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Abstract
Background  Tumor mutation burden (TMB) is a predictive biomarker for assessing the response of various tumor 
types to immune checkpoint inhibitors (ICI). TMB is quantified based on somatic mutations identified by next-
generation sequencing (NGS) using targeted panel data. This study aimed to investigate whether different NGS 
methods will affect the results of TMB detection in solid tumors.

Materials and methods  In this study, a hybrid capture NGS method was performed to identify Tumor-only (TO) 
tissue and tumor tissue and white blood cells Tumor Control (TC). The accuracy and specificity of the two employed 
methods were evaluated by the identification and analysis of standard reference data. Based on the quality control of 
FFPE samples, 24 pathological and imaging confirmed solid tumor samples were compared to assess the differences 
between the two methods in identifying and incorporating the mutation sites and the effect on TMB detection.

Result  The data identified 298 common genes in the detection range of TO and TC methods. The detection range 
of these genes primarily comprised exons and some introns. The coefficient of variation (CV%) between the detected 
variant and true mutation frequencies was < 10%, confirming their accuracy and specificity. Both methods detected 
increased mutations of TP53, CDKN2 A, KRAS, PTEN, EGFR, PIK3 CA, BRAF, BRCA2, FGFR2, and NRAS. The consistency 
rate of TMB was observed as 92% (22/24). The chi-square test indicated a significant difference in TMB results between 
TO and TC (χ2 = 16.667, p = 0.000, p < 0.001). Furthermore, Cohen’s kappa analysis showed consistency in the TMB 
values detected by TO and TC methods, which were good and had high repeatability (kappa = 0.833, p = 0.000, 
p < 0.001). The Venn analysis revealed that the two methods identified and included different TMB sites, which in turn 
affected the TMB calculation results.

Conclusion  This study revealed that different algorithms and design panels for mutation filtering affect the TMB test 
results. When the TMB result is near the 10 mut/Mb threshold, different methods may yield different results. Moreover, 
a single test result can affect clinical treatment decisions. Therefore, it is recommended to use TO or TC combined with 
other tests for evaluating somatic mutations.
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Introduction
Tumor mutation burden (TMB) refers to the total num-
ber of mutations per Mb unit (muts/Mb) in the coding 
region of somatic proteins per million bases (Mb) in the 
tumor genome. TMB indicates the genomic instabil-
ity of tumor cells and the number of mutations [1]. Fur-
thermore, tumor cells with high TMB values have higher 
neoantigens levels, which helps the immune system to 
recognize and eliminate cancer cells [2, 3]. Therefore, 
TMB has been employed to predict the efficacy of immu-
notherapy in solid tumor patients, which can help iden-
tify patients who are sensitive to therapeutic drugs such 
as immune checkpoint inhibitors (ICIs). Based on the 
KEYNOTE-158 study, the U.S. Food and Drug Admin-
istration (FDA) authorized Pablizumab monotherapy 
for unresectable or metastatic high TMB (TMB-H ≥ 10 
muts/Mb) in adults and children suffering from solid 
tumors [4].

Whole exome sequencing (WES) is considered a 
gold standard method for TMB analysis and is widely 
employed for early immunotherapy in various cancer 
patients. However, WES has a high cost and requires 
a large sample size, which limits its wide application in 
clinical practice [5]. In comparison with WES, a large 
panel provides a deeper sequencing depth (1000×) within 
a reasonable cost range, allowing more accurate calcula-
tion of molecular indicators such as TMB [6, 7]. There-
fore, for clinical TMB detection, it is more practical to 
use large Panels instead of WES or WGS. NGS can iden-
tify somatic mutations (point mutations, insertions or 
deletions, etc.) by sequencing the patient’s tumor DNA, 
and can also calculate the TMB value to evaluate the 
degree of genomic variation in the tumor. The calculation 
of TMB value and its use as a biomarker remains contro-
versial [8]. Several studies have provided accurate TMB 
values and therapeutic guidance for clinical application 
by recalibrating the different clinical results of TMB and 
ICIs, as well as by employing the TMB heterogeneity 
adaptive optimization model using clonal genomic fea-
tures in group structure data to predict immunotherapy 
response [9–13].

Currently, two main methods are employed for the 
identification of mutant genes in NGS large Panel prod-
ucts. One of these, Tumor only (TO) method, analyzes 
the patient’s tumor tissue to identify somatic mutations 
by comparing the tumor tissue sequencing data with 
the population database in different regions. The other 
method, Tumor control (TC), simultaneously detects the 
patient’s tumor tissue and white blood cells or normal 
tissue. However, during data analysis, whether these two 
methods can identify the difference between germline 

and somatic mutations, which causes the calculation 
error of TMB, has not been assessed. Therefore, fur-
ther clinical studies should be conducted to evaluate the 
impact of methodological differences on TMB detection 
and provide reference data for the clinical selection of 
detection methods.

Materials and methods
Reagents
DNA extraction used Kaijie FFPE magnetic bead extrac-
tion reagent per the manufacturer’s instructions. All 
the extracted nucleic acid samples were quantified by 
Qubit®dsDNA HS Assay Kit. Shihe No.1®Non-Small Cell 
Lung Cancer Tissue TMB Detection Kit (Reversible End-
Terminal Sequencing) (Nanjing Shihe Medical Co., Ltd, 
China) was employed for the TC group for analyzing 
exons and/or introns of 425 genes, detect tumor forma-
lin-fixed paraffin-embedded (FFPE) samples and white 
blood cells. Furthermore, the Illumina TruSight Oncol-
ogy 500 kit (Illumina, USA) was used for the TO group 
for exons and/or introns analysis of 523 genes in tumor 
FFPE samples.

Collection of standard references and samples
The standard references were acquired from Jingliang 
Biotechnology Co., Ltd. China, and included the hot 
spot mutation sites of solid tumors. The results were 
compared with the true values to evaluate the detection 
accuracy and specificity of the reagent. Furthermore, this 
study analyzed 24 clinical samples of newly diagnosed 
patients with solid tumors acquired from the Affiliated 
Cancer Hospital of Guizhou Medical University. All 
patients were diagnosed by pathology and imaging and 
met the following inclusion criteria: (1) FFPE samples 
from patients with pathological test records and (2) FFPE 
samples from newly diagnosed patients without targeted 
therapy and immunotherapy. The research samples and 
methods in this study were approved by the ethics com-
mittee of the unit (No: SL-202305167 ). Signed informed 
consent was obtained from all the patients before the 
study. The consent allowed the use of test results in sci-
entific research while keeping any personal information 
private.

FFPE samples and nucleic acid quality control indicators
The optimized proportion of tumor cells in FFPE samples 
of patients was > 20% by HE staining, and the threshold 
total amount of nucleic acid DNA extraction was > 300 
ng. Furthermore, for the TC method, the white blood cell 
DNA was extracted from the control patient’s blood sam-
ples, and the required total amount was set as > 50 ng. 
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Furthermore, Nanodrop was employed to determine the 
purity of nucleic acid, the A260/280 value was set at ≥ 1.8.

Library construction
The library was constructed by following the instruc-
tions of each reagent of TC and TO groups, which were 
based on the principle of hybridization capture. The 
sequencing principle was reversible terminal sequencing 
(sequencing while synthesizing). Briefly, the DNA was 
fragmented using Covaris M220 to generate 90–250  bp 
fragments. Then, end repair and 3’ end A-tail addition 
were performed. The Index adaptors were connected to 
identify different samples in the same batch to obtain 
the pre-library, which was then enriched and amplified 
using UMI (probe). For library enrichment, during the 
hybridization capture step, the TC reagent used a probe 
targeting 425 genes. Whereas the TO reagent required 
two hybridization/capture steps. First, the specific oligo-
nucleotide pools of 523 genes were ligated into the pre-
pared DNA library, and then the probes hybridized with 
the target DNA region were captured by streptavidin 
magnetic beads. The second hybridization was carried 

out to ensure the high specificity of the capture region. 
Finally, the enriched library was amplified by PCR, and 
then quantified and homogenized. The target peak was 
identified using an Agilent 2100 fragment analyzer. The 
library was merged, denatured, and diluted to a suitable 
concentration, and sequenced using the Illumina Next-
Seq 550.

Bioinformatics analysis and TMB evaluation method
The bioinformatics analysis process of TC and TO is 
shown in Fig.  1. The TC method assesses the sub-allele 
frequency of SNP loci and constructs a genome-wide 
copy number map based on the sequencing depth of 
tumor tissues and paired normal blood samples. The TO 
method uses a specific formula to calculate the total num-
ber of TMB: TMB variants (including synonymous and 
non-synonymous non-hot spot somatic coding variants, 
i.e., single nucleotide variants or small insertions/dele-
tions, with a ≥ 5% variant allele frequency) divided by the 
size of the coding region defined by the quality control 
criteria of the reagent. These calculations exclude muta-
tions below the threshold and mutations in mitochondria 

Fig. 1  The bioinformatics analysis process of TC and TO
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and non-eligible regions. Mutations with a ≥ 50 popula-
tion allele count are considered tumor-driven mutations. 
Furthermore, population frequency databases (such as 
dbSNP, ExAC, and gnomAD) were employed to filter 
germline mutations. The TMB state criterion in the two 
methods was: TMB value > 10/Mb = high TMB (TMB-H), 
TMB value < 10/Mb = low TMB (TMB-L).

Result
Accuracy and specificity
Some fusion mutation parameters for both methods are 
indicated in Table 1. In terms of coverage, the detection 
range of TO and TC overlapped 298 genes (Fig. 2A). Both 
methods identified all exon and partial intron regions 
of some genes. Furthermore, both methods accurately 
detected the fusion sites based on the fusion standard ref-
erence and the hot spot mutation sites of common solid 
tumors. Furthermore, the coefficient of variation (CV%) 
between the mutation frequency was also detected and 
the true value was < 10%. Moreover, the data confirmed 

that TC and TO both have high accuracy and specificity, 
and the test results in this laboratory are reliable (Fig. 2B 
and C).

General results of clinical samples
This study collected FFPE samples from 24 patients with 
solid tumors. The samples covered various types of can-
cers, including non-small cell lung cancer (NSCLC) 
(n = 14), bladder cancer (n = 1), gallbladder cancer (n = 1), 
liver cancer (n = 1), epididymal synovial sarcoma (n = 1), 
melanoma (n = 1), renal cell carcinoma (n = 1), head and 
neck cancer (n = 2) and breast cancer (BC) (n = 2). There 
were 15 male and 9 female patients aged between 36 and 
84 years, with an average age of 62 years (Fig. 3A and B).

Quality control of clinical sample sequencing data
The results showed that the total amount of pre-library 
(ng) and the median sequencing depth (X) in the exon 
sequencing region were significantly higher in the TC 
group than in the TO group. Furthermore, the quality 
control indexes were > 200 ng and > 200 X, respectively. 
All sample libraries and sequencing depths were quali-
fied. Moreover, compared with TO, the TC library had a 
higher total amount and sequencing depth (Fig. 4A and 
B). Furthermore, the remaining quality control param-
eters of the two methods, such as machine data com-
parison rate (ON TARGET %), exon coverage rate (50X 
COVERAGE %), and error rate (Q30%), were also quali-
fied (Fig. 4C). Therefore, the qualification rate results in 
this study reached 100%.

Clinical sample test results
The mutations detected by TC were classified into Level 
1 (n = 8), 2 (n = 34), 3 (n = 58), and 4 (n = 322), whereas 
the mutations detected by TO were categorized as 
Strong Significance (n = 39), Confirmed Somatic (n = 38), 

Table 1  Comparison of method reagent parameters
Approach TC

(425 Panel /Tumor-control)
TO
TSO 500(Tu-
mor-only)

DNA input (ng) ≥ 50 ≥ 40
Fragmentation 
method

Sonication
sonication

Detection range Whole exons and selected Introns
Genes/exons 425/5035 523/7567
Probe length (bp) 120 80
Probe design hyb-capture hyb-capture
Probe number 12,178 39,759
TMB value (mut/
Mbp)

Synonymous and Non-synonymous

Database COSMIC, dbSNP, gnomAD, ClinVar, and OMIM, 
dbSNP, ExAC, gnomAD

Fig. 2  Detection range and standard reference analysis. (A) The intersection of the TC and TO detection range indicates full exon and partial intron 
regions of 298 genes. (B) Two methods were used to detect the reference sites of the fusion mutation standard. (C) Evaluate the hot spot mutations of 
solid tumors in the standard
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Potential Significance (n = 34), VUS (n = 288) (Fig.  5A 
and B). Based on the 298 genes in the common detec-
tion range region, among the class I and II mutations, 
TP53, CDKN2A, KRAS, PTEN, EGFR, PIK3CA, BRAF, 
BRCA2, FGFR2, and NRAS had a higher number of point 
mutations, insertions or deletions (SNV/Indel) (Fig. 5C). 

Furthermore, the CNV detected by the two methods 
included AKT2, MYC, MYC, CCNE1, FGFR1, KRAS, 
PTEN, EGFR, CCND1, and FGF19 (Fig. 5D). Overall, it 
was indicated that in the same detection range and site, 
different methods of mutation site analysis demonstrated 

Fig. 4  Quality control of clinical sample sequencing. (A) The total amount of pre-library (ng) constructed by TO and TC methods. (B) Median sequenc-
ing depth of exon sequencing regions (X) by TO and TC methods. (C) TO and TC offline data comparison rate (ON TARGET %), exon coverage rate (50X 
COVERAGE %), and error rate (Q30%)

 

Fig. 3  Clinical sample composition. (A) Types of cancers in 24 clinical samples, the value indicates the number of cancer species. (B) The proportion of 
males and females in clinical samples is expressed in percentage
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different detection sites and their number of detected 
sites.

TMB results
The TMB results indicated 92% consistency (22/24). 
Among these consistent samples, 11 were TMB-H, 
including 8 cases of NSCLC, 1 case of bladder cancer, 1 
case of head and neck cancer, and 1 case of kidney can-
cer. The chi-square test was performed to evaluate the 
results of the TMB test, which revealed a significant dif-
ference between the TO and the TC groups (χ2 = 16.667, 
p = 0.000,p < 0.001). However, the paired sample T-test 
showed no significant difference between the two groups 
(p = 0.132,p > 0.05). The results of Cohen’s Kappa statistics 

showed that the two methods had highly consistent and 
reproducible results (Kappa = 0.833, p = 0.000, p < 0.001) 
(Table 2). The results of TO and TC were normally dis-
tributed (Fig.  6A, B and C). Moreover, compared with 
TO, TC detection indicated a higher TMB value (15/24) 
(Fig. 6D, E and F).

Furthermore, the number of TMB sites assessed by TC 
was less than that detected by TO (138 < 188). A total of 
88 common sites were selected for TMB calculation by 
the two methods (Fig. 7A).

Analysis of different results
In samples number 12 and 14, the TMB analysis by TC 
and TO indicated opposite results. The TC method 

Table 2  TMB assessment analysis
Group Chi-square test Pairing T-test Cohen’s Kappa

χ2 p t p Kappa p
TC 16.667 0.000** 1.561 0.132 0.833 0.000**
TO
*p < 0.05, **p < 0.01

Fig. 5  Detection results of the two methods. (A) The mutations detected by TC were classified as Level 1 (n = 8), 2 (n = 34), 3 (n = 58), and 4 (n = 322). (B) 
TO detected mutations were categorized as Strong Significance (n = 39), Confirmed Somatic (n = 38), Potential Significance (n = 34), and VUS (n = 288). (C) 
In types I and II mutations, point mutations were detected by both TO and TC. TP53, CDKN2 A, KRAS, PTEN, EGFR, PIK3CA, BRAF, BRCA2, FGFR2, and NRAS 
were found to have a higher number of insertion or deletion (SNV/Indel) mutations. (D) The CNV loci detected by TO and TC were AKT2, MYC, MYC, CCNE1, 
FGFR1, KRAS, PTEN, EGFR, CCND1, and FGF19
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revealed that the TMB value of NSCLC patients num-
bered 12 was 14.8, which was considered TMB-H, 
whereas the TMB value detected by TO was 9.4, which 
was deemed TMB-L. Furthermore, the TMB value of BC 
patients numbered 14 was 6.34 (TMB-L) in TC detection 
and 10.2 (TMB-H) in TO detection (Fig. 6E). The inter-
section represents the mutation results of samples No. 
12 and 14 (Fig. 7B). The genes with mutation levels 1 and 
2 were the same; however, the mutation sites of levels 3 
and 4 were different (Supplementary Data). Moreover, in 
addition to the different detection ranges, there are also 
differences in the mutation levels. Although bladder can-
cer patient No. 16 and head and neck cancer patient No. 
22 were both TMB-H, the TMB values obtained by dif-
ferent detection methods were quite different. In addi-
tion, samples No. 12, 14, 16, and 22 were analyzed by TC 
and TO methods to detect their loci and TMB calcula-
tion (Fig. 7C). It was found that the two methods had sig-
nificantly different TMB results in different cancer types, 
and the Venn analysis is shown in Fig. 7. The TMB results 
were different due to the different mutation sites identi-
fied and included in the calculation by the two methods.

Discussion
For detecting TMB by NGS large panel, there are many 
influencing factors, such as biological characteristics 
(including tumor type, etc.), pre-analysis factors (sample 
quality/quantity, etc.), sequencing factors (DNA capture 
area, panel size, enrichment method, sequencing depth, 
sequencing platform), bioinformatic analysis (mutation 
type, germline filtration, cut-off value, etc.) and threshold 
setting (patient population), etc. The contradictory TMB 
results might primarily be because of the incomplete 
biostatistical rules and the diversity of clinical samples 
[13]. Furthermore, the simultaneous detection of nor-
mal tissues and cells as controls for screening somatic 
mutations may also cause inconsistent results. The TMB 
calculation is mainly based on the number of somatic 
mutations involved [14, 15]. The TC process judges the 
system and germline variation according to the AF dif-
ference between the tumor and control samples. The 
TO process uses a set of germline prediction algorithms 
(toseq) developed by machine learning. The algorithm 
gives different weights to conditions such as mutation 
type, mutation abundance, and population database 

Fig. 6  The results of TMB were detected by the two methods. (A) The normal distribution map of the TMB value. (B) TMB value LOG to calculate the 
normal distribution diagram. (C) Normal skewness distribution map of TMB value. TO = 0.487, is right skew, kurtosis is TC = -0.793, TO = -0.941, kurtosis is 
relatively flat. (D) TMB value distribution box plot. (E) TMB distribution trend line chart. The TMB values of the two methods were measured with 10 as the 
cut-off point. Samples with values below 10 were evaluated as low tumor mutation load (TMB-L), and samples with cut-off values above 10 were evalu-
ated as high tumor mutation load (TMB-H). The red circle indicates that the TMB results of the two samples are opposite, and the green box indicates 
that the samples have a large difference in TMB value. (F) The number of cases with TMB value TC ≥ TO was 16 cases. The TMB value of TC was significantly 
higher than that of TO; therefore, the mutation screening differences between TO and TC methods include different final numbers of system mutations 
in the calculation, which may be the main reason for the difference in TMB values
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distribution, and reveals whether a mutation is germline 
mutation through the prediction model. Furthermore, 
the germline mutations are not included in the TMB 
calculation. Therefore, adding a control may impact the 
results of TMB [13, 16–18].

Here, the standard analysis results showed no differ-
ence in TMB detection results of TO and TC methods. 
However, when clinical samples were analyzed, oppo-
site results were observed. To ensure the comparability 
of data, the nucleic acid extraction, library construction, 
sequencing, background noise filtering, and TMB cal-
culation were kept constant between TO and TC meth-
ods. The results showed that the TMB value of TC was 
significantly higher than the TO. Therefore, the different 
mutation screening methods (TO and TC) include differ-
ent final numbers of system mutations in the calculation, 
which may be the main reason for the difference in TMB 
values.

The paired two-sample test of clinical samples showed 
that the TMB of 2 samples (No. 12 and 14 ) had the 
opposite results. The TMB result of the No. 12 sample 
TC was higher than that of TO (TC = 14.8 > TO = 9.4), 
while that of sample No. 14 was lower than that of TO 
(TC = 6.34 < TO = 10.2). Furthermore, it was found the TO 
test results of samples No. 12 and 14 were near the criti-
cal value. The comparison with the sequencing results of 

the normal control revealed differences in the number 
of screened mutant genes, which is the main reason for 
the opposite results. This may be related to the charac-
teristics of the tumor. The clinicopathological diagnosis 
results revealed that sample 12 was NSCLC with somatic 
mutation, which is greatly affected by environmental fac-
tors and has great individual differences. Therefore, more 
system mutations can be screened and higher TMB val-
ues can be calculated by comparing normal controls. 
This study included 14 NSCLC samples, and most of 
the samples obtained higher TMB values by TC detec-
tion. However, higher TMB results are due to higher or 
lower detection sensitivity, and further observation and 
research are needed. The clinicopathological diagnosis 
of sample 14 was BC, which is a hereditary tumor and 
affected by familiality. The effect of germline mutations 
will be excluded by white blood cell control. The TMB 
calculation includes fewer mutation sites, which yields 
a lower TMB value. Therefore, when the TMB results 
are near the threshold, different methods will affect the 
detection results, which in turn affects clinical decision-
making. Thus, combining other detection methods can 
improve the sensitivity of the detection. For example, in 
NSCLC, the immunohistochemical detection of PD-L1 
and TMB should complement each other [19–22]. For BC 
treatment, the interaction between the TCR index and 

Fig. 7  Difference analysis of detection results and TMB. (A) For TMB analysis by the two methods, 24 samples and 88 intersection sites were selected. 
(B)The left side of the figure represents NSCLC patients, and the right side represents BC patients. The intersection shows the results of co-detected muta-
tions and microsatellite instability (MSI) assessment. The details of the specific mutation sites are shown in the appendix. (C) TC-12/TO-12 means NSCLC 
patients included in the TMB locus, TC-14/TO-14 means BC patients included in the TMB locus, TC-16/TO-16 means 16 bladder cancer patients included 
in the TMB locus, TC-22/TO-22 means 22 head and neck cancer patients included in the TMB locus. The intersection number in the graph indicates that 
the number of genes included in the TMB calculation is consistent. It was observed that different methods have different criteria for mutation filtering and 
system interpretation. Different sites included in TMB calculation yield different TMB values, which affects the judgment of TMB-H or TMB-L to some extent
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TMB may guide the neoadjuvant therapy of operable BC 
[23–25]. Further, due to the increased incidence of intra-
tumoral heterogeneity (ITH), treatment decisions cannot 
be made based on a single clinical predictor. Therefore, 
it is necessary to combine other indicators, including but 
not limited to TMB, HLA genotype, PD-L1 level, serum 
albumin, and certain DNA damage repair defects.

This study also found that two samples (sample 16 
(TC = 22.21, TO = 11.0) and sample 22 (TC = 28.55, 
TO = 19.6)) were TMB-H; however, their TMB values 
were quite different. Sample 16 were bladder cancer 
and sample 22 are head and neck cancer cases, both of 
which indicated TC > TO. It was thus inferred that the 
reason for inconsistent results is that bladder cancer and 
head and neck tumors are rare tumors [26–29]. Due to 
incomplete understanding of the gene mutation profiles 
of these tumors and limited number of loci included in 
the database, the TO method may result in lower tumor 
mutation burden (TMB) values.

Limitations
There are certain limitations of this study. (1) The sample 
size of the study was small. (2) The statistical results only 
preliminarily explained the difference affecting the TMB 
values between the TC and TO methods. Therefore, in 
the future, more clinical samples should be included to 
provide novel selection criteria for TMB analysis.

Conclusion
This study revealed that different algorithms and design 
panels for mutation filtering will affect the TMB test 
results. When the TMB result is near the 10 mut/Mb 
threshold, different methods may yield different results. 
Furthermore, a single test result will affect clinical treat-
ment decisions. Therefore, for employing TO or TC, it 
is recommended to combine other tests for evaluating 
sumatic mutations. Moreover, the TC method is recom-
mended for hereditary tumors, head and neck tumors, 
bladder cancer, kidney cancer, and other rare tumors. 
Similarly, future TMB detection methods should com-
bine clinical and biological specificity of different can-
cer species, integrate multi-omics methods, or improve 
mutation filtering algorithms to improve the accuracy of 
TMB.
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