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ABSTRACT

Relevance: According to Globocan 2020, colorectal cancer (CRC) incidence in Kazakhstan is lower than in all OECD countries ex-
cept Mexico. However, the CRC incidence in Kazakhstan is steadily growing. In the structure of cancer incidence, CRC went up from 5th
place in 2006 to 3rd place in 2021. More than 80% of tumors associated with Lynch syndrome were found to have microsatellite instability
(MSI). Thus, MSI is detected in 12% of sporadic colon tumors., MSI in cancer is caused by a decreased activity of DNA repair genes due
to hereditary and somatic causes.

The study aimed to systematize the current literature data to consider the need and adequacy of prescribing preventive chemotherapy,
personalizing the treatment of patients, and predicting the course of the disease in CRC.

Methods: A review was made of the published results of scientific and clinical studies for 2006-2021 from the PubMed, MedLine,
and Cancer Observe databases for the keywords “colon cancer,” “microsatellite resistance,” “adjuvant chemotherapy,” “PCR study,”
“IGH-study.”

Results: The value and adequacy of determining the IHC characteristics of the MSI status. The prognostic and predictive value of MSI
in CRC has been proven. The optimal treatment options were selected depending on the status of MSI.

Conclusion: Tumors with certain MSI status should be classified as a separate group of malignancies. Instability status determi-
nation is preferred in case of suspected Lynch syndrome in patients with stage Il CRC, as well as in clinical and histological features
characteristic of MSI (proximal localization of the primary tumor, mucinous histotype, poorly differentiated tumors, lymphocytic in-

filtration of the tumor). Further determination of these tumors’ molecular characteristics will help stratify patients who may respond
differently to chemotherapy. Also, the MSI status determination can be an important prognostic marker in patients whose tumors have

e

a somatic mutation in the BRAF gene.

Keywords: colorectal cancer (CRC), microsatellite instability (MSN).

Introduction: According to Globocan 2020, col-
orectal cancer (CRC) incidence in Kazakhstan is low-
er than in all OECD countries except Mexico. However,
the CRC incidence in Kazakhstan is steadily growing.
In the structure of cancer incidence, CRC went up from
5th place in 2006 to 3™ place in 2021. Microsatellite in-
stability (MSI) is found in more than 95% of tumors
caused by Lynch syndrome and in more than 80% of
tumors associated with Lynch syndrome. In particular,
MSl is detected in 12% of sporadic colon cancer cases.
At that, MSl in the tumor is caused by a decrease in the
DNA repair activity that can be due to hereditary and
somatic reasons.

To date, the identification of MSI in CRC is becom-
ing increasingly popular. This study creates the pre-
requisites for more effective screening of patients
with Lynch syndrome and allows for to resolution of
the need for and adequacy of prescribing prophylactic
chemotherapy. In addition, MSI analysis helps to detail
the prognosis of the disease in patients whose tumors
have a somatic mutation in the BRAF gene. Patients
with CRC are divided into three groups depending on

the nature of the modifications: high microsatellite in-
stability (MSI-H), low microsatellite instability (MSI-L),
and microsatellite stability (MSS).

The study aimed to systematize the current litera-
ture data to consider the need and adequacy of pre-
scribing preventive chemotherapy, personalizing the
treatment of patients, and predicting the course of the
disease in CRC.

Materials and methods: A review involved pub-
lished results of scientific and clinical studies for 2006-
2021 from the PubMed, MedLine, and Cancer Observe
databases for the keywords “colon cancer,” “micro-
satellite resistance,” “adjuvant chemotherapy,” “PCR
study,” “IGH-study.”

Results: Microsatellites are stretches of DNA that
consist of tandem repeats of a simple sequence of
1-6 nucleotides. In 1993, 3 independent groups of re-
searchers showed in the study of DNA in CRC that a sig-
nificant part of tumors demonstrates the phenomenon
of MSI, i.e., change in the number of repeated nucleo-
tides compared to their number in DNA from normal
tissue [1]. DNA repair system proteins include MSH2,
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MSH6, MLH1, and PMS2. The first two proteins are re-
sponsible for finding mismatched bases in this system.
These errors occur during the synthesis of the DNA
strand by the polymerase. When the MSH2-MSH6 pro-
tein complex finds a mistake, a heterodimer, including
MLH1 and PMS2, is added. Then, an exonuclease con-
sisting of 4 proteins “approaches” the complex and fer-
ments the DNA section containing the error. Next, the
polymerase completes the DNA chain with correctly
paired nucleotides [2].

Today, MSI is detected using two different ap-
proaches: immunohistochemistry (IHC) and methods
based on the polymerase chain reaction (PCR). IHC ex-
amines MLH1, MSH2, MSH6, and PMS2 staining in tu-
mor samples to determine the loss of protein expres-
sion that characterizes MMR-D as a surrogate of MSI.
Molecular DNA testing using a PCR-based approach
evaluates a specific panel of microsatellite markers,
i.e., a panel of 5 features including two mononucle-
otides (BAT25/26) and three dinucleotides (D25123,
D5S5346, and D175250) markers to detect instability at
these selected loci. Tumors are classified as MSI-H if
30% or more of the loci show instability, MSS if none
of the microsatellite markers show instability, and
MSI-low (MSI-L) if less than 30% of the features are
unstable. If MSI (PCR-based method) or MMR-D (IHC-
based method) is detected, further testing is recom-
mended to identify carriers of germline mutations in
the MMR gene.

PCR-based test and IHC are sensitive and specif-
ic for detecting MSI and have a high degree of agree-
ment (>92%). Either test can be performed separately,
or two tests can be used as a complementary approach
to increase detection rates in cases that may be missed
by one test (false negative results are approximately
5% to 10% for each) [3].

Colorectal tumors with MSI are associated with a
higher life expectancy than those without MSI. A study
of 175 patients with Lynch syndrome (120 patients
with MLH1 type Lynch syndrome) compared with more
than 14,000 patients with CRC showed that the 5-year
cumulative relative survival of patients with Lynch syn-
drome was 65% compared with 44% of patients with
sporadic CRC older than 65 years. The pooled analy-
sis of MSI, which included 32 studies and 7642 cases
of CRC, showed an overall hazard ratio of 0.65 for pa-
tients with MSI tumors. Patients with Lynch syndrome
have a lower stage of the disease at screening com-
pared to patients with other types of CRC, and patients
with Lynch syndrome are less likely to develop metas-
tases. Patients with MSI tumors have lower mortality
rates when stratifying patients by tumor stage, includ-
ing patients with stage IV cancer [3]. Approximately
3% of all cases of CRC are due to Lynch syndrome. At

the same time, the first tumor in Europeans and North
Americans develops mainly in the correct colon sec-
tions (60-80% of cases) [4].

The incidence of Lynch syndrome in Europeans is
approximately 1:1000. Thus, up to 1,000,000 people
in Europe have a pathogenic mutation in one of the
DNA repair genes, which can lead to colon cancer with
a probability of 70-75% [4, 5]. Moreover, tumors of the
endometrium, urinary system organs, breast, small in-
testine, stomach, etc., may occur in such patients. The
genetic diagnosis of Lynch syndrome is determined by
the need for individual clinical monitoring of the pa-
tient, an extended set of surgical interventions in case
of colon cancer, and the possibility of effective use of
pembrolizumab as a targeted drug.

Discussion: To date, FDA had approved five PD-1
inhibitor drugs to treat various types of cancer. The
first FDA-approved PD-1 inhibitor drug was pembroli-
zumab, a humanized 1gG4 monoclonal antibody used
for melanoma. In a phase | study, this drug was test-
ed in patients with solid tumors and hemoblastoses,
and patients with multiple solid tumors tolerated pem-
brolizumab well. Patients with advanced non-small
cell lung cancer (NSCLC) with high PDL1 expression
showed a significantly higher survival rate with mini-
mal side effects than those receiving platinum-based
chemotherapy. Among patients with CRC, pembroli-
zumab is highly beneficial for patients with mismatch
repair deficiency or high CRC microsatellite instability
(dMMR/MSI-H). Their progression-free survival reach-
es 78% compared to 11% in patients with good mis-
match repair and microsatellite stability (oMMR/MSS).
Nivolumab is another successful PD-1 inhibitor that
has demonstrated a consistent response in patients
with metastatic dMMR CRC (mCRC). Approximate-
ly 69% of these patients survive over 12 months. In-
terestingly, the combination of nivolumab with habil-
iment (CTLA4-targeted drug) shows a higher response
rate of up to 94% in these patients. This suggests that
the combination of immune checkpoint therapy can
significantly increase the effectiveness of treating pa-
tients with dMMR/MSI-H mCRC [6].

Our immune system provides a natural defense
against infection and disease. A new cancer treatment
called immunotherapy is based on increasing the im-
mune system activity, thus improving its ability to de-
tect and destroy tumor cells. Immune drugs from the
group of checkpoint inhibitors are used to treat colon
cancer.

T-cells, a specific type of lymphocytes, are an essen-
tial element of the immune system. Their primary func-
tion is to destroy micro-objects harmful to the body,
such as bacteria, viruses, and tumor cells. For that pur-
pose, T-cells possess specific proteins on their surface.
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When T-cell proteins meet specific proteins on the sur-
face of tumor cells, a so-called immune checkpoint oc-
curs. Instead of attacking the tumor cell, the T-cell is
instructed to leave it alone. Drugs from the group of
checkpoint inhibitors (nivolumab, pembrolizumab, ip-
ilimumab) interfere with the interaction between the
tumor cells and T-cell proteins. Here, nothing prevents
T-cells from performing their function and destroying
tumor cells [8].

Pembrolizumab is the most promising for patients
with Lynch syndrome. Its efficiency was proved by
high relapse-free and overall survival rates in such pa-
tients [6].

After initial successes in the treatment of melano-
ma, immunotherapy quickly established itself as the
mainstream treatment for several types of solid can-
cers. Pembrolizumab and nivolumab, two antibodies
that block programmed cell death 1 (PD1), have shown
efficacy in patients with mCRC, characterized by mis-
match repair deficiency and high microsatellite insta-
bility (dMMR-MSI-H). Unlike most other treatments for
metastatic cancer, immunotherapy can achieve long-
term stable remission in some patients, highlight-
ing the great promise of immunotherapy in treating
dMMR/MSI-H mCRC [7].

Thus, the determination of MSlin CRC is essential in
patients under 45 years of age or patients with a bur-
dened family history for further genetic diagnosis of
Lynch syndrome since this syndrome is established
only based on a hereditary mutation in one of the DNA
repair genes. Moreover, the MSI status determination
is indicated for patients with stage Il CRC to decide on
adjuvant chemotherapy and those with a BRAF gene
somatic mutation to clarify the prognosis.

MSl is a crucial biomarker of CRC, with a significant
diagnostic and prognostic value. Thus, testing for MSI
status is critical in CRC and should be recommended
for all patients with newly diagnosed CRC. MSI-H mCRC
immunotherapy has changed the therapeutic scenario
for patients with these tumors. It is one of the most sig-
nificant changes in mCRC treatment practice, although
its availability is limited to a small subset of patients.
Due to the low prevalence of MSI-H mCRC, research
in this area has been limited. Future efforts should be
aimed at better characterizing these tumors to guide
new treatment strategies and analyze the mechanisms
of immunotherapy resistance, potentially extending
relevant results to improve the treatment of MSS tu-
mors [10].

Conclusion: To date, the detection of MSl in Gl can-
cers is becoming a more reasonable and relevant is-
sue in an individual approach to treating patients and
predicting the course of the disease. This study con-
tributes to the early diagnosis of patients with Lynch

syndrome (by determining the MSI status) and answers
the need for and adequacy of prescribing prophylactic
chemotherapy.
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TY/XKbIPBIM

KOJIOPEKTAJIBABI KATEPJI ICIK KE3IHJET'T MUKPOCATEJLJINTTIK
TYPAKCBI3ABIKTBIH PO.II:
9JIEBUETKE IIOJIY

K.K. Cmazynosad', H.T. Typknenosa', /1.Y. Illaaxmemosa’, A.H. /[rcymanog'?, C.A. Ecenkynosa®

I«Ka3ak OHKOMOrus aHe papmonorus fbinbiMu-3epTTey MHCTUTYThI» AK, Anmatbl, KasakctaH Pecnybnukacsl;
2«C. XK. Acthenanspos aTbiHaarbl Kaz¥MY» KeAK, Anmarsl, KasakctaH Pecnybnukacs;
3«On-Papabu atbiigarsl Kas¥y» KEAK, Anmatel, KasakctaH Pecny6nmkach

Oszexminizi: Globocan 2020 depexmepi 6otivinua Kazakcmanoa konopekmanbost 0ovipoviy (KPK) orcuiniei Mexcuxadan 6acka DbI/¥-noiy
bapnvik endepinen memen. /lecenmen, Kasaxcmanoa KKK coipgammanywiviivix mypaxmer mypoe ecyoe — 2006 scbiizol OHKOIOUATBIK Aypyaap
Kypolabimbinoa 5-uii opvinnan 2021 ocoinwl 3-wii opuinza oeitin. Jluny cunopomvimen odaiinanvicmol icikmepoiy 80%-0an acmamvinoa Mukpo-
camennummix mypaxcwi3ovik 6ap exeri anvikmanowvt ( MSI) anvikmanaowl. Ken scagoaiioa MSI cnopaduxanvix mox iwex kamepai icieiniy 12%
gicazoatioa anvikmanaowvt. Convimen kamap, icikmezi MSI natioa 6ony cebebi J[HK aconoey acyiieciniy cendepiniy 6enceHoinieiniy memenoeyi
bonvin mabwvLiaowl, o1 MYKbIM KYaAlaumvlH JHCIHE COMAMUKATbIK cebenmepze Oaiianblcmyvl 601ybl MYMKIH.

3epmmeydin maxkcamol: npoOGUIAKMUKATLLK XUMUOMEPANUAHBL MALAUBIHOAYOblY Kadcemminiel MeH catikecmizin, nayuenmmepoi emoeyoi
orcexenenoipyoi scane KKK kezinoe aypyoviy ageimbil 6011cayobl Kapacmulpy yuin Kasipei 20ebuem depekmepin xcyiieney.

Aoicmepi: PubMed, MedLine, Cancer Observe depexmep 6azacvinan 2006-2021 scvlioapea apHaiean ol Mu-KJIUHUKALLIK 3epmmeyiiep-
OIH HCAPUATAHEAH HIMUICETIEPIHE WOLY HCACANObL, «KMOK [UWeKMIiy Kamepai iciei», « MUKPOCIYMHUKMIK MO3IMOLNIKY, «A0bISAHMNbL XUMUOMe-
panusiy, «IITP sepmmeyy xinm co30epi yuin. , «IGH-study».

Hoamuoawcenep: MSI mapmebeciniy IHC-cunammamacuvii Konoanyovly maui men catikecmiei anvikmanowvl. CRC kezinoe MSI bondxcamovik
Jicane boncamobly Mani 0anendendi. Oymaiinvl emoey Hyckaiapwl MSI kytiine 6ainanvlcmosl aHbIKMAaLObL.
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Kopvimuinowt: beneini 6ip MSI cmamycor 6ap icikmepoi siceke MH mobwina koo kepex. Typaxceiz0uik dcazoaiivin anvikmay Jluny cunopo-
MbiHa KyOikmenzeH dcagoauoa, KKK Il camvicel bap emoenyuiinepde, conoau-ax MCH-2e man KIUHUKALBIK HCIHE 2UCTONO0UANBIK benzinepoe
(6acmankpl icikmiy nNPOKCUMANLObL TOKATUZAYUACHL, MYYUHO30bL 2UCMOMUN, HAWAP Oupdepenyuayuaian2an icikmep, icikmiy IumM@poyumapivl
ungurbmpayuscet) Konaunvl. byn icikmepoiy Ketlinei MOIEKYIanbIK CUNAMMAMANAPBIH AHLIKMAY XUMUOmepanuaza oackawa sxcayan bepemin
nayuenmmepoiy Kiwi moowvin anvikmayea komexmeceoi. Conoati-ax, MSI maopmedecin anvikmay icikmepi BRAF ceninoe comamukanvls Mmyma-
Yusea Yublpagan Haykacmapoa aypyoully 00IICambli AHLIKMAY2d KOMeKmeceoi.

Tyitinoi co30ep: konopekmaibObl Kamepii iCik, MUKPOCAMENLIUMMIK MYPAKCbIZ0bIK.

AHHOTALIUS

3HAYEHUE MUKPOCATEJIZIMTHOM HECTABWJIBbHOCTH IIPU PAKE TOJICTO KHIIIKU:
OB30P JIMTEPATYPDI

K.K. Cmazynosa', H.T. Typxnenosa', /1.Y. llaaxmemosa’, A.H. /[rcymanos', C.A Ecenkynosa*

'AO «Kasaxckuii Hay4HO-MCCTIeAoBaTENbCKIIA MHCTUTYT OHKOMOMMM W paguonoruuy, AnMatsl, Pecnybnuka Kasaxcran,
"HAO «Kasaxckuit HaumoHanbHbIi MeguumHckuil yHusepeutet um. C.[1. Accerausaposay, Anmarsl, Pecnybnuka Kasaxcrar;
SHAO «Kasaxckuit HaumoHanbHbIi YHrBepcuTeT Menm anb-Gapabuy, Anmartsl, Pecnybnnka KasaxcraH

Axmyanvnocme: Cocnacho Odannvim Globocan 2020, 3abonesaemocms konopekmanvhvim pakom (KPP) 6 Kasaxcmawe Hudice 6cex
cmpan OOCP, 3a uckmovenuem Mekcuku. Oonako 3abonesaemocmos KPP ¢ Kazaxcmane neykionno pacmem — ¢ 5-20 mecma 6 cmpyKknmype
onkoszabonesaemocmu 6 2006 2. 0o 3-20 mecma 6 2021 2. Bvisisneno, umo 6 6onee wem 80% onyxoneil, accoyuuposannuvix ¢ cunopomom Jlunua,
onpeoensemcs mukpocamenrumunas necmaobunonocms (MCH). B uacmnocmu, MCH eviasnaemcs 6 12% ciyuaes cnopaouiecko2o paka moicmot
Kuwiku. Tlpu smom npuuunoi eosnuxnosenus MCH 6 onyxonu signsiemcs chudicenue akmusHocmu 2enos cucmemul penapayuu JJHK, komopas
Modicenm Oblmb 00YCL08IEHA KAK HACIEOCMBEHHOU, MAK U COMAMUYECKOU NPUYUHOLL.

Lleny uccnedosanus — cucmemamuzuposamsv aKkmyaibHvie IUMepamypHvie OamHble O PACCMOMPEHUs 60NPOCcd HeoOX00uMocmu u
A0EK8AMHOCIU  HA3HAYEHUs. NPODUIAKMUYECKOU  XUMUOMEPANUU, NEPCOHUDUKAYUU  JIeYeHUsl NAYUEHMO8 U NPOSCHOZUPOBAHUS MEYeHUs
sabonesarnus npu KPP.

Memoowt: buin nposeden 0030p OnyOIUKOBAHHBIX PE3YIbIMAMO8 HAYUHBIX U KAUHUYecKux ucciedosanuii 3a 2006-2021 2001 uz 6asvl daHHbIxX
PubMed, MedLine, Cancer Observe no kirouesbim cios8am «pax moicmou KUWKU», «<MUKPOCAMEIUMHASL HeCMAaOUIbHOCMbY, «A0bH8AHMHAS
xumuomepanuay, «[IL[P-uccredosanue», « A’ X-uccnedosanue.

Pezynemamui: Yemanosnenayennocms uaoeksamuocms npumenenus UI'X-xapakmepucmurxu cmamyca MCH. JJokazano npoeHocmocmuueckoe
u npeouxmusnoe snavenue MCH npu KPP. Onpedenenvi onmumanshvle eapuanmel nevenus 6 sasucumocmu om cmamyca MCH.

3aknwuenue: Onyxonu c¢ onpedenenuvim cmamycom MCH cnedyem evidenums 6 omoenvuyio epynny 3HO. Onpedenenue cmamyca
HecmaduIbHOCMU NPEeONOYMUMENLHO NPOBOOUMb NpU NOO03penuu Ha cundpom Jlunua, y nayuenmos co Il cmaoueu KPP, a maxoce npu
ceoticmeennoix 02 MCH KIUHUKO-2UCTON02UYECKUX 0COOEHHOCIAX (NPOKCUMANbHAS TOKATU3AYUA NEPBUUHOU ONYXONU, MYYUHOZHBII SUCIOMUN,
HUsKOOUpGepenyuposantvle Onyxonu, aum@poyumapnas unguismpayus onyxonu). /laneuetiuiee vlieieHue MOLCKYIAPHOIX XAPAKMEPUCTIUK
OaHHbIX Onyxoaell Oyoen cnocodcmeosans 8bl0eeHUI0 NOOSPYNI NAYUCHMOB, KOMOpble MO2YN NO-PA3HOMY omeevams Ha Xumuomepanuio. Taxoice,
onpedenenue cmamyca MCH mooicem 561smocsi 00HUX U3 BUAICHBIX NPOSHOCMUYECKUX MAPKEPO8 Y NAYUEHMOB, 8 UbUX ONYXOISX GblAGIACMCI
comamuyeckas mymayus 6 2ene BRAF.

Kniouesvie cnosa: xonopexmanvnuiii pax (KPP), mukpocamennumnas necmabunohocms (MCH).
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