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Abstract: Objective To analyze their molecular characteristics of microsatellite instability (MSI) by sequencing colorectal cancer
patients in Sichuan region. Methods Next Generation Sequencing (NGS) was used to test 14 239 colon cancer patients from
2017 to 2022 in The Third People's Hospital of Chengdu for single nucleotide variation (SNV), Insertion-deletion (Indel), copy
number variation (CNV), fusion, MSI, tumor mutational burden (TMB), and Epstein-Barr virus (EBV). The clinical and molecular
characteristics of highly microsatellite unstable (MSI-H) patients (MSI-H group, n=1 018) and microsatellite stable (MSS) patients
(MSS group, n=13 221) were compared. Results The incidence rate of MSl in colorectal cancer was 7.15%, and detection rate of
MSI varied in terms of age at diagnosis, tumour location and sample type. TMB was significantly higher in patients with MSI-H
than in patients with microsatellite stable (MSS) (92.8 mutations/Mb vs 12.7 mutations/Mb, P<0.05). EBV positivity in patients
with colorectal cancer was 0.4%, but no patients with positive EBV were detected in MSI-H. ERBB2, and PIK3CA all had
significantly higher mutation frequencies in the MSI-H group, however, the positive rates of APC (51.26% vs 70.76%, x2=168.823,
P<0.01), TP53(27.76% vs 69.54%, x2=739.882, P<0.01) and NRAS (1.86% vs 3.98%, x2=11.445, P<0.01) were higher in the MSS
group. Furthermore, MSI-H patients had a higher proportion of carrying a mismatch repair (MMR) gene variant (P<0.05).
Conclusion MSI-H and MSS types of colorectal cancer in Chinese population have different molecular characteristics and differ
in TMB and EBV infections.
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Colorectal cancer (CRC) is the third most common
malignant tumor globally, and in China, it ranks second
after lung cancer, with a mortality rate in fourth place [1].
Recent advances in molecular diagnostics have
significantly improved the treatment of CRC, particularly
in the realm of immunotherapy. The 2020 KEYNOTE-177
study [2] established programmed cell death-1 (PD-1)
inhibitors as the foundation for first-line treatment of
mismatch  repair  deficient (dMMR)/microsatellite
instability-high (MSI-H) advanced colorectal cancer,
further increasing interest in MSI-H colorectal cancer.
Microsatellite instability (MSI) was first reported in CRC
in 1993, where microsatellites refer to short tandem repeat
DNA sequences composed of up to six nucleotides in the
human genome. When DNA mismatch repair (MMR)
mechanisms are defective, errors in DNA insertion and
deletion are not corrected, resulting in changes in the
length of microsatellite repeats, which characterizes MSI
[3]. The incidence of MSI in colorectal cancer varies
between studies, with reports ranging from 6.3% to 20.3%
[4-5].

In addition to MSI-H, other immunotherapy-related
biomarkers include programmed cell death 1 ligand 1 (PD-
L1) and tumor mutational burden (TMB). Kim et al. [6]
reported that in MSI-H colorectal cancer, PD-L1 positivity
in tumor cells and immune cells was associated with
sporadic high methylation subtypes and immune cell-rich

subtypes, respectively. Trabucco et al. [7] also reported
that MSI-H was usually accompanied by high TMB in
solid tumors, though high TMB did not necessarily
indicate MSI-H. Currently, data on the role of Epstein-Barr
virus (EBV) in colorectal cancer are scarce and
contradictory, making research into the relationship
between EBV and MSI-H colorectal cancer necessary [8].

Previous studies have reported differences in gene
mutations between microsatellite stable (MSS) and MSI-H
colorectal cancer patients [4,7,9], but research on Chinese
populations is limited and may be biased. MSI represents
a unique mechanism of tumor development [3], and
evidence regarding the molecular characteristics of MSI-H
colorectal cancer in large Chinese cohorts, especially
concerning MSI-H in relation to TMB and EBYV, remains
insufficient. This study therefore aimed to conduct a large-
scale exploratory analysis of such patients in China.

1 Materials and methods
1.1 General information

Data were retrospectively collected from 14,247
bowel cancer patients who underwent next generation

sequencing (NGS) testing at the Third People's Hospital of
Chengdu City, Sichuan Province, from 2017 to 2022. All
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samples were processed by a certified clinical laboratory
with Clinical Laboratory Improvement Amendments
(CLIA), International Organization for Standardization
(ISO), and College of American Pathologists (CAP)
accreditation (Shanghai Siduedi Medical Laboratory).
Written informed consent was obtained from all patients
for sample testing, the use of NGS results, and clinical
information (including age and sex).

1.2 NGS detection method

NGS was performed on tissue or plasma samples,
targeting 500 or 100 MSI loci and the entire exome and
partial intron of 733 tumor-related genes. All tissue
specimens underwent quality control by pathologists to
ensure a tumor cell content of =20%. Captured DNA
libraries were uploaded to the NovaSeq 6000 platform
(Illumina) for 100 bp paired-end sequencing. The average
sequencing depth for tissue samples was = 500x, for
blood samples was = 5000x, and for prognostic and
resistance-related genes was = 30,000x. The analysis
included single nucleotide variant (SNV), small insertions

and deletions (indels), copy number variation (CNV), gene
fusions, MSI status, TMB, and EBV.

1.3 TMB detection method

TMB was defined as the number of synonymous and
non-synonymous SNVs and indels in the coding regions of
the examined areas, excluding driver mutations. All SNVs
and indels in target gene coding regions were considered,
including missense, silent, and translation-termination
mutations, as well as in-frame and out-of-frame mutations.
For blood samples, known germline single nucleotide
polymorphisms (SNPs) with a population frequency =
0.015 in dbSNP, 1000 Genomes, and ESP6500 databases
were excluded [10-11].

1.4 MSI detection method

MSI status was calculated using internally developed
R scripts [12]. This involved assessing the distribution of
repeat lengths for each microsatellite locus in each sample.
Coverage of 100 microsatellite loci in blood and 500
microsatellite loci in tissue was analyzed. MSI score or
bMSI was defined as the percentage of unstable loci.
Tissue samples with an MSI score =0.4 were classified
as MSI-H, otherwise microsatellite stable (MSS). Samples
with a bMSI score = 0.2 were classified as bMSI-H,
otherwise bMSS.

1.5 Statistical methods

Data analysis was performed using SPSS 25.0.
Continuous variables were expressed as median (minimum,
maximum). Categorical and count variables were
described with absolute values and percentages and
compared using Pearson's 5” test. All tests were two-sided,

with P < 0.05 considered statistically significant.
2 Results

2.1 Comparison of clinical features between MSI-H
and MSS colorectal cancer patients

Data from 14,239 colorectal cancer patients were
analyzed (Table 1). Colorectal cancer comprised 62.9%
colon cancer and 37.1% rectal cancer. Among these, 7.15%
were MSI-H. The incidence of MSI-H was significantly
higher in colon cancer than in rectal cancer (P < 0.05). No
significant gender differences were observed among MSI-
H patients (P = 0.099). The median age at diagnosis for
MSI-H colorectal cancer patients was significantly
younger than that for MSS patients (52 years vs 58 years,
P <0.05).

MSI-H was most frequently detected in primary
lesions, with lower detection rates in metastatic lesions.
Additionally, TMB was assessed in 8,360 patients and
EBV in 6,339 patients; the median TMB was 15.76
mutations/Mb, with MSI-H patients showing significantly
higher TMB compared to MSS patients (90.38
mutations/Mb vs 11.46 mutations/Mb, P < 0.05).

6,339 patients were tested for EBV (339 in the MSI-
H group and 6,000 in the MSS group), and 27 were found
to be positive (0 positive in the MSI-H group and 27 in the
MSS group), with an overall EBV positivity rate of 0.43%,
and the difference in EBV positivity between the MSI-H
group and the MSS group was not statistically significant
(0.45% vs. 0, ° = 0.650, P=0.418).

Tab.1 Characteristics of colorectal cancer patients with
MSI/MSS status [case (%)]

Features (,1:181{)-1}31;) (n=l\1/l3S§21) i value P value
Tumor type 287.778  <0.001
Colon cancer 892(87.62) 8060(60.96)
Rectal cancer 126(12.38) 5161(39.04)
Gender 2.728 0.099
Male 601(59.04)  8151(61.65)
Female 417(40.96)  5070(38.35)
Age(year)" 52(19,92) 58(10,94) <0.05
Sample Type 76.791 <0.001
Blood 82(8.06) 1831(13.85)
Primary Focus 904(88.8) 10212(77.24)
Metastatic Focus 32(3.14) 1178(8.91)
2.2 Comparison of molecular characteristics

between MSI-H and MSS colorectal cancer patients

MSI-H and MSS colorectal cancers exhibited
significant differences in gene mutations, as listed in
Figure 1 for genes with a positivity rate greater than 10%
and common driver genes. The most common mutated
genes in colorectal cancer included APC (69.34%), TP53
(66.49%), KRAS (49.88%), and PIK3CA (16.63%). Other
genes included: BRAF (6.39%), NRAS (3.83%), GNAS
(3.32%), ERBB2 (5.23%), BRCA2 (3.42%), and BRCAI
(1.34%).

The KRAS positivity rate in MSI-H groups was
similar to that in MSS groups (P = 0.781). Compared to
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MSS groups, the positivity rates for PIK3CA, BRAF, and
ERBB?2 were higher in MSI-H groups (P <0.01), while the
positivity rates for APC, TP53, and NRAS were lower (P <
0.01). In addition, genes involved in DNA damage
response (DDR) pathways, such as ARIDIA, TGFBR2,
BRCA2, ATR, and BRCA1, were more frequently altered in
MSI-H colorectal cancer compared to MSS. Other
mismatch repair (MMR) genes, such as MSH6, MLH]I,
MSH?2, and PMS2, also had significantly higher mutation
frequencies in MSI-H than MSS groups.

Notably, at least 70.1% of MSI-H colorectal cancer
patients harbored a mutation in an MMR gene
(MSH6/MSH2/MLH1/PMS2) (70.1% vs. 2.2%, P < 0.05).
Among germline mutations, MSI-H patients also had a
significantly higher frequency of MMR gene mutations,
including MSH, MLHI, MSH2, and PMS2 compared to
MSS patients. Additionally, MLHI1, MSH2, MSH6, and
PMS?2 mutations appeared to be mutually exclusive. See
Table 2.
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Fig.1 Gene mutation frequency map of MSI-H/MSS
colorectal cancer patients

Tab. 2 Molecular characteristics of MSI-H and MSS colorectal
cancer patients

Gene MSI-H MSS " value P value
KRAS 50.27 49.86 0.071 0.789
PIK3CA 41.63 14.67 496.806 <0.001
BRAF 11.04 0.89 607.871 <0.001
ERBB2 10.38 4.83 59.342 <0.001
APC 51.26 70.76 168.823 <0.001
TP53 27.76 69.54 739.882 <0.001
NRAS 1.86 3.98 11.455 0.001
DDR
ARIDIA 48.31 4.61 2532.852 <0.001
TGFBR2 43.93 0.71 4825.888 <0.001
BRCA2 28.63 1.44 2134.412 <0.001
ATR 23.39 1.101 1787.246 <0.001
BRCA1 8.31 0.8 406.913 <0.001
MMR
MSH6 37.27 0.97 3619.481 <0.001
MLHI1 20.77 0.31 2266.428 <0.001
MSH2 15.74 0.58 1322.818 <0.001
PMS2 8.09 0.32 655.498 <0.001
MMR
MSH6 11.90 0.30 1134.500 <0.001
MLHI1 22.00 0.20 2605.959 <0.001
MSH2 17.00 0.10 2092.984 <0.001
PMS2 5.30 0.30 360.614 <0.001

2.3 The relationship between MSI-H and TMB in
different sample types

This study further analyzed the relationship between
MSI-H and TMB in various sample types of colorectal
cancer. For MSI-H, the median TMB values in primary
tumors, metastases, and blood were 99.6, 97.5, and 97.5
mutations/Mb, respectively (P = 0.468). In contrast, for
MSS, the median TMB values in primary tumors,
metastases, and blood were 12.3, 9.4, and 10.1
mutations/Mb, respectively (P = 0.0207), with the TMB in
primary tumors being higher than in metastases.

Similarly, in MSI-H colorectal cancer, the TMB in
primary tumors and metastases was significantly higher
than in MSS (99.6 vs 12.3 mutations/Mb, P < 0.001; 97.5
vs 9.4 mutations/Mb, P < 0.01), and the difference in TMB
between MSI-H and MSS in blood was statistically
significant (97.5 vs 10.1 mutations/Mb, P < 0.01).

3 Discussion

MSI-H colorectal cancer is a prominent group of
patients receiving PD-1 antibody therapy. In most cases,
the MSI phenotype is more common in colon cancer. The
MSI-H incidence detected in this study was 7.15%, lower
than the 15% reported in European and American
populations [5], but similar to the 6.31% reported in East
China [4] and consistent with the 7.6% dMMR incidence
reported by Liang et al [13]. The median age at onset for
MSI-H colorectal cancer patients was significantly
younger than that of MSS patients (52 years vs 58 years, P
< 0.05), which was consistent with previous reports in the
Chinese population [4]. However, this study observed
inconsistencies in the MSI-H incidence between primary
tumors, blood, and metastases. Specifically, the incidence
of MSI-H tumors in metastases was notably lower
compared to primary tumors and blood. This had also been
confirmed in previous studies and may be related to the
better biological characteristics of MSI-H tumors [14].
Moreover, detection rates can vary across different regions,
populations, sample types, and detection methods. Given
the wide distribution of samples in this study, the observed
MSI frequency may better reflect the overall
characteristics of the Sichuan region.

The mutation frequencies of other genes, such as
KRAS (49.88%), BRAF (6.93%), and NRAS (3.83%), were
consistent with previous reports from both Western and
Eastern studies, which were 40%-50% [15], 5.4%-6.7%
[16], and 3.8% [17], respectively. In MSI-H tumors,
mutation rates for PIK3CA, BRAF, ERBB2, and DDR
genes were significantly higher, whereas the mutation rates
for APC, TP53, and NRAS were lower. Trabucco et al. [7]
also reported that some gene mutations were significantly
enriched in MSI-H or MSS tumors, and these variations
were associated with pathway enrichment in MSI-H or
MSS tumors. The analysis of RAS and BRAF mutations in
this study showed that KRAS and BRAF p.V600E
mutations seem to be mutually exclusive, which was
consistent with previous reports [4], although mutations at
other BRAF sites can coexist. The results of this study also
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indicated that MSI-H patients were relatively younger
compared to MSS patients, which can provide diagnostic
reference for clinicians.

MMR gene mutations lead to dMMR and
subsequently to MSI [18]. In MSI-H colorectal cancer,
70.1% of patients carry an MMR gene mutation, showing
a high consistency between MSI-H and MMR gene
mutations. Compared to the 59.7% reported by Salem et al.
[19], the data from this study was higher. The frequencies
of MSHG6 (37.3%), MLHI (20.8%), MSH2 (15.7%), and
PMS2 (8.1%) were consistent with those reported by
Salem et al. [19] (MSH6: 38.1%, MLH1: 22%, MSH2:
14%, PMS2: 8%).

Besides somatic mutations in MMR genes, germline

alterations in MMR genes can lead to Lynch syndrome [18].

This study showed that 56.2% of MSI-H colorectal cancers
had germline MMR gene mutations. Unlike systemic
mutations, MLH1 and MSH2 germline mutations were
more common than MSH6, and MLH3 germline mutations
are less frequent. Although MMR genes can be detected by
NGS, it is not yet possible to directly infer MMR protein
expression/MSI status solely based on pathogenic
mutations. In clinical practice, about 1%-10% of patients
may have discrepancies between MMR and MSI test
results [13, 19-20], primarily due to MMR staining
heterogeneity [21], MMR gene missense mutations [22],
and compensatory mechanisms in the MMR system [23].
For instance, besides
MSHG6/MSH2/MSH3/MLHI/MLH3/PMS?2 genes, MSI can
also be caused by other genes (POLE, POLD), so MMR
gene negativity might still indicate MSI-H; some MMR
protein deficiencies could be functionally compensated,
thus MSS might still occur despite MMR mutations.

TMB is an important independent biomarker for
immunotherapy. Studies in solid tumors have found that
TMB is highly correlated with the objective response rate
(ORR) to anti-PD-1/PD-L1 therapy [24]. Recent research
by Schrock et al. [25] found that 4.5% of patients were
MSI-H, with a median TMB of 46.1 mutations/Mb in MSI-
H patients and 3.5 mutations/Mb in MSS patients.
Kabbarah's et al reported a median TMB of 52
mutations/Mb in MSI-H patients and 6 mutations/Mb in
MSS patients [26]. In contrast, the median TMB in MSI-H
patients in this study was 80 mutations/Mb, while in MSS
patients, it was 6.7 mutations/Mb. The MSI-H TMB data
in this study were evidently higher, which may relate to
differences in TMB algorithms and populations. The TMB
values for MSI-H in primary tumors and metastases were
higher than in MSS, but the trend was not significant in
blood due to the smaller number of MSI-H blood samples.
There was no significant difference in TMB values among
different sample types in MSI-H tumors; however, in MSS
tumors, TMB was higher in primary tumors than in
metastases. Puccini ef al. [14] reported that high TMB and
MSI-H were more easily observed in primary tumors
compared to distant metastases. Tumor heterogeneity may
exist among different sample types, and blood TMB testing
can overcome this issue, but whether blood TMB analysis
is more advantageous than tissue TMB analysis still
requires prospective trials for verification.

EBYV infection was associated with the development
of various tumors, including nasopharyngeal carcinoma,
gastric cancer, and lymphomas, but there was limited
research on its role in colorectal cancer. Chen et al [27]
reported that EBV was associated with the pathology and
clinical progression of colorectal cancer and promoted its
advancement. In various reported studies, the proportion of
EBV-positive cases ranges widely (1.4%-46%: PCR and
IHC) [8]. The data from this study showed an EBV
positivity rate of 0.4%, which was much lower than
reported figures. However, some studies have reported
extremely low or undetectable EBV positivity in invasive
colorectal cancer [28, 29]. Additionally, the relationship
between EBV positivity and MSI-H seems to be mutually
exclusive, suggesting that further exploration of the
relationship between MSI-H colorectal cancer and EBV is
warranted.

This study compares MSI-H and MSS phenotypes in
Chinese colorectal cancer patients using a large sample
size. Compared to MSS, MSI-H tumors have distinct
molecular features. DDR genes and MMR genes exhibit
higher mutation frequencies in MSI-H, TMB-H is more
common in MSI-H, and EBV prevalence is low in
colorectal cancer. However, this study has some limitations,
such as potential implicit selection bias due to its
retrospective design. Currently, there is a lack of effective
targeted therapies for most colorectal cancer genomic
mutations, and understanding the molecular characteristics
of MSI-H as a biomarker for immunotherapy will help
guide more precise treatment for colorectal cancer in the
future.
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T, AN, HEH— 1 DNA S5ACE S B (MMR) 48 59 (8 35 7 MSI-H B (5 TS (P<0.05) . Z5i8 D)1
X 2% g MSI-H 5 MSS B AT AR [6] (443 F4H-1E,, 7€ TMB K EBV )Rt A fir= 5,
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Molecular characteristics of 14 239 patients with microsatellite

instability colorectal cancer
GU Jianhui, WANG Meng, LI Yuntao
Department of General and Gastrointestinal Surgery, The Third People’s Hospital of Chengdu, Affiliated Hospital of
Southwest Jiaotong University, Chengdu, Sichuan 610031, China
Corresponding author; WANG Meng, E-mail; wml17313085773@ 163. com
Abstract: Objective To analyze their molecular characteristics of microsatellite instability ( MSI) by sequencing
colorectal cancer patients in Sichuan region. Methods Next generation sequencing (NGS) was used to test 14 239
colon cancer patients from 2017 to 2022 in the Third People’s Hospital of Chengdu for single nucleotide variation
(SNV), insertion-deletion (InDel) , copy number variation (CNV), fusion, MSI, tumor mutational burden (TMB),
and Epstein-Barr virus (EBV). The clinical and molecular characteristics of highly microsatellite unstable ( MSI-H )
patients (MSI-H group, n=1 018) and microsatellite stable (MSS) patients (MSS group, n=13 221) were compared.
Results The incidence rate of MSI in colorectal cancer was 7.15% , and detection rate of MSI varied in terms of age at
diagnosis, tumour location and sample type. TMB was significantly higher in patients with MSI-H than in patients with
microsatellite stable (MSS) (92.8 mutations/Mb vs 12.7 mutations/Mb, P<0.05). EBV positivity in patients with
colorectal cancer was 0.43% , but no patient with positive EBV was found in MSI-H. ERBB2, PIK3CA and BRAF all had
significantly higher mutation frequencies in the MSI-H group, however, the positive rates of APC (51.26% vs 70.76% ,
X*=168.823, P<0.01), TP53 (27.76% vs 69.54% , X* =739.882, P<0.01) and NRAS (1.86% vs 3.98%, X* =
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11.445, P<0.01) were higher in the MSS group. Furthermore, MSI-H patients had a higher proportion of carrying a

mismatch repair (MMR) gene variant ( P<0.05). Conclusion MSI-H and MSS types of colorectal cancer in Sichuan

have different molecular characteristics and differ in TMB and EBV infections.

Keywords: Colorectal cancer; Next generation sequencing; Microsatellite instability; Microsatellite stability; DNA

mismatch repair; Tumor mutation burden; Epstein-Barr virus; Copy number variation; System mutation;

Germline mutation
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S5 H e A RS = R UL g T A v
45 B o LU OOR TR, o 58 — A7, ST 3 k2
pUfit o UTSRARREE S TS KR 4 B G
SIS T ORI, JUH R Ry Ui T . 2020 4F
() KEYNOTE-177 B 58 57 T )7 #E S8 T %2 1 1
(programmed cell death-1, PD-1) 571 4 Ac s &
Bl ( different mismatch repair, dMMR) /{10 & i AN
Fa5€ 7 ( microsatellite instability-high, MSI-H ) i ] i
i —LAYT I LR 1993 4RI ASRESE (micro-
satellite instability , MSI) & YR AE 45 B TH ok digiE , =
T P AR AR BRI i 22 6 TRl
B S H B A DNA P37, T 24 DNA R RCE 2 g
LS I, ANREXT DNA B3 (Y 4 A R B R #1718
S, 3t LA T K O K R AR U I IR T Sy
MSI™ R[S 5 B H b MST i & 2B %
FFEATE M 6.3% ~203% 247 H3E

SPEIRTT R RAE PR SRR 1 MSI-H ik A7 40l
T HPE T B A 1 ( programmed cell death 1 ligand 1,
PD-L1) | fif 988 28 2% 471 faf ( tumor mutational burden,
TMB) . Kim 2" 5 T 45 MSI-H 45 B a3 o , s
AL Y PD-L1 BEPE AN G 40 ffd vh i) PD-L1 BA PR 4
S35 A 14 e R R ST 78 R 92 400 M = i S A DG
Trabucco %5"* B4 IH T 72 AR i, MSI-H 3 % 1 bt
% = TMB, 1ty TMB AR —E KB MSI-H, BT,
T EB %5 % ( Epstein-Barr virus, EBV ) 7£ 4% B %95
tr e IR SRR > BAH P &, PR R EBV 545
s MSI-H 2[R Wb 2 g . W
— SIS HRIE T D 2 £2 %€ ( mocrosatellite stable MSS)
I MSI-H 3 ol 5 ) 245 i i R 5 Y S PR R AR =2
25520 FE L BEAR Ry MSI-H R 45 E 5 )
BES FRAE RIS R A T 2, JUH & MSI-H 5
TMB EBV ()¢5, PRI A A 98 X I 2 v (6 25 B W o
BE AT T RFEARIRR 0T o

1 #R5HE®
L1 —fFH [Pk 4E 2017 = 2022 48 18] Y

A8 A T 20 = N IR B g i A7 2 5 — AR (next
generation sequencing, NGS) K1l fY 14 247 4]z 9 B
B, T A A B 28 AR A PR S 56 38 el 8
1E % ( clinical laboratory improvement amendments,
CLIA) | EBrtriEfb2H 2 (International Organization for
Standardization, ISO) F13& [E 5 2% 58 222> ( College of
American Pathologists, CAP) IAJIEY 250 % ( &
PR PR AGEG BIF) HEAT NGS Kl 75 RAEREAT, T
A SRR AR RS il T NGS A 45 SRRl R
TR (AL AE IS PR S A T 5 1 A R A ASWE
SEIE L PR AR PR LS T A

1.2 NGS &7k FIF NGS X2 2L s i 2% A A i
AR 3200 A X 2 5 1Y 500 B 100 4> MSI Az
FUFT 733 AR ARG HE PR RS 7 AR e N T
AT LA bRA S H B o A 7 R ], i O 4
i =20%, ¥4 4R 1) DNA SCHE FAZ 3] NovaSeq 6
000 ~F-15 (Humina) |-, 747 100 bp AY*J sl 7, 42U

ARSI IR A = 500X, I3 FEARSF-2430 F R =5
000X, T8 FHM 24 AR OCHE PR -1 FPR B =30 000X, 43
MR 575 5+ (single nucleotide variation, SNV) |
/N B ARSI ZR (insertion-deletion, InDel ) £ D147
% (copy number variation, CNV )  F&[FIfl-E (fusion) \MSI
R4 TMB Hl EBV

1.3 TMB #l 7 i  TMB B E SCh # A A 1 4
DX 1 [r) SRR [R] SCAR R SNV F1 InDel (%54, A4
FROREN AL . H AR K G i X 1 Fr A SNV il InDel
HOWE IETEN 45 4 S DR BIEER AT R, Ak
T ER HENFAESN S P i il TMB HERR
T dbSNP %4 % (1 000 F [K 2 F1 ESP 6 500 %54 4
HOE R B % = 0.015 1Y 2R R A% IR 2 8 1E
(single nucleotide polymorphism, SNP) """

1.4 MSI#al 7 sk MSIAR A 2 58 2o 8 o 38 F
J200 R A HEAT DNA SR IS4 A o Bt
S SR g MR DN EY L SRR N A (T s
PG XL R 100 ASRCE A AL s AIZE SR 500 A3t
TPEA A [ I BT R HEAT 40 B, MSTPF 43 B
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MSI(blood MSI, bMSI) # 5 Ry ANFe e 7 L 1Y H 43
o MSI$¥43=0.4 B AL IHZE S, MSI-H, 75 0]
S MSS, T MSI 343 =0.2 ByREAIH2E 0 MSI-H, &
I % bMSS

1.5 %it® 5 i SPSS 25 #7540 br. H
A i R (R /IME, R M) RoR . 028
Ak LGB T E 43 LU A , 3R Pearson X* 455
PEATERd o T A DR L OBUI A6 56, P<0.05 367K 25
ERENIES -9

2 & R

2.1 MSI-H 5 MSS % A7 & & & W6 RAFAERT L A
W5 HT 1T 14 239 45 B e & 8 (R 1),
SE Wi b7 LR 62.87% , B 5 Lol 37.13% ; v
MSI-H ({736 B E AT 7.15% , 45879 F it MSI-H |5 1
B E & T HME (P<0.05) . &4 MSI-H [y 35 15
di b 22 R TG L (P=0.099) . MSI-H 25 H s
R R AR IR Ty 52(19,92) &, MSS &35y 58
(10,94) % W35 lb I 2 R A St 2 XL (P<0.05) ,
45 g B B G SRR v MSI-H OSSR B i, %
FE kb G H AR, BEAh, 8 360 (il A5 T TMB,
TMB R {37 {H Hy 15.76 2875/Mb, MSI-H % TMB I 2
BT MSS B (90.38 28745/Mb vs 11.46%875/Mb, P<
0.05) ;6 339 {5 /2 F I T EBV (MSI-H £ 4 I 339
{51, MSS ZH A 6 000 f5i]) , & BLFH 4 27 {51 (MSI-H 25
PR O 5], MSS 20 FH 27 1)) , EBV S BAYER40.43%
MSI-H 21 MSS 4 EBV PHI:R L2 T it &
X.(0.45% vs 0, X*=0.650,P=0.418) ,

2.2 MSI-H 5 MSS % #0758 % 5 F4F 4 £ F i
#5k MSI-H FI MSS %5 H iz s 38 IS 1 25 A L ) 22
A2z, B 1 g AE MSI-H A B %K T 10% Fl
— U DL SR FE K 45 B e b R R O ) 58 AR i
b APC ( 69. 34%), TP53 ( 66. 49%), KRAS
(49.88%) ,PIK3CA(16.63%) %5 , Hifl1 43 31 & : BRAF
(6.39%) . NRAS (3.83%) . GNAS (3.32%) . ERBB2
(5.23%) . BRCA2 (3.42%) L) K BRCAI (1.34%) .
MSI-H 4 ) KRAS B3R 5 MSS 414H3L (P=0.789) ,
5 MSS #H ALY, MSI-H #H "+ PIK3CA .BRAF F11 ERBB2
FR B 2 B (P<0.01) ,{H APC [ TP53 [NRAS PH R
AR (P<0.01), FfH MSI-H %5+ DNA #5165
EFEFLK ( DNA damage response, DDR) gitZ%, 411 AR-
IDIA .TGFBR2 ,BRCA2 ,ATR . BRCAI %5 [ ¥ 2% &5 T
MSS(P<0.01), & T H{th DNA 4% 1% & ( mismatch
repair, MMR) 3% A, 41 MSH6 MLHI .MSH2 ,PMS2 [

SRAS I A, i 25 T MSS 4 (P<0.01), /K
70.1%1) MSI-H 45 & Jij 9 i 34 #5417 — 4> MMR &[4
( MSH6/MSH2/MLHI/PMS2) 75 5 (70.1% vs 2.2%,
P<0.05) . M7EMFRSEASH , MSI-H AL —4~ MMR
FPH (MSH6 MLHI MSH2 PMS2) 75 S5 45 2% [ B 1. %
=T MSS #1(P<0.01) . 54, MLHI .MSH2 .MSH6 .
PSM2 Z APt H R, DL 2,

23 REHMAREAF MSI-H 5 TMB 9% %
MRS R REARZE A MSI-H 5 TMB ¢ &R & 3
#£ MSI-H i J5UR kL G R kb K i v i) TMB. Hp (3 (B
4351k 99.6 275/ Mb 97.5 2875/ Mb 97.5 28745/ Mb , 24
FIGe 2 L (P=0.468) , 7E MSS 5kt Rkt
KA i) TMB H B 2350 R 12.3 58748/ Mb 9.4 %8
%/Mb (10.1 2875/ Mb 227 A Gi it L (P=0.021) ,
o SR A S TMB 55 TR AL, [RIAE MSI-H 74
Ja R kb R kb TMB #4755 T MSS (99.6 %845/
Mb s 12.3 587%/Mb,P<0.01; 97.5 2£45/Mb vs 9.4 2845/
Mb,P<0.01) , Ifii#iH MSI-TMB 5 MSS-TMB 22 %4 4511
23 Y(97.5 545/ Mb vs 10.1 28745/ Mb, P<0.01) ,

R 1 MSUMSSIREZE AR 14 239 FIEF WIFE [ H1(%) ]

Tab. 1 Characteristics of colorectal cancer 14 239 patients
with MSI/MSS status [ case (%) |

MSI-H MSS

1 7 2 .
A (n=1018) (n=13221y X M P
e
N7
LG 892(87.62)  8060(60.96) oo 126 0 001
B 126(12.38)  5161(39.04)
ezl
il 601(59.04)  BIS1(61.65) 5 o0 0,099
4 417(40.96)  5070(38.35)
REAR
QIR 82(8.06) 1831(13.85)
JE kL 904(88.8)  10212(77.24) 16791 <0.001
kL 32(3.14) 1178(8.91)
60
ARIDIA "KRAS APC
TGFBR2 .
40 FKMTZC PIK3CA
@ MSH3
= RADS50
|: BRCA2 Ps3
a ATR FBXW7
* 0L
'ﬂm P<0.05
UAKIERRR) = P>0.05
PM%i_[BDijf/S TsmAD4
0;&' 1 1 1 '
20 40 60 80
MSS(%)

B 1 MSI-H/MSS 5§ i i 5 i3 I 2 A 04 1]
Fig. 1 Gene mutation frequency map of
MSI-H/MSS colorectal cancer patients
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2 MSI-H 5 MSS 45 EU o WAL PR (%)
Tab. 2 Common gene positivity rate of MSI-H and

MSS colorectal cancer patients (%)

HP MSI-H MSS X {H PfH
KRAS 50.27 49.86 0.071 0.789
PIK3CA 41.63 14.67 496.806 <0.001
BRAF 11.04 0.89 607.871 <0.001
ERBB2 10.38 4.83 59.342 <0.001
APC 51.26 70.76 168.823 <0.001
TP53 27.76 69.54 739.882 <0.001
NRAS 1.86 3.98 11.455 0.001
DDR
ARIDIA 48.31 4.61 2532.852  <0.001
TGFBR2 43.93 0.71 4825.888  <0.001
BRCA2 28.63 1.44 2134412 <0.001
ATR 23.39 1.101 1787.246  <0.001
BRCAI 8.31 0.8 406.913 <0.001
MMR ({7 )
MSH6 37.27 0.97 3619.481  <0.001
MLHI 20.77 0.31 2266.428  <0.001
MSH2 15.74 0.58 1322818  <0.001
PMS2 8.09 0.32 655.498 <0.001
MMR (I£ 5 )
MSH6 11.90 0.30 1134500  <0.001
MLHI 22.00 0.20 2605959  <0.001
MSH2 17.00 0.10 2092.984  <0.001
PMS2 5.30 0.30 360.614 <0.001
3 i

MSI-H 45 B e 24552 PD-1 HLiRiay T i — 248
FNHE REEAFOLT , MSI R BV 5 WL F45 .
AMFFRL I ) MSI-H 7845 H W Je b & RN T.15%,
T RRE ABEA 15% ", (H 5 4] 8 A9 48 43 1 X MSI
B%6.319% K1Y, 5 ATAIN " HRE A AMMR 1E45
E R &R T .6% —F . MSI-H 25 H i js i 35 1
KW AL AE I R T OMSS R (52 % ws
58 %), 5 WEAE b ABE P RE m 4 R Y . R
7, A5 2% 380 Ji P 8 o 9 A e 6 kb 22 ] 11
MSI-H &3 K— 2, 5 5 & e A i A L, 3%
FELE 1 MSI-H g (19 2 A8 28 B g SIS, i 7F LATE Y
WF5E A3 BIESE, v g5 MSI-H g v o 4 1) 4=
Wrp A 5 S RINTT LU B [ A M X R
FEA ST KA T334 Hh R R 52 AN 58 4 — 30
MG REA ST AT 12, PR LA 20 1 MST 4 % 4l
VS BE S e U 1| b X1 B AAREAE

T H Al U KRAS(49.88% ) \BRAF(6.93%) .NRAS
(3.83% ) 575 W5 5.5 7R VG J WA 41 458 — 2, 40 )
H40% ~ 50%"") 5.4% ~6.7%"" 3.8%'"7 it
MSI-H 1, PIK3CA . BRAF .ERBB2 #1 DDR 3% [A [y ¢
AR R E 5, {H APC  TP53  NRAS ) 58 28 R HI B

ik, Trabuce 257 HEiE 1 /R —2EJE P 58 48 75 MSI-H
o MSS B 4, JF Hak s/ i 5 MSI-H 5 MSS
FifrIEE v ) % AR A O . ARG /3 AT RAS Rl BRAF
(AR, KRAS 5 BRAF p.V60OE 2152 H 11,
X5 2 FARaE 2 (85 BRAF HAtf %A B
A7, AWFFE S5 R0 B, MSI-H A%t MSS i
B BRI SRR I IR EE A RS2 W S %
MMR JE[H 25 54 G50 dMMR, 2E i G20 MSTH®
76 MSI-H %1 Ji7 98 v, 45 70.1% [ 8 35 3 — 4~ MMR
FERAE S 7R MSI-H 5 MMR 3 R A% S5 77 4 g o —
bk, X Salem 25 HE3E 19 59.7% AT HHE 2
s s Hofh MSH6 (37.27%) \MLHI (20.77%) . MSH2
(15.74%) . PMS2 (8.09%) , 55 Salem %" % 2% 1)
MSH6 (38.1%) , MLHI ( 22%) . MSH2 ( 14%) . PMS2
(8%) ¥1—%k., Bx T MMR 3 [F B K 20 Jifg 2 25 4,
MMR JE [H Fh R 028 25 G50 Lynch £EAfERY KR
AW LR 7R AE 56.20% (1) MSH 25 1 i 9 Hh &
MT AN MMR SN &, AN FIRRAZ S,
MLH1 1 MSH2 it 2 545 1% T MSH6, H MLH3 Jif &
AR, B MMR KK AT LU i NGS #E47
R, AR AN R L B AR e 006 A8 5715 B0 f 4 1 MMR
FEHAMZRE/MSLRE . LRI IR P AEAE 1% ~ 10% 11
FH% MMR 5 MST K45 AR — S ol 1 &
FLJF A MMR Je £ 53 B2 MMR 36 PR 4 %8
AR MMR & 4G5 1 S BEAMEE LRI 45, e npR T
MSH6/MSH2/MSH3/MLH1/MLH3/PMS2 3£ A L) 4},
MST i Bt HAl JE X ( POLE \POLD) 5158, 24, MMR
SR AP AT g2 MSI-H ; antsl MMR 2 Bk 25
PEIIREAEIN 2 BV A7 AF MMR Z845 1, 1] fig & MSS,
TMB &G 32 18 J7 1) — > 52 B2 1 2l 57 A 0 b 75
Y SRR ST T & B, TMB 541 PD-1/PD-L1 34
IT B W25 i 22 ( objective response rate, ORR) & &
M1, Schrock %5 ST WA 5% B 7R, 4.5% iR K
MSI-H, MSI-H o i TMB 3 46.1 4~2875/Mb,
M MSS B~ 3.5 ~2878/Mb; Kabbarah [ BA 4% 18
fyrh i TMB Sy 52 42278/ Mb , MSS {4 f 3% {3 TMB
6 AN G/ M A IF 5 B R 7 MSI-H £
BT, L TMB 2 80 4~ 5E48/Mb, MSS (1) (3
£ TMB 3} 6.7 4A~%€75/Mb, B 5% f#) MSI-H 1 TMB
Bt i SR s, AT BB 5 AN W] TMB B33 B ABEAR —HE
Ao JRA A FFE R K p MST A9 TMB {8 & T MSS,
SRIM M MSI-H FEA 5 D 3k — 302 AN 83 1,
#£ MSI-H By R [RJREAS T gl 1) TMB {f 22 5
ToGeitae B S 7 MSS B rp & kb TMB & T 5%
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Bodt. Puccini 45 B AN L TIEsniE5% , w5 TMB &%
MSI-H 78 J§ & Mg b o 25 5 W2 3, A [l iy RE A 7]
REA7E MRd S e, IV R I TMB i i IR 3 — (1] B3
{3 TMB 75 HL 4140 TMB 4347 5545 {38, 475 if
FTRTHE PERT S A BGAIE

EBV JgYL 5 B 5 | B R ROk LR 45 22 ol o
(1) % 4 JB A S ARLTE 45 B i vh R F 7 B 4 0
Meng 2 BF 55 v iR EBV 545 1 Ji7 9 9 95 B8 R I1
PRIESEA S, RERBAT LSS B el I . 7T HUE R 4%
FIBIFSE f, EBV BH Lo 0] 9 35 181 AH 24 K (1.4% ~
46%) " AW B TR EBV BHPER R 0.43%,
VAR T OB 8 . (E LA SR T R 8 i 45 1
Jd H EBV BH Ak R B4, B E R & B EBV %
B A EBV BAES MSI-H (656 &, ot J2 A
HHEF, W T4 1 MSI-H 5 EBV 93¢ &
A EAGHE— 2 R

BT A KKEAS X Ll o [ 45 1 1 98 8% MSI-H
15 MSS PiFHE RIS T4 5, 5 MSS AL, MSI-H %1
HA A4 FHAE ., DDR L[ & MMR 3L 7 MSH
T rfAR ARG 55 TMB ¢ MSI-H 3% UL, EBV &
R ) S e R AR . AR ST A7 AR — e SR R [l
PERFFE B0 AT RE B B RE R R 2% . H AT 2404
T 98 B PR 4 S e A S B B 1) YR 9T O L 1T
MSI-H 1ER g ia sy B A b i, 5807 1 i+
FEAEA B THEA R A A5 45 B RS AT
FlFEMER T
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