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Problems in Cancer Genome Medicine: Base Mutations 
Cause Intron Start Signals, Resulting in  

Unexpected Splicing

Takuma Hayashia, c, Ikuo Konishia, b

Abstract

Background: The genetic characteristics of surgically removed can-
cerous tissues are examined using cancer gene panel testing in can-
cer genome medicine to detect the pathogenic variants involved in 
the proliferation and progression of cancer cells. An antitumor drug 
is prescribed if it directly acts on the detected pathogenic variant; 
however, some aspects require careful consideration by medical pro-
fessionals in such cases. The genetic mutations involved in the pro-
gression or onset of malignant tumors differ with race. Furthermore, 
genetic mutations that are variants of unknown significance (VUS) 
may be involved in the progression or onset of malignant tumors in 
some races according to the ClinVar results from the National Center 
for Biotechnology Information. Single nucleotide variations can re-
sult in silent mutations or splice sites.

Methods: We therefore reexamined the CGP results (VUS) of pa-
tients suspected of developing hereditary tumors based on their fam-
ily background using IGV and RT-PCR.

Results: KRAS Q61K, which is found in many gastrointestinal cancers, 
was identified as a VUS by ClinVar, but this gene mutation was found 
to cause splicing. The cancer gene panel test of a 41-year-old male pa-
tient with paraganglioma identified succinate dehydrogenase complex, 
iron-sulfur subunit B (SDHB) G642T as a VUS. However, this muta-
tion was later discovered to cause the splicing site to shift, preventing 
SDHB from translating from the correct mRNA. In addition, a cancer 
gene panel test of a 47-year-old patient with right breast cancer deter-
mined that breast cancer susceptibility gene 2 (BRCA2) 631 3A>T was 
a VUS. However, this mutation may create a splicing site, which means 
that the correct BRCA2 mRNA for BRCA2 is not produced.

Conclusions: The diagnosis of gene mutations based on the results of 
cancer gene panel testing may not always be correct, and a detailed 
examination of gene mutations is necessary. Our medical staff has per-
formed cancer gene panel testing on approximately 5,500 cases of in-
tractable malignant tumors to date and are investigating new treatments 
for these tumors. In this article, we discuss our experience with cancer 
gene panel testing as well as the problems encountered and new findings.
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Introduction

Cancer treatment has involved the selection of antitumor drugs 
according to the cancer type in each organ. The effectiveness 
of antitumor drugs against various cancer types has been ex-
amined, and antitumor drugs have been prescribed according 
to the treatment guidelines for each cancer type [1]. However, 
the effectiveness of antitumor drugs, as defined by clinical 
practice guidelines, is not always known. Cancer cells are het-
erogeneous, and the unique characteristics of each individual 
cancer cell strongly affect the efficacy of the prescribed anti-
tumor agent [2]. The “Precision Medicine Initiative” was an-
nounced in 2015 in the USA, which is developing into a new 
cancer treatment known as cancer genome medicine, which is 
not limited by the cancer type in each tissue [3, 4].

FoundationOne® CDx Cancer Genomic Profile (FMI, 
Cambridge, MA, USA) and OncoGuide™ NCC Oncopanel 
(Sysmex Corporation, Kobe, Hyogo, Japan) were approved 
in Japan, by the Ministry of Health, Labour and Welfare as 
cancer gene panel tests for solid tumors and have been cov-
ered by insurance in June 2019. Cancer gene panel testing has 
been initiated in Japan in clinical practice as a genomic cancer 
treatment. The genomic DNA extracted from sections of surgi-
cally removed tissues (solid tumors) are fixed in formalin and 
embedded in paraffin, then used for cancer gene panel testing. 
However, the genomic DNA in tissues fragments after long-
term storage; therefore, tissue sections stored for more than 3 
years cannot be used for cancer gene panel testing. Therefore, 
these cancer gene panel tests cannot be performed on patients 
who underwent surgical treatment more than 3 years ago, who 
were transferred from another hospital, or from whom tissue 
sections could not be obtained.
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Many clinical studies have analyzed various parameters of 
the cell-free DNA in liquid biopsies (human blood samples), 
such as variations in bases, copy numbers, and structure; DNA 
fragmentation; and DNA methylation. Methods have been 
developed to detect and monitor the onset and progression of 
cancer based on various cell-free DNA parameters [5]. Founda-
tionOne® CDx liquid (FMI) and Guardant360 CDx (Guardant 
Health, Inc., Palo Alto, CA, USA) have been approved by the 
Japanese Ministry of Health, Labour and Welfare as cancer gene 
panel tests for use with human blood samples. Nucleotide muta-
tions and copy number changes were detected in the cell-free 
DNA obtained from human blood samples. Therefore, cancer 
gene panel testing using human blood samples is the method of 
choice when tissue sections removed by surgical treatment are 
not available or have been stored for more than 3 years.

Our medical staff performed cancer gene panel testing from 
2019 to March 2025 to identify new treatment strategies for ap-
proximately 5,500 cases of progressive and metastatic malig-
nant tumors. The gene mutations and increased copy numbers 
detected through cancer gene panel testing were compared with 
the data from databases such as ClinVar (National Center for 
Biotechnology Information) [6], OncoKB (an FDA-recognized 
human genetic variant database) [7], and Catalogue of Somatic 
Mutations in Cancer (COSMIC) [8] to determine their involve-
ment in the onset or progression of malignant tumors. However, 
Kirsten rat sarcoma virus Protooncogene, GTPase (KRAS) gene 
mutations may be silent mutations or splicing donor sites, and 
such gene mutations do not affect the onset or progression of 
malignant tumors [9]. Therefore, our medical staff re-examined 
whether the gene mutations detected using cancer gene panel 
testing were silent mutations or splice donor sites.

Succinate dehydrogenase complex, iron-sulfur subunit B 
(SDHB) G642T was diagnosed as a variant of unknown signif-
icance (VUS) through cancer gene panel testing for a 41-year-
old male patient with paraganglioma. However, this mutation 
was later discovered to cause a shift in the splicing site, pre-
venting SDHB from being translated from the correct mRNA. 
In addition, breast cancer susceptibility gene 2 (BRCA2) 631 
3A>T was identified as a VUS from the results of cancer gene 
panel testing of a 47-year-old patient with right breast cancer. 
However, this mutation created a splicing site that prevented 
the correct BRCA2 mRNA from being produced for BRCA2. 
As such, the medical information displayed in databases such 
as ClinVar is not always accurate; therefore, genome databases 
must also be used to examine the effects of gene mutations. 
Furthermore, the information in these databases may not be 
applicable to the onset or progression of malignant tumors in 
Asian populations as the data were obtained from Western pa-
tients. Therefore, medical information should be organized by 
race when creating a database.

Materials and Methods

Cancer gene panel profiling

This multicenter, retrospective, observational study included 
patients who received cancer genome treatment at various can-

cer medical facilities in Kyoto, Japan. This clinical study was 
performed in accordance with the principles of the Declaration 
of Helsinki and was approved by the Central Ethics Review 
Board of the National Hospital Organization Headquarters, 
Meguro, Tokyo, Japan (approval number: NHO R4-04; ap-
proval date: November 18, 2020) and the Kyoto University 
School of Medicine, Kyoto, Japan (approval number: M237; 
approval date: August 24, 2022). Written informed consent 
was obtained from all participants.

Cancer genome medicine was applied using cancer gene 
panel testing, which was approved by the Japanese Ministry of 
Health, Labor, and Welfare on June 3, 2019. Cancer gene pan-
el testing involved the use of the OncoGuide™ NCC Onco-
panel gene mutation analysis set (Sysmex Corporation, Kobe, 
Hyogo, Japan) and FoundationOne CDx cancer genome test 
(Foundation Medicine, Inc., Cambridge, MA, USA).

The mutation information of 324 genes was analyzed us-
ing the FoundationOne CDx cancer genome profile, using the 
genomic DNA of the tumor tissue samples (including cytology 
samples) obtained from the patients with solid cancer and in 
the cell-free DNA of the plasma separated from the whole-
blood samples of the patients with solid cancer. The mutation 
information of 114 genes was analyzed using the OncoGu-
ide™ NCC Oncopanel with the genomic DNA of the tumor 
tissue specimens (including cytology specimens) obtained 
from the patients with solid cancers. In addition, the program 
was used to analyze the mutation information of 114 genes in 
the cell-free DNA of the plasma separated from the whole-
blood samples of patients with solid cancer. We determined 
whether the genomic mutations in the tumor tissue samples 
were germline mutations.

A total of 5,504 novel treatments were investigated using 
cancer genome panel testing (FoundationOne® CDx test: n 
= 4,135; OncoGuide™ NCC Oncopanel test, Riken Genesis, 
Yokohama, Kanagawa, Japan, n = 1,369) at Japanese national 
universities from December 2019 to May 2025.

Analysis of the three-dimensional structure of the binding 
site between SDHB and SDHAF2

Spanner is a structural homology modeling pipeline that 
threads a query amino-acid sequence onto a template protein 
structure using protein structure Protein Data Bank (PDB) ID 
3SFE as template protein structure. Spanner is unique in that 
it handles gaps by spanning the region of interest using frag-
ments of known structures. To create a model, you must pro-
vide a template structure, as well as an alignment of the query 
sequence you wish to model onto the template sequence. Span-
ner will replace mismatched residues, and fill any gaps caused 
by insertions or deletions (Supplementary Material 1, wjon.
elmerpub.com).

Consent for germline testing involving sensitive genetic 
information

When the results of the cancer genome panel test indicated the 
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possibility of hereditary cancer (familial cancer), our medical 
staff confirmed with the patient whether they wanted the test 
results to be communicated to them or to their family. In ad-
dition, our medical staff informed the patient that if hereditary 
cancer was diagnosed, her son would need to undergo cancer 
surveillance. In addition, our medical staff informed patients 
of the need for their children to undergo cancer surveillance 
when hereditary cancer was diagnosed. Furthermore, we, the 
medical staff, changed the number so that the patient could not 
be identified, and confirmed the patient’s consent to reporting 
the results of the cancer genome panel test as medical informa-
tion at academic conferences or in medical journals.

Results

The results obtained from the cancer gene panel tests per-
formed by our medical staff are mainly based on the medical 
information in ClinVar. However, some of the medical infor-
mation in ClinVar does not reflect specific pathogenic variants 
in Asian, including Japanese, populations [10]. Therefore, the 
detection of genetic cancers in a family may be missed. There-
fore, medical staff must reverify the medical information in 
ClinVar.

Case 1

A silent mutation is a base mutation that changes the DNA 
sequence of a gene but does not result in a change in the amino 
acid sequence of a protein [11] and has no effect on the organ-
ism. Missense mutations alter a single amino acid and have se-
rious consequences if the change alters the function of the pro-
tein. However, the KRAS mutations detected through cancer 
gene panel testing at cancer genome medical facilities may be 
classified as VUSs using ClinVar. However, even silent KRAS 
gene mutations create a base sequence that indicates the start 
of a new intron (Intron base sequence: Intron locations must 
be determined to remove introns via RNA splicing. Rules exist 
for the base sequence of introns, and almost all introns (> 99%) 
start with GU and end with AG, which is called the GU-AG 
rule. The 5' side of the GU sequence (the 5' end of the intron) 
is called the 5' splice site, and the 3' side of the AG sequence 
(the 3' end of the intron) is called the 3' splice site. Another 
important sequence is the branch site, located 18 - 40 nucleo-
tides upstream of the 3’ splice site. The consensus sequence 
for the branch site in yeast is UACUAAC and YNYYRAY in 
animals, with adenine (A), shown in red, being the branch site. 
Downstream of the branching site is a region of consecutive 
pyrimidines (C and U).), which can lead to splicing (Fig. 1a, 
Supplementary Materials 2 and 3, wjon.elmerpub.com). The 
primary protein structure is substantially altered in such cases; 
therefore, the gene mutation is not a VUS but a pathogenic var-
iant. Therefore, caution is required when determining VUSs 
using ClinVar, as gene mutations resulting from gene mutation 
mechanisms may become splicing sites.

Based on the results of cancer gene panel testing, KRAS 
K61 mutation was reported as a VUS, and therefore anti-epi-

dermal growth factor receptor (EGFR) antibodies or anti-EGFR 
drugs were recommended. After further review, it was deter-
mined that KRAS K61 mutant is an inactive form of KRAS, and 
therefore anti-rapidly accelerated fibrosarcoma (RAF) drugs or 
anti-serine/threonine kinase drugs were recommended.

Case 2

Pheochromocytoma and paraganglioma (PPGL) are rare endo-
crine hypertensive diseases that are often curable [12]. How-
ever, the signs and symptoms of PPGL are nonspecific and 
diverse. Furthermore, PPGL are difficult to differentiate from 
panic disorders, cardiovascular diseases, and other diseases. 
Therefore, medical staff should consider PPGL during diagno-
sis. PPGL were incidentally discovered during imaging tests 
for other diseases. Test results must be carefully examined 
using random urine metanephrine and normetanephrine meas-
urements, magnetic resonance imaging, and metaiodobenzyl-
guanidine scintigraphy because PPGL are asymptomatic [13]. 
Genetic mutations are present in approximately 30% of PPGL 
cases. Mutation testing should be performed for the multiple 
endocrine neoplasia type 2A gene for suspected von Hippel-
Lindau disease, particularly in cases where tumors occur in 
families with PPGL, tumors develop at a young age, and he-
reditary tumor syndrome is suspected [13, 14].

Testing for SDHB mutations is recommended for tumors 
with no multiple endocrine neoplasia type 2A gene mutations 
and von Hippel-Lindau disease is ruled out. SDHB is a subunit 
of succinate dehydrogenase involved in the TCA cycle [15]. 
The SDHB mutation G642C was determined to be a VUS as a 
result of a cancer gene panel test (GenMinTOP) on a 41-year-
old male patient with PPGL (Fig. 1b). PPGL onset was early in 
life, despite the lack of known family history of PPGL; there-
fore, we performed further genomic analyses. As a result, we 
found that mutation of the base G642C in the gene could have 
caused splicing abnormalities, when checking the annotation 
content of the results of the cancer gene panel test, although 
the amino acid Q214H mutation was a VUS (Fig. 1b, Supple-
mentary Materials 3 and 4, wjon.elmerpub.com). The results 
of RNA sequencing were analyzed using Integrative Genomics 
Viewer (IGV, a tool for visualizing next-generation sequenc-
ing mapping results and annotation information. IGV has been 
used for confirming the level of gene expression from RNA-
seq mapping results, searching for single-nucleotide polymor-
phisms from whole-genome sequencing results, and narrowing 
candidate regions for cis-regulatory sequences from ChiP-seq 
and ATAC results.), and splicing was confirmed to have oc-
curred due to base mutations. As in this case, splicing may oc-
cur because of base mutations even if the amino acid mutation 
(Q214H) is determined to be a VUS using ClinVar. Therefore, 
the presence of pathogenic variants should be reconfirmed 
based on medical information such as the age at the onset of 
malignant tumors and family history. To examine the extent to 
which the binding ability between SHDB and SDAF1 is affect-
ed by the glutamine-to-histidine mutation, we performed in sil-
ico analysis. To examine the extent to which the binding ability 
between SHDB and SDAF1 is affected by the glutamine-to-
histidine mutation, we performed in silico analysis. In silico 

https://wjon.elmerpub.com
https://wjon.elmerpub.com


Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   https://wjon.elmerpub.com474

Base Mutations Cause Unexpected Splicing World J Oncol. 2025;16(5):471-477

Figure 1. Base mutations can result in intron start signals, resulting in unexpected splicing. The results of cancer genome panel 
testing depend on a database built from the medical information of patients in Europe and the United States. Human genes differ 
depending on race; therefore, test results are not always correct. Unexpected splicing can occur because of base mutations that 
can cause intron start signals. (a) A silent KRAS gene mutation creates a base sequence that indicates the start of a new intron, 
which can lead to splicing. (b) The SDHB gene mutation G642C was determined to be a VUS from the results of a cancer gene 
panel test for a 41-year-old male patient with PPGL. The patient had no known family history of PPGL; however, PPGL onset 
occurred early in life. As a result, the mutation of the base G642C in the gene could have caused splicing abnormalities although 
the amino acid Q214H mutation was a VUS, as determined when checking the annotation content of the results of the cancer 
gene panel test. (c) Multiple family members of this patient had breast cancer, suggesting hereditary breast and ovarian cancer. 
Genetic testing for breast cancer susceptibility genes (BRCAI and BRCA2) was performed before the onset of ovarian cancer 
using BRAC Analysis (Myliad Co., Ltd., MA, USA). The c631+3A>T mutation was identified as a VUS based on the results of 
ClinVar analysis. However, we found that the c631+3A>T base mutation resulted in p.Gly173SerFs*19, which was diagnosed as 
a pathogenic variant when examined using the Medical Genomics Reviews Knowledge base for genomic medicine in Japanese 
(MGenReviews; National Institute of Global Health and Medicine, National Health Research Organization/National Center for 
Global Health and Medicine), a database that compiles the results of analyses of mutations specific to Japanese people.
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analysis showed that glutamine 214 of SHDB has affinity for 
histidine 156 of SDAF2. The affinity between glutamine 214 
of SHDB and tyrosine 156 of SDAF2 was found to be -17.93 
kcal/mol. On the other hand, although the histidine 214 of the 
SHDB mutant has affinity for the tyrosine 156 of SDAF2, 
the affinity between histidine 214 of SHDB and tyrosine 156 
of SDAF2 was found to be weak, at -6.31 kcal/mol. In other 
words, the results of in silico analysis revealed that the SHDB 
214His mutant may have a much weaker binding affinity to 
SDAF2 than the wild-type SHDB.

Based on the results of cancer gene panel testing, the 
SDHB H214 mutation was reported as a VUS, and therefore 
the pheochromocytoma/paraganglioma in this case was not de-
termined to be hereditary pheochromocytoma/paraganglioma 
syndrome (HPPS). After further investigation, it was found 
that the binding affinity of the SDHB H214 mutant to SDFA2 
was weak, and therefore the biological activity of the SDHB 
H214 mutant was lost. Therefore, families with SDHB H214 
variants are considered to have HPPS. Therefore, it was sug-
gested that the patient’s family, primarily his son/daughter, 
undergo genetic testing for the SDHB H214 mutation and be 
monitored for the onset of HPPS.

Case 3

Approximately 5-10% of breast cancers are hereditary [16]; 
however, a detailed professional evaluation is required to veri-
fy if the breast cancer case is hereditary. Hereditary breast can-
cer is possible in people with early-onset breast cancer (onset 
age of 35 years or younger), bilateral or multiple breast cancer, 
male breast cancer, and both ovarian and breast cancer, even in 
the absence of a family history of breast or ovarian cancer [17]. 
In our case, multiple family members had breast cancer, sug-
gesting hereditary breast and ovarian cancer. Genetic testing 
for breast cancer susceptibility genes (BRCA1 and BRCA2) 
was performed before the onset of ovarian cancer (HBOC) us-
ing BRAC Analysis (Myliad Co., Ltd., MA, USA) to prescribe 
risk-reducing salpingo-oophorectomy [18] and a PARP inhibi-
tor (i.e., olaparib). The c631+3A>T mutation was identified as 
a VUS through ClinVar analysis (Fig. 1c, Supplementary Ma-
terials 3 and 5, wjon.elmerpub.com). However, we found that 
the c631+3A>T base mutation resulted in p.Gly173SerFs*19, 
which was identified as a pathogenic variant when examined 
using the Medical Genomics Reviews Knowledge base for 
genomic medicine in Japanese (MGenReviews; National Insti-
tute of Global Health and Medicine, National Health Research 
Organization/National Center for Global Health and Medi-
cine) [19], a database that compiles the results of analyses of 
mutations specific to Japanese people.

Based on the results of cancer gene panel testing, the 
BRCA2 C631+3A>T mutation was reported as a VUS, and 
therefore platinum agents or poly (ADP-ribose) polymerase 
(PARP) inhibitors were not recommended. After further investi-
gation, it was determined that the BRCA2 C631+3A>T variant 
results in a deletion of exon 9 and beyond. Therefore, families of 
patients with the BRCA2 C631+3A>T mutation were deemed 
to have hereditary breast and ovarian cancer (HBOC). In addi-
tion, it was suggested that the patient’s family, mainly his son/

daughter, undergo genetic testing for the BRCA2 C631+3A>T 
mutation and be monitored for the development of HBOC.

Discussion

FoundationOne® CDx Cancer Genomic Profile (FMI, Cam-
bridge, MA, USA) and OncoGuide™ NCC Oncopanel (Sys-
mex Corporation, Kobe, Hyogo, Japan) were approved by the 
Ministry of Health, Labour and Welfare in Japan as cancer 
gene panel tests for solid tumors and were covered by insur-
ance as of June 2019. Subsequently, cancer gene panel test-
ing was initiated in Japan to guide genomic cancer treatment. 
Our medical staff performed cancer gene panel testing from 
2019 to March 2015 to identify new treatment strategies for 
approximately 5,500 cases of progressive and metastatic ma-
lignant tumors. A silent mutation does not result in a change 
in the amino acid sequence of a protein, even if occurring in 
the DNA sequence of a gene, and does not affect the organ-
isms. Missense mutations alter a single amino acid and may 
have serious consequences if the change alters protein func-
tion. In addition, the gene mutations detected by cancer gene 
panel testing at cancer genome medical facilities have been 
determined as VUSs using ClinVar. However, new splicing 
may occur due to genetic mutation even if a mutation is silent 
due to genetic mutation. The primary structure of the protein 
considerably changes in such cases; these gene mutations are 
pathogenic variants rather than VUSs. Therefore, genetic mu-
tations are resulting in new splice sites.

An integrated approach that includes both epigenetic and 
genetic factors has been developed for identifying early cancer 
signals [20]. Another approach that combines multiple cell-
free DNA features and provides details on cancer onset and 
genomes was devised to improve the detection of cancer onset 
[21, 22]. Therefore, the cancer genome, in addition to surgi-
cally removed tissues, is tested using liquid biopsies in cancer 
genome medicine. A Korean research team is investigating a 
next-generation sequencing platform based on cell-free DNA 
analysis, the AlphaLiquid® Screening Platform [23]. Whole-
genome methylation sequencing (WGMS) was used to quan-
tify the DNA methylation patterns in the CpG regions through-
out the genome. The results of the clustering analysis of data 
obtained from patients with cancer and healthy individuals 
enabled their differentiation as well as the estimation of the 
tissues in which the cancer originated. This platform simulta-
neously analyzes whole-genome DNA methylation sites, copy 
number alterations, and fragment patterns in noninvasively 
isolated cell-free DNA samples using WGMS. In particular, 
this platform employs enzymatic methylation conversion tech-
nology for DNA methylation analysis, which minimizes the 
damage caused by fragmentation and coverage bias, and ena-
bles the acquisition of highly accurate data [24].

Currently, cancer gene panel testing is used to detect path-
ogenic variants associated with tumor development in samples 
of tumor tissue removed by surgical treatment or blood col-
lected from patients. Furthermore, antitumor compounds that 
specifically recognize and bind to these pathogenic variants 
are being explored. In many cases, when tumor-specific gene 

https://wjon.elmerpub.com


Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   https://wjon.elmerpub.com476

Base Mutations Cause Unexpected Splicing World J Oncol. 2025;16(5):471-477

mutations are found in tumor tissue removed by surgical treat-
ment or in blood samples taken from the patient using cancer 
gene panel testing, these mutations are examined using data-
bases developed in Europe and the United States, such as Clin-
Var, COSMIC, OncoKB, and VRsome, to determine whether 
they are pathogenic variants. Because the genes of Westerners 
differ from those of Asians, including Japanese, genetic back-
ground can raise questions about whether the gene mutations 
detected by cancer gene panel testing are VUS. In such cases, 
at the request of medical staff, the testing company may re-
examine the meaning of the genetic mutation, and the genetic 
mutation may be recognized as a pathogenic variant specific 
to Japanese people. If a genetic mutation identified as a VUS 
by ClinVar is later determined to be a pathogenic variant by 
detailed examination by the testing company, this means that 
new antitumor drug options are available to patients.

Gene mutations play a major role in the development of 
cancer and malignant tumors. However, the base sequences of 
genes change within the human body to adapt to long-term dif-
ferences in the environment, such as differences in diet and tem-
perature [25]. Consequently, the gene sequences differ among 
races, suggesting the involvement of pathogenic variants dur-
ing the development and progression of cancer and malignant 
tumors differs among races. The databases used in clinical 
practice to re-examine pathogenic variants include ClinVar, On-
coKB, and COSMIC, which are based on data obtained from 
Western patients. Therefore, a database of the pathogenic vari-
ants for each race must be built. To achieve this, medical staff, 
together with protein engineering scientists, must construct the 
three-dimensional structure of protein mutants through in silico 
analysis and examine their physiological activity. New treat-
ments for progressive and metastatic malignant tumors are be-
ing developed using cancer gene panel testing. However, the 
types of antitumor agents that can be used against pathogenic 
variants, which are identified based on various factors, are lim-
ited. Several clinical studies have investigated the efficacy of 
new regimens for advanced and metastatic malignant tumors to 
improve current cancer treatment.

Conclusion

Cancer gene panel testing has led to considerable advances in 
personalized cancer treatment. However, the results of cancer 
genome panel testing depend on a database built from the med-
ical information of patients in Europe and the United States. 
Human genes differ with race; therefore, test results are not 
always correct. Unexpected splicing can occur because of base 
mutations that can cause intron start signals. Therefore, medi-
cal staff must carefully examine the test results. Additionally, 
database of cancer genomes that includes gene mutations spe-
cific to Asian populations must be built.
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binding site between SDHB and SDHAF2.

Suppl 2. The structure and functional sites of KRAS.
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Suppl 4. The SDHB G642T variant is unable to bind to the 
SDAF2 due to the mutation. Therefore, this mutant cannot per-
form its normal function.
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man BRCA2 and of the 27 exons that encode human BRCA2 
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