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Established Facts

relevance, prognosis, immunohistochemical, and molecular features.
o Solely 22 cases have been reported in the literature.
«  Whole-exome sequencing has not been carried out.

diagnostic process.

« Colorectal tubular adenomas displaying clear cell change are rare entities, with unknown clinical

« Hitherto, neither special stainings nor immunohistochemical markers proved to be useful in the

Novel Insights

Hereby we report a case of a 43-year-old female patient with a rectosigmoid polyp. Whole-
exome sequencing (WES) was carried out and revealed high tumour mutation burden and 7
pathogenic mutations, including TP53, APC, FGFR4, EHBPI, IL4R, TYR, and ACTN3.

Our WES resulted in newly found pathogenic mutations, and high mutation burden, proving the
lesion’s neoplastic origin.

From a differential diagnostic perspective, enteroblastic differentiation, primary and secondary

clear cell adenocarcinoma has to be excluded.
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Colon adenoma - Clear cell change - Whole-exome Introduction: Colorectal tubular adenomas displaying clear
sequencing cell change are rare entities, with unknown clinical relevance,

prognosis, immunohistochemical, and molecular features.
Case Presentation: Hereby we report a case of a 43-year-old
female patient with a rectosigmoid polyp. Histologically,
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conventional dysplasia was visible with scattered areas dis-
playing clear cell change. Whole-exome sequencing (WES)
was carried out and revealed high tumour mutation burden
and 7 pathogenic mutations, including TP53, APC, FGFR4,
EHBP1, IL4R, TYR, and ACTN3. Conclusion: Clear cell change
may only be present in less than 0.1% of adenomas. Aetiology
is not well understood; additionally, few authors suggest
autolysis or fixation problems. Our WES resulted in newly
found pathogenic mutations, and high mutation burden,
proving the lesion’s neoplastic origin. Hitherto, neither special
stainings nor immunohistochemical markers proved to be
useful in the diagnostic process. From a differential diagnostic
perspective, enteroblastic differentiation, primary and sec-
ondary clear cell adenocarcinoma has to be excluded.

© 2024 The Author(s).
Published by S. Karger AG, Basel

Introduction

Colon adenoma with clear cell change (CCC) is a rare
finding that has been first observed in 1983 by Reed et al.
and first properly detailed in 1998 by Suzuki et al. [1, 2].
Since then, solely 22 cases have been reported in the
literature. In 2 cases, conventional or clear cell adeno-
carcinoma (CCA) components have been described, as
well [3, 4]. CCC is rare; therefore, biological behaviour is
currently unknown. To determine the specific im-
munophenotype, molecular alterations, or clinical sig-
nificance, further information is needed. We report a case
of tubular adenoma (TA) with CCC and provide an
updated literature review, as well.

Case Report

A 43-year-old female patient with a medical history of systemic
lupus erythematosus underwent colonoscopic examination due to
hematochezia. From the rectosigmoid region, a 15 mm polyp was
resected.

Histologically, predominantly clear cells (>80%) with vacuo-
lated cytoplasm were visible, with sparse epithelial cells resembling
“conventional” dysplasia (Fig. 1a, b). Eventually, signet ring cell
morphology was present, as well (Fig. 1c). Periodic acid-Schiff
(PAS) and Alcian blue (AB) staining remained negative in these
areas. Immunohistochemical (IHC) examination was performed,
p53 reflected mutant phenotype (Fig. 1d), while glypican 3, Sal-like
protein 4 (SALL4), Alpha fetoprotein (AFP), and Cluster of dif-
ferentiation 10 (CD10) were negative. Ki67 showed similar results
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Fig. 1. Microscopic finding of the rectosigmoid polyp. a Pe-
dunculated polyp composed of tubular structures (HE. x1).
b Low-grade conventional dysplasia and CCC was visible in a
patchy manner (HE. x10). ¢ Clear cells were visible with
vacuolated cytoplasm and eventually signet ring cell mor-
phology (HE. x15). d Mutant phenotype was observed with
p53 (p53. x10). HE, hematoxylin and eosin staining.
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Table 1. Summary of pathogenic and

Variant allele frequency, %

ClinVar significance  Coding impact

likely pathogenic mutations found in Gene

our case P53 84
APC 17.2
FGFR4 443
EHBP1 27.5
IL4R 48.8
TYR 47.6
ACTN3 434
PDX1 423

Pathogenic Missense
Pathogenic Nonsense
Pathogenic Missense
Pathogenic Splice site variant
Pathogenic Missense
Pathogenic Missense
Pathogenic Nonsense
Likely pathogenic Missense

ACTN3, alpha actin 3; APC, adenomatous polyposis coli; EHBP1, EH domain binding
protein 1; FGFR4, fibroblast growth factor receptor 1; IL4R, interleukin 4 receptor;
PDX1, pancreatic and duodenal homeobox 1; TP53, tumour protein p53; TYR,

tyrosinase.

in the conventional dysplastic and the clear cell areas. Invasion was
not visible. The case was concluded as TA with CCC.

Ten serial sections of 10-pum thickness per formalin-fixed,
paraffin-embedded sample were taken, and deoxyribonucleic
acid (DNA) was extracted. DNA concentration was measured
by Quant-iT 1x dsDNA HS Assay kit (Thermo Fisher Sci-
entific) with FLUOstar Omega (BMG Labtech) plate reader.
For whole-exome sequencing (WES) library construction,
Twist Library Preparation EF Kit 2.0 with Universal Adaptor
System and Exome 2.0 Panel (Twist Bioscience) was applied.
The fragment size distribution of the precapture and post-
capture libraries was determined by capillary electrophoresis
on LabChip GX Touch HT Nucleic Acid Analyzer by using
X-Mark HT Chip and DNA NGS 3K Assay kit (PerkinElmer).
The libraries were quantified by Quant-iT 1x dsDNA HS Assay
kit (Thermo Fisher Scientific) with FLUOstar Omega (BMG
Labtech). In average, more than 24 Gbp raw data were gen-
erated from the sample; demultiplexing, adapter trimming,
Q30 filtering, and somatic variant calling of the sequenced
data were performed on Dragen Bio-IT platform (Illumina).
Genomic variants of Vcf files were annotated by using the
Nirvana Software package.

Altogether 7 pathogenic mutations were identified, includ-
ing tumour protein p53 (TP53), adenomatous polyposis coli
(APC), fibroblast growth factor receptor 1 (FGFR4), EH domain
binding protein 1 (EHBPI), interleukin 4 receptor (IL4R), ty-
rosinase (TYR), and alpha actin 3 (ACTN3). Pancreatic and
duodenal homeobox 1 (PDX1) was interpreted as likely path-
ogenic. All pathogenic and likely pathogenic mutations are
listed in Table 1. Tumour mutation burden proved to be 17.76,
demonstrating the lesion’s true neoplastic nature and dis-
proving the earlier assumptions regarding its potentially iat-
rogenic or autolytic origin.

Discussion with Updated Review of the Literature
The presence of clear cell morphology, whether ob-

served in adenoma or carcinoma, falls under the category
of “unconventional” and rare differentiations in colonic

Colonic Tubular Adenoma with Clear Cell
Change

neoplasms. According to the current World Health
Organization’s Classification of Digestive System Tu-
mours, they are present in less than 0.1% of adenomas [5].
Currently, there are 10 publications in the literature
regarding CCC in colorectal adenomas, including 22
cases. During our search for literature, keywords of
“colon,” “adenoma,” “CCC,” “clear cell metaplasia,” and
“clear cell component” were applied. CCC in TA was first
properly described by Suzuki et al. [2] in 1998, charac-
terized by tubular glands consisting of clear cells with
moderate to severe atypia and vacuolated cytoplasm. PAS
and AB were negative. With IHC examination, the clear
cell component was positive for carcinoembryonic an-
tigen (CEA) and epithelial membrane antigen (EMA).
P53 did not reveal either mutant or null phenotype;
however, elevated proliferation index was observed with
Ki67. No codon 12 mutation was present in the c-K-ras
gene with polymerase chain reaction. Based on the im-
munoprofile, the authors concluded that CCC has no
association towards malignant progression in the
adenoma-carcinoma sequence [2].

At the time of writing this publication, 3 literature
reviews exist on CCC in colorectal adenomas [3, 6, 7].
Domoto et al. [6] work from 1999 includes 4 publi-
cations and their own data. The work of Chan et al. [7]
comprises the data of 9 publications and was pre-
sented in 2014. The latest one is from Oyama et al.
from 2019, detailing 8 publications [3]. Table 2
presents all articles discussing colonic adenomas
with CCC. The first publication with coloured mi-
crophotos was published in 2008 by Pusztaszeri and
Bouzourene [8]. Regarding the limitations of the
articles, the work of Shi et al. [9] does not include all
gender and age data of all patients; therefore, they are
missing from Table 2.
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Table 2. Summary of literature review regarding colon adenoma with CCC

Author and Case Gender Age Aetiology/ Localization Increased Result of  Result of Association with
year of number iatrogenic mitotic special molecular clear cell colon
publication (n) effect activity staining, if examination, adenocarcinoma
applicable if applicable
Suzuki et al. 1 m 62 NA Descending NA PAS c-K-ras NA
[2] (1998) colon negative,  wildtype
AB
negative
Domoto 3 3m 54; NA Sigmoid colon; Present PAS NA NA
et al. [6] 45; transverse negative,
(1999) 44 colon; sigmoid scattered
colon positivity
with AB in
all cases
Pusztaszeri 1 m 62 NA Sigmoid colon Present PAS NA NA
et al. [8] negative,
(2008) PAS-D
negative,
AB
negative
Eloy etal. 3 m, f,f 68 NA Sigmoid colon; NA PAS NA NA
[10] 84; sigmoid colon; negative,
(2009) 48 transverse PAS-D
colon negative in
all cases,
AB
negative in
all cases
Shi et al. [9] 9 3m,3f, 61; NA Sigmoid colon; NA PAS NA NA
(2010) 3NA NA NA; ascending negative in
63; colon; rectum; 4 cases,
63; NA; sigmoid PAS-D
68; colon; sigmoid negative in
30; colon 4 cases
35
Chanetal. 1 f 75 NA Ascending NA PAS NA NA
[71 (2014) colon negative,
AB
negative
Yaoetal. 1 m 48 NA Sigmoid colon NA PAS NA NA
[11] negative,
(2016) AB
negative
Miyasaka 1 m 63 NA Ascending NA PAS NA NA
et al. [12] colon negative,
(2018) PAS-D
negative,
AB
negative
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Table 2 (continued)

Author and Case Gender Age Aetiology/ Localization Increased Result of  Result of Association with
year of number iatrogenic mitotic special molecular clear cell colon
publication (n) effect activity staining, if examination, adenocarcinoma
applicable if applicable
Oyama 1 m 75 NA Rectum NA PAS NA NA
et al. [3] negative,
(2019) PAS-D
negative,
AB
negative
Tochio etal. 1 m 57 NA Transverse NA PAS NA Present
[4] (2021) colon negative,
AB
negative
Our case, 1 f 43  Suspicion Rectosigmoid NA PAS TP53, APC, NA
2023 for region negative  FGFR4, EHBI,
autolysis IL4R, TYR,

ACTN3, PDX1

AB, Alcian blue; ACTNS3, alpha actin 3; APC, adenomatous polyposis coli; c-K-ras, c-Kirsten rat sarcoma virus; PAS-D, periodic acid-
Schiff plus diastase; EHBP1, EH domain binding protein 1; FGFR4, fibroblast growth factor receptor 1; IL4R, interleukin 4 receptor;
PAS, Periodic acid-Schiff; PDX1, pancreatic and duodenal homeobox 1; TP53, tumour protein p53; TYR, tyrosinase; m, male; f,

female.

Based on the currently available information, aetiology
is doubtful. Some publications mention autolysis or
carbohydrate elution during processing or fixation, but
electron microscopy has yet to confirm any of these
possibilities [3, 6, 8]. Lipid accumulation or hydropic
change has been suggested, as well. Therefore, it has not
yet been decided whether the lesion is truly neoplastic or
metaplastic [13].

Patients are middle aged, with an average of 57 years
(range: 30-84). Male predominance can be observed with
male:female ratio of 13:6 (in 3 cases, gender is unknown).
Three articles mention the patient being Japanese;
however, it has to be emphasized that the majority of
literature is from this country [2, 4, 11, 12]. Generally, the
lesions occur in the left colon, including in order of
occurrence: sigmoid colon (n = 9), rectum (n = 2), and
descending colon (n = 1). Multiplicity was described in a
single case by Miyasaka et al. [12].

Regarding microscopic findings, all articles describe
corresponding morphology, localized to the superficial
part of adenomas, with the clear cells in accordance
with enterocytes, and morphology is caused by clear,
vacuolated, or foamy cytoplasm [13]. The already ex-
amined special stainings and IHC markers differ. While
CCC has no mucin accumulation, PAS and PAS-D

Colonic Tubular Adenoma with Clear Cell
Change

remained negative in all cases [13]. Solely scattered
positivity was observed with AB in the 3 cases described
by Domoto et al. [6]. Increased mitotic activity was
mentioned by Domoto et al. and Pusztaszeri and
Bouzourene [6, 8]. Ki67 or mind bomb 1 (MIB1) was
carried out in 9 cases, with highly variable results
(range: 8-73.7%).

A unified THC profile has not yet been identified.
Carcinoembryonic antigen (CEA), cytokeratin 20
(CK20) proved to be positive in all cases examined.
Caudal-type homeobox transcription factor 2 (CDX2)
was positive in all investigated cases, except for a single
one [9]. Mucin 5AC (MUC5AC), Mucin 6 (MUCS6),
SALL4, vimentin, chromogranin, and AFP were negative
in all examined cases [3, 4, 7-10, 12]. Online supple-
mentary Table 1 (for all online suppl. material, see
https://doi.org/10.1159/000538705) highlights the im-
munoprofile of every lesion included in published lit-
erature, featuring ours.

Electron microscopic examination was carried out in a
single case, revealing the substance of CCC to be of lipid
nature [10]. Molecular examination was carried out in the
first case; however, pathogenic mutation has not been
identified yet [2]. CCC has been observed alongside
conventional TAs in both low- and high-grade dysplastic
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settings, and one single case described association with
early CCA [4].

Regarding differential diagnosis, CCA has been de-
scribed before; however, it has to be emphasized that it is
not yet identified as a separate subtype [5, 14]. In each
case, the possibility of metastases has to be excluded,
including clear cell renal cell carcinoma and CCA of the
ovary. CCC also has to be differentiated from entero-
blastic differentiation due to similar microscopic mor-
phology. In this case, glypican 3, SALL4, and AFP IHC
markers may be helpful. Currently, the prognostic value
of CCC is not known [4].

Hereby, we reported a case of a 43-year-old female
patient with TA, presenting CCC. Specific special
stainings or IHC markers were not identified. WES
proved the lesion’s neoplastic origin. Several pathogenic
and likely pathogenic mutations were found, including
TP53, APC, FGFR4, EHBPI, IL4R, TYR, ACTN3, and PDXI.

The role of TP53 and APC mutations in colon ad-
enomas and carcinomas has been widely known and
accepted [5, 15]. FGFR4 has been examined in colon
adenomas solely by Wang et al.; however, it has been
associated with advanced stage and high metastatic
potential in colorectal adenocarcinomas [16, 17]. The
remaining found genetic mutations in our case have
not been so far associated with colon adenomas.
EHBPI, IL4R, and ACTN3 have been described in
connection with colorectal adenocarcinomas [18-20].
Currently, there is only one research in the literature
regarding PDX1 and its connection to colorectal ad-
enocarcinomas, with uncertain results. According to
Ballian et al. [21], PDXI was scarcely detected in
normal, tumour-free tissue, while low levels were re-
vealed in primary tumours, and high levels were seen
in metastatic setting, altogether raising suspicion that
PDX1 may be a potential tumour marker. TYR so far
has been associated with atypical teratoid/rhabdoid
tumours [22].

The genetic background of conventional TAs has
been studied in recent years, and so far mainly TP53,
APC, Kirsten rat sarcoma (KRAS), V-Raf murine
sarcoma  viral oncogene homolog B (BRAF),
phosphatidylinositol-4,5-bisphosphate 3-kinase cata-
Iytic subunit alpha (PIK3CA), and telomerase reverse
transcriptase (TERT) mutations have been identified
[23]. CCC remains a rare lesion of colorectal adeno-
mas, with unknown aetiology and prognostic signifi-
cance. Hereby, we presented a case with similar clinical
features to earlier case presentations with WES and an

380 Pathobiology 2024;91:375-381
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updated literature review including results of special
staining, IHC markers, electron microscopy, and
molecular analysis.

Acknowledgments

The authors gratefully acknowledge the help of Mihaly Dezs6 in
preparing microphotographs.

Statement of Ethics

Written informed consent was obtained from the patient for
publication of the details of their medical case and any ac-
companying images. This study protocol was reviewed and
approved by institutional Ethical Committee of the Albert
Szent-Gyorgyi Clinical Centre of the University of Szeged
(4988).

Conflict of Interest Statement

All authors certify that they have no affiliations with or in-
volvement in any organization or entity with any financial interest
or non-financial interest in the subject matter or materials dis-
cussed in this manuscript.

Funding Sources

Supported by the New National Excellence Program of the
Ministry for Culture and Innovation from the source of the
National Research, Development and Innovation Fund (UNKP-
23-4-SZTE-389) and the University of Szeged, Faculty of
Medicine Research Fund-Hetényi Géza Grant (IV-134-62-1/
2024.SZA0K).

Author Contributions

Data collection: Adém Ferenczi, Anita Sejben, and Istvdn
Sejben; interpretation of the results of whole-exome sequencing:
Levente Kuthi and Anita Sejben; conceptualization and funding
acquisition: Anita Sejben; writing: Addm Ferenczi and Anita
Sejben; and review and editing: Addm Ferenczi, Levente Kuthi,
Istvan Sejben, and Anita Sejben.

Data Availability Statement

All data generated or analysed during this study are included in
this article. Further enquiries can be directed to the corresponding
author.

Ferenczi/Kuthi/Sejben/Sejben

20 Jequiaidag gz uo jsenb Aq Jpd'50/8£5000/4869.2/50.8€5000/65 | 101 /10p/jpd-ajolieed/woo 1ebiey//:diy wouy papeojumoq


https://doi.org/10.1159/000538705

—_

\S}

w

[=)}

N

o]

References

Reed RJ, Love GL, Harkin JC. Consultation
case. Am ] Surg Pathol. 1983;7(6):597-601.
Suzuki H, Ohta S, Tokuchi S, Moriya J, Fu-
jioka Y, Nagashima K. Adenoma with clear
cell change of the large intestine. J Surg
Oncol. 1998;67(3):182-5. https://doi.org/10.
1002/(sici)1096-9098(199803)67:3<182::aid-
j$07>3.0.c0;2-5.

Oyama Y, Nishida H, Kusaba T, Kadowaki
H, Arakane M, Okamoto K, et al. Colon
adenoma and adenocarcinoma with clear
cell components: two case reports. Diagn
Pathol. 2019;14(1):37. https://doi.org/10.
1186/s13000-019-0819-z.

Tochio T, Baba Y, Asakawa H, Nose K,
Tsuruga S, Kumazawa H, et al. Early stage
clear cell adenocarcinoma coexisting with
tubular adenoma and adenoma with clear cell
change in the colon. Clin J Gastroenterol.
2021;14(2):589-93. https://doi.org/10.1007/
$12328-020-01334-x.

WHO classification of tumours editorial
board: WHO classification of tumours: di-
gestive system tumours. Lyon, France: IARC;
2019.

Domoto H, Terahata S, Senoh A, Sato K, Aida
S, Tamai S. Clear cell change in colorectal
adenomas: its incidence and histological
characteristics. Histopathology. 1999;34(3):
250-6. https://doi.org/10.1046/j.1365-2559.
1999.00598.x.

Chan A, Cho M, Galvao Neto A. Clear cell
change in colonic adenomas: case report and
review of the literature. Case Rep Clin Pathol.
2014;2:2. https://doi.org/10.5430/crcp.v2n2pl.

Pusztaszeri M, Bouzourene H. Invasive car-
cinoma arising from a colonic adenoma with
clear cell change. Hum Pathol. 2008;39(9):
1402-5.  https://doi.org/10.1016/j.humpath.
2008.01.008.

Colonic Tubular Adenoma with Clear Cell
Change

o

10

11

12

13

14

15

16

Shi C, Scudiere JR, Cornish TC, Lam-Himlin D,
Park JY, Fox MR, et al. Clear cell change in
colonic tubular adenoma and corresponding
colonic clear cell adenocarcinoma is associated
with an altered mucin core protein profile. Am J
Surg Pathol. 2010;34(9):1344-50. https://doi.
0rg/10.1097/PAS.0b013e3181ec0810.

Eloy C, Lopes M, Faria G, Moreira H, Brandao
A, Silva T, et al. Clear cell change in colonic
polyps. Int J Surg Pathol. 2009;17(6):438-43.
https://doi.org/10.1177/1066896908319211.
Yao T. Adenoma of clear cell change. Pathol
Clin Med. 2016;34:1072-4.

Miyasaka C, Ishida M, Ohe C, Uemura Y,
Ando Y, Fukui T, et al. Tubular adenomas
with clear cell change in the colorectum: a
case with four lesions and a review of the
literature. Pathol Int. 2018;68(4):256-8.
https://doi.org/10.1111/pin.12628.

Dabir PD, van der Post RS, Nagtegaal ID.
Incidental morphological findings in colo-
rectal adenomas. Histopathology. 2021;78(3):
348-57. https://doi.org/10.1111/his.14263.
Hellstrom HR, Fisher ER. Physaliferous
variant of carcinoma of colon. Cancer.
1964;17:259-63.  https://doi.org/10.1002/
1097-0142%28196402%2917%3A2<259%
3A%3AAID-CNCR2820170217>3.0.CO%
3B2-S.

Hao XP, Frayling IM, Sgouros JG, Du MQ,
Willcocks TC, Talbot IC, et al. The spectrum
of p53 mutations in colorectal adenomas
differs from that in colorectal carcinomas.
Gut. 2002;50(6):834-9. https://doi.org/10.
1136/gut.50.6.834.

Wang D, Zhang ], Li Z, Han ], Gao Y, Chen
M, et al. Upregulation of Fibroblast growth
factor 19 is associated with the initiation of
colorectal adenoma. Dig Dis. 2019;37(3):
214-25. https://doi.org/10.1159/000494454.

17

18

19

20

21

22

23

Shiu BH, Hsieh MH, Ting WC, Chou MC,
Chang LC, Huang CC, et al. Impact of FGFR4
gene polymorphism on the progression of co-
lorectal cancer. Diagnostics. 2021;11(6):978.
https://doi.org/10.3390/diagnostics11060978.
Chan J, Kinsella MT, Willis JE, Hu H, Rey-
nolds H, Delaney C, et al. A predictive genetic
signature for response to fluoropyrimidine-
based neoadjuvant chemoradiation in clinical
stage II and III rectal cancer. Front Oncol.
2013;3(3):288. https://doi.org/10.3389/fonc.
2013.00288.

Koller FL, Hwang DG, Dozier EA, Fingleton
B. Epithelial interleukin-4 receptor expres-
sion promotes colon tumor growth. Carci-
nogenesis. 2010;31(6):1010-7. https://doi.
0rg/10.1093/carcin/bgq044.

Yang X, Ren H, Guo X, Hu C, Fu J. The ex-
pressions and mechanisms of sarcomeric pro-
teins in cancers. Dis Markers. 2020;2020:
8885286. https://doi.org/10.1155/2020/8885286.
Ballian N, Liu SH, Brunicardi FC. Tran-
scription factor PDX-1 in human colorectal
adenocarcinoma: a potential tumor marker?
World J Gastroenterol. 2008;14(38):5823-6.
https://doi.org/10.3748/wjg.14.5823.

Johann PD, Altendorf L, Efremova EM,
Holsten T, Steinbiigl M, Nemes K, et al.
Recurrent atypical teratoid/rhabdoid tumors
(AT/RT) reveal discrete features of progres-
sion on histology, epigenetics, copy number
profiling, and transcriptomics. Acta Neuro-
pathol. 2023;146(3):527-41. https://doi.org/
10.1007/s00401-023-02608-7.

Wolff RK, Hoffman MD, Wolff EC, Herrick
]S, Sakoda LC, Samowitz WS, et al. Mutation
analysis of adenomas and carcinomas of the
colon: early and late drivers. Genes Chro-
mosomes Cancer. 2018;57(7):366-76. https://
doi.org/10.1002/gcc.22539.

Pathobiology 2024;91:375-381
DOI: 10.1159/000538705

381

20 Jequiaidag gz uo jsenb Aq Jpd'50/8£5000/4869.2/50.8€5000/65 | 101 /10p/jpd-ajolieed/woo 1ebiey//:diy wouy papeojumoq


https://doi.org/10.1002/(sici)1096-9098(199803)67:3<182::aid-jso7>3.0.co;2-5
https://doi.org/10.1002/(sici)1096-9098(199803)67:3<182::aid-jso7>3.0.co;2-5
https://doi.org/10.1002/(sici)1096-9098(199803)67:3<182::aid-jso7>3.0.co;2-5
https://doi.org/10.1186/s13000-019-0819-z
https://doi.org/10.1186/s13000-019-0819-z
http://https//://doi.org/10.1007/s12328-020-01334-x
http://https//://doi.org/10.1007/s12328-020-01334-x
https://doi.org/10.1046/j.1365-2559.1999.00598.x
https://doi.org/10.1046/j.1365-2559.1999.00598.x
https://doi.org/10.5430/crcp.v2n2p1
https://doi.org/10.1016/j.humpath.2008.01.008
https://doi.org/10.1016/j.humpath.2008.01.008
https://doi.org/10.1097/PAS.0b013e3181ec0810
https://doi.org/10.1097/PAS.0b013e3181ec0810
https://doi.org/10.1177/1066896908319211
https://doi.org/10.1111/pin.12628
https://doi.org/10.1111/his.14263
https://doi.org/10.1002/1097-0142(196402)17%3A2<259%3A%3AAID-CNCR2820170217>3.0.CO%3B2-S
https://doi.org/10.1002/1097-0142(196402)17%3A2<259%3A%3AAID-CNCR2820170217>3.0.CO%3B2-S
https://doi.org/10.1002/1097-0142(196402)17%3A2<259%3A%3AAID-CNCR2820170217>3.0.CO%3B2-S
https://doi.org/10.1002/1097-0142(196402)17%3A2<259%3A%3AAID-CNCR2820170217>3.0.CO%3B2-S
https://doi.org/10.1136/gut.50.6.834
https://doi.org/10.1136/gut.50.6.834
https://doi.org/10.1159/000494454
https://doi.org/10.3390/diagnostics11060978
https://doi.org/10.3389/fonc.2013.00288
https://doi.org/10.3389/fonc.2013.00288
https://doi.org/10.1093/carcin/bgq044
https://doi.org/10.1093/carcin/bgq044
https://doi.org/10.1155/2020/8885286
https://doi.org/10.3748/wjg.14.5823
https://doi.org/10.1007/s00401-023-02608-7
https://doi.org/10.1007/s00401-023-02608-7
https://doi.org/10.1002/gcc.22539
https://doi.org/10.1002/gcc.22539
https://doi.org/10.1159/000538705

	Colonic Tubular Adenoma with Clear Cell Change: Case Report with Whole-Exome Sequencing and Updated Review of the Literature
	Introduction
	Case Report
	Discussion with Updated Review of the Literature
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


