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a b s t r a c t 

The mutation in postoperative plasma (molecular residues) was an independently prognostic factor in colorectal 

cancer (CRC). The status of postoperative plasma mutation of microsatellite instability (MSI) CRC has not been 

systematically examined. In this study, we enrolled 30 MSI and 46 microsatellite stability (MSS) CRCs, and 

performed next generation sequencing on surgical tissues, postoperative plasma, and plasma during follow-up. 

Compared with MSS, MSI tumors had dissimilar genomic profiles, higher tumor mutation burden (TMB), and more 

frameshift mutations. In the postoperative plasma, more MSI CRCs were detected with tumor-derived mutations 

(77% in MSI vs 33% in MSS, p < 0.001). The numbers of postoperative mutations were proportional to MSI 

tissues (Spearman r = 0.47, p = 0.023), while not for MSS. More proportion of postoperative plasma samples of 

MSI CRCs harbored frameshift mutations than MSS ( p = 0.007). For the follow-up plasma, 93% (14 out of 15) MSI 

CRCs harbored tumor-derived mutations; 33% (4/12) MSS were mutation-positive, lower than MSI ( p = 0.003). 

Thus, considering that MSI CRC had extremely distinct mutational characteristics in tumor and postoperative 

plasma compared with MSS CRC, we propose that the prognostic value of molecular residue identification in 

postoperative plasma needs to be independently evaluated in MSI and MSS CRCs. 
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ntroduction 

Colorectal cancer (CRC), is a common malignancy and the fourth

ause of cancer-related death worldwide [ 1 , 2 ]. CRC is genetically pro-

uced by microsatellite stability (MSS) and microsatellite instability

MSI) pathways. MSI type accounts for about 15%, characterized by

rame-shift mutations and base-pair substitutions that are commonly

ound in short, tandemly repeated nucleotide sequences [3–5] . MSI is

outinely caused by a deficiency of the DNA mismatch repair (MMR) sys-

em. In early-stage tumors, MSI is more frequent, accounting for around

0% of stage II, 12% of stage III [6] , and 4% of stage IV CRCs [7] . 

Comprehensive sequencing studies have been recently performed on

RC. Through identifying genomic events, molecular subgroups of hy-

ermutation, MSI-H/hypermutation, and MSS were defined for early-

tage and resectable CRC [8–10] . Prior reports supported the favorable

tage-adjusted prognosis of MSI-H compared to MSS CRC stage II/III

atients [ 11 , 12 ]. MSI-H CRCs have been shown to contain a higher de-
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ree of immune infiltration [13] , which carries prognostic significance

14] . Analysis of genomic data revealed that most MSI-H CRC harbored

igher tumor mutation burden (TMB) [15] and increased numbers of

eoantigens, correlating with immune infiltrates [16] . Therefore, dis-

arate genomic characteristics and likely better outcomes of MSI CRC

ompared to their MSS counterparts were generally recognized. 

Circulating tumor DNA (ctDNA), found in the peripheral blood [17] ,

s a potential tool to characterize the genomic features of early-stage

nd advanced tumors [18] . In colon cancer, ctDNA harbor genomic al-

erations with comparable frequencies to tumor sequencing [19] . For

atients treated with surgery, positive ctDNA status in postoperative

lasma had the capacity of identifying those at high risk of recurrence.

ccording to Tie et al., [20] , postoperatively positive ctDNA detected

sing a 15-gene-panel in stage II colon cancer was an indicator of poor

rognosis with the independence of other factors. ctDNA was postoper-

tively detected in only 1 out of 41 MSI CRCs in their study. Consider-

ng the complexity of molecular features, 15-gene-panel might not be
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ufficient to characterize the ctDNA status in the postoperative plasma

f MSI patients. 

In this study, a total of 76 patients with MSI and MSS CRC were ana-

yzed. Next generation sequencing (NGS) using a 1021-gene-panel were

erformed on the surgical tissue, postoperative plasma, and follow-up

lasma, in which tumor-derived mutations were tracked. We reported

he significantly enriched altered genes in MSI compared with MSS tu-

or to further highlight the molecular distinction, and proposed that

he higher ctDNA positive rate in MSI CRC might not be the biomarker

or a worse outcome but probably provide the clues of higher immuno-

enicity retained by patients. 

aterials and methods 

atients and samples 

We recruited CRC patients initially diagnosed with primary CRC and

reated with radical surgery in Sun Yat-sen University Cancer Center. Pa-

ients with a previous malignancy within the last 3 years were excluded.

urgical tissues were obtained. The plasma samples were collected one

eek after surgery and before adjuvant therapy (if necessary). Medical

ecords were used to obtain the clinicopathologic characteristics, includ-

ng sex, age, TNM stage, and treatment history. 

Surgical tissues were frozen at − 80 °C for the following DNA extrac-

ion. Peripheral blood samples were collected before radical surgery

preoperative), one week after surgery (postoperative), and 6 months

fter surgery (follow-up). At least 20 mL of peripheral blood was drawn

nto the EDTA Vacutainer tube (BD Diagnostics, Franklin Lakes, NJ,

SA) and processed within 2 h. Plasma was separated by centrifuga-

ion at 1600 g for 10 min and transferred to new microcentrifuge tubes,

hen centrifuged at 16,000 g for 10 min to remove remaining cell debris.

eripheral blood lymphocytes (PBLs) from the first centrifugation were

btained for the extraction of germline DNA. 

dentification of MMR status 

MMR status was assessed by immunohistochemistry (IHC) for MLH1,

SH2, MSH6 , and PMS2 proteins using standard protocols [21] . Pri-

ary monoclonal antibodies were MLH1 (clone G168–728, diluted

:250; BD Biosciences Pharmingen, San Diego, CA), MSH2 (clone FE11,

iluted 1:50; Oncogene Research Products, Cambridge, MA), MSH6

clone GRBP.P1/2.D4, diluted 1:200; AbD Serotec, Raleigh, NC), and

MS2 (clone A16-4, diluted 1:200; BD Biosciences Pharmingen). Non-

eoplastic colonic mucosa and colorectal tumors known to be deficient

f MLH1, MSH2, MSH6, and PMS2 were used as external positive and

egative controls, respectively. Tumors showing loss of expression in

ne or more of these proteins were considered dMMR, and those show-

ng normal expression of the proteins were mismatch repair-proficient

pMMR). 

NA extraction and quality control 

DNA was extracted from tissue samples using QIAamp DNA FFPE

issue Kit (Qiagen, Hilden, Germany). DNA concentration was measured

sing a Qubit fluorometer (Invitrogen, Carlsbad, CA USA) and the Qubit

sDNA HS (High Sensitivity) Assay Kit. 

Cell-free circulating DNA (cfDNA) was isolated from 4.0–8.0 mL

lasma using QIAamp Circulating Nucleic Acid Kit (Qiagen, Hilden, Ger-

any), and PBL DNA was extracted using the QIAamp DNA Blood Mini

it (Qiagen, Hilden, Germany) (Qiagen, Hilden, Germany), as previ-

usly described [22] . DNA concentration was measured using the Qubit

.0 fluorometer and the Qubit dsDNA HS (High Sensitivity) Assay Kit

Thermo Fisher Scientific Inc., Carlsbad, CA, USA). cfDNA sample was

nalyzed on the Agilent 2100 BioAnalyzer using the Agilent High Sen-

itivity DNA Kit (Agilent Technologies, Santa Clara, CA, USA). 
arget capture and next-generation sequencing 

The custom-designed biotinylated oligonucleotide probes (Roche

imbleGen, Madison, WI, USA) covering ∼1.0 Mbp coding region of

enomic sequence of 1021 genes frequently mutated in CRC and other

ommon solid tumors was designed. For library construction, 1.0 𝜇g of

BL and tissue DNA were sheared to 300-bp fragments with a Covaris

2 ultrasonicator (Covaris, Woburn, MA, USA). For cfDNA, 20–80 ng

ample was used for library construction. Libraries were constructed

sing the KAPA DNA Library Preparation Kit (Kapa Biosystems, Wilm-

ngton, MA, USA). Captured libraries were measured using an Agilent

100 Bioanalyzer and an Applied Biosystems 7500 real-time PCR system

Thermo Fisher Scientific Inc., Carlsbad, CA, USA). DNA sequencing was

erformed on the HiSeq3000 Sequencing System (Illumina, San Diego,

A, USA) with 2 ×100 bp paired-end reads. 

equencing data analysis 

Terminal adaptor sequences and low-quality reads were removed

rom raw sequencing data. The reads were aligned to the human genome

uild GRCh37 using BWA (a Burrows-Wheeler aligner) [23] . To mark

CR duplicates, Picard tools ( http://broadinstitute.github.io/picard/ )

ere used. Single nucleotide variation (SNV) and small insertion and

eletion (Indel) were called using MuTect (version 1.1.4) [24] and

ATK (version 3.4–46-gbc02625) [25] , respectively. Preoperative PBL

equencing results were used to filter germline variations. All candidate

omatic mutations identified by the bioinformatics pipeline were man-

ally reviewed in the Integrative Genomics Viewer (IGV) [26] through

ssessing the quality of base calls, the mapping quality of the reads, and

he overall read depth at each mutation site. Mutations were annotated

o genes by ANNOVAR software [27] to identify the mutated protein-

oding position and filtered intronic and silent changes. Variant allele

raction (VAF) = sequencing read count of altered alleles / (sequencing

ead count of reference alleles + sequencing read count of altered al-

eles) ×100%. For tissue, a mutation was identified according to these

tandards: VAF ≥ 1.0%, and at least 5 high-quality reads (Phred score

 30, mapping quality ≥ 30, and without paired-end reads bias). For

ostoperative and follow-up plasma, tumor-derived ctDNA mutations

ere tracked and determined satisfying the condition of at least 2 high-

uality reads (Phred score ≥ 30 and mapping quality ≥ 30). MSIsensor

core analysis was performed for identification of MSI status for tumors

28] . 

tatistical analysis 

Data were analyzed using R Package (Version 3.3.0) or Prism 5.0

Graph Pad Software Inc., La Jolla, CA). The Fisher’s exact test was

sed to compare proportions between two groups. Mann-Whitney test

as used for TMB comparison in different groups. An unbiased analysis

f enriched prevalence of altered genes between two groups was exam-

ned by plotting the log2 (odds ratio) and log2 (p value). Correlations

f mutational prevalence were examined by the Spearman method. All

eported p values were two-sided, and p < 0.05 was considered statisti-

ally significant. 

esults 

linicopathological characteristics and samples collection 

We enrolled 76 CRC patients from February 2017 to December 2019

 Table 1 and Supplement TablesS1). Patients were initially diagnosed

ith stage I-III tumors and followed by radical surgery. A proportion

f patients ( n = 40) received standard adjuvant chemotherapy. Tumor

issues ( n = 76) and post-operatively matched plasma samples ( n = 76)

ere collected from each patient. Follow-up plasma samples of 27 pa-

ients after 6 months were collected. 

http://broadinstitute.github.io/picard/
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Table 1 

Clinical characteristics of the CRC patients with MSI and MSS status. 

Patient Characteristics All ( n = 76) No. MSI ( n = 30) No. MSS ( n = 46) No. p 

Median age, years (range) 58 (21–85) 57 (21–76) 62 (33–85) 0.221 

Gender 0.166 

Male 43 57% 20 67% 23 50% 

Female 33 43% 10 33% 23 40% 

Tumor site 0.104 

Colon 58 76% 26 87% 32 70% 

Rectum 18 24% 4 13% 14 30% 

Stage 0.09 

I 10 13% 2 7% 8 17% 

II 32 42% 17 57% 15 33% 

III 34 45% 11 37% 23 50% 

Differentiation 0.576 

Moderate 59 78% 22 67% 37 80% 

Poor 17 22% 8 33% 9 20% 

Adjuvant chemotherapy 0.242 

Yes 40 53% 13 43% 27 59% 

No 36 47% 17 57% 19 41% 

† CRC: colorectal cancer; MSI: microsatellite instability; MSS: microsatellite stability. 
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We purposely recruited 30 MSI patients in this cohort. The median

iagnostic age of these MSI patients was 57 years old and the majority

67%) were male. Eighty-seven percent ( n = 26) tumors occurred in the

olon, and 93% ( n = 28) were at stage II or III. More than half ( n = 17) re-

eived radical operation without adjuvant chemotherapy. MSS patients

ad similar clinical features with MSI were recruited simultaneously

 Table 1 ). Briefly, 70% were with colon tumor, half of the tumors were

t stage III, and 59% were treated with surgery followed by adjuvant

hemotherapy. 

omparison of somatic mutations in MSI and MSS tumors 

We successfully performed high-throughput sequencing on 76 sur-

ical tissues with a median depth of 985 × (range from 380 to 2326 ×)

ithout duplications. In total, 2755 non-silent somatic mutations (SNV

nd small Indels) were detected. Each patient harbored at least one mu-

ation, with a median of 73 (from 18 to 194) mutations in MSI and 6

2 to 157) in MSS group. MSI tumors had remarkably higher TMB than

SS ( p < 0.001) ( Fig. 1 A). 

In the MSI tumors, MLL3 (affecting 70% of MSI patients), APC (67%),

OTCH1 (57%), RNF43 (57%), KRAS (57%), ATR (53%), and FAT1

53%) were the most common mutated genes ( Fig. 1 B). In the MSS

roup, the recurrently mutated genes were APC (80%), TP53 (70%),

RAS (48%), FBXW7 (20%), PIK3CA (15%), ERBB4 (10%), and ATM

9%) which were commonly known as drivers in CRC ( Fig. 1 C). MLL3 ,

he top mutated gene detected in MSI tumors, was enriched compared

ith MSS with statistical significance ( p < 0.001). Besides, somatic mu-

ations in classical MMR-related genes including MLH1, MSH2, MSH6 ,

nd PMS2 were significantly enriched in the MSI group ( p < 0.001,

ig. 1 D). Somatic mutations examined by NGS and loss of protein ex-

ression detected by IHC of classical MMR-related genes in MSI CRCs

ere showed in Fig. 1 E. Mutations in both groups were comprehensively

ompared and numerous differentially mutated genes were identified,

howing the dissimilarly mutational features between MSI and MSS pa-

ients ( Fig. 1 F). 

omparison of mutational types between MSI and MSS tumors 

We next compared the mutational types between MSI and MSS tu-

ors. Missense (67.1% of 2277), frameshift (24.3%), and nonsense

4.1%) were most popular in MSI tumors. MSI tumors had similar

roportion of missense (67.1% vs 70.3%, p = 0.200), more frameshift

24.3% vs 11.5%, p < 0.001), and less nonsense mutations (4.1% vs

3.6%, p < 0.001) when compared with MSS tumors ( Fig. 2 A). 
Ninety-seven percent of MSI patients harbored frameshift mutations

 Fig. 2 B), and RNF43 (affecting 47% of MSI patients), ATR (37%), APC

30%), MLL3 (30%), and MSH6 (30%) were the most frequent genes

ith frameshift mutations ( Fig. 2 C). Forty-seven percent of MSI tu-

ors had somatic frameshift mutations in classical MMR-related genes

 Fig. 2 D). In MSS tumors, 61% had frameshift mutations (lower than

SI tumors, p < 0.001) ( Fig. 2 B), with most common genes of APC (af-

ecting 41% of MSS patients) and TP53 (9%). Only one (2%) patient

ith MLH1 but no other MMR-related genes were found with frameshift

utations ( p < 0.001) ( Fig. 2 D). In patients harboring frameshift

utations, compared with MSS, MSI tumors had significantly higher

rameshift mutations burden (median 18 vs 1 mutation/Mb, p < 0.001)

 Fig. 2 E). 

utations in postoperative plasma of MSI and MSS patients 

Somatic mutations derived from tumor tissues were tracked in post-

perative plasma samples. A median sequencing depth of 2538 × (range

rom 956 to 5136 ×) without duplications was reached. For all patients,

ostoperative mutations were detected in 50% (38/76) of the plasma

amples. Of these, 77% (23/30) of MSI and 32.6% (15/46) of MSS pa-

ients were found with tumor-derived mutations. The mutational detec-

ion rate of MSI patients was significantly higher than MSS ( p < 0.001)

 Fig. 3 A). In mutation-positive samples, a median of 7 (1 to 21) mu-

ations detected in MSI was higher than 1 (1 to 6) mutation in MSS ( p

 0.001) ( Fig. 3 B). We found that the number of mutations in plasma had

 significant positive correlation with that in the paired tissues for the

utation-positive samples. Especially, the strong correlation was found

n MSI (Spearman r = 0.47, p = 0.023), rather than in MSS group (Spear-

an r = 0.12, p = 0.66) ( Fig. 3 C and D). These results indicated that MSI

atients had a higher proportion of mutation-positive and higher muta-

ion burden in postoperative plasma. 

In addition, recurrently mutated genes including BLM (5/23), RNF43

5/23), ARID1A (4/23), and TCF7L2 (4/23) were identified in MSI pa-

ients ( Fig. 3 E), while APC (3/15), TP53 (3/15), FBXW7 (1/15), and

RAS (1/15) genes in MSS were detected ( Fig. 3 F). Seventy percent

16/23) of mutation-positive plasma samples in the MSI group harbored

rameshift mutations, with a higher mutation-positive proportion than

SS (3/15) ( p = 0.007) ( Fig. 3 G). The frameshift mutation burden of MSI

lasma was also higher than MSS (5 vs 1 mutation, p = 0.037) ( Fig. 3 H).

hese results suggested that there were differences in the mutational

haracteristics of postoperative plasma between the two groups. 
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Fig. 1. Genomic landscape of CRC tissue samples. (A) Tumor mutation burden (TMB) of MSI (microsatellite instability) and MSS (microsatellite stability) CRCs. TMB 

comparisons between two groups are performed by Mann-Whitney test. (B) Somatic mutation profile detected in tissues of MSI CRCs. The top graph shows numbers 

of alteration of each sample. Genes with somatic alterations occurring in more than eleven samples are shown in the middle heatmap. Different alteration types are 

indicated by different colors. Altered frequency in patients of each gene is shown on the left. Gender, age, stage, and lesion location are shown at the bottom. (C) 

Somatic mutations detected in tissues of MSS CRCs. (D) Frequency of altered classical MMR-related genes including MLH1, MSH2, MSH6 , and PMS2 . The comparion 

of prevalence between MSI and MSS groups is performed by Fisher’s exact test. (E) The IHC (immunohistochemistry) and altered status of MMR-related genes in 

MSI CRCs. The top heatmap demonstrates the expression status of particular protein detected by IHC. The somatic alterations are showed in bottom heatmap, in 

which different colors indicate different mutational types. (F) Comparison of prevalence of all altered genes occurring in MSI or MSS patients. odd ratios (OR) and p 

values were calculated by Fisher’s exact test. The spots above the horizontal dashed line in the middle of figure are mutated genes with significant differences. The 

longitudinal dashed line separates genes enriched in one group, as indicated by arrows at the top. 
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utation tracking in plasma during follow-up 

We collected plasma samples during follow-up from 15 MSI and 12

SS CRCs for mutation tracking. A median depth of 2136 × (range from

72 to 4398 ×) without duplications was reached. Seven (47%) patients

n MSI and 6 (50%) in the MSS group had received adjuvant chemother-

py with standard duration. In the MSI group, 14 (93%) samples were

etected with tumor-derived mutations, with a median of 8 (range: 1–

8) mutations ( Fig. 4 A-C). The number of mutations was marginally

roportional between tumor and follow-up plasma (Spearman r = 0.49,

 = 0.072) ( Fig. 4 D). Eighty-six percent (12/14) of MSI CRCs were de-

ected with frameshift mutations. Among the 12 MSS samples, 4 (33%)

ith tumor-derived mutations were identified, with a lower positive

roportion (Fisher’s exact test, p = 0.003), and possibly fewer mutations

median: 1, Mann-Whitney test, p = 0.080) than MSI group ( Fig. 4 A and

). 

Four (1 MSI and 3 MSS) out of 76 patients were suffered progressed-

isease (PD) within one year (median follow-up time was 28.6 months

anging from 2.5 to 35.9 months). Of the 3 MSS CRCs, 1 was found

ith recurrence in liver, 1 with lung, and 1 with multiple metastases.

ll of them were detected with ctDNA in postoperative plasma. Among

he MSI patients ( n = 23) harboring postoperatively tumor-derived mu-

ations, only one (4%) experienced PD at the liver. 

iscussion 

Previous studies have proved the heterogeneity of CRC in terms of

he molecular basis and clinical results. CRC was genetically grouped
y MSI and MSS type according to the specific genomic characteristics

29] . MSI patients with operable colon cancers have a better progno-

is than patients with MSS [30] . For advanced CRC, immune check-

oint inhibitors (ICIs) have been approved for use in MSI patients, while

SS CRCs showed inferior immunotherapy results [31] . We have fur-

her proved that the distinction of mutational characteristics of primary

umors in MSS and MSI CRCs. Although mutation profile analysis re-

ealed that the prevalence of APC and KRAS was similar between the

SS and MSI groups, numerous genes, e.g., MLL3, NOTCH1, FBXW7,

IK3CA , and ERBB4 , were enriched in MSI patients. Thus, under the

rinciple of precision treatment, patients with MSI and MSS need to be

reated differently. 

The molecular features used for prognostic stratification in the MSI

roup have not yet been developed. In resected stage III patients re-

eiving adjuvant FOLFOX, KRAS mutations were independently associ-

ted with shorter outcomes in MSS but not in MSI CRCs [32] . Those

ecurrently mutated and significantly enriched genes should be exam-

ned for the associations with resectable MSI CRC outcomes. For exam-

le, NOTCH pathway, including NOTCH1, NOTCH2, NOTCH3, NOTCH4,

BXW7 , and CREBBP , which enriched in MSI CRCs, plays an extensive

ole in the immune system and operates at various levels by acting in

onjunction with defined immunological signals such as cytokines, T cell

ntigen receptor and co-stimulatory receptor-mediated signaling [33] .

n esophageal squamous cell carcinoma, NOTCH1 mutant patients had

 better outcome than those individuals without mutations [34] . So-

atic mutations in chromatin-regulating genes MLL, MLL2, MLL3 , and

RID1A in 20% of pancreatic cancers had the associations with im-

roved survival [35] . We found these genes were all enriched in the



L. Li, W. Zhou, Q. Li et al. Translational Oncology 14 (2021) 100945 

Fig. 2. Mutational type between MSI and MSS 

tumor tissues. (A) Proportion of a variety of 

mutations detectable in MSI compared with 

MSS CRCs. (B) Differences in prevalence of mu- 

tations in patients between MSI and MSS CRCs. 

(C) Pervalence of genes with higher frameshift 

mutation frequency in MSI versus MSS. in A- 

C, asterisk above the bar indicates significant 

difference between two groups with p value 

less than 0.05 determined by Fisher’s exact test. 

(D) Comparison of frequency in MMR-related 

genes harboring frameshift mutation between 

MSI and MSS patients. (E) TMB of frameshift 

mutations in MSI tumors compared with MSS 

tumors (Mann-Whitney test). 
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SI group, especially for the most frequent MLL3 , consistent with an-

ther study [36] . According to our observations, alterations in NOTCH

athway and chromatin-regulating genes were more common in the MSI

RCs, suggesting the interaction between these genes and MSI. Despite

he lack of direct evidence, these clues might lead to the potential as-

ociation between this interaction and a better prognosis in the MSI

atients. In our study, however, one limitation is that we could not in-

estigate the association between the mutational profile and outcomes

f patients, due to the rare PD patients during the follow-up. 

MSI CRCs had different mutational types in genes compared with

SS, with more frameshift and fewer nonsense mutations. Frameshift

aused by small Indel mutations related to MSI status could develop a

ovel open reading frame and produce a large quantity of neoantigenic

eptides. Analysis of tumor-specific neoantigens showed that enrich-

ent of Indel mutations for high-affinity binders was three times that of

on-synonymous SNV mutations [37] . Therefore, as the key substrate

or the generation of anticancer immunity, more abundant frameshift
utations could be related to the stronger immunogenicity of MSI tu-

ors. 

The study of ctDNA in early-stage MSI CRC should not be ignored. Tie

t al. analyzed 40 MSI tissues using a panel of 15 genes, and investigated

ne of the TP53, APC , or KRAS mutations in postoperative plasma to

dentify 1 patient with postoperative ctDNA [20] . Thus, a relatively low

evel of ctDNA positive rate (2.5%) was reported, statistically compara-

le to the positive rate of the overall population (7.9%, 14 out of 178). In

ur cohort, ctDNA positive (with at least one tumor-derived mutation)

ate in postoperative plasma in MSI CRCs was significantly higher than

hat in MSS patients, and postoperative mutation burden was also higher

han MSS plasma. Considering the mutational discrepancy between MSI

nd MSS CRCs, we propose that a comprehensive panel is more suitable

or the examination of postoperative plasma ctDNA in MSI CRCs. 

For early-stage CRC, tumor-derived mutations in postoperative

lasma is an independent indicator of the worse outcome in patients

ndergoing surgery. The value of postoperative plasma ctDNA in the
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Fig. 3. Mutations detected in postopritive plasma. (A) The mutational detection rate in postoperative plasma of MSI and MSS patients. (B) Comparison of TMB 

in postopritive plasma between MSI and MSS CRCs (Mann-Whitney test). (C) Correlation of TMB between tissue and postoperative plasma in MSI patients. (D) 

Correlation of TMB between tissue and postoperative plasma in MSS patients. In C and D, Spearman r and p values are showed. (E) Genes with higher mutational 

frequency detected in MSI patients are presented. (F) Genes with higher mutational frequency detected in MSS patients are showed. (G) Percentage of postoperative 

samples harboring frameshift mutations in MSI patients compared with MSS patients (Fisher’s exatct test). (H) Comparison of frameshift mutation burden between 

MSI and MSS postoperative plasmas (Mann-Whitney test). 
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rediction of recurrence after surgical treatment of breast cancer, lung

ancer, and colorectal cancer has been reported [ 20 , 38–40 ]. Among the

0 MSI patients reported by Tie et al. [20] , the only one with ctDNA re-

ained recurrence-free at 12 months follow-up, while the disease infor-

ation of others could not be obtained. Therefore, the prognostic value

f postoperative ctDNA in MSI CRCs was not elucidated. A large number

f sequencing reads carrying tumor-specific mutations in postoperative

lasma before adjuvant chemotherapy indicated the molecular residues

f the primary MSI tumor in our study. We further found the high pro-

ortional frameshift mutations in postoperative plasma of MSI CRC. It is

urrently unclear how the MSI status significantly influences the progno-

is of stage III CRCs, which represented a great proportion of the study

opulation. Based on the substantial pieces of evidence of the better

urgery prognosis of MSI CRCs, thus, we herein speculated that these

olecular residues might not be an indicator of the worse outcome and

ven was probably the signal of residual immunogenicity, which might

e associated with the better prognosis of MSI CRC. Due to the numbers

f MSS and MSI patients who experienced recurrence were extremely

mall to derive any safe conclusions, this hypothesis requires further

undamental research of a large-scale cohort and long-term follow-up.

nterestingly, during the 6 months of follow-up regardless of whether

djuvant chemotherapy was treated or not, the tumor-derived mutant

tDNA was detected in the majority of MSI rather than MSS patients.

ne feasible explanation for the high ctDNA level of chemo-treated pa-

ients is that the chemotherapy had less effect in reducing the number

f mutated clones due to a higher baseline burden in the MSI. 

In summary, we recruited MSI CRCs, collected their surgical tissue

nd postoperative plasma samples, and compared their clinical features

nd molecular characteristics in both tissues and plasmas with MSS

RCs, provided the preliminary insights into the postoperative ctDNA

tatus of MSI CRCs. Our research reminds researchers that the postop-

rative ctDNA status of MSI may not be regarded as a poor prognostic

actor as in MSS. 
onclusions 

MSI CRC has distinct mutational characteristics in tumor and postop-

rative plasma compared with MSS CRC. The prognostic value of ctDNA

n postoperative plasma of MSI CRC should be independently evaluated

n MSI. 
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Fig. 4. Mutation tracking in plasma during follow-up. (A) Propotion of follow- 

up plasma samples with tumor-derived mutations in MSI and MSS patients. (B) 

The mutational detection rate in follow-up plasma of patients with and without 

postoperative adjuvant treatment. (C) TMB of follow-up plasma in MSI and MSS 

CRCs (Mann-Whitney test). (D) Correlation of TMB between tissue and follow-up 

plasma in MSI patients. Spearman r and p value are showed. 
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