (25) used
different research objects in the same study, out of all the
studies included.

Evaluation of Quality

All'seven studies were evaluated using the Cochrane Collaboration’s
tools and the NOS. The results in Tables 2, 3 show that all of the
included studies were of moderate to high quality.

Blood-Based TMB Predictive Efficacy of ICI
Treatment in NSCLC Patients

The clinical benefits of NSCLC patients with different TMB levels
were evaluated to validate the feasibility of bTMB as a predictor.
Clinical benefit indicators such as overall survival (OS) and
progression-free survival (PFS) were compared between low
TMB and high TMB patients. Only three of the seven studies
involved in the bTMB assay (27, 28, 35) with four sets of data
totaling 546 patients provided enough information to evaluate
the relationship between OS and TMB. As shown in Figure 2,

TABLE 2 | The Newcastle-Ottawa Scale (NOS) assessment of the included
studies’ risk of bias.

Study Selection Comparability Outcome Total
score*

Aggarwal 3 1 3 7
Chae 3 1 3 7
Fang 3 1 3 7
Gandara 3 1 2 6
Wang 4 1 3 8
Wang(POPLAR 3 1 2 6
and OAK)

*NOS points: O to 3: very high risk of bias; 4 to 6: high risk of bias; 7 to 9: low risk of bias.

meta-analysis revealed no significant difference between NSCLC
patients with low bTMB and those with high bTMB. The pooled
HR was 1.09 [95% confidence interval (CI) 0.62-1.91; P = 0.774].
Because there was significant heterogeneity between the studies
(I = 58.6%, P = 0.064), a random-effects model was used. Three
studies (28, 35, 36) with a total of 125 patients were conducted to
assess the relationship between PFS and bTMB. The
heterogeneity was significant, so a random-effects model was
used (I° = 83.7%, P = 0.002). The pooled HR was 0.73 [95% CI
0.20-2.65; P = 0.629] as seen in the forest plot (Figure 3).
Similarly, no statistically significant differences were found
between low and high bTMB NSCLC patients. As a result,
blood-based TMB did not appear to be effective in screening
NSCLC patients for ICIs.

Comparison of Efficacy of ICls and Chemotherapy
and Subgroup Analysis Based on bTMB Levels

To compare the efficacy of chemotherapy and ICIs based on
bTMB as a biomarker in NSCLC patients, we performed a pooled
and subgroup analysis based on bTMB levels. There were three
trails (25, 33, and 34) with multiple sets of data to evaluate the
PES, ORR, and OS. The pooled outcome for OS suggested that
ICIs therapy can significantly improve long-term survival status
of NSCLC patients when compared to chemotherapy (HR = 0.74,

TABLE 1 | The main feature of the studies included in the meta-analysis.

Study Year Type of N Region Tumor Experiment drugs Line of bTMB Cutoff Outcome
study stage therapy value

Herbst (33) 2020 Randomized 389 Multiple % Atezolizumab 1st 16 PFS, OS
areas

Rizvi (34) 2020 Randomized 809 Multiple vV Durvalumab or Durvalumab plus 1st 20 PFS, OS,
areas Tremelimumab ORR

Wang (27) 2020 Retrospective 64 China -V ICls All 6 PFS, OS,

ORR

WangpopLar and 0ak) 2020  Retrospective 429  Multiple -V Atezolizumab 2st 16 PFS, OS,

27) areas ORR

Aggarwal (35) 2020 Prospective 26 USA NA Pembrolizumab 1st 16 PFS, OS

Fang (36) 2020 Retrospective 72  China -V ICls NA 13 PFS

Chae (28) 2019 Retrospective 27 USA -V ICls All 14.5 PFS, OS

Gandara (25) 2018 Retrospective 211 Multiple NA Atezolizumab 2st 16 PFS, OS
areas

Gandara (25) 2018 Retrospective 583 Multiple 115\ Atezolizumab 2st 16 PFS, OS,
areas ORR

NA, unavailable.
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TABLE 3 | The Cochrane collaboration’s model for assessing risk of bias of randomized controlled trials.

Study Random sequence Allocation Blinding of participants and Blinding of outcome Incomplete Selective Other

generation concealment personnel assessment outcome data reporting bias
Herbst Low risk Low risk High risk Low risk Low risk Low risk Low risk
Rizvi Low risk Low risk High risk Low risk Low risk Low risk Low risk
95% CI: 0.59-0.92, P = 0.006; I = 71.2%, random-effects). DISCUSSION

Subgroup analysis revealed that patients with high bTMB
improved more than patients with low bTMB (high bTMB:
HR = 0.63, 95% CI: 0.51-0.76, P <0.001; low TMB: HR = 0.89,
95% CI: 0.64-1.24, P = 0.485) (Figure 4). PFS, on the other hand,
demonstrated only a numerical improvement, not a statistical
difference. The pooled HR was 0.83 (95% CI: 0.63-1.09, P =
0.173), with significant heterogeneity (I’ = 83.2%, random-
effects). However, subgroup analysis revealed that patients with
high bTMB could benefit more from ICIs than chemotherapy
(HR = 0.63; 95% CI: 0.52-0.76, P <0.001), but not patients with
low bTMB (HR = 1.21, 95% CI: 0.93-1.58, P = 0.154) (Figure 5). A
similar situation occurred in the ORR. Although there was no
overall statistical difference between ICIs and chemotherapy (RR =
0.92, 95% CI: 0.77-1.10, P = 0.372), patients with high bTMB
responded better to ICIs than chemotherapy (RR = 1.86, 95% CIL:
1.32-2.62, P <0.001). Patients with low bTMB, on the other hand,
responded better to chemotherapy than ICls, and the difference was
significant (RR = 0.68, 95% CI: 0.54-0.85, P = 0.001) (Figure 6). To
summarize, ICI treatment improves overall survival benefit in
NSCLC patients with high bTMB compared to chemotherapy,
but not in patients with low bTMB.

Sensitivity Analysis

The potential impact of individual studies on the pooled HR was
assessed in a sensitivity analysis. There were no significant
changes in any of the outcomes, indicating that the analysis
was stable (Figure 7).

A decade ago, the term liquid biopsy was only used to describe
the use of blood tests to provide the same diagnostic information
as tissue biopsies (37). Liquid biopsies are more convenient, less
invasive, and less expensive for patients than traditional tissue
biopsies. In addition, their collection is less expensive. In theory,
liquid biopsies could provide patients with more comprehensive
information about tumor burden because the sample
theoretically represents all tumor DNA that is present in the
circulation, and they are superior to tissue biopsies, which are
restricted to a single spatial anatomic site. The first liquid biopsy
products based on EGFR gene mutations were approved by FDA
in 2016 (38). So far, liquid biopsy has made a significant impact
in the field of cancer treatment. However, recent reports on the
predictive value of bTMB have been inconsistent. As a result, this
meta-analysis focused on the clinical utility of bTMB as a
predictive biomarker of immunotherapy response to stratify
NSCLC patients treated with ICIs. In our study, we collected
data from seven trials with a total of 2,610 patients to assess the
predictive power of bTMB. A comparison of high bTMB versus
low bTMB was performed in the ICIs cohorts. The pooled results
revealed that there was no significant difference in long-term or
short-term benefits. This finding is somewhat surprising,
implying that bTMB does not appear to be effective in
stratifying suitable patients for immunotherapy. Even if these
findings contradict previous research, there is still evidence to
support the situation (39). In our previous study, tissue-based

Study

Chae (2019)

Aggarwal (2020)

Wang (2020)

Wang(POPLAR and OAK) (2020)

Overall (l-squared = 58.6%, p = 0.064)

NOTE: Weights are from random effects analysis

%

HR (95°% CI) Weight

——————— 480(130,18.10)  13.18

— 049(0.17,142) 1758

0.92(0.46, 1.82) 2742

—-— 106(081,138) 4183

1.09(0.62, 1.91) 100.00

T
.05

52 1
Favor High bTMB

T

18.1
Favor Low bTMB

FIGURE 2 | Forest plot of clinical benefits’ comparison for overall survival (OS) between high bTMB group and low bTMB group.
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Overall (I-squared = 83.7%, p = 0.002)

NOTE: Weights are from random effects analysis

Study
D
Chae (2019) ;

:
Agganval (2020) _—
Fang (2020) —_—

—_———— 350 (110, 11.20)

s

HR (95% CI) Weight
3041

0.24 (0.09, 0.66) 3251
053 (0.29, 0.95)

37.08

0.73(0.20, 2.65) 100.00

.0893
Favor High bTMB

1

11.2
Favor Low bTMB

FIGURE 3 | Forest plot of clinical benefits’ comparison for progression-free survival (PFS) between high bTMB group and low bTMB group.

TMB (tTMB) was thought to be more suitable for stratifying
NSCLC patients treated with ICIs than bTMB (40). Patients with
high bTMB had longer PES in a small independent validation
cohort in Chen’s (41) study, but the benefit was only a numerical
trend with no statistical difference when compared to those with
low bTMB. According to Chen’s research, this phenomenon may
be caused by the fact that only 65% of tTMB and bTMB
concordance exists and that less than 40% of identified
variants are shared by both tumor samples and blood. We
hypothesized that the deep reason stemmed from the inherent
difficulties of circulating DNA analysis: low sensitivity. As is well
known, tumors must shed DNA into the blood in order for

ctDNA to be detected in the blood for optimal assay
performance. The levels of ctDNA molecules in the blood, on
the other hand, are typically much lower than levels of non-
cancer-related DNA fragments in the blood. Although the
majority of the tumor mutations were present in plasma, but
at very low frequencies (1%), it was nearly impossible for the
software to distinguish them from the background error noise
(42). As a result, the low levels of mutant ctDNA fragments are
obscured by a mass of background DNA, resulting in some
mutations that can only be discovered in tumor tissues and not in
blood samples, leading to false-negative results. Therefore, the
low sensitivity of bTMB test may play an important role in the

Study %
D HR (95% Cl) Weight
High TMB .
Gandara (2018) —_— 056(0.31,099) 811
Gandara (2018) —_— 064 (0.44,092) 1239
Herbst (2020) - 0.75(0.41,1.35) 787
Rizvi (2020) —_— 0.72(0.50, 1.05) 1234
Rizvi (2020) _— 049(0.32,0.74) 1122
Subtotal (-squared = 0.0%, p=0669) <> 0.63(0.51,0.76) 5193
Low TMB E
Gandara (2018) — 0.65(0.52,0.81) 16.05
Rizvi (2020) — 0.93(0.74,1.16) 15.98
Rizvi (2020) P — 1.16(0.93, 145) 16.04
Subtotal (-squared = 85.0%, p = 0.001) <.‘::> 089 (0.64,1.24) 48.07
Overall (l-squared = 71.2%, p = 0.001) < 0.74 (0.59,0.92)  100.00
NOTE: Weights are from random effects analysis

T T
31 . 1 323
Favor High bTMB ~ Favor Low bTMB
FIGURE 4 | Forest plot of efficacy comparison of ICls to chemotherapy for overall survival (OS) and subgroup analysis.
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NOTE: Weights are from random effects analysis

Study
D
High TMB i
Gandara (2018) e
Gandara (2018) _._:_
Herbst (2020) —
Rizvi (2020) _—
Rizvi (2020) —.—‘
Subtotal (I-squared = 0.0%, p = 0.724) <> i
:
Low TMB g
Gandara (2018) .
Rizvi (2020) Lo
Rizvi (2020)
Subtotal (I-squared =77.0%, p = 0.013) 3 Lo
i
Overall (-squared = 83.2%, p = 0.000) <>

%

HR (95% Cl) Weight

9.77

12.92
10.28
1213
1144
56.54

0.57 (0.33, 0.99)
0.65 (0.47, 0.92)
0.55(0.33, 0.92)
0.77 (0.52, 1.13)
053 (0.34, 0.81)
0.63 (0.2, 0.76)

0.98 (0.80, 1.20)
1.19 (0.94, 1.50)
1.56 (1.23, 1.94)
1.21(0.93, 1.58)

4.7
1434
1441
4346

0.83(0.63, 1.09)  100.00

33 ) 1
Favor High bTMB

T
3.03
Favor Low bTMB

FIGURE 5 | Forest plot of efficacy comparison of ICls to chemotherapy for progression-free survival (PFS) and subgroup analysis.

final negative results. According to Zhang’s (43) study, when
using bTMB to define TMB-high patients, it demonstrated
extremely high specificity (100%) but comparatively low
sensitivity (43%), with false-negative predictions occurring
more frequently in stage I-II patients and categorization
precision being higher in stage III-IV patients than in other
stage patients. Previous research discovered that accurate tumor
information can be obtained only when the proportion of ctDNA
is greater than or equal to 10% of cell-free DNA (cfDNA). With
the exception of some advanced tumors that release large
amounts of ctDNA, the vast majority of patients do not meet
this requirement (44-46). As a result, we inferred that tumor
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stage may have an important impact on bTMB prediction results.
In patients with a low stage, the predictive value of bTMB may be
negative. Despite the fact that the majority of the subjects in this
study were in stages III-IV, patients in stages I-II exist
objectively, and the influence of tumor stage on the predictive
value of bTMB required further validation. Intratumoral
heterogeneity may also be an important factor causing the
deviation. According to Gandara, intratumoral heterogeneity is
the primary source of variation between bTMB and tTMB (25).
Similarly, assay technologies and TMB assessment algorithms
have a significant impact on the final results. BTMB was
traditionally defined as the number of detected mutations

%

RR (95% Cl) Weight

219, 1
Favor High bTMB

s 208(0.94.457) 423
—— 139(079.245) 846
——=———  226(135378) 7172
= 186(1.32,262) 2041
-— 1.08(065180) 1369
066(047,092) 3314
053(037,077) 3276
068(054,085) 7959
> 0.92(0.77.1.10)  100.00
T
4.57
Favor Low bTMB

FIGURE 6 | Forest plot of efficacy comparison of ICls to chemotherapy for objective response rate (ORR) and subgroup analysis.

Frontiers in Oncology | www.frontiersin.org

February 2022 | Volume 12 | Article 795933


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Zhang et al.

Predictive Efficacy of Blood-Based TMB

Study ommited

Gandara
Gandara
Herbst
Rizvi
Rizvi
Gandara
Rizvi

Rizvi

0.54 0.59

Meta-analysis random-effects estimates (exponential form)

0.92 0.97

FIGURE 7 | Sensitivity analysis of the potential impact of individual studies on outcomes.

across the sequenced ctDNA region (28). However, the bTMB
calculation was not consistent. There are several types of
mutations that can be used to count bTMB. This includes, but
is not limited to, synonymous or nonsynonymous base
substitutions, copy number variants, rearrangements,
insertions, and deletions. On different gene panel platforms,
bTMB calculation may select only one or two of these
mutation types while ignoring the others. This causes a
significant difference in bTMB test results, which may play an
important impact on the final meta-analysis results. In 2018, the
American Society of Clinical Oncology (ASCO) and the
American College of Pathologists (CAP) formed an expert
committee to review 1,338 published clinical ctDNA tests.
After evaluating the ctDNA detection method from three
perspectives: analytic validity, clinical validity, and clinical
utility, they concluded that the current clinical efficacy of
liquid biopsy techniques is very limited (47). In conclusion,
blood-based TMB has the potential predictive efficacy of ICIs
in NSCLG, but its utility is limited at this time, and more research
is required.

This study compared ICIs to chemotherapy and performed a
subgroup analysis based on different levels of bTMB. These
findings suggested that in terms of overall survival,
progression-free survival, and objective response rates, NSCLC
patients with high bTMB may benefit more from ICIs therapy
than chemotherapy. Patients with low bTMB, on the other hand,
showed no significant differences between chemotherapy and
ICIs therapy. Patients with low bTMB responded better to
chemotherapy than immunotherapy, especially in terms of
ORR. The results show that bTMB has a good screening
function and can effectively screen patients for immunotherapy
instead of chemotherapy. This discovery appears to contradict
the preceding conclusion, but it is not surprising. Tumor
mutation burden (TMB) has been repeatedly demonstrated as
a predictive biomarker (48, 49), despite the fact that the above-

mentioned findings do not support the predictive efficacy of
bTMB. Based on the findings of KEYNOTE-158 (50), the FDA
approved pembrolizumab on June 16, 2020, for the treatment of
pediatric and adult patients with unresectable or metastatic
tumor mutational burden-high (TMB-H) solid tumors (51).
Our previous study (40) also confirmed that ICIs provided
greater clinical benefit than chemotherapy in NSCLC patients
with high TMB. Such findings simply suggest that the TMB assay
derived from blood samples may reduce the predictive power of
TMB for immunotherapy. The predictive efficacy of TMB is
objective and real. Of course, we recognize that more detailed
data on immunotherapy versus chemotherapy needs to be
supplemented. More research is required. In conclusion, TMB
as a predictive biomarker for ICIs therapy is feasible and reliable,
and ICIs therapy may be a better option for NSCLC patients with
high TMB.

In 2016, the open-label, randomized, phase III KEYNOTE-
024 trial found that pembrolizumab was more effective than
platinum-based chemotherapy in NSCLC patients with high
levels of PD-L1 expression [tumor proportion score (TPS) of
50% or higher] (52). On the basis of the KEYNOTE-024 trial, the
FDA approved pembrolizumab as first-line treatment for
metastatic non-small cell lung cancer patients [PD-L1
expression: tumor proportion score (TPS) >50%] with no
epidermal growth factor receptor (EGFR) or anaplastic
lymphoma kinase (ALK) genomic tumor aberrations on
October 24, 2016 (53). However, there have been so few open-
label, randomized clinical trials that we have not been able to
evaluate the efficacy of ICI as a first-line agent for NSCLC
patients compared to standard treatment using bTMB as a
biomarker due to a lack of available data. In the meantime, our
meta-analysis has also some limitations. First and foremost, the
heterogeneity of the studies is significant. Our findings were
based on unadjusted analysis, and more precise results would be
obtained by adjusting for other potential confounding factors
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such as gender, age, PD-L1 status, treatment, different panel-
based sequencing, distinguished bTMB cut-off value, and so on.
Despite using subgroup analysis to reduce heterogeneity, the
results showed no improvement in meaning. Second, there were
fewer trials included in this analysis, and the sample size varied
among the included studies, raising the possibility of publication
bias. Third, the majority of the studies included in the analysis
are retrospective in nature, which may introduce selection bias and
other uncontrolled variables into the assessment of bTMB and
associated clinical outcomes. Fourth, some data in the meta-analysis
overlapped. We ran a sensitivity analysis to eliminate the effect of
each study on the results separately. Although the outcome of
sensitivity analysis is stable, its impact on the final conclusion is
objective and cannot be overlooked. Finally, the funnel plot and
Egger linear regression test were not performed because, according
to the Cochrane Collaboration Handbook (54), tests for publication
bias were not validated if the number of studies involved was less
than ten, so they were not performed. Given the foregoing, the
finding of the study should be interpreted with caution, and
additional validation trails are required.

Conclusions
TMB is a feasible and reliable predictive biomarker for
identifying NSCLC patients who are candidates for ICIs
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