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cancer (CRC). The aim of the present study was to explore the potential impact of ARID1A

mutation on clinicopathological and molecular characteristics in CRC.

Methods: We used integrated data sets of 7978 CRC cases (one data set from a clinical labo-

ratory improvement amendments [CLIA]-certified laboratory and three independent pub-

lished data sets). The associations of ARID1A mutation with molecular characteristics

including immune profile (the status of microsatellite instability [MSI], tumour mutational

burden [TMB], programmed death ligand 1 [PD-L1] and estimated infiltrating immune cells),

clinicopathological features and related pathways were analysed using next-generation

sequencing, RNA sequencing and immunohistochemistry.

Results: ARID1A mutant samples had more genomically unstable tumour features (MSI-high

and TMB-high) and exhibited more characteristics of a T-celleinflamed microenvironment

(PD-L1 expression and high estimated infiltrating cytotoxic T lymphocytes [CTLs]) than AR-

ID1A wild-type samples in the discovery and validation cohorts. Even ARID1A mutant sam-

ples without MSI-high status were TMB-high, had high levels of PD-L1 expression and high

estimated infiltrating CTLs. ARID1A mutations were more common with right-sided primary

and earlier stage tumours. ARID1A mutant tumours mainly had co-occurring gene mutations

related to chromatin modifying, DNA repair, WNT signalling and epidermal growth factor

receptor inhibitor resistance pathways, and ARID1A mutations strongly regulated DNA

repair pathways. Key genes for chemotherapy/radiotherapy sensitivity were suppressed in AR-

ID1A mutant samples.

Conclusions: Our findings may provide novel insights to develop individualised approaches for

treatment of CRC based on ARID1A mutation status.

ª 2020 Elsevier Ltd. All rights reserved.
1. Introduction

ARID1A (also known as BAF250a) is a subunit of the
SWI/SNF complex, an ATPase chromatin remodelling/

tumour suppressor complex [1]. The SWI/SNF complex

regulates lineage-specific transcription via nucleosome

remodellingebased control and promotes DNA repair

through recruiting DNA repair proteins. Therefore, loss

of the SWI/SNF complex function is a common feature

of tumours and can drive genomic instability and

tumour progression [2]. Preclinical evidence suggests
that the alterations in the subunit genes of the SWI/SNF

complex drive changes in tumour biology that may

augment the antitumour immune response and chemo-

therapy/radiotherapy response [3,4]. Of the subunits of

the SWI/SNF complex, ARID1A has the highest muta-

tion frequency in cancers and mutations (loss of func-

tion) and is known to be associated with tumour activity

and poor prognosis [5]. In colorectal cancer (CRC),
ARID1A mutation frequency is enriched in tumours

with microsatellite instability (MSI) status [6]; however,

its impact on pathological and molecular features re-

mains largely unclear.

The availability of immune checkpoint inhibitors has

changed the landscape of treatment strategies in many

patients with cancer, including a subset of patients with

CRC [7]. However, a minority of CRC patients benefit
from these treatments, and the identification of reliable

biomarkers predictive of response is one of the most

pressing missions [8]. In the clinic, tumours exhibiting
high levels of microsatellite instability (MSI-H), tumour

mutational burden (TMB) and expression of pro-

grammed death ligand 1 (PD-L1) are more likely to

respond to immune-based treatment strategies [9e11].

Recently, Shen et al. [12] reported that ARID1A defi-
ciency was associated with MSI-high and increased

TMB and that ARID1A mutations could be a predictive

biomarker of response to the antiePD-L1 antibody in

ovarian cancer. However, the relationship between

ARID1A mutations and molecular profiles, including

immune profiles, of the tumour in CRC is unclear.

Further understanding of tumour characteristics and

genetic features related to ARID1A mutations may be
critical in future tailored treatment for CRC.

We performed this study to highlight the impact of

ARID1A mutations on molecular characteristics to

investigate their potential value to influence treatment

strategies in CRC, using integrated data sets generated

from analyses of a total of 7978 samples. Our analysis

demonstrates that ARID1A mutation status could be a

predictive biomarker of immune therapies and a novel
key step towards personalised treatment strategy for

CRC.
2. Patients and methods

2.1. Tumour samples

A data set from a commercial CLIA-certified laboratory

(Caris Life Sciences, Phoenix, USA) from April, 2015 to



R. Tokunaga et al. / European Journal of Cancer 140 (2020) 119e129 121
January, 2018 (named CARIS) and three published data

sets (named DFCI [13], MSK [14] and TCGA) available

through cBioportal website (‘DFCI, Cell Reports 2016’,

‘MSK, Cancer cell 2018’ and ‘TCGA, PanCancer Atlas’

data sets) were used for our analysis [15]. In the CARIS

data set, human subjects were anonymised before anal-

ysis. The subjects were de-identified, and this research

was determined to exempt from Institutional Review
Board (IRB) review per policy 45 CFR 46.101 (b). GSE

59857 available through National Center for Biotech-

nology Information (NCBI’s) Gene Expression

Omnibus and ARID1A mutation data available through

cancer cell line encyclopedia were used for pathway

analysis, next-generation sequencing (NGS) and immu-

nohistochemistry (IHC) in the CARIS data set.

2.2. Next-generation sequencing (NGS) and

immunohistochemistry (IHC) in the CARIS dataset

NGS was performed using the NextSeq platform (Illu-

mina, Inc., San Diego, USA). A custom-designed

SureSelect XT assay was used to enrich 592 whole-

gene targets (Agilent Technologies, Santa Clara, USA;

https://www.precisiononcology.com.au/doctors/whats-

included/). The cases with unclassified genetic variants

(n Z 194) or indeterminate low coverage regions after
exon 2 (n Z 33) for ARID1A were excluded. MSI

status was examined using more than 7000 target

microsatellite loci and compared with the reference

genome hg19 from the University of California, Santa

Cruz Genome Browser Database, and the status was

defined as MSI-H or MSI-low/microsatellite stable.

The threshold to define TMB-high (TMB-H) was

greater than or equal to 10 mutations/megabases.
IHC analysis was performed for PD-L1 expression sta-

tus on full slides of formalin-fixed paraffin-

embedded tumour specimens using automated staining

techniques (Benchmark XT, Ventana and Autostainer

Link 48, Dako) and PD-L1 SP142 clone (R&D Systems,

Minneapolis, USA).

2.3. Statistical analysis

All statistical analyses were performed with JMP,
version 10.0 (SAS Institute Inc., Cary, USA), or R,

version .3.5.1 (R Development Core Team). The com-

parisons of continuous data were analysed using the

Student’s t-test and those of categorical data were ana-

lysed using the Fisher’s exact test. An RNA-seqebased

MCP-counter method which allows the quantification of

eight immune and two stromal cell populations in het-

erogeneous tissues was performed for estimation of the
association between ARID1A mutant tumour and

tumour-infiltrating immune/stromal cell populations

[16]. A downloadable R package (CMSclassifier: https://

github.com/Sage-Bionetworks/CMSclassifier) from the

CRC Subtyping Consortium in the original consensus
molecular subtypes (CMS) classification [17] was ob-

tained and used to filter the data set. GSEA v3.0 and

MORPHEUS websites were used for pathway analysis.

Materials and methods are detailed in Supplementary

materials and methods.
3. Results

3.1. ARID1A mutations and molecular characteristics in

the discovery cohort

We studied samples from 7978 patients with CRC from

four independent cohorts. Fig. 1 summarises the work-

flow of this study. Accumulating evidence suggests that

ARID1A does globally impact gene expression through

regulating chromatin remodelling (Fig. 2A). We there-

fore first evaluated the ARID1A mutation status and

examined the association with molecular characteristics

including immune profiles in the discovery cohort
(CARIS cohort).

Fig. 2B shows the observed mutation locations in the

ARID1A gene. The mutation rate was 8.2% (468/5726

samples); the most frequent location was D1850 (13.0%:

73/560 mutations); and the most frequent type of mu-

tation was a truncating mutation (71.4%: 400/560), such

as a frameshift mutation. The observed patterns of

common gene mutations in CRC were similar to those
of past reports (Fig. 2C). The immune profile in

ARID1A mutant samples was strikingly different from

that in ARID1A wild-type samples. MSI-H, TMB-

H and PD-L1 expression rates were significantly higher

in ARID1A mutant samples (45.3%, 60.1% and 18.3%,

respectively) than in ARID1A wild-type samples (2.9%,

21.7% and 5.9%, respectively) (Fig. 2D). The samples

with somatic POLE mutation or with MSI-H exhibited
a substantially higher TMB. Even in samples without

MSI-H status, TMB-H rate was significantly higher in

ARID1A mutant samples than in ARID1A wild-type

samples (27.7% vs 19.5%; P Z 0.003) (Fig. 2E).

Fig. 2F shows the patterns of co-occurring and mutual

exclusive genes among ARID1A mutant samples.

Among the top 20 genes mutated in the CARIS panel,

we found 3 mutually exclusive genes mutation (TP53,
APC and KRAS ) and 14 co-occurring gene mutations

that have been implicated in the regulation of chromatin

modifying, DNA repair, WNT signalling or epidermal

growth factor receptor (EGFR) inhibitor resistance

pathways (Supplementary Table S1).
3.2. Relationship between ARID1A mutation and

clinicopathological characteristics

We next evaluated the association between ARID1A

mutation and clinicopathological characteristics in each

cohort. Baseline patient characteristics are shown in

Supplementary Table S2. The CARIS cohort had no

https://www.precisiononcology.com.au/doctors/whats-included/
https://www.precisiononcology.com.au/doctors/whats-included/
https://github.com/Sage-Bionetworks/CMSclassifier
https://github.com/Sage-Bionetworks/CMSclassifier


Fig. 1. CONSORT diagram. Flow chart showing the inclusion/exclusion criteria in this study. CCLE, cancer cell line encyclopedia; CRC,

colorectal cancer; NGS, next-generation sequencing; RNA-seq, RNA sequencing.
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information of the TNM stage, and the DFCI and

TCGA cohorts had no information about the location

of tumour sampling. The CARIS cohort had fewer MSI-

H tumours. The DFCI cohort had more elderly, female,

right-sided and MSI-H tumours. The MSK cohort had

more stage IV tumours. The TCGA cohort had more

elderly, right-sided, MSI-H and ARID1A mutant tu-

mours. Table 1 showed that there were strong associa-
tions of ARID1A mutant samples with right-sided

tumours (CARIS: P < 0.001, DFCI: P Z 0.053, MSK:

P < 0.001, TCGA: P Z 0.002), earlier tumour stage

(DFCI: P Z 0.004, MSK: P < 0.001, TCGA:

P Z 0.046), more tumour sampling from primary

tumour (CARIS: P < 0.001, MSK: P < 0.001) and MSI-

H (CARIS: P < 0.001, DFCI: P < 0.001, MSK:

P < 0.001, TCGA: P < 0.001).
3.3. ARID1A mutation and tumour microenvironment

We further evaluated the association of ARID1A

mutation with PD-L1 expression, estimated tumour

infiltrating immune and stromal cells using the MCP-

counter method and CMS classifier using the

Random Forest Classifier in the TCGA cohort (Fig. 3,

Supplementary Fig. S1A). ARID1A mutant samples

had higher PD-L1 expression level (P < 0.001), as well

as more estimated infiltrating cytotoxic T lymphocytes

(CTLs) (P < 0.001) and monocyte lineage cells
(P < 0.001), than ARID1A wild-type samples

(Fig. 3A). Even in ARID1A mutant samples without

MSI-H status, PD-L1 was highly expressed

(P < 0.001) and more CTL infiltration was expected

(P Z 0.003) (Fig. 3B). The pattern of CMS



Fig. 2. The impact of ARID1A mutation on tumour characteristics in the discovery cohort. (A) The function of ARID1A as a SWI/SNF

complex subunit for chromatin remodelling. (B) Mutation location and type of ARID1A. (C) Frequency of gene mutations in right-sided

and left-sided CRC. (D) The characteristics of immune profile and tumour location in all samples, comparing POLE mutant, MSI-H,

ARID1A mutant and ARID1A wild-type subtypes. (E) The characteristics of immune profile and tumour location in ARID1A mutant

without MSI-H status. (F) X-axis indicates co-occurring mutations (right, positive log ratio) and mutually exclusive mutations (left,

negative log ratio), and Y-axis indicates the significance. Log ratio is Log2 based ratio of samples with mutation in ARID1A mutation

group/samples with mutation in ARID1A wild-type group. CRC, colorectal cancer; Mb, megabase; MSI, microsatellite instability; MSI-H,

MSI-high; MSI-L, MSI-low; MSS, microsatellite stable; PD-L1, programmed death ligand 1; POLE, polymerase ε; TMB, tumour

mutational burden.
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Table 1
Association between ARID1A mutation and clinicopathological factors across four cohorts.

Characteristics

Total N Z 7978

CARIS DFCI MSK TCGA

ARID1A

mutant

n Z 468 (8%)

ARID1A

wild-type

n Z 5258 (92%)

ARID1A

mutant

n Z 50 (8%)

ARID1A

wild-type

n Z 569 (92%)

ARID1A

mutant

n Z 104 (10%)

ARID1A

wild-type

n Z 995 (90%)

ARID1A

mutant

n Z 58 (11%)

ARID1A

wild-type

n Z 476 (89%)

n (%) n (%) P value n (%) n (%) P value n (%) n (%) P value n (%) n (%) P value

Age

Median 62 60 0.095 70 71 0.778 57 54 0.144 66 67 0.330

(range) (16e95) (16e95) (52e85) (42e90) (24e87) (13e93) (33e90) (31e90)

Sex

Male 226 (48%) 2848 (54%) 0.015 14 (28%) 225 (40%) 0.101 61 (59%) 536 (54%) 0.350 29 (50%) 248 (52%) 0.739

Female 242 (52%) 2411 (46%) 36 (72%) 344 (60%) 43 (41%) 459 (46%) 29 (50%) 226 (48%)

Tumour location

Right side 157 (47%) 1215 (32%) <0.001 32 (64%) 283 (50%) 0.053 51 (50%) 275 (28%) <0.001 37 (64%) 197 (42%) 0.002

Left side 177 (53%) 2546 (68%) 18 (36%) 285 (50%) 52 (50%) 707 (72%) 21 (36%) 274 (58%)

TNM stage

I e e e 9 (19%) 143 (28%) 0.004 7 (7%) 33 (3%) <0.001 11 (19%) 84 (18%) 0.046

II e e 27 (57%) 160 (31%) 25 (24%) 103 (10%) 30 (52%) 172 (37%)

III e e 7 (15%) 152 (29%) 36 (35%) 231 (23%) 14 (24%) 138 (30%)

IV e e 4 (9%) 61 (12%) 36 (35%) 628 (63%) 3 (5%) 71 (15%)

Tumour sampling

Primary 282 (60%) 2743 (52%) <0.001 e e e 80 (77%) 506 (51%) <0.001 e e e

Metastasis 186 (40%) 2515 (48%) e e 24 (23%) 489 (49%) e e
MSI status

MSI-L/MSS 249 (55%) 4919 (97%) <0.001 15 (37%) 423 (87%) <0.001 47 (45%) 959 (96%) <0.001 29 (50%) 433 (91%) <0.001

MSI-H 206 (45%) 146 (3%) 26 (63%) 65 (13%) 57 (55%) 36 (4%) 29 (50%) 41 (9%)

P value was based on the Student’s t-test for continuous data and the Fisher’s exact test for categorical data. The unknown group was not included in this analysis. MSI, microsatellite instability; MSI-

H, MSI-high; MSI-L, MSI-low; MSS, microsatellite stable.
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Fig. 3. The impact of ARID1A mutation on tumour microenvironment in the TCGA cohort. (A) The characteristics of tumour micro-

environment in ARID1A mutant samples, comparing POLE mutant, MSI-H and ARID1A wild-type subtypes. (B) The characteristics of

tumour microenvironment in ARID1A mutant samples without MSI-H status. (C) CMS classifier in ARID1A mutant samples, comparing

ARID1A wild-type samples. (D) CMS classifier in ARID1Amutant samples without MSI-H status. MSI, microsatellite instability; MSI-H,

MSI-high; MSI-L, MSI-low; MSS, microsatellite stable; PD-L1, programmed death ligand 1; POLE, polymerase ε.
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distribution was different between ARID1A mutant
samples and ARID1A wild-type samples. ARID1A

mutant samples showed a higher prevalence of CMS1

(36% versus 11%) than ARID1A wild-type samples, as

did in the samples without MSI-H status (19% versus

7%) (Fig. 3C and D).

3.4. ARID1A mutation and leading pathways

Finally, we assessed the ARID1A mutation status and

molecular characteristics in the validation cohorts

(DFCI, MSK and TCGA cohorts) and examined the
ARID1A-related pathways using gene set enrichment

analysis in the TCGA and GSE 59857 cohorts.

The ARID1A mutation rate was 9.4% (212/2252

samples); the most frequent location was D1850 (8.7%:

24/275 mutations): and the most frequent type was a

truncating mutation (62.2%: 171/275 mutations), similar

to the discovery cohort (Supplementary Fig. S1B). The

mutated gene list is shown in Supplementary Table S3.
OncoPrint (Fig. 4A) showed that ARID1A mutant

samples had higher numbers of gene mutations, right-

sided primary tumours and MSI-H tumours. Fig. 4B

further pointed to co-occurring mutated genes that have
been implicated in the regulation of chromatin modi-
fying, DNA repair, WNT signalling or EGFR inhibitor

resistance pathways (Supplementary Table S4). Among

the 20 genes evaluated in the discovery cohort, co-

occurring genes mutation were all validated, and only

TP53 mutations and ARID1A mutations were mutually

exclusive.

Gene set enrichment analysis identified signalling

pathways that might relate to ARID1A mutant status
(Fig. 4C). ARID1A mutation was strongly associated

with DNA repair pathway. However, WNT and EGFR

inhibitor resistance pathways were not upregulated in

ARID1A mutant samples. Further analysis of genes

expression in the DNA repair pathway showed that the

key genes mediating chemotherapy/radiotherapy

sensitivity such as ATM, ATR, MRE11A, RAD50 and

BRCA1 were significantly suppressed in ARID1A

mutant samples (Supplementary Fig. S2).
4. Discussion

We report for the first time the impact of ARID1A

mutations on molecular characteristics in CRC. With a



Fig. 4. The impact of ARID1A mutation on tumour characteristics in the validation cohorts. (A) OncoPrint representation of gene

mutations in the validation cohorts within each sample for the 50 top mutated genes and for the tumour location and MSI status

(indicated in orange and red on the bottom annotation heatmap). Top and side bar plots indicate the number of mutations per sample and

the number of each gene mutation across all the samples, respectively. (B) X-axis indicates co-occurring mutations (right, positive log

ratio) and mutually exclusive mutations (left, negative log ratio), and Y-axis indicates the significance. Log ratio is Log2 based ratio of

samples with mutation in ARID1A mutation group/samples with mutation in ARID1A wild-type group. (C) Gene set enrichment analysis

with hallmark gene sets in the TCGA and CSE59857 cohort (ARID1A mutant vs. ARID1A wild-type samples). MSI, microsatellite

instability; MSI-H, MSI-high; MSI-L, MSI-low; MSS, microsatellite stable.
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total of 7978 clinical samples from four independent

cohorts, we found that ARID1A mutation was signifi-

cantly associated with a favourable immune profile

indicative of a higher likelihood of response to immune

checkpoint inhibitors (MSI-H, TMB-H, PD-L1
expression and high estimated infiltrating CTLs). It was

also associated with right-sided primary tumour
location and earlier tumour stage. In addition, we

determined that ARID1A mutant tumours mainly had

co-occurring gene mutations related to chromatin

modifying, DNA repair, WNT signalling and EGFR

inhibitor resistance pathways and manifested mutual
exclusivity with TP53 mutation. In addition, gene

expressionebased pathway analysis showed that
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ARID1A mutation strongly regulated DNA repair

pathway related to chemotherapy/radiotherapy sensi-

tivity. Our findings support developing a personalised

treatment strategy in patients with CRC and ARID1A

mutations.

ARID1A is a key subunit of the multiprotein SWI/

SNF complexes that regulate the dynamic repositioning

of nucleosomes to repair DNA damage for gene tran-
scription [3]. Accumulating evidence suggests that the

loss of ARID1A function decreases expression of other

SWI/SNF subunits, impacting chromatin remodelling

ability [18]. Therefore, ARID1A mutation could epige-

netically impact genetic stability and diverse biological

pathways [19]. We highlighted the association between

ARID1A mutation and favourable immune profile for

immune checkpoint inhibitors (MSI-H, TMB-H, PD-L1
expression and high estimated infiltrating CTLs) in

CRC. Importantly, even ARID1A mutant samples

without MSI-H status were associated with TMB-H,

PD-L1 expression and high estimated infiltrating

CTLs. In addition, ARID1A mutant samples (even

without MSI-H status) showed a higher prevalence of

CMS1 than ARID1A wild-type samples, which means

ARID1A mutation could lead to strong immune acti-
vation. Recent data showed that ARID1A-deficient tu-

mours had a remarkable response to antiePD-L1

antibody in ovarian cancer [12]. Because immune

checkpoint inhibitors are more likely to be effective

against genomically unstable tumours expressing neo-

antigens and tumours with a T-celleinflamed microen-

vironment [20], ARID1A mutation, being associated

with both, may be associated with good immunotherapy
response.

ARID1A mutation results in loss of tumour-sup-

pressor function, resulting in enhanced tumour prolif-

eration, metastasis and recurrence [5,21]. In preclinical

CRC mouse models, Mathur et al. [22] demonstrated

that ARID1A inactivation increased the invasive ability

and presence of tumour-infiltrating lymphocytes, fea-

tures associated with MSI-H tumours. Furthermore,
conditional ARID1A knockout in mice promoted

tumorigenesis of ovarian cancer, CRC and pancreatic

ductal adenocarcinoma (in the KRAS-activated model),

and ARID1A mutations are associated with poor

prognosis [5,22,23]. However, surprisingly, our present

study showed that ARID1A mutation had a strong as-

sociation with earlier tumour stage. Although loss of

ARID1A results in invasiveness, at the same time it
might improve natural antitumour immunity on its own

in a manner analogous to observations in MSI-H tu-

mours [12,24]. Our data also demonstrated that

ARID1A mutation had a strong association with right-

sided primary tumour location. In CRC, differences in

characteristics due to tumour location have been re-

ported, and it seems to have a great impact on its

treatment strategy [25]. Therefore, future studies are
required to clarify precisely how ARID1A
mutationerelated inactivation contributes to the clinical

treatment strategy.

In cancer, individual tumours typically have multiple

somatic alterations, and the co-occurring or mutually

exclusive alterations could suggest functional in-

teractions [26]. Co-occurrence indicates functional syn-

ergies and reflects resistance to targeted therapy. Mutual

exclusivity reflects alternative functions in tumour
initiation and progression, which provide new insights

into tumorigenesis and have potential implications for

clinical management. Our data pointed to co-occurring

gene mutations related to chromatin modifying, DNA

repair, WNT signalling and EGFR inhibitor resistance

pathways. Consistent with our findings, past studies

showed the interdependent interaction between

ARID1A and chromatin remodelling and DNA repair
proteins [2,3,19,27], a negative association of WNT

signalling with lymphocyte infiltration which related to

ARID1A mutation status [28], and EGFR inhibitor

resistance in ARID1A-deficient tumours through acti-

vation of PI3K/AKT pathway [24]. ARID1A mutations

might have effects on both epigenetic regulation and

immune profiles and could be a critical determinant for

the effect of anti-EGFR therapy. Our findings also show
that mutations in ARID1A and TP53 occur uncom-

monly in the same tumour. This may reflect distinct

mechanisms of tumorigenesis between tumour subtypes.

ARID1A mutation leads to defective cell cycle check-

point activation and TP53 mutation in response to

DNA damage [2]. Although strong chemoresistance has

been reported for tumours with MSI-H positively

associated with ARID1A mutation [29], additional
studies of the impact of ARID1A mutation on chemo-

therapy/radiotherapy sensitivity through regulating

DNA repair pathways are needed.

Our findings suggest the potential for the develop-

ment of more effective treatment strategies for CRC

based on the presence of ARID1A mutations. Specif-

ically, our findings indicate that ARID1A mutation

could be a promising target for immune check-
pointebased therapies and might be a predictive

biomarker for anti-EGFR therapy. Recently, epigenetic

regulator and DNA repair proteins having synthetic

lethality interaction with ARID1A mutation have been

reported, and inhibition of such proteins including

EZH2, HDAC, BET and PARP resulted in selective

vulnerabilities in ARID1A mutant tumours

[19,27,30e32]. Because tumours with ARID1A muta-
tions have impaired SWI/SNIF control of enhancers,

leading to reduced H3K27ac levels and expression of

nearest genes [22], and have the DNA repair pathway

inhibited [27], inhibition of such proteins may exten-

sively impair epigenetic regulation and DNA repair,

which could result in synthetic lethality. In future

studies, it will be of interest to investigate the integrated

effects of SWI/SNF complex proteins and these
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synthetic lethal interactions on clinical and molecular

characteristics in CRC.

Limitations exist in this study. Owing to the lack of

treatment and prognosis information, the direct effects

of our findings on clinical outcomes are unclear. In

addition, this study only showed the association between

ARID1A mutation and molecular/immunological fea-

tures, not the basic biological role of ARID1A in CRC.
The retrospective study design could not exclude selec-

tion bias. However, using the biggest data set

(N Z 7978) from four independent cohorts, our findings

supported the past evidence and determined the impact

of ARID1A mutation on clinicopathological and mo-

lecular characteristics including immune profile in CRC.
5. Conclusion

ARID1A mutation status has clinical impact on CRC.

Our findings suggest that tumour with ARID1A muta-

tion may be sensitive to immune checkpoint inhibitors

and could be a predictive biomarker for chemotherapy/
radiotherapy and targeted therapy through co-occurring

mutation and regulating pathways. Upon validation

with clinical features, our findings may develop indi-

vidualised approaches for CRC treatment.
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