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Abstract. Ulcerative colitis‑associated neoplasia (UCAN) 
harbors unique genetic alterations and mutational tendencies. 
The clinical application of gene panel testing enables precision 
medicine by tailoring treatment to individual gene alterations. 
We hypothesized that gene panel testing may detect clini‑
cally important genetic alterations in UCAN, with potential 
usefulness for the diagnosis and treatment of UCAN. In the 
present study, gene panel testing was used to identify genetic 
alterations in UCAN, and the possibility of clinical utility of 
gene panel testing in UCAN was investigated. The present 
study included 15 patients with UCAN, and gene panel testing 
was performed to identify genetic alterations associated with 
diagnosis and treatment. Genetic alterations of UCAN were 
compared with those of 203 patients with sporadic colorectal 
cancer (CRC). APC and PTEN mutations were less frequent, 
while RNF43 frameshift or nonsense mutations were more 
frequent in UCAN compared with sporadic CRC. TP53 muta‑
tions were identified in 13/15 patients (87%) with UCAN. 
Notably, 4/15 patients (27%) with UCAN had no genetic 

alterations other than TP53 mutation, while this occurred 
in 1/203 patients (0.5%) with sporadic CRC (P<0.001). 
Microsatellite instability‑high was identified in 2/15 patients 
(13%) with UCAN. Mutational signature 3, which is associ‑
ated with homologous recombination deficiency, was detected 
in 14/15 patients (93%) with UCAN, and enriched in UCAN 
compared with sporadic CRC (P=0.030). In conclusion, gene 
panel testing can detect important genetic alterations that 
can be useful for diagnosis and treatment in UCAN, and may 
provide clinicians with important information for tailored 
treatment strategies.

Introduction

The inflammatory bowel diseases, ulcerative colitis (UC) and 
Crohn's disease, are chronic inflammatory diseases of the 
gastrointestinal tract, and have become global diseases that 
are increasing in Westernized countries (1). UC is associated 
with an increased risk of colitis‑associated neoplasia, which 
increases with extended and more active inflammation (2). 
Ulcerative colitis‑associated neoplasia (UCAN) was first 
reported by Crohn and Rosenberg in 1925 (3), and it has been 
recognized as an important complication of UC. Surveillance 
colonoscopy is widely accepted as being important for the early 
detection and treatment of UCAN, and UCAN surveillance is 
recommended in many countries (4).

In this surveillance, clinicians need to distinguish between 
sporadic neoplasms and UCAN based on endoscopic and 
pathological findings. Generally, sporadic neoplasms and 
UCAN are treated differently. Endoscopic resection is usually 
applied if the lesion is diagnosed as a sporadic neoplasm; 
while total proctocolectomy with ileal pouch‑anal anasto‑
mosis or ileal pouch‑anal canal anastomosis is applied if the 
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lesion is diagnosed as UCAN (4). The American College of 
Gastroenterology clinical guideline described subsequent 
surveillance colonoscopy should initially be performed at 
shortened intervals when dysplasia in the UC case in which 
discrete neoplasms are completely removed endoscopically 
refusing the total proctocolectomy (4). Therefore, the differ‑
ential diagnosis between UCAN and sporadic neoplasm 
is important when determining the treatment strategy for 
neoplasms arising in long‑standing UC. However, it is often 
difficult to distinguish between the two using endoscopic and 
histopathological findings.

UCAN chemotherapy regimens are usually selected from 
cytotoxic and molecular‑targeted agents used for sporadic 
colorectal cancer (CRC), based on genetic testing for markers 
such as RAS, BRAF, and microsatellite instability (MSI) 
status (5). The genomic landscape of sporadic CRC has been 
fairly well studied using next‑generation sequencing (NGS) 
technology. Despite previous analyses showing that UCAN 
harbors unique genetic alterations and mutational tenden‑
cies (6‑20), chemotherapy regimens for UCAN continue to be 
extrapolated from those for sporadic CRC.

Clinical application of gene panel testing enables us to 
practice precision medicine by tailoring treatment to indi‑
vidual gene alterations, and we previously reported NGS‑based 
gene panel testing for management of solid tumors (21). We 
assumed that gene panel testing would detect clinically impor‑
tant genetic alterations in UCAN, with potential utility in 
UCAN diagnosis and treatment. In this analysis, we aimed to 
identify genetic alterations of UCAN using gene panel testing, 
and investigate the possibility of clinical utility of gene panel 
testing in UCAN.

Materials and methods

Patients. We studied 15 patients with UCAN who had been 
treated between 2009 and 2021 at Niigata University Medical 
and Dental Hospital. We have previously reported on genetic 
alterations in Japanese patients with sporadic CRC using gene 
panel testing (22‑27), but not in patients with UCAN. In this 
analysis, we identified genetic alterations in the 15 patients with 
UCAN, and compared them with those identified in Stage I‑IV 
203 patients with sporadic CRC according to the American 
Joint Committee on Cancer guidelines, 8th edition (28), who 
had undergone primary tumor resection between 2009 and 2015 
at Niigata University Medical and Dental Hospital or Niigata 
Cancer Centre Hospital. Endoscopic diagnoses of UCAN were 
made by endoscopists specializing inflammatory bowel disease 
(K. M. and J. Y.) according to the SCIENIC international 
consensus statement (29). Histopathological diagnoses of UCAN 
were made by a pathologist specializing in inflammatory bowel 
disease (Y. A.) according to the classification proposed by the 
Research Committee on Inflammatory Bowel Disease of the 
Japanese Ministry of Health and Welfare (30) and the Riddell's 
classification (31). p53 overexpression was assessed as an aid 
to histopathological diagnosis of UCAN (32). We included 15 
UCAN diagnosed as UC‑IV of the classification proposed by 
the Research Committee on Inflammatory Bowel Disease of 
the Japanese Ministry of Health and Welfare (30). UC‑IV was 
defined as carcinoma including intramucosal carcinoma. The 
diagnosis of intramucosal carcinoma was to be made when 

there was a high grade of cytological and structural atypia 
consistent with carcinoma (30). This retrospective analysis was 
performed in accordance with the Helsinki Declaration, and the 
Ethics Committee of the School of Medicine, Niigata University 
approved the study protocol (G2015‑0816, G2020‑0038). 
Written informed consent was obtained from the patients.

NGS for detecting genetic alterations. Formalin‑fixed, 
paraffin‑embedded biopsy or endoscopically/surgically 
resected samples were used for evaluating genetic alterations, 
as we have previously reported (22‑27). Briefly, hematoxylin 
and eosin‑stained sections were used to assess tumor content, 
ensuring >50% tumor content. Where applicable, unstained 
sections were macro‑dissected to enrich for tumor content. 
DNA was extracted using a BioStic FFPE Tissue DNA Isolation 
Kit (Mo Bio Laboratories, Inc., Carlsbad, CA, USA). All sample 
preparations, NGS, and bioinformatics analyses were performed 
in a Clinical Laboratory Improvement Amendments/College 
of American Pathologists (CLIA/CAP)‑accredited laboratory. 
First, 50‑150 ng DNA fragment libraries were prepared and 
enriched for CANCERPLEX version 3.0 (415‑gene panel; 
KEW) or version 4.0 (435‑gene panel; KEW). An average 500x 
sequencing depth was achieved using the Illumina MiSeq and 
NextSeq platforms. A 10% allelic fraction threshold for single 
nucleotide variants (SNVs) and insertions/deletions was used, 
as well as thresholds of >2.5‑fold and 0.5‑fold for gain and 
loss, respectively. MSI was tested based on an extended loci 
panel: in addition to the Bethesda panel, a collection of 950 
regions consisting of tandem repeats of 1, 2 or 3 nucleotides 
with a minimum length of 10 bases was used. Tumor muta‑
tional burden was calculated as the number of non‑synonymous 
mutations per megabase of sequence in the panel (panel 
size=1.3 Mb). Mutational signatures were analyzed as previ‑
ously reported (27). Each SNV was classified in a matrix of 
the 96 possible substitutions, based on the sequence context 
comprising the nucleotides 5' and 3' to the position of the muta‑
tion. Mutational signatures were extracted using non‑negative 
matrix factorization analysis with the SomaticSignatures R 
package (33) (The R Foundation, Vienna, Austria) and plotted 
with the ggplots R package (http://ggplot2.org/). We previously 
confirmed reliability of the mutational signatures at the gene 
panel level using data sets of gene panel testing and whole 
exome sequencing data (27).

Statistical analysis. Statistical analyses were performed with 
IBM SPSS Statistics 28 software (IBM Japan, Inc., Tokyo, 
Japan). The frequency of genetic alterations between UCAN 
and sporadic CRC were compared using Fisher's exact tests. 
The mutational signature ratio between UCAN and sporadic 
CRC was also compared using a Fisher's exact test. P‑values of 
less than 0.05 were considered significant.

Results

Clinicopathological characteristics of UCAN. In this 
analysis of 15 patients with UCAN, UCAN was signifi‑
cantly associated with a lower T stage, N stage, and M 
stage compared with sporadic CRC (Table SI). The median 
disease duration of UC was 25 years (range, 9‑45 years). 
Fourteen patients were diagnosed with UCAN caused by 
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chronic inflammation of the large intestine, while one patient 
was diagnosed with UCAN caused by chronic pouchitis. 
Eight of 15 patients (53%) had UCAN in the rectum. Six 
patients had carcinoma in situ, while nine patients had a 
tumor invading to the submucosal layer or deeper. Detailed 
information for each patient is shown in Fig. 1 and Table I. 
Three patients had distant metastasis, and received systemic 
chemotherapy, as indicated for sporadic CRC. Four patients 
without distant metastasis underwent proctocolectomy with 
ileal pouch, while four patients without distant metastasis 
underwent partial resection of the large intestine because 
of the patients' request and have been followed‑up using 
annual surveillance colonoscopy under informed consent. 
Seven patients who had a lesion localized in the mucosal 
layer or slightly invading into the submucosal layer under‑
went endoscopic submucosal dissection (ESD) for accurate 
diagnosis of UCAN. Four of the seven patients who under‑
went ESD have been followed‑up using annual surveillance 
colonoscopy.

Gene panel test ing of UCA N and sporadic CRC. 
Characteristic mutational tendencies in the WNT signaling 
pathway, including APC and RNF43, were identified in 
patients with UCAN. APC mutations were significantly less 
frequent in patients with UCAN compared with sporadic 
CRC (P<0.001), being identified in 2/15 patients (13%) 
with UCAN and 164/203 patients (81%) with sporadic 
CRC (Fig. 2). RNF43 frameshift or nonsense mutations 

were significantly more frequent in patients with UCAN 
compared with sporadic CRC (P=0.025), being identified in 
4/15 patients (27%) with UCAN and 14/203 patients (7%) 
with sporadic CRC (Figs. S1 and 2). PTEN mutations were 
significantly less frequent in patients with UCAN compared 
with sporadic CRC (P=0.014), being completely absent in 
patients with UCAN (Fig. 2). TP53 mutations were identified 
in 13/15 patients (87%) with UCAN, with most consisting 
of SNV, identified in the DNA‑binding domain (Fig. S3). 
Interestingly, 4/15 patients (27%) with UCAN had no genetic 
alterations other than a TP53 mutation, while this occurred 
in 1/203 patients (0.5%) with sporadic CRC (P<0.001) 
(Fig. S4).

MSI‑H was identified in 2/15 patients (13%) with UCAN and 
13/203 patients (6%) with sporadic CRC. Despite the reported 
clinical utility of immune checkpoint inhibitors (ICIs) in some 
patients with MSI‑H CRC, no patients received ICIs in this 
cohort. Mutational signature 3, which is associated with failure 
of DNA double‑strand break repair by homologous recombi‑
nation deficiency (HRD), was detected in 14/15 patients (93%) 
with UCAN (Fig. 3), and enriched in UCAN compared with 
sporadic CRC (P=0.030) (Fig. S5). Among all the 15 patients 
with MSI‑H in this cohort (two UCAN, 13 sporadic CRC), the 
two UCAN patients exhibited mutational signature 3 (Fig. S6). 
An oxaliplatin‑based regimen, which is considered effective 
for tumors with failed DNA double‑strand break repair, was 
used in the two patients with mutational signature 3, who had 
stage IV disease.

Figure 1. Flowchart of patients included in the analysis. UCAN, ulcerative colitis‑associated neoplasia.
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Possibility of clinical utility of gene panel testing for diag-
nosis in UCAN. A 65‑year‑old‑woman with a 30‑year history 
of extensive UC was found to have a flat mucosal lesion in her 
sigmoid colon by surveillance colonoscopy (Fig. 4A). ESD was 
performed to diagnose UCAN (Fig. 4B), and the lesion was 
diagnosed as a well‑differentiated adenocarcinoma (Fig. 4C). 
Gene panel testing revealed that the tumor had a TP53 splice 
site variant, with no other mutations detected (Fig. 4D). The 
genome profile was considered to be characteristic of UCAN, 
and served an auxiliary role for diagnosis of UCAN. Although 
the patient was recommended proctocolectomy with an ileal 
pouch, she declined surgery and instead chose follow‑up by 
annual surveillance colonoscopy. She has been treated with 
mesalazine, and her condition has been well controlled. No 
new lesion has been detected five years after ESD (Fig. 4A).

Possibility of clinical utility of gene panel testing for treatment 
in UCAN. A 43‑year‑old‑woman received proctocolectomy 
with an ileal pouch for severe UC 26 years ago. She had a 
13‑year history of pouchitis, and had received various medical 
treatments for pouchitis (Fig. 5A). Pouchoscopy revealed an 
irregular ulcerative mass lesion in the ileal pouch near the 
anastomotic site, suggesting that the lesion might have devel‑
oped at the remnant rectal tissue. Histopathological diagnosis 
of the biopsy specimen was poorly‑differentiated adenocarci‑
noma. Taken together, she was diagnosed with UCAN arising 
from the ileal pouch (Fig. 5B). Abdominal computed tomog‑
raphy and magnetic resonance imaging revealed a solitary 
liver metastasis in S8 (Fig. 5C). She underwent resection of 
the ileal pouch, and gene panel testing of the primary tumor 
found TP53, PIK3CA and KRAS mutations. Moreover, muta‑
tional signature 3 was also identified (Fig. 5D). She received 
neoadjuvant chemotherapy including oxaliplatin (one course 
of CapeOx and four courses of mFOLFOX6), which seems 
to be effective for tumors with failure of DNA double‑strand 
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Figure 2. Distribution of genetic alterations in UCAN and sporadic CRC. 
Percentages indicate the mutation‑positive rate of individual genes. 
(A) Distribution of genetic alterations in UCAN. (B) Distribution of genetic 
alterations in sporadic CRC. Dark bars indicate genes with a significant 
difference (P<0.05, Fisher's exact test). *P<0.05 (UCAN vs. sporadic CRC); 
**P<0.01 (UCAN vs. sporadic CRC). CRC, colorectal cancer; UCAN, ulcer‑
ative colitis‑associated neoplasia.
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Figure 3. Mutational signature distributions of 15 patients with UCAN. APC, adenomatous polyposis coli; MSI‑H, microsatellite instability‑high; 
MSS, microsatellite stable; RNF43, ring finger protein 43; TMB, tumor mutational burden; UCAN, ulcerative colitis‑associated neoplasia.

Figure 4. A patient (UCAN‑12) with UCAN that underwent ESD followed by surveillance without proctocolectomy. (A) Clinical course of the patient. (B) ESD 
for UCAN in sigmoid colon. (C) Histopathological assessment, hematoxylin and eosin staining. Scale bar, 100 µm. (D) Genome profile and mutational 
signature of the patient. APC, adenomatous polyposis coli; ARID1A, AT‑rich interaction domain 1A; ATM, ataxia telangiectasia mutated; ERBB2, erb‑b2 
receptor tyrosine kinase 2; ESD, endoscopic submucosal dissection; FBXW7, F‑box and WD repeat domain containing 7; MSS, microsatellite stable; PIK3CA, 
phosphatidylinositol‑4,5‑bisphosphate 3‑kinase catalytic subunit α; RNF43, ring finger protein 43; Sig, signature; STK11, serine/threonine kinase 11; TMB, 
tumor mutational burden; UC, ulcerative colitis; UCAN, ulcerative colitis‑associated neoplasia.
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break repair by HRD. After the chemotherapy, the liver 
metastasis was shrunk. Then, partial resection of the liver (S8) 
was performed, and no viable cancer cells were detected by 
histopathological assessment (Fig. 5C).

Discussion

This analysis of genetic alterations in UCAN using gene panel 
testing generated two main findings. First, we demonstrated 
UCAN has a distinct genomic profile compared with sporadic 
CRC. Second, we identified genetic alterations and mutational 
signature characteristics that may be associated with diagnosis 
and treatment in UCAN. These results indicate gene panel 
testing can be useful for differential diagnosis of UCAN 
and sporadic CRC, and for tailoring treatment to individual 
genome profiles in UCAN.

Genetic alterations in the WNT pathway, including APC and 
RNF43, are different in UCAN compared with sporadic CRC. 
APC is a negative regulator that controls beta‑catenin concen‑
trations and interacts with E‑cadherin, which are involved 
in cell adhesion (34). Almost all sporadic CRC have genetic 

alterations in APC, where it plays an important role in tumori‑
genesis (35). Conversely, previous reports have shown UCAN 
has fewer genetic alterations in APC compared with sporadic 
CRC (6‑20), which is consistent with our findings (Table II). 
RNF43 is thought to negatively regulate the WNT pathway, 
and loss of RNF43 plays an important role in sporadic CRC 
through the enhancement of WNT signaling (36). We previ‑
ously reported on the clinical significance of RNF43 mutations 
in sporadic CRC, which were associated with aggressive tumor 
biology along with BRAF mutations in right‑sided CRC (26). 
Fujita et al (9) reported that somatic mutation of RNF43 is 
the driver genetic alteration that links chronic inflammation 
and cancer development in about 10% of patients with UCAN. 
In this analysis, we found RNF43 frameshift or nonsense 
mutations, thought to be associated with functional loss of 
RNF43, were significantly more frequent in UCAN compared 
with sporadic CRC. These differences in WNT pathway 
genetic alterations may be due to differences in developmental 
mechanisms between sporadic CRC and UCAN, and are some 
of the most important genetic differences for the differential 
diagnosis of sporadic CRC and UCAN.

Figure 5. A patient (UCAN‑8) with UCAN diagnosed as carcinoma arising from the ileal pouch with a solitary liver metastasis. (A) Clinical course of the 
patient. (B) Surgical specimen of the ileal pouch. (C) Radiological and histopathological assessment of liver metastasis. Scale bar, 100 µm. (D) Genome profile 
and mutational signature of the patient. Arrows indicate lesion in each state of pre and post chemotherapy. Hematoxylin and eosin staining demonstrates 
pathological complete response after chemotherapy. APC, adenomatous polyposis coli; ARID1A, AT‑rich interaction domain 1A; ATM, ataxia telangiectasia 
mutated; ERBB2, erb‑b2 receptor tyrosine kinase 2; FBXW7, F‑box and WD repeat domain containing 7; FOLFOX, fluorouracil, leucovorin, oxaliplatin; 
IPAA, ileal pouch‑anal anastomosis; PIK3CA, phosphatidylinositol‑4,5‑bisphosphate 3‑kinase catalytic subunit α; RNF43, ring finger protein 43; Sig, signa‑
ture; STK11, serine/threonine kinase 11; UC, ulcerative colitis; UCAN, ulcerative colitis‑associated neoplasia.
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Previous reports suggested that genetic alteration in TP53 is 
a late event in sporadic CRC, but an early event in UCAN (37). 
Most TP53 mutations in UCAN occurred in the DNA‑binding 
domain (8,9,18), and these mutations were considered to be 
oncogenic and, for some of the missense mutations, poten‑
tially gain‑of‑function (8). Our analysis found a characteristic 
genome profile for UCAN, where 4/15 patients (27%) had a 
TP53 mutation alone, whereas only 1/203 patients (0.5%) with 
sporadic CRC had a TP53 mutation alone. This provides both 
mechanistic insight into UCAN tumorigenesis, as well as the 
diagnostic potential of gene panel testing.

In this analysis, UCAN diagnoses were made by a patholo‑
gist specializing in inflammatory bowel disease, and p53 
overexpression was assessed as an aid to UCAN diagnosis. 
We consider that p53 overexpression is not essential for the 
diagnosis of UCAN; hence, we included four cases which has 
no p53 overexpression (Table I). We speculate that the results 
of p53 immunohistochemical staining are unlikely to have 
resulted in selection bias and influenced the profile of genetic 
alterations in UCAN.

The clinical utility of ICIs has been observed in a subset of 
patients with MSI‑H CRC. Clinical studies have demonstrated 
MSI status as an accepted response biomarker for ICIs with 
progression‑free survival rates of up to 78% in MSI‑H CRC 
compared with 11% in microsatellite stable (MSS) CRC (38). 
The rate and timing of MSI‑H are similar in UCAN and 
sporadic CRC, as is the prevalence of MLH1 hypermethylation 
and silencing (6). Schulmann et al (39) reported that 18/107 
lesions (17%) showed MSI‑H in UCAN, and the profiles of 
coding microsatellite mutations differed between MSI‑H 
UCAN and MSI‑H sporadic CRC. In this analysis, MSI‑H was 
identified in 2/15 patients (13%) with UCAN. Although ICIs 
were not used in either patient, they might be potential candi‑
dates for ICIs. However, knowledge regarding the clinical and 
molecular events underlying UCAN with MSI‑H are limited, 
and it is unclear whether ICIs have the same effect on MSI‑H 
sporadic CRC and MSI‑H UCAN.

Mutational signature 3, which is associated with failed 
DNA double‑strand break repair, is one of the genomic 
features of HRD, in addition to loss of heterozygosity, telo‑
meric allelic imbalance, and large‑scale state transitions (40). 
Tumors with HRD show high sensitivity to platinum 
compounds and poly(ADP‑ribose) polymerase inhibitors in 
several malignancies, such as breast (41), ovarian, prostate, 
and pancreatic cancers. However, only few data are available 
regarding the role of HRD alterations in CRC (42), so it is 
unclear whether CRC patients with HRD show high sensitivity 
to platinum compounds and poly(ADP‑ribose) polymerase 
inhibitors. The TRIBE2 study reported that patients with 
MSS and HRD tumors showed longer overall survival than 
patients with MSS and homologous recombination proficient 
tumors (40.2 vs. 23.8 months; P=0.04) (43). The TRIBE2 
study was designed to assign 679 patients with unresectable, 
previously untreated metastatic CRC to receive two first‑line 
oxaliplatin‑based regimens: FOLFOX plus bevacizumab or 
FOLFOXIRI plus bevacizumab (43). We consider these results 
might imply HRD tumors have high sensitivity to an oxalipl‑
atin‑based regimen compared with homologous recombination 
proficient tumors in CRC. In this analysis, we demonstrated 
that 14/15 patients (93%) with UCAN had signature 3, and that 

signature 3 was enriched in UCAN compared with sporadic 
CRC. Moreover, we presented a rare case of UCAN arising 
from the ileal pouch, which showed a remarkable response to 
oxaliplatin‑based chemotherapy. Taken together, we think that 
UCAN might respond well to an oxaliplatin‑based regimen.

This study has several limitations. First, this study 
included a small number of patients, with only 15 patients with 
UCAN. Second, we did not compare UCAN with sporadic 
CRC in patients with UC because its number was limited as 
well as UCAN. Third, there was selection bias of sporadic 
CRC, which included more patients with distant metastasis 
compared with UCAN. Forth, we did not treat any patients 
based on the results of gene panel testing. However, to the 
best of our knowledge, this is the first report that focused on 
the clinical utility of gene panel testing for UCAN. We have 
shown a potential role for gene panel testing in the diagnosis 
and treatment of UCAN, and the clinicians might be able to 
develop more effective strategy in UCAN based on message 
from gene panel testing.

In conclusion, gene panel testing can detect important 
genetic alterations that can be useful for diagnosis and treat‑
ment in UCAN, and may provide clinicians with important 
information for tailored treatment strategies for UCAN.
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