
OR I G I N A L A R T I C L E

An exploration of LAF-bTMB as a predictor for the efficacy
of immunotherapy combined with chemotherapy
in non—small cell lung cancer

Shuyang Zhang1 | Lu Yang2 | Yaning Yang1 | Ying Xin3 | Yan Wang1

1Department of Medical Oncology, National
Cancer Center/National Clinical Research Center
for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical
College, Beijing, China
2Department of Medical Oncology and Radiation
Sickness, Peking University Third Hospital,
Beijing, China
3The Medical Department, 3D Medicines,
Shanghai, China

Correspondence
Yan Wang, Department of Medical Oncology,
National Cancer Center, National Clinical
Research Center for Cancer, Cancer Hospital,
Chinese Academy of Medical Sciences and Peking
Union Medical College, No. 17 Panjiayuan Nan
Li, Chaoyang District, Beijing 100021, China.
Email: wangyanyifu@163.com

Abstract
Background: Immune checkpoint inhibitor (ICI) combined with chemotherapy is one
of the standards of care for advanced non–small cell lung cancer (NSCLC) without
driver mutations. However, the biomarker of combination therapy is still unknown.
Although previous studies have confirmed that low allele frequency adjusted blood-
based tumor mutational burden (LAF-bTMB) is associated with the efficacy of ICI
monotherapy, there has been no report on the correlation between the efficacy of
LAF-bTMB and ICI combined chemotherapy. This study aimed to explore whether
LAF-bTMB can be used as a predictive biomarker for the efficacy of immunotherapy
combined with chemotherapy in advanced NSCLC.
Methods: This study enrolled patients diagnosed with advanced NSCLC and who
received ICI combined with chemotherapy for first-line therapy from May 2020 to
December 2021 at Cancer Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College. Clinical information, treatment information, survival data,
and peripheral blood samples of every patient before treatment were collected. Next-
generation sequencing was performed on plasma samples to estimate bTMB and
LAF-bTMB.
Results: A total of 42 patients with NSCLC were enrolled. In this cohort, 19 patients
achieved partial response (PR), and the objective response rate (ORR) was 45.2%. The
median progression-free survival (PFS) of all patients was 13.4 months (95% CI, 7.49–
19.72). Both PFS and the overall survival (OS) were significantly longer in the
responder (R) group than in the non-responder (NR) group (median PFS, 16.4 months
vs. 7.2 months, p = 0.028; median OS, NE vs. 9.3 months, p = 0.016). There was no
significant difference in bTMB and LAF-BTMB between the R and NR group. The
ORR of patients with LAF-bTMB≤8muts/Mb was significantly higher than that of
patients with LAF-bTMB >8muts/Mb (ORR, 61% vs. 26%, respectively, p = 0.033).
When LAF-bTMB ≤8muts/Mb or > 20muts/Mb, ORR was significantly higher than
that of patients with LAF-bTMB between 8 and 20muts/Mb (ORR were 57% and
21%, p = 0.047). No correlation has been found between LAF-bTMB and PFS or OS.
Conclusions: This study confirmed that neither bTMB nor LAF-bTMB is feasible as a
potential predictor of first-line immunochemotherapy for advanced NSCLC. More
suitable biomarkers need to be explored to screen patients with better efficacy of
immunotherapy combined with chemotherapy in the future.
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INTRODUCTION

According to the latest national cancer epidemiological sur-
vey report1 in 2022, lung cancer is the malignant tumor with
the highest mortality rate in China. Non-small cell lung can-
cer (NSCLC) is the most common type of lung cancer and
accounts for about 80% of all lung cancer types.2 The
National Comprehensive Cancer Network guidelines recom-
mend genetic testing for patients with newly diagnosed
advanced adenocarcinoma of the lung and targeted therapy
for those with positive driver genes. Immune checkpoint
inhibitor (ICI) alone or ICI combination therapy is pre-
ferred in first-line therapy for squamous cell carcinoma and
adenocarcinoma without targetable mutations. At present,
only 15% to 20% of unselected patients may respond to ICI
monotherapy,3–6 so it is necessary to find biomarkers to pre-
dict the efficacy of ICI. Serval clinical trials7,8 have proved
that ICI monotherapy is preferred for patients with pro-
grammed death ligand 1 (PD-L1) ≥50%. However, in the
KEYNOTE-1899 and KEYNOTE-40710 clinical trials, signifi-
cantly improved progression-free survival (PFS) or overall
survival (OS) in patients with advanced NSCLC treated with
ICI combination therapy was observed, and the efficacy was
independent of PD-L1 expression. The major challenge for
PD-L1 is the observation that PD-L1 may not always be
associated with ICI responsiveness.

Tumor mutation burden (TMB) was defined as the total
number of non-synonymous mutations present in tumor tis-
sue.11 The higher the TMB, the more neoantigens, and the
more easily the tumor cells are recognized by the immune
system. Rizvi et al.12 first published the results of their study
that explored the efficacy of TMB and NSCLC immunother-
apy. In their study, TMB higher than the median of muta-
tions detected by whole exome sequencing was defined as
TMB-high, and TMB-high patients who received ICI had
longer PFS than that in TMB-low. The same conclusion has
been drawn in the CheckMate 026 study.13 Even in the
CheckMate 227 study,14 which investigated the correlation
between TMB and the efficacy of programmed cell death
protein 1 (PD-1) antibody plus CTLA-4 antibody, TMB can
still be used as a predictor of PFS in dual immunotherapy.
Nonetheless, it is necessary to highlight that TMB has limi-
tations as a predictive biomarker, especially when used in
predicting the efficacy of combining the ICI with platinum-
based chemotherapy.9,10 In addition, driver genes detection
for patients with advanced NSCLC is based on tissue sam-
ples, therefore, there may not be any more tissue left for
TMB testing. Blood TMB (bTMB) calculated based on liquid
biopsy using circulating tumor DNA (ctDNA) has also been
used in clinical as a substitute for TMB.15 Previous studies16

demonstrated that patients who can benefit from ICI mono-
therapy tend to harbor a high level of bTMB. Contradictory
results were observed from OAK and POPLAR studies.17

These two studies indicated that bTMB failed to differentiate
patients with OS benefits.

Wang et al.18 found that bTMB measured by ctDNA
was affected by the interference of maximum somatic allele

frequency (MSAF), which affected the predictive effect of
bTMB. Once the interference of MSAF was removed by
modification of the TMB algorithm, low allele frequency
adjusted blood-based tumor mutational burden (LAF-
bTMB) can serve as a reliable predictor of OS in ICI mono-
therapy. However, whether LAF-bTMB is associated with
the outcome of ICI plus chemotherapy is unclear. In the
current study, next-generation sequencing (NGS) was per-
formed on plasma collected in a cohort of 42 patients to
evaluate LAF-bTMB. We investigated the potential of LAF-
bTMB in predicting the responses and outcomes to ICI plus
chemotherapy in advanced NSCLC patients.

MATERIALS AND METHODS

Patient cohorts

Patients diagnosed with advanced NSCLC at Cancer Hospi-
tal, Chinese Academy of Medical Sciences and Peking Union
Medical College between May 2020 and December 2021
who met the following inclusion criteria were enrolled in
this study, (i) patients were between the age of 18 to 80;
(ii) patients had received no previous systemic therapy;
(iii) patients had at least one measurable lesion; and
(iv) patients received anti-PD-1/PD-L1 plus chemotherapy
for the first-line therapy. Blood samples were collected from
each patient before the initiation of the combination ther-
apy. This study was approved by the Ethics Committee of
the Cancer Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College. All patients had signed
informed consent.

The responses to therapy were evaluated at baseline and
every 2 cycles of treatments, using computed tomography
(CT) or magnetic resonance imaging (MRI). The clinical
outcomes of patients were evaluated according to Response
Evaluation Criteria in Solid Tumors (RECIST 1.1).19 The
effect evaluation includes complete response (CR), partial
response (PR), stable disease (SD), and progressive disease
(PD). Disappearance of all target lesions was defined as
CR. A reduction of at least 30% in the total diameter of the
target lesion was considered as PR. The total diameter of the
target lesions increased by at least 20% or new lesion was
considered as PD. Neither sufficient shrinkage to qualify for
PR nor sufficient increase to qualify for PD was defined as
SD. SDa was defined as patients who have stable disease and
tumor size reduction. SDb was defined as those who have
stable disease with tumor size increase. Objective response
rate (ORR) was defined as the percentage of patients with
CR and PR. Disease control rate (DCR) was defined as the
percentage of patients with CR, PR, and SD. PFS was
defined as the interval between the initiation of the therapy
and the time of PD or the last follow-up. OS was defined as
the interval between the initiation of the therapy and the
time of death.

The group of response was defined according to the fol-
lowing criteria. The patients who confirmed PR as their best
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response and those who did not confirm PR were divided
into response group (R) and non-response group (NR),
respectively. Group A included patients achieved PR and
SDa and the patients with the best efficacy SDb and PD were
classified into group B. Patients who achieved SD for more
than 6 months and patients with PR were regrouped into
the same group renamed as durable clinical benefit (DCB).
The no-durable benefit group (NDB) included patients who
got SD, but developed PD within 6 months and patients
who archived PD as the best response.

Blood sample processing and cell-free DNA
isolation

Blood samples were centrifuged in Streck tubes within
2 hours of collection at 1600 � g at 4�C for 10 minutes.
Approximately 5 mL plasma supernatant was transferred to
a new 5 mL microfuge tube and centrifuged at 16,000 � g at
4�C for 10 minutes to remove residual cells and debris.
Supernatant was transferred into a new tube, followed by
cell-free DNA (cfDNA) extraction using the QiAmp Circu-
lating Nucleic Acid Kit (Qiagen) following the manufac-
turer’s instructions. DNA concentration was quantified with
the Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific).
Genomic DNA (gDNA) from white blood cells was
extracted using the QIAamp DNA Mini Kit (Qiagen).

Library preparation and targeted capture

cfDNA libraries were prepared using the KAPA Hyper Prep
Kit (KAPA Biosystems) following the manufacturer’s proto-
col and were individually barcoded with unique molecular
identifiers (UMI). In brief, 30 to 60 ng of cfDNA were sub-
jected to end-repairing, A-tailing, and ligation with indexed
adapters. The libraries were then polymerase chain reaction
(PCR)-amplified and purified for target enrichment. The
concentration and size distribution of each library were
determined using a Qubit 3.0 fluorometer (Thermo Fisher
Scientific) and a LabChip GX Touch HT Analyzer
(PerkinElmer), respectively.

For targeted capture, indexed libraries were subjected to
probe-based hybridization with a customized NGS panel
covering whole exons of 733 cancer-related genes. The probe
baits were individually synthesized 50 biotinylated 120 bp
DNA oligonucleotides (IDT). Repetitive elements were fil-
tered out from intronic baits according to the annotation by
UCSC Genome RepeatMasker.20 The xGen Hybridization
and Wash Kit (IDT) were used for hybridization enrich-
ment. Briefly, 500 ng indexed DNA libraries were pooled to
obtain 2 μg of DNA. The pooled DNA sample was then
mixed with Human Cot-1 DNA and xGen Universal
Blockers-TS Mix and dried down in a SpeedVac system. The
Hybridization Master Mix was added to the samples and
incubated in a thermal cycler at 95�C for 10 minutes, before
being mixed and incubated with 4 μL of probes at 65�C

overnight. Target regions were captured following the man-
ufacturer’s instructions. The concentration and fragment
size distribution of the final library was determined using a
Qubit 3.0 fluorometer (Thermo Fisher Scientific) and a Lab-
Chip GX Touch HT Analyzer (PerkinElmer), respectively.

DNA sequencing, data processing, and variant
calling

The captured libraries were loaded onto a NovaSeq 6000
platform (Illumina) for 100 bp paired-end sequencing. Raw
data of paired samples were mapped to the reference
human genome hg19 using the Burrows-Wheeler Aligner.21

An in-house developed software was used to generate
duplex consensus sequences based on dual UMI integrated
at the end of the DNA fragments. To improve specificity,
especially for variants with low allele frequency in the
ctDNA, an in-house loci specific variant detection model
based on binomial test was applied. The variants were sub-
sequently filtered by their supporting count, strand bias sta-
tus, base quality, and mapping quality. In addition, variant
calling was also optimized to detect variants at short tan-
dem repeat regions. Single-nucleotide polymorphism
(SNPs) and indels were annotated by ANNOVAR against
the following databases: dbSNP (v138), 1000Genome and
ESP6500 (population frequency >0.015). Only missense,
stopgain, frameshift, and non-frameshift indel mutations
were kept. Copy number variations (CNVs) and gene rear-
rangements and LAF-bTMB were detected as described
previously.18,22

Statistical analysis

Survival data was analyzed using the Kaplan–Meier method.
The log-rank test was used to compare the PFS and OS
between patients in different response group and between
group PIK3CA-AKT1 WT or MUT. The 95% confidence
intervals (CIs) of the ORR and DCR were calculated using
the Clopper and Pearson method. The comparison of LAF-
bTMB levels between group R and group NR was examined
by the Mann–Whitney test. The χ2 test or Fisher exact test
was used to test the difference of categorical variables. All
reported p-values were based on two-tailed testing, and a
p-value below 0.05 was deemed statistically significant. All
statistical analyses were performed using the GraphPad
Prism software 8.3.0 (GraphPad Software) and R software,
version 4.1 (R Foundation for Statistical Computing).

RESULTS

Patient characteristics

Between May 2020 and December 2021, a total of 42 patients
diagnosed with advanced NSCLC and treated with ICI plus
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chemotherapy as first-line treatment were prospectively
enrolled in this study. The median age of all patients was
63 years (ranging from 46 to 79 years). A total of 79% of
patients were male (33/42) and 21% were female (9/42). A
total of 0.28 patients were diagnosed with adenocarcinoma
and 14 with squamous cell carcinoma. Eastern Cooperative
Oncology Group Performance Status scores ranged from
0 to 2, with 26 patients (62%) having a score of 0 and
4 patients (9.5%) with brain metastases at initial diagnosis.
PD-L1 expression was assessed in 30 patients (71.5%).
PD-L1 expression was positive (≥1%) in 18 patients (43%),
of which seven patients (17%) were PD-L1 ≥50%. All
patients received first-line PD-1 inhibitor combined with
chemotherapy including 23 with pembrolizumab, 10 with
sintilimab, five with tislelizumab, three with camrelizumab,
and one with toripalimab. Seven patients received immuno-
therapy combined with chemotherapy and antiangiogenic
therapy. Clinical information was summarized in Table 1.

Mutational profiling and correlation between
mutations and response

Collectively, mutations detected in 42 patients including sin-
gle nucleotide variants (SNV) and CNV, gene fusion, and
SNV is the most common mutation type. The most com-
monly mutated genes were TP53 (69.0%, n = 29), KRAS
(31.0%, n = 13), CDKN2A (16.7%, n = 7), and EGFR
(14.3%, n = 6). In patients harboring KRAS alteration, five
patients evaluated PR as their best response to the first-line
treatment and seven patients had SD, and only one archived
PD. There were seven patients with TP53 and KRAS co-
mutation, four patients achieved PR, six patients achieved
SD, one patient achieved PD, and the ORR was 36%. There
were three cases with STK11 mutation, including two cases
with KRAS co-mutation, and the best outcome evaluation of
those two patients was SD. EGFR amplification was per-
formed on three patients, and the best outcome evaluation
was PR. Among the six patients with EGFR alteration (SNV
and CNV), three patients with EGFR amplification and
three patients harboring rare nonsense mutations in EGFR,
five of them were evaluated as PR. Three patients had copy
number amplification of PIK3CA, and the best treatment
evaluation was PR. For two patients carrying AKT1 muta-
tion, the best treatment evaluation was PR. Variants
detected in at least two patients are shown in Figure 1,
a total of 34 patients.

The correlation between bTMB, LAF-bTMB,
and efficacy

Among all the patients, 19 patients achieved PR, 22 patients
achieved SD, and one patient was rated as PD. ORR among
the evaluable patients was 45.2% and DCR was 97.6%. The
PFS of group R and group NR were 16.4 months and
7.2 months, respectively (p = 0.028). The OS of group R

was longer than that of group NR (9.3 months and not
reached, p = 0.016), respectively (see Figures S1 and S2 for
details).

The median bTMB of group R and group NR were 6.711
muts/Mb and 10.07 muts/Mb, respectively. There was no
significant difference in bTMB between the two groups
(p = 0.683). The median bTMB values of the group A and B
were 10.07 muts/Mb and 5.034 muts/Mb, respectively. No
difference was observed in group A and B (p = 0.421).
Regrettably, there was still no difference observed in the
bTMB distribution between DCB and NDB (p = 0.623).
The results above were all displayed in Figure 2.

The predictive performance between bTMB and ORR
was evaluated with a series of cutoff points for bTMB. No
correlation was found between bTMB and ORR according

TAB L E 1 Baseline characteristics in 42 patients

Characteristics N (%)

Age (years)

Median (range) 63 (46–79)

Gender

Male 33 (79%)

Female 9 (21%)

Histological subtype

Squamous cell carcinoma 14 (33%)

Adenocarcinoma 28 (67%)

Smoking history

Yes 29 (69%)

No 13 (31%)

Brain metastasis

Yes 4 (9.5%)

No 38 (90.5%)

ECOG PS

<1 26 (62%)

≥1 16 (38%)

PD-L1 expression

<1% 12 (28.5%)

1%–49% 11 (26%)

≥50% 7 (17%)

Unknown 12 (28.5%)

PD-1 inhibitor

Pembrolizumab 23 (55%)

Sintilimab 10 (24%)

Tislelizumab 5 (12%)

Camrelizumab 3 (7%)

Toripalimab 1 (2%)

Anti-angiogenic therapy

Bevacizumab 7 (16.7%)

No 35 (83.3%)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status;
PD-L1, programmed death ligand 1; PD-1, programmed cell death protein 1.
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to dichotomous stratification. By tertile stratification, there
was a trend toward higher ORR in patients with bTMB-low
or bTMB-high compared to those with TMB-median, but
there was no difference by statistical analysis (Figure 3).

Based on the different bTMB cutoffs, we analyzed the corre-
lation between bTMB and PFS and found no significant cor-
relation between bTMB and immune combination
chemotherapy PFS (Figure 4). As can be seen from the

F I G U R E 1 Mutational profile and clinical response.

F I G U R E 2 Correlations between bTMB
and clinical benefit in different groups.
(a) bTMB in group R and group
NR. (b) bTMB in group a and group
b. (c) bTMB in group DCB and group NDB.
bTMB, blood-based tumor mutational
burden; R, response; NR, non-response; DCB,
durable clinical benefit; NDB, no-durable
benefit group.
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previous results, the group bTMB-low and bTMB-high have
a tendency to benefit more compared to group bTMB-
median. After further adjustment for trichotomies, the top
one-fourth bTMB was defined as bTMB-high, the bottom
one-fourth bTMB as bTMB-low, and the rest as bTMB-
median. PFS was longer for bTMB-high and bTMB-low
than for bTMB-medium, but this was still not statistically
significant (Figure S3).

Analysis of the LAF-bTMB by the three grouping sce-
narios mentioned previously, no significant association with
efficacy was found regardless of whether LAF-bTMB was
high or low (Figure 5). We further assessed the correlation
between LAF-bTMB and ORR. There is a tendency for the
ORR to increase when the LAF-bTMB is low or very high,
whereas it is relatively low when the LAF-bTMB is interme-
diate. At a cutoff value of 8muts/Mb, the ORR was found to
be significantly higher for LAF-bTMB ≤8 muts/Mb than for

LAF-bTMB >8 muts/Mb (ORR, 61% vs. 26%, p = 0.033).
Further analysis revealed a significantly higher ORR for
LAF-bTMB ≤8 muts/Mb or >20 muts/Mb than for LAF-
bTMB between 8 and 20 muts/Mb (ORR, 57% vs. 21%,
p = 0.047) (Figure 6). Various LAF-bTMB cutoff values
were set to analyze the correlation between LAF-bTMB and
PFS, whereas there was no significant correlation between
LAF-bTMB and PFS of immunotherapy combined with che-
motherapy (Figure 7). Furthermore, PFS for LAF-bTMB ≤8
muts/Mb or LAF-bTMB >20 muts/Mb had no statistical
difference from PFS for LAF-bTMB between 8 and
20 muts/Mb (Figure S4).

Exploratory analysis: potential positive factors
for predicting immune response

Previous results showed that patients with PIK3CA or AKT1
variants all achieved PR. Therefore, we assumed that
PIK3CA and AKT1 variants were potential positive predic-
tors of immunochemotherapy, and then we analyzed the
correlation between these two mutations and ORR and PFS.
Patients carrying either PIK3CA or AKT1 mutation were
classified as group MUT, and the rest patients were classified
as group WT. The ORR of group MUT was significantly
higher than that of group WT (ORR, 100% vs. 38%, respec-
tively, p = 0.014). The median PFS of group MUT and
group WT were 21.1 months and 13.3 months, respectively
(hazard ratio [HR], 3.619; 95% CI, 1.074–12.19; p = 0.113).
There was no manifest difference observed in bTMB or
LAF-bTMB between the group MUT and WT (Figure 8).
We further explored whether gene mutations related to the
PI3K-AKT–mTOR pathway can be used as predictive
markers of immunotherapy efficacy. Several genes were
involved inPI3K-AKT–mTOR pathway, including PIK3CA,

F I G U R E 3 Correlation between the ORR and bTMB. ORR, objective response rate; bTMB, blood-based tumor mutational burden.

F I G U R E 4 Correlation between the progression-free survival and
bTMB with a series of cutoff points for the bTMB. bTMB, blood-based
tumor mutational burden.
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PIK3R1, PIK3R2, PTEN, PDPK1, AKT1/2, MTOR, RICTOR,
TSC1/2, RHEB, RPTOR, and MLST8. In this study, eight of
42 patients were detected with variants of this pathway,

containing PIK3CA, AKT1, AKT2, PTEN, mTOR, and RIC-
TOR genes. These eight patients were defined as group
PI3K-AKT–mTOR MUT, and the rest of the patients

F I G U R E 5 Correlations between LAF-
bTMB and clinical benefit in different
groups. (a) LAF-bTMB in group R and group
NR. (b) LAF-bTMB in group R and group
NR. (c) LAF- bTMB in group DCB and
group NDB. LAF-bTMB, low allele frequency
adjusted blood-based tumor mutational
burden; R, response; NR, non-response; DCB,
durable clinical benefit; NDB, no-durable
benefit group.

F I G U R E 6 Correlation between the ORR and LAF-bTMB with a series of cutoff points for the LAF-bTMB. ORR, objective response rate; LAF-bTMB,
low allele frequency adjusted blood-based tumor mutational burden.

F I G U R E 7 Correlation between the progression-free survival and
LAF-bTMB with a series of cutoff points for the LAF-bTMB. LAF-bTMB,
low allele frequency adjusted blood-based tumor mutational burden.

F I G UR E 8 Association of bTMB and LAF-bTMB with PIK3CA/AKT1
mutation. (a) bTMB in group PIK3CA/AKT1 WT and group PIK3CA/
AKT1 MUT. (b) LAF-bTMB in group PIK3CA/AKT1 WT and group
PIK3CA/AKT1 MUT. LAF-bTMB, low allele frequency adjusted blood-
based tumor mutational burden; WT, wild-type; MUT, mutation.
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without gene variation of this pathway were defined as
group WT. The ORR was 63% in PI3K-AKT–mTOR MUT
group and 41% in group PI3K-AKT–mTOR WT, respec-
tively (p = 0.433). There was no manifest difference in PFS
between the two groups (HR, 2.136; 95% CI, 0.688–6.630;
p = 0.234) (Figure S5).

DISCUSSION

The previous study18 has indicated that LAF-bTMB could
be a meaningful predictor of clinical outcomes after treat-
ment with ICI monotherapy. However, whether LAF-bTMB
could be a predictive biomarker for ICI combined chemo-
therapy remain undetermined. To our knowledge, this is the
first study to explore the potential predictive value of LAF-
bTMB as a biomarker to identify advanced NSCLC patients
who are more likely to benefit from ICI combined with che-
motherapy in the first-line treatment. Regrettably, neither
bTMB nor LAF-bTMB was associated with the efficacy of
ICI in combination with chemotherapy.

In this study, we indicated that bTMB was unable to pre-
dict ORR and OS benefits from immune-chemotherapy.
Previous studies on the predictive role of bTMB as a bio-
marker in immune response were still controversial. The
study published in JAMA oncology 201916 suggested that
when bTMB ≥6 muts/Mb was defined as the bTMB-high,
the ORR and PFS of the bTMB-high patients received ICI
alone were better than those of the bTMB-low. However,
the B-F1RST study,23 in which researchers evaluated bTMB
as a predictive biomarker for first-line atezolizumab mono-
therapy, revealed that the ORR was significantly higher in
patients with bTMB ≥16 muts/Mb than those with bTMB
<16 muts/Mb, but there was no significant difference in PFS
between the two groups. Unlike the ICI monotherapy,
bTMB was not correlated with ORR and PFS in the clinical
trial,24 which investigated the efficacy of camrelizumab com-
bined with chemotherapy for the first-line treatment in
advanced NSCLC. The above studies proved that bTMB
could not be a predictor of the efficacy of immunochem-
otherapy, which was consistent with observations in the pre-
sent study.

Detection of tumor mutations in the blood depends on
the amount of ctDNA released by tumor cells. It has been
reported that the high level of ctDNA amount was corre-
lated with poor survival.25,26 In the blood, the ctDNA
amount was reflected by the MSAF, which has been proven
to be the interference of bTMB prediction.18 Once MASF
interference is removed, bTMB was able to predict OS bene-
fit of ICI monotherapy. In this paper, we analyzed the rela-
tionship between LAF-bTMB and the efficacy of the ICI
combination treatment and we found that when the cutoff
value of LAF-bTMB was 8 muts/Mb, the ORR of patients
with high LAF-bTMB was worse than that with low LAF-
bTMB. Similar trends were observed in recurrent glioblas-
toma that a very low level of TMB predicts benefit from
ICI.27 However, it is unknown whether this phenomenon is

unique to this specific tumor type. In addition, no semblable
data were found in NSCLC. One potential reason may lie in
that a high level of TMB is a poor prognostic factor of
NSCLC.28 When the cutoff value is 25muts/Mb, the ORR of
patients with high LAF-bTMB is much higher than that in
patients with low LAF-bTMB, although without statistical
meaning. Patients with a very high level of LAF-bTMB seem
more likely to respond to ICI therapy, which may be because
of the very high level of bTMB provoking a more adequate
immune response. However, a high level of LAF-bTMB
failed to identify patients who would get PFS benefit from
immunotherapy. Therefore, LAF-bTMB is not a perfect pre-
dictor of efficacy in the treatment mode of immunotherapy
combined with chemotherapy.

One retrospective study29 explored the relationship
between TMB and the efficacy of chemotherapy. Among
294 patients with different tumor types who received che-
motherapy, TMB beyond 10 muts/Mb were defined as a
high TMB level. Regardless of the level of TMB, no differ-
ence was observed in clinical response and outcomes. Jiang
et al.24 found that the bTMB measured after two cycles of
treatment (on-treatment bTMB) was associated with the
efficacy of ICI combined with chemotherapy. Patients trea-
ted with camrelizumab plus chemotherapy had a better
ORR, PFS, and OS if they had low level of on-treatment
bTMB. In addition, the lower the ΔbTMB (the difference
between on-treatment bTMB and pre-treatment bTMB), the
greater the therapeutic benefit patients would obtain.
Although in the combined mode of chemotherapy and ICI,
the cytotoxicities of chemotherapy will contribute to tumor
cells releasing more DNA into the blood, and then more
neoantigens were produced,30 which will further increase
the probability of recognition by the immune system. The
bTMB or LAF-bTMB assessed in the baseline blood samples
could not reflect the efficacy of chemotherapy alone or the
synergistic efficacy increased by combination therapy. The
post-treatment and dynamically monitored bTMB may be
the appropriate biomarker for predicting the efficacy of
combined immunotherapy.

Furthermore, patients carrying PI3CK and AKT1 gene
variants all achieved PR in this study. The latest research
data of CHOICE-0131 published at the American Society of
Clinical Oncology Congress in 2022 demonstrated that
patients carrying PI3K-AKT–mTOR pathway gene muta-
tions could obtain better clinical benefits when treated with
toripalimab combined with chemotherapy. We conducted
an exploratory analysis and found that the MUT group
tended to have longer PFS than the WT group, but there
was no statistically significant difference. A previous study32

indicated that patients with specific mutations related to
immunotherapy (including PI3K-AKT–mTOR pathway
gene mutations) and lower TMB level (<10 muts/Mb) have
longer OS. However, in this study, no difference in bTMB
level was observed between group MUT and WT.

There are still some limitations in our study. Although
this is a prospective study, only 42 patients were enrolled in
this study within one and a half years. The sample size is

ZHANG ET AL. 3381



relatively small, which may lead to potential bias. The
follow-up time needs to be extended. At the time of data
analysis, some patients are still receiving immune mainte-
nance therapy, so their PFS data are not available. Patients
treated with five different anti-PD-1 therapies were com-
bined in this study. It is not yet possible to analyze whether
the efficacy is related to receiving different PD-1 inhibitors.

In conclusion, bTMB or LAF-bTMB measured before
treatment could not serve as a potential biomarker for pre-
dicting the efficacy of ICI combined with chemotherapy in
the first line for advanced NSCLC. Other more feasible bio-
markers should be explored to predict the efficacy of immu-
notherapy combined with chemotherapy in the future.
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