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Background: Tumor mutation burden (TMB) has received considerable attention as a potential predictive
biomarker for response to anticancer treatment with immune checkpoint inhibitors (ICIs), and has been
increasingly incorporated into clinical practice. Currently, TMB is often determined with tissue biopsies
using whole-exome sequencing (WES) or panel-based targeted sequencing. Meanwhile, liquid biopsies
such as blood are actively investigated as alternative media, although there is currently no report of the
performance of targeted sequencing in assessing TMB using pleural effusion (PE) specimens.

Methods: Thirty-two patients diagnosed with advanced non-small cell lung cancer (NSCLC) with
associated PE were prospectively enrolled (NCT 03546452). Cell-free DNA (cfDNA) from the supernatant
of PE was subjected to both WES and capture-based targeted sequencing using various commercially-
available panels.

Results: All five panels assessed in this study demonstrated a good correlation with WES-derived TMB,
with correlation coefficients ranging from 0.68-0.81. Two- and three-tier classification systems built on the
TMB estimates achieved respective concordance rates of 74% and 63% between classifications based on
WES- and panel-derived TMB levels.

Conclusions: This study provides real-world evidence that all panels assessed in this study can be used for
TMB evaluation based on PE samples. We also demonstrated that PE can serve as an alternative medium for
TMB evaluation. To the best of our knowledge, this is the first study evaluating the potential of PE samples
for TMB estimation, thereby providing a basis for establishing future standard protocols.
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Introduction

The development of immune checkpoint inhibitors (ICIs),
which target inhibitory receptors on T cells, has begun
to revolutionize the treatment landscape for numerous
cancers. Monoclonal antibodies that reverse tumor-induced
immunosuppression by targeting immune checkpoint
proteins CTLA-1 or PD-1 (or its ligand PD-L1) have been
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approved as first- or second-line therapy for a growing list
of malignancies (1). However, only a fraction of patients
benefited from ICI treatment, even in generally-responsive
tumor entities. Many patients develop resistance shortly
after the initiation of the treatment or even at baseline (2).
Therefore, there is a clear need to identify predictive
markers for response to ICI treatment.

Multiple biomarkers have been explored, including, but
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not limited to, microsatellite instability (MSI) status, PD-L1
expression, tumor mutation burden (TMB), and mutation
status of certain genes such as STKI1 and 7TP53. Although
PD-L1 expression, TMB, and MSI status have been
approved as predictor biomarkers in certain cancer types
for certain ICIs, controversy remains around their value in
non-small cell lung cancer (NSCLC). MSI-H is a rare event
in NSCLC, whereby less than around 1% NSCLC harbor
MSI-H. Many patients with microsatellite-stable NSCLC
show enhanced TMB and subsequently respond favorably
to immunotherapy. PD-L1 expression level determined by
immunohistochemistry (IHC) has been shown to identify
patients with a higher likelihood of response to ICI in
NSCLC, melanoma, and bladder cancer. Unfortunately
PD-L1 expression yields limited sensitivity and specificity
in NSCLC potentially for the following reasons: (I) PD-
L1 expression can be transient, therefore, intra-patient and
intra-tumor heterogeneity in PD-L1 expression is possible;
and (II) there is a lack of consistency in the thresholds
used for defining PD-L1 positivity. Another promising
pan-cancer measure of genomic instability is TMB, which
is purported to represent the likelihood of neoantigen
production. High TMB, representing genomic instability,
has the potential to induce neoantigen production and
subsequent enhancement in immunogenicity (3,4).
Numerous studies have demonstrated a positive correlation
between high TMB and favorable response to ICIs in a
number of cancers, including, but not limited to, melanoma,
lung cancer, and urothelial carcinoma (5-8).

To date there has not been a universal agreement on
certain key aspects of TMB evaluation, a process susceptible
to variations in both wet lab processing and bioinformatic
analysis. There is diversity as to how TMB is used in
guiding immunotherapy decisions. For instance, studies
differ in thresholds for distinguishing “T'MB-high” from
“TMB-low” tumors, algorithms for TMB computation,
and scales for conversion between TMB estimates derived
from WES and from targeted panels. An ideal solution is a
large-scale clinical trial comparing TMB levels determined
by all mainstream approaches of the same specimens and
examining the value of the standardized TMB estimates
in ICI efficacy prediction. A standard protocol for TMB
evaluation is key in the clinical utility of immunotherapy,
as trials based on which can be developed to resolve current
inconsistencies regarding the relationship between TMB,
efficacy of immune checkpoint inhibitor, and other markers
such as PD-L1 expression. Despite lack of comprehensive
consensus, it is often derived from the number of non-
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synonymous somatic mutations. Whole-exome sequencing
(WES) is considered the gold standard for determining
TMB; however, implementation of WES is limited by a
number of factors, including the need for large sample
quantities, high costs, and extensive data management. On
the other hand, capture-based sequencing has established
a firm footing in oncology practice in a host of scenarios,
including detecting the full spectrum of actionable targets,
determining MSI status, and identifying molecular
biomarkers of prognosis and/or treatment response.
Importantly, panel-based sequencing has also been actively
explored as a more practical alternative in TMB estimation.
Using WES-derived TMB as reference, a number of studies
have confirmed the feasibility of estimating TMB using a
defined gene panel coupled with targeted sequencing (9).
Although initial studies of TMB primarily focused on
relative levels, absolute definitions are being pursued by
several commercial providers with the goal of selecting
patients who are more likely to benefit from ICI treatment.
Clearly, accuracy in both TMB measurement and
establishment of cutoff values for patient classification—
such as 10 mutations/Mb, proposed by Foundation
Medicine—bears weight in informing therapeutic decisions.
Given the diversity of commercially-available panels, it is
necessary to conduct a comparison of their performance in
"TMB estimation.

"TMB assessment has been primarily performed on tissue
samples. The challenges and pitfalls associated with tissue
biopsy have been well documented, primarily pertaining to
its static nature and invasiveness. Less invasive alternatives,
such as blood cell-free DNA (cfDNA), have been
investigated, although the predictive value of blood TMB
is even more controversial than that of tissue TMB (10,11).
An alternative liquid biopsy is to use malignant pleural
effusion (MPE), a complication that results from tumor
invasion of the pleural space causing disrupted drainage
of the pleural fluid (12,13). Although MPE is frequently
observed in an array of advanced malignancies, lung cancer
is the most common cause, with MPE ultimately affecting
40% of patients during the course of the disease (14). In
relation to potential utility in immune checkpoint therapy,
there is evidence that MPE shows high concordance
with tumor tissues in PD-L1 expression. Furthermore,
MPE has been shown to be amenable for mutational
analysis with both PCR-based and panel-based approaches
(15-17). Currently little is known regarding the use of
MPE for TMB evaluation in lung cancer or the level of
concordance among estimates derived from WES and
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panel-based approaches. In this study, we evaluated the
performance of five gene panels in TMB estimation by
analyzing 32 pleural effusion (PE) samples from patients
with advanced NSCLC. This study provides real-world data
on the performance of five commercially-available targeted
gene panels. Furthermore, our work also offers a general
framework for TMB evaluation using MPE samples,
establishing a basis for future efforts in the harmonization
of panel-based TMB assessment.

We present the following article in accordance with the
MDAR checklist (available at http://dx.doi.org/10.21037/
atm-20-7702).

Methods
Patients and study design

Thirty-two patients diagnosed with advanced NSCLC
(stage IV) accompanied by the development of PE from
May 2018 to March 2019 in Shanghai Chest Hospital were
prospectively enrolled in the study (NCT registration
number 03546452). Both PE and blood samples were
collected from each patient. CfDNA from the supernatant
of PE and genomic DNA from white blood cells (WBCs)
were subjected to both WES and capture-based targeted
sequencing. Written informed consent was obtained from
all patients under an institutional review board-approved
protocol. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and approved
by the ethics committee of Shanghai Chest Hospital of
Shanghai Jiao Tong University (No. KS1856).

DNA extraction

DNA was extracted from PE using QIAamp Circulating
Nucleic Acid Kit (Qiagen, CA, USA) according to
the manufacturer’s protocol. DNA quantification was
performed using the Qubit dsDNA HS Assay Kit (Life
Technologies, CA, USA).

DNA library construction

DNA was fragmented by Covaris M220 Focused-
ultrasonicator (Covaris Inc., Woburn, MA, USA) followed
by end repair, phosphorylation, dA addition, and adaptor
ligation for library construction. The DNA library was
then purified with Agencourt AMPure XP beads (Beckman
Coulter, Fullerton, CA, USA). Samples with at least 50 ng
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Table 1 Demographic and clinical characteristics of patients

Panel Number of Length of
targeted genes coding regions (Mb)

A 456 1.14

B 1,021 1.00

C 448 1.40

D 520 1.26

E 593 1.30

of DNA were used for library construction.

Capture-based targeted sequencing and WES

Capture-based targeted sequencing was performed using
five commercially-available panels. Table I outlines the
number of genes and lengths of genomic regions targeted
by each panel. Agilent SureSelect Human All Exon V5
(50 M) (Agilent, Santa Clara, CA, USA) was used for WES.
Libraries were sequenced on Illumina NextSeq 500 System
(llumina, Inc., San Diego, CA, USA) with pair-end reads.

Sequencing data analysis

The raw sequencing data were preprocessed using
Trimmomatic 0.36 for trimming adaptor, low-quality
reads and reads less than 50 base pairs. Preprocessed
sequencing data were mapped to the human genome (hg19)
using Burrows-Wheeler Aligner 0.7.10 and Genome
Analysis Toolkit 3.2 (Broad Institute, Cambridge, MA,
USA). Variant calling was performed using VarScan, and
variants were annotated with ANNOVAR and SnpEff v3.6.
The allelic frequency (AF) of mutations was calculated.
Mutations were then filtered against common single
nucleotide polymorphisms found in 1,000 Genomes ExAC,
dbSNP, and ESP6500SI-V2, ClinVar, databases.

Statistical analyses

The R-3.6.0 (R Foundation for Statistical Computing)
statistics package was used to perform statistical analysis.
ANOVA was used to test for statistically significant
differences between panel-derived MAFs and TMBs.
Correlations between TMB estimations derived by WES
and each of the five panels were assessed by Pearson
correlation analysis.
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Figure 1 Study design and bioinformatic processing. Pleural effusion and blood were collected from 32 patients diagnosed with metastatic

non-small cell lung cancer and subjected to capture-based targeted sequencing and WES. For targeted sequencing, samples were analyzed

with five commercially-available gene panels at laboratories of their respective vendors. In addition, samples sequenced with panels C, D,

and E were also subjected to WES, whose results was then used as reference standard for evaluating the performance of the five gene panels

in estimating TMB and classifying patients. WES, whole-exome sequencing; TMB, tumor mutation burden.

Results
Patient characteristics

This study prospectively enrolled 32 patients with advanced
lung adenocarcinoma (stage IV) who had developed PE
(NCT 03546452). Both PE and plasma samples were
obtained from each patient (Figure 1). CIDNA obtained
from the PE supernatant (PE-cfDNA) and genomic DNA
from white blood cells (WBC-gDNA) were subjected to
respective targeted sequencing. The cohort had a median
age of 60 (range, 43-77) with 63.6% males (Tuble 2). There
were 14 ‘never smokers’ and 18 current or former smokers.
Table S1 presents further clinical information for each
patient.

Various panels revealed generally consistent somatic
mutation profiles

Genomic mutation profiling of PE-cfDNA was performed
with five commercially-available panels at laboratories
of their respective vendors. Key indices measuring DNA
quality were summarized in Table S2. Collectively, 349
single nucleotide variations (SNVs), 75 short insertions
and deletions (indels), 11 fusions, and 230 copy number
variations (CNVs) were identified (Table 3). There was a
high level of agreement among the five panels with respect
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Table 2 Genomic alterations identified with capture-based targeted

sequencing
Characteristics Patient No. =32 %
Age (years)
Median 60 -
Range 43-77 -
Sex
Female 11 34.4
Male 21 63.6
Smoking history
Current 14 43.8
Former 3 9.4
Never 15 46.8
Histologic classification
Adenocarcinoma 31 96.9
Unspecified 1 3.1

to detection of SNVs and indels. All 32 patients were
found to carry at least one mutation. All patients, except
one (P29), carried at least one mutation with established

clinical significance specified in guidelines issued by the
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Single-nucleotide variations Indel Fusion Copy number variations
Gene panel a -
Total Known Total Known Total Known Total Known

A 172 16 40 12 2 2 12 11
B 147 15 28 10 7 6 33 17
C 183 15 27 11 4 4 8 2
D 181 13 32 12 10 5 103 54
E 167 17 31 12 5 5 136 45
Subtotal 349 18 75 13 11 6 230 89

° total number of single-nucleotide variations detected with the indicated gene panel; b, number of single-nucleotide variations with

established clinical significance.

US Food and Drug Administration and/or National
Comprehensive Cancer Network, attesting to the sensitivity
of the five gene panels under evaluation. Figure 24 shows
a detailed distribution of identified mutations with known
clinical significance in NSCLC. Specifically, 17 patients
harbored mutations at a total of 18 SNV loci, among which
nucleotide substitution occurring at 13 loci (72.2%) was
detected by all five panels, three loci by four panels, and
three loci by only one panel (Figure 24). The SNV loci
consistently detected were KRAS p.G12C, KRAS p.G12V,
PTEN p.H93R, TP53 p. T248W, and TPP3 p.R273H.
Regarding indel events, a total of 13 loci were identified in
11 patients, with nine loci in seven sites detected across all
five panels (Figure 2B). These seven indel sites were EGFR
p.K745_A750del, EGFR p.E746_A750del, EGFR p.E746_
A750delELREA, EGFR p.E746_T751delinsVP, EGFR
p-E746_S752delinsV, EGFR p.L747_S752del, and EGFR
p.-L747_T751del (Figure 2C).

By contrast, detection of fusion and CNV events
appeared less consistent. Of the 11 fusions detected, only
six (54.5%) were identified by at least two panels, and two
(18.1%) by all five panels (Figure 2D). Detection of copy
number changes was least consistent. As shown in Figure 2E,
no CNV was detected with all five panels, and of 89 CNV
events in 59 genes, only eight (9.0%) were detected by at
least three panels and 28 (31.5%) by at least two.

The next step involved assessing the effect of inter-
vendor variation on maximum allelic frequency (MAF), an
overall indicator of the rate of mutation detection. No two
laboratories were assigned the same gene panel, therefore
MAFs were computed based on genomic alterations that
occurred within the coding regions shared by all five gene

panels. The resulting median MAFs derived from the five
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panels fell in a narrow range (0.15-0.25%). There was also
no significant difference between the MAF's reported by the
five panels (P>0.99) (Figure 34; Table S3). Rather, MAF's
for indicated classic lung cancer driver mutations revealed
strong correlations across panels (Figure 3B).

Panel-derived TMB correlated moderately to strongly with
those derived from WES

Figure 3C shows that TMB estimations by panel sequencing
(psTMB) were comparable across all five panels (P=0.77),
with median TMBs ranging from 3.1 to 4.5 mutations/Mb.
Table S4 shows psTMB for each patient. Overall, Pearson
correlation analysis showed high correlation psTMB
between profiles, despite inter-panel and inter-laboratory
variations (Figure 3D). Furthermore, a closer look at the
psTMB distribution by patient shows a reasonable range
of psTMB estimates by the five panels for most patients
(Figure 3E).

As WES remains the gold standard for TMB
measurement, sets of psTMB estimates were compared
against WES-derived TMBs (wesTMBs) to evaluate the
accuracy with which each panel gauged TMB. Figure 4
shows strong correlations between wesTMB and psTMB
estimates from panels B, D, and E, with Pearson coefficients
of no less than 0.78. For panels A and C, weaker but
moderate correlations were observed between WES-
panel pairs with respective correlation coefficients of 0.73
and 0.68.

Patient classification based on psTMB estimations

We subsequently simulated the clinical scenario and
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Figure 2 Somatic mutations in PE-cfDNA. (A) A summary of all identified classic lung cancer driver mutations, including SN'Vs, indels,
gene fusions, and CNVs. Detailed overviews of detected (B) SNVs, (C) indels, and (D) gene fusions with known clinical significance. (E)
Distribution of numbers of panels with which indicated CNVs were identified in different pleural effusion specimens. PE-cfDNA, pleural

effusion cell-free DNA; SNV, single-nucleotide variations; CNVs, copy number variations.

compared the performance of the gene panels, classifying
patients into two- and three-tier systems based on psTMB
estimations, with wesTMB serving as the reference
standard. In the two-tier system, the cutoff point between
“low” and “high” TMB groups was 2.17 mutations/Mb,
and the three-tier approach classified patients into

© Annals of Translational Medicine. All rights reserved.

“low” (<0.77 mutations/Mb), “intermediate” (0.77-
3.44 mutations/Mb) and “high” (>3.44 mutations/Mb)
TMB groups. Concordance rates between the classifications
made using psTMB- and wesTMB-based systems were then
calculated (Figure 5). The two- and three-tier approaches
achieved concordance of 74% and 63%, respectively. For
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Figure 3 Comparable mutation detection rates and moderately to strongly correlated TMB profiles determined by WES and by panel-
based sequencing. (A) MAF profiles derived from WES and capture-based targeted sequencing. (B) Pearson correlation coefficients of MAFs
calculated based on mutations located within the common coding regions covered by all five gene panels. Red: complete positive correlation,
i.e., Pearson correlation coefficient (R=1). White: strong correlation (R=0.8). (C) Similar overall distributions of TMB levels derived from
WES (wesTMB) and panel sequencing (psTMB). (D) Pearson correlation coefficient matrix of the five psTMB profiles. Red: complete
positive correlation (R=1). White: strong correlation (R=0.75). (E) Distribution of psTMB estimates by different panels for each patient.
TMB, tumor mutation burden; WES, whole-exome sequencing; MAF, maximum allelic frequency.
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sequencing.

the three-tier approach, a total of 25% “low” TMB patients
in WES-based grouping were classified as “high” TMB by
psTMB-based systems. For instance, a singular pattern of
discrepancy was seen with patient P8, who was misclassified
as “high” TMB by all five panels. Similar misclassifications
also occurred with patient P4, with the exception of panel
C. Patient P14 was also misassigned as “high” TMB by
panel A (Figure 5B). Notably, despite these overestimations
of samples with low TMB levels, no high TMB PE was
classified as “low” TMB by the three-tier system.

Discussion

Although blood-based liquid biopsies are frequently

implemented in clinical practice, especially when tumors

© Annals of Translational Medicine. All rights reserved.

are unavailable, detection of ctDNA derived from plasma
remains challenging due to the limited amount of ctDNA
present in the circulation (18). The potential use of blood
samples to assess TMB is currently under evaluation.
Alternative media for mutation detection, such as PE,
cerebrospinal fluid, and ascites, have been investigated
(19,20). Multiple studies have confirmed that PE can be
used for mutation detection (21-23). Furthermore, some
studies have demonstrated that PE is a superior source to
plasma for mutation detection due to higher sensitivity (15).
However, a knowledge gap exists regarding the utility of
panels in assessing TMB using ¢fDNA from MPE, which
the present study aims to bridge.

Tissue-based WES is the current gold standard and
has been routinely used in many trials of ICIs, including
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two-tier system using the median of wesTMB levels (2.17 mutations/Mb) as cutoff point. Red: high TMB group. Green: low TMB group. (B)

A three-tier classification using the 1 and 3™ quartiles (0.77 and 3.44 mutations/Mb, respectively) as cutoff values. Strong misclassifications

were defined as misassignment of WES-determined “low” TMB specimens into the “high” TMB group, and weak misclassifications

were defined as misplacing intermediate wesTMB specimens into “low” or “high” TMB group, or vice versa. Red: high TMB; yellow:

intermediate TMB; green: low TMB. TMB, tumor mutation burden; WES, whole-exome sequencing.

CheckMate-032 and KEYNOTE-189 (24,25); however,
its relatively high costs and requirement of large quantities
of tissue limit its clinical utility. Therefore, we compared
the performance of five commercially-available large
panels in China for assessing TMB using MPE specimens
from patients with advanced NSCLC. To the best of
our knowledge, this is the first validation of performance
of targeted sequencing in evaluating TMB using
malignant PE.

Previous in silico analyses have demonstrated the effect
of panel size and coverage on TMB assessment (26,27).
All panels analyzed in this study had a minimum panel
size of 1 Mb (range, 1.14-1.68 Mb; Tuble I), the minimum
size recommended for panel-based TMB estimation (27).
In this study, we provide further confirmation of the
suitability of targeted gene panels covering more than
1 Mb of coding genome for TMB assessment. Moreover,
our study also revealed TMB derived from panels B, D,
and E showed strong correlation with wesTMB, all with
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a Pearson correlation coefficient of at least 0.79, whereas
the remaining two panels displayed moderate correlation
(Figure 4). In addition to differences in panel size, another
sizable fraction of inter-vendor variation stems from the
set of genes targeted by each panel. It is possible that
some genes enriched for somatic mutations in NSCLC
are not interrogated, leading to underestimation of TMB.
In addition, various wet-lab factors and bioinformatics
parameters—including, but not limited to, DNA quality,
the amount of ¢fDNA obtained from PE and germline
mutation subtraction—could all contribute to deviation
from WES-derived TMB. This performance survey
highlights the need for further efforts in standardizing the
wet-lab processing and bioinformatic analysis in panel-
based TMB estimation.

Previous studies have attempted to categorize TMB
into a two- or three-tier system. Here we adopted the
same setup and found that the two-tier system (cutoff
2.17 mutations/Mb) resulted in more accurate classification,
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with 74% agreement observed between WES- and panel-
derived TMB compared to 63% agreement using a
three-tier system. Interestingly, although the three-tier
system allowed for a certain “intermediate” grey zone of
TMB, there were still instances where “high” TMB cases
determined by WES were misassigned into the “low” TMB
group based on panel-based estimations. In particular,
one patient (P8) was misclassified by all five panels, as
well as patients P4 and P9 by four panels and two panels,
respectively. This might have resulted from potential DNA
degradation, which would have made certain mutations
undetectable. Additionally, no “high” TMB case determined
by WES was misclassified as “low” TMB based on psTMB
level.

This study presented several limitations, including the
limited number of cases and absence of analyses on inter-
laboratory comparison of the same panel. Despite this, the
five panels under evaluation yielded TMB estimate profiles
that showed moderate-to-strong correlation with that
derived from the gold standard. To our knowledge, this is
the first study that provides evidence for the suitability of
capture-based targeted sequencing in assessing TMB in PE.
Using real-world specimens from advanced NSCLC cases,
our study shows that the five gene panels can produce TMB
estimates with reasonable accuracy. Moreover, despite
inherent differences—such as sets of genomic regions
targeted by different panels—factors like wet-lab processing
and bioinformatic analysis could play a role in introducing
deviation. In this sense, the data generated in this study
could also provide a foundation for understanding the
crucial steps and parameters in targeted sequencing analysis
with the aim of creating an optimal, standard protocol for
assessing TMB in PE. Future studies of larger scale are
warranted to validate findings from this study.
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Supplementary

Table S1 Clinical information of patients enrolled in this study

Patient No. Sex Age Smoking history (pack year) Histologic subtype Pathological stage
1 Male 51 Current smoker (20) Adenocarcinoma v
2 Male 58 Current smoker (30) Adenocarcinoma v
3 Male 44 Former smoker (10) Adenocarcinoma v
4 Female 43 Never smoker Adenocarcinoma v
5 Male 63 Current smoker (40) Unspecified v
6 Male 40 Never smoker Adenocarcinoma v
7 Female 66 Current smoker (50) Adenocarcinoma v
8 Male 53 Current smoker (30) Adenocarcinoma v
9 Male 31 Never smoker Adenocarcinoma v
10 Female 60 Never smoker Adenocarcinoma v
11 Male 68 Current smoker (87.5) Adenocarcinoma v
12 Female 58 Never smoker Adenocarcinoma v
13 Female 51 Never smoker Adenocarcinoma v
14 Male 65 Current smoker (20) Adenocarcinoma v
15 Male 58 Current smoker (2.5) Adenocarcinoma v
16 Male 72 Current smoker (30) Adenocarcinoma v
17 Male 73 Former smoker (20) Adenocarcinoma v
18 Female 49 Never smoker Adenocarcinoma v
19 Female 57 Never smoker Adenocarcinoma v
20 Male 58 Current smoker (2.5) Adenocarcinoma v
21 Female 77 Never smoker Adenocarcinoma v
22 Male 44 Never smoker Adenocarcinoma v
23 Female 77 Never smoker Adenocarcinoma v
24 Female 70 Never smoker Adenocarcinoma v
25 Male 53 Never smoker Adenocarcinoma v
26 Male 65 Current smoker (60) Adenocarcinoma v
27 Male 57 Current smoker (30) Adenocarcinoma v
28 Male 63 Current smoker (45) Adenocarcinoma v
29 Female 66 Never smoker Adenocarcinoma v
30 Male 54 Never smoker Adenocarcinoma v
31 Male 50 Former smoker (3.5) Adenocarcinoma v
32 Male 42 Current smoker (2.5) Adenocarcinoma v
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Table S2 Key quality control indices of whole-exome sequencing (WES) and panel-based sequencing conducted in this study

psTMB
Patient No. wesTMB
Panel A Panel B Panel C Panel D Panel E

1 1.97 4.38 5 2.14 4.76 3.8
2 1.16 4.38 6 1.42 2.38 3.1
3 1.16 2.63 2 1.42 7.94 1.5
4 0.14 1.75 1 2.14 0.00 0.8
5 5.00 15.76 12 8.57 13.49 15.4
6 3.94 4.38 7 5.00 5.56 6.2
7 0.78 3.50 2 0.00 0.00 0.7
8 0.20 10.51 9 5.71 9.52 6.2
9 0.03 0.00 0 2.14 0.00 0.0
10 2.45 5.25 4 7.14 5.56 6.9
11 1.26 1.75 1 2.14 0.79 0.0
12 0.27 8.76 13 19.20 9.52 8.5
13 0.48 4.38 4 1.43 3.17 2.3
14 1.73 4.38 5 5.71 3.97 3.1
15 1.02 2.63 1 0.71 0.79 0.0
16 2.55 8.76 6 3.57 4.76 5.4
17 0.07 5.25 1 0.71 0.00 0.8
18 2.45 2.63 5 4.28 3.97 3.8
19 1.50 2.63 4 5.00 3.17 1.5
20 11.69 18.39 21 19.28 23.02 16.9
21 0.99 2.63 3 2.85 2.38 2.3
22 0.24 6.99 4 0.71 3.17 3.0
23 0.10 2.63 3 0.71 0.79 0.0
24 0.07 2.63 2 0.71 0.00 0.8
25 1.50 5.25 5 2.85 3.97 3.8
26 2.04 7.01 5 5.71 6.35 5.4
27 1.26 4.38 3 4.28 3.17 2.3
28 9.35 14.89 15 14.29 13.49 131
29 0.61 4.38 5 4.28 2.38 3.1
30 0.85 6.13 5 2.86 3.97 3.1
31 1.60 12.26 11 9.29 11.11 10.8
32 2.31 3.50 4 4.28 4.76 6.2
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Table S3 Maximum allelic frequencies (MAF's) based on mutations located within the coding region shared by all five gene panels

Panel A Panel B Panel C Panel D Panel E
0.056 0.599 0.453 0.447 0.836
0.968 0.970 0.949 0.968 0.967
0.977 0.959 0.947 0.959 0.943
0.927 0.885 0.851 0.877 0.829
0.088 0.123 0.493 0.127 0.093
0.050 0.091 0.031 0.150 0.082
0.079 0.061 0.081 0.121 0.030
0.844 0.776 0.647 0.772 0.725
0.877 0.868 0.865 0.861 0.858
0.413 0.464 0.462 0.512 0.428
0.421 0.498 0.231 0.460 0.536
0.193 0.220 0.178 0.324 0.166
0.554 0.657 0.676 0.660 0.636
0.353 0.359 0.332 0.341 0.351
0.085 0.085 0.102 0.150 0.341
0.520 0.543 0.530 0.518 0.793
0.561 0.407 0.254 0.380 0.339
0.471 0.632 0.599 0.650 0.268
0.038 0.048 0.037 0.048 0.038
0.064 0.056 0.051 0.080 0.059
0.114 0.096 0.133 0.100 0.115
0.352 0.384 0.337 0.387 0.244
0.133 0.191 0.186 0.181 0.163
0.161 0.149 0.162 0.151 0.145
0.023 0.010 0.012 0.032 0.003
0.016 0.022 0.009 0.030 0.009
0.327 0.338 0.369 0.341 0.311
0.099 0.279 0.010 0.096 0.143
0.000 0.010 0.035 0.022 0.000
0.019 0.020 0.032 0.017 0.017
0.014 0.014 0.027 0.020 0.026
0.013 0.011 0.005 0.000 0.011
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Table S4 Tumor mutation burden (TMB) levels determined by whole exome sequencing and by targeted sequencing

Panel Median fragment length (bp)

Median sequencing depth (x)

Whole exome sequecing

A

m O O @

178.5
174
187.5
202
175.5
402.5

523
2,496
1,883
3,776
3,171
2,386
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