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ABSTRACT

Relevance: Colorectal cancer (CRC), arising from the right-sided or left-sided colon, is a separate clinical and pathological unit.
The status of KRAS and its predictive value in CRC remain controversial.

The study aimed to explore the effect of primary tumor localization on KRAS gene status in CRC.

Methods: The study included 60 patients with colon and rectal cancer. The KRAS mutation test was performed on paraffin-coated
tumor samples using PCR methods. Colon cancer was divided into right-sided colon cancer (RSCC) and left-sided colon cancer (LSCC).

Results: KRAS mutation was found much more often in rectal cancer (RC) and sigmoid colon (SC) (p=0.413) than in tumors in other
parts of the colon. A combined analysis of our data and previously published data showed that KRAS mutation was more common in
PSTC, especially in the area of the hepatic bend of the colon than in LSTC (p=0.120). The association of the KRAS mutation with the
patient’s age (p<0.012) and the duration of hospitalization (p<0.001) was established.

Conclusion: Our study revealed no significant difference in the KRAS status between colon cancer and rectal cancer. However, KRAS
mutation was much more common in RSCC compared to LSCC. Patients with RSCC with mutated KRAS also had a worse prognosis and
required longer hospitalization compared to wild-type KRAS. However, patients with LSCC did not demonstrate a similar effect.

Keywords: colon cancer, rectal cancer, sigmoid cancer, KRAS mutation.

Introduction: Colorectal cancer (CRQ) is the third most
common malignancy worldwide. It accounts for approxi-
mately 9.6% of all new cancer cases and has a mortality rate
of 6% [1]. The 5-year survival rate for CRC is 65.0% accord-
ing to the National Institute of Oncology (Bethesda, USA) [2].
CRC can be divided into colon cancer, sigmoid colon can-
cer, and rectal cancer by the location of the primary tumor.
Colon cancer can be further classified into right-sided co-
lon cancer (RSCC) and left-sided colon cancer (LSCC), cancer
of the splenic and hepatic bend of the colon, and cancer of
the rectosigmoid junction. In recent years, there is increas-
ing evidence that there are significant differences between
RSCC and LSCC with respect to clinical findings, pathology,
genetic mutations, and survival time [3]. Thus, tumor loca-
tion is an important factor that affects the prognosis of CRC.

The RAS gene family is one of the most studied and best
characterized of the known cancer-related genes. Of the
three human RAS isoforms, KRAS is the most frequently al-
tered gene, with mutations occurring in 17-25% of all cancers.
KRAS mutations are among the most dominant mutations
and account for 7% to 80% in CRC, 25% to 87% in pancreat-
ic cancer, and 25% to 48% in lung cancer [4]. KRAS encodes a
GTPase binding protein and plays an important role in activa-
tion of the epidermal growth factor receptor (EGFR).

CRC represents an excellent system and a suitable mod-
el for investigating both the carcinogenesis process and the
molecular mechanisms underlying tumor development. It
results from the accumulation of alterations in genes that
regulate the processes of epithelial development and cell

differentiation. A study using this model allows the collec-
tion of basic information from the formation of one or more
adenomas to their possible transformation into metastat-
ic cancer [5]. Therefore, KRAS status is used as an important
biological marker to select suitable patients. To date, many
studies have reported the clinicopathological features of
CRC, and some studies have also analyzed the KRAS status
in RSCC and LSCC. However, the results of the KRAS status
in RSCC and LSCC remain controversial [6-8]. This article re-
ports the authors’ findings of clinicopathological findings
and KRAS status in patients with CRC after surgical treat-
ment, and compares KRAS status in RSCC and LSCC.

The study aimed to explore the effect of primary tu-
mor localization on KRAS gene status in CRC.

Materials and Methods:

Patients

This retrospective study included patients with con-
firmed diagnosis of CRC, who received surgical treatment
in the Municipal State Enterprise on the Right of Economic
Management ‘Multidisciplinary Medical Center’ of Astana
city from May 2022 to December 2022. Inclusion criteria
were as follows: CRC confirmed by histological examina-
tion of postoperative material. Patients with unknown
KRAS status or who received anti-EGFR agents in the pre-
operative period were excluded.

Detailed information on the patients’ age, sex, histo-
logical differentiation, primary tumor location, tumor in-
filtration, nodal status, distant metastases, primary tumor
stage according to the American Joint Committee on Can-
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cer (AJCQ) classification, length of hospitalization, and sur-
vival was collected. The location of the primary tumor was
determined on the basis of pathological, endoscopic, and
operative findings.

This study was approved by the Local Ethical Commit-
tee of the “Astana Medical University” NCJSC, Decision of
the Local Bioethics Commission of NJSC AMU No. 2 dated
23.02.2022. Each patient was familiarized with the purpose
and objectives of the study and signed a written informed
consent to participate in the study.

KRAS Mutational Analysis and Sequencing

Mutations in KRAS 12 and 13 codons in exon 2 were
detected using amplification resistant mutation system
(ARMS) PCR techniques. Blood samples, resected tissue
samples frozen in liquid nitrogen, and formalin-fixed and
paraffin-embedded (FFPE) samples of the removed tumor
were collected from each patient. The study was carried
out at the “National Laboratory Astana” Private Institution
following the protocol of Nazarbayev University JSC, IREC
No. 03-2021 dated 21.04.2021.

Statistical analysis

Demographic and clinicopathological character-
istics of the patients were stratified according to the
location of the primary tumor and the status of the
KRAS mutation. Continuous variables were presented
as mean + standard deviation and compared using the
Student’s t test. Summary statistics for patients were
presented as sums of categorical variables. The differ-
ences between wild-type KRAS (KRAS WT) and mutant
KRAS (KRAS MT) in each group were evaluated using
the x2 test. Analyses were performed using the Jamo-
vi software ver. 2.3.

Results:

Clinical and Epidemiological Characteristics of
Patients with CRC

This study included 60 patients with CRC, of them 32
females and 28 males. The mean age of the patients was
68+11 years. The mean duration of hospitalization was 14
days. The details of the included CRR patients are summa-
rized in Tables 1 and 2.

Table 1 - Descriptive Characterization of Quantitative Measurements of Patients with CRC

Parameters M 95% Cl/Q;-Qs n min max
Age, M+SD 68+11 65-71 60 44 85
Duration of hospitalization, months 14 9-22 60 4 33
Recurrence-free survival (days), months 254 177-773 60 10 917
Life expectancy, months 298 204-790 60 10 1117
Table 2 - Descriptive statistics of categorical indicators of CRC patients
Parameters Categories Abs. % 95% Cl
Sex F 32 53.3 40.0-66.3
M 28 46.7 33.7-60.0
Localization C-r of hepatic bend of the colon 10 16.7 8.3-28.5
C-r of rectum 18 30.0 18.8-43.2
C-r splenic angle of the large intestine 3 5.0 1.0-13.9
C-r of the sigmoid colon 17 28.3 17.5-41.4
C-r of the ascending colon 11 18.3 9.5-30.4
C-r of rectosigmoid junction 1 1.7 0.0-8.9
Stage | 6 10.0 3.8-20.5
Il 24 40.0 27.6-53.5
1] 20 333 21.7-46.7
% 10 16.7 8.3-28.5
Localization of metastases 0 50 83.3 71.5-91.7
Lung 2 3.3 0.4-11.5
Liver 8 13.3 5.9-24.6
Surgery Abdominoperineal resection 4 6.7 1.8-16.2
Laparoscopic right-sided 1 1.7 0.0-8.9
hemicolectomy
Laparoscopic resection 5 8.3 2.8-18.4
Left hemicolectomy 2 33 0.4-11.5
Hartmann operation 6 10.0 3.8-20.5
Anterior resection 15 25.0 14.7-37.9
Right hemicolectomy 23 38.3 26.1-51.8
Transanal endorectal descending 2 33 0.4-11.5
procto-plasty
Transvers ostomy 2 33 0.4-11.5
Postoperative Abscess of the anterior abdominal 2 33 0.4-11.5
complications wall
Respiratory failure 2 33 0.4-11.5
lleotransverse anastomosis failure, 2 33 0.4-11.5
perito-nitis
Anastomosis failure 2 33 0.4-11.5
none 46 76.7 64.0-86.6
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Peritonitis 2 33 0.4-11.5
Scarry stricture of the anastomosis 2 33 0.4-11.5
Small intestinal fistula 2 33 0.4-11.5
Histological differentiation [Highly differentiated adenocarcinoma 6 10.0 3.8-20.5
Low differentiated adenocarcinoma 6 10.0 3.8-20.5
Low-differentiatgd neuroendocrine 2 33 0.4-11.5
carcinoma

Moderately differentiated 46 76.7 64.0-86.6

adenocarcinoma
WT KRAS WT, no mutation detected 51 85.0 73.4-92.9
KRAS WT, mutation detected 9 15.0 7.1-26.6
Regime 0 28 46.7 33.7-60.0
FOLFIRI 2 3.3 0.4-11.5
FOLFOX 10 16.7 8.3-28.5
FOLFOX+FOLFIRI 4 6.7 1.8-16.2
FOLFOXIRI 16 26.7 16.1-39.7

Clinicopathological characteristics of CRC with differ-
ent KRAS statuses

51/60 patients with colon cancer had mutated
KRAS, and the remaining 9 had wild-type KRAS genes
(KRAS WT). Separation of study participants accord-
ing to KRAS status did not show clear differences in
primary tumor location (p=0.413). However, a signif-
icant difference was found between RSCC and LSCC
with respect to sex (p=0.014). Therefore, in wom-
en, the tumor was more often located in the rec-

tum and ascending colon, while in men it was locat-
ed in the sigmoid colon and the hepatic bend of the
colon. In terms of KRAS status, the tumor was most
commonly localized in the hepatic flexure of the co-
lon (30.6%), ascending colon (25%), and sigmoid co-
lon (19.4%) (Figure 1). Therefore, patients with tumors
in the hepatic bend of the colon had a median age of
60 years (Q;-Qs, 57-63) and patients with tumors in the
ascending colon had a median age of 74 years (Q;-Qs,
70-77) (Table 3).

Ascending

Appendix

Rectum

" 11\ Descending
colon

Sigmoid colon

Figure 1 - Localization of tumors with KRAS mutation in the colon and rectum

Table 3 - Association between age and tumor localization indices in CRC

Localization Bospact p
Me Q:-Q; n
C-r of hepatic bend of the colon 60 57-63 10
C-r of rectum 68 62-76 18
C-r splenic angle of the large intestine 49 49-62 3 0,014
C-r of the sigmoid co-lon 74 67-76 17 he’;cn;‘l’::::::::‘::z:":"’“C’°f
C-r of the ascending colon 74 70-77 11
C-r of rectosigmoid junction 63 63-63 1

Note: * differences in parameters were statistically significant (p < 0.05)
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Discussion: In this study that analyzed the clinicopath-
ological characteristics of 60 cases of colorectal, sigmoid
colon, and rectal cancer, the authors found no significant
difference in relation to the status of KRAS. However, as-
sociative relationships were found between KRAS status
and the clinicopathological characteristics of CRC. There-
fore, the KRAS mutation in exon 2, codons 12 and 13 ap-
peared to be more characteristic of men (66.7%, p<0.001).
In women, wild-type KRAS was detected more frequent-
ly (33.3%). Furthermore, the presence of the KRAS muta-
tion was associated with age. Thus, it was characterized by
a mean age of 72 years, compared to 62 years for the wild
type (p=0.005). The positive status of KRAS was also more
frequent in patients with stage Il and Ill cancer (p=0.012).

By dividing CRC cases according to the KRAS status, we
found that RSCC was more associated with KRAS mutations
than LSCC, 55.6%, compared to 27.8% of sigmoid colon can-
cers and 16.7% of rectal cancers. We see that the KRAS mu-
tation is characteristic of RSCC by comparing data from our
study with 18 studies found in scientific databases. Further-
more, we found an obvious difference in overall survival
(OS) and hospitalization duration in RSCC and LSCC with re-
spect to KRAS status by combining the data from the stud-
ies. That is, patients with RSCC with the KRAS mutation have
a shorter OS and a longer hospitalization time (22 months)
than those with wild-type KRAS, whereas patients with
LSCC with the KRAS mutation do not have significant differ-
ences in OS compared to those with wild-type KRAS. These
results indicated that both tumor location and KRAS status
play animportant role in the prognosis of the course of CRC.

Studies have shown that the right and left colons have dif-
ferent embryological origins, so tumors that arise from differ-
ent parts of the colon have different molecular carcinogenic
properties, including KRAS mutations, BRAF mutations, and
microsatellite instability [9-11]. KRAS has been confirmed to
be a proto-oncogene that induces oncogenesis in some can-
cers. In CRC, the status of the KRAS mutation and the location
of the tumor are associated with the efficacy of targeted ther-
apy. In this study, the KRAS status did not have an obvious dif-
ference in colon cancer or rectal cancer, but showed a signifi-
cant difference in RSCC and LSCC, which was consistent with
the findings of Natsume et al. [8] and Tong et al. [12], but dif-
fered from the data of Cushman-Vokoun et al. [7].

Since the anti-EGFR therapy effect on CRC is related to
the KRAS status, many studies evaluating the prognostic
value of the KRAS status in patients with CRC observed the
association between the KRAS mutation and a poor prog-
nosis for CRC [6, 7, 13, 14]. The differences in genetic muta-
tions between RSCC and LSCC allow to assume the prog-
nostic value of tumor location and KRAS status in CRC.

Conclusion: Our study demonstrated that there were
no significant differences in KRAS status between colon
cancer and rectal cancer. However, the KRAS mutation was
much more common in RSCC compared to LSCC. Further-
more, patients with RSCC with mutated KRAS had a worse
prognosis compared to wild-type KRAS, but no similar ef-
fect was observed in LSCC.
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AHJIATIIA

KOJIOPEKTAJIbJbI KATEPJII ICIKTIH BACTAIIKbBI IOKAJIM3ALUACBIHBIH KRAS
MOPTEBECIHE )KOHE OHBIH BOJIKAM/IBIK MOHIHE 9CEPI

A.M. Kykanosa'?, A.T. Bexuwesa'’, HM. /[caumemuposa’, M.C. Mayneméoaes'>, /[.H. Axmeoun'?, A.K. Maxuweg'

I«AcTaHa MeguumHansik yYHueepcuTeTin KeAK, AcTaHa, KasakcraH Pecnybnukacsl;
2¢National Laboratory Astana» XXM, ActaHa, KasakcTaH Pecnybnukacsi;
3«Kencananel MeanumHanslk optanbiky LXKK MKK, ActaHa, KasakcTan Pecny6nukacs!

Oszexminizi: Ackasannviy Ozexminizi: Tox iwexminy oy dcone con dxHcak b6enimoepinoe OamMumvli Kamepai iCik HceKe KIUHUKANbIK-NAMOoN02UsA-
JbIK 6ipik 6oabin cananadvl. Kras mopmebeci scone OHbIH KOLOPeKmManovl Kamepii iCik Ke3iHoe2i 6011camObIK Manbl3bl mybe2etini aHbIKmaimd-

2an 6016in omuip.
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3epmmeyoiny makcameor: icikmiy 6acmankpi opuanacysinviy CRR-0eci KRAS eeniniy kyiline acepin sepmmey.

Adoicmepi: 3epmmeyee mok iwex dcone mik iwex kamepii icicimen ayvipamoin 60 naygac kamoicmol. KRAS mymayus cvinazel IITP o0icmepin
Kon0ana omulpbin, napagunze Kyivii2aH icik yaeirepinoe scypeizindi. Tox iwex kamepai iciei mok iuekmiy Oy dcax Kamepii iciel H#coHe con Heak
iwex Kamepii iciei 60bin 6ONIHOL.

Homuboicenepi: KRAS mopmebecine kamvicmol mox iuiexk Kamepai iciei men mix iwex Kamepai icieiniy apacelnoa aumapibiKmai auslpma-
wiolnelK oK. KRAS mymayusicer mix iulekmin dcone cuema mopizoi iulekmiy kamepii icicinoe dcui kez0ecemini anvikmanowl (p=0,413). Bizoiy
OepeKmepimizoiy scone andbiyebl dHcapusianean oepekmepoiy dipikmipineen nomudxcenepi KRAS mymayuscul con scax mox iwex kamepai icieine
Kapasanoa o dcax mok, iulek Kamepii icicinoe, acipece 6ayvip uinimi aumazblHOa opHanacysl 6otbiHwa deui kezoeceminin kopcemmi (p=0,120).
KRAS mymayusicol naykacmoiy sicacvina (p<0,012) scone aypyxanaza scamrpizy yzaxmolevina (p<0,001) 6atinanvicel anvlkmaiobi.

Kopvimuinowi: bizoiy sepmmeyimiz mok iwiex sdHcone mix iwex kamepii iciei apacvinoazel KRAS mopmebecinde alimapavikmai aubipmauibl-
JLIKMbLY JdcoKmblebin Kopcemmi. Anatioa, KRAS mymayusacel kamepni icikmiy oy dcaknen canblCmulpeanod coll Jcaxk mox iulekme on0exaiod
orcui kesoeceoi. byn ocazoaiioa KRAS mymayuscel 6ap oy dicax mok, iutek Kamepai iciei ke3inoe HayKacmapoblly oMIp Cypy Y3aKmblabl JCOHE ay-
pyxanaoa bony yzakmolasl dcazbiHan dcabativl munmeei KRAS-newn canvicmuipeanoa nawap 6onscamaa ue 6010vl, Oipax cou wHcax mox ieKmiy
Kamepii iciel ke3inoe MyHOall ocep bauKaImMaobsl.

Tyiiinoi co3oep: Tox iwex Kamepai icizi, mix iwex Kamepai iciel, cuema mopizoi iwexmiy kamepai iciei, KRAS mymayusi.

AHHOTANUA

BJIUSHUE NEPBUYHOM JIOKAJIM3AIIMUA KOJJOPEKTAJBHOT'O PAKA
HA CTATYC KRAS 1 ETO IIPOTHOCTUYECKOE 3HAYEHUWE

A.M. Kykanoea'?, A.T. Bexuwesa'?, H.M. [scanmemuposa'?, M.C. Maynemoaes'?, /I.H. Axmeoun'?, A.K. Maxuuwies"?

'HAO «MegauuunHckuii YHusepcuteT Actanan, ActaHa, Pecnybnuka Kasaxcra;
4y «National Laboratory Astana», ActaHa, Pecny6nuka KasaxcraH;
TKM Ha MXB «MHoronpodunbHbIil MeauumHekii LieHTpy, ActaHa, Pecnybnuka KasaxcraH

Axmyanvnocms: Konopexmanvnwiii pax (KPP), so3nuxarowuil uz npasocmopounneil uiu 1e60cmoponHeti 000004HOU KUWKU, NPeOcmasis-
em co60tl omoenbHyI0 KIuHUKo-namono2udeckyro eounuyy. Cmamyc KRAS u e2o npoenocmuueckas yennocmos npu KPP ocmaiomesi cnopruiymu.

Ilenv uccnedosanus — uzyyenue 61UAHUSL NEPEBULHOL TOKAIU3AYUU onyxoau Ha cmamyc 2ena KRAS npu KPP.

Memoowi: B ucciedosanue ovinu exarouenst 60 OOIbHBIX paKoM MOACMOou KUWKY u npamou kuwku. Tecm na mymayuro KRAS nposooun-
cs1 Ha 0bpasyax onyxoletl, 3aiumvlx 8 napapuH, ¢ ucnoibzoeanuem memooog [1L[P. Pax moicmotl kKuwku 0eauiu Ha paxk npagou cnmopomsl
moncmot kuwxu (IICTK) u pax nesocmoponnei moacmou kuwku (JICTK). Ilposeden ananus ucciedosanuii, 8 KOMopvlx cO0OWAIOCh O C8531U
mymayuu KRAS ¢ knunuueckumu ocobennocmamu u npoenozom KPP.

Pesynomamor: Mymayus KRAS ecmpeuanacs 2opazoo uawe npu paxe npsmot kuwku (PIIK) u cuemosuonoii kuwru (PCK) (p=0,413), uem
npu onyxonsx 6 opyaux omoenax 060004Hou Kuwiku. O0beOUHeHHbI aHAIU3 HAWUX OAHHBIX U NPeOblOYUWUX ONYOIUKOBAHHBIX OAHHBIX NOKA-
san, umo mymayus KRAS uawe scmpeyanaco npu I[ICTK, 6 ocobennocmu 6 obnacmu nevenouno2o uszuba moicmou kuwiku, yem npu JICTK
(p=0,120). Yemanoenena ces3e naruvus mymayuu KRAS ¢ sospacmom nayuenma (p<0,012) u orumensnocmoto 2cocnumanuzayuu (p<0,001).

3aknwuenue: Hawe uccreoosanue npooemMoHCmpuposalo omcymemsue cyuwjecmeennou pasnuysl 6 cmamyce KRAS medcoy paxom mon-
cmotl Kuwky u pakom npamou kuwku. Oonaxo mymayus KRAS ecmpeuanace 2opasoo uawe npu [ICTK no cpasnenuro ¢ JICTK. Ilpu smom
nayuenmul [ICTK ¢ mymayueit KRAS umenu nioxoii npoznos ooujetl 8biacugaeMocmu u ygeaudenue OIumenrbHOCmu 20CnUmaiu3ayuy no cpas-
nenuro ¢ KRAS ouxozo muna, no y nayuenmos ¢ JICTK He Habnro0anocs ananocuynozo s¢gpghexma.

Knrouegvie cnosa: pak moacmoil KuwiKu, pax npamoul KUK, pax cuemoguonou kuuxu, KRAS mymayus.
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