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Abstract. Colorectal cancer ranks third worldwide in terms of the number of new cases and second in terms
of cancer-related mortality. KRAS gene status determines the eligibility for anti-EGFR therapy; however, prior to
this study, data on Kazakh patients had only been collected in individual clinics and had not been collated. The
aim was to determine the frequency and spectrum of KRAS mutations in patients with verified colorectal cancer
across several oncology centres in Kazakhstan and to assess their association with clinical and epidemiological
parameters. This retrospective, multicentre study included 332 patients with morphologically confirmed stage II-
IV colorectal cancer. Mutation status was determined using real-time allele-specific polymerase chain reaction on
FFPE tissue blocks. The Pearson’s x? test (Fisher’s exact test for small expected frequencies) was used to compare
groups; the strength of association was assessed using the odds ratio with a 95% confidence interval; logistic
regression was applied for multivariate analysis. A KRAS mutation was detected in 149 patients (44.9 + 2.7%),
whilst the wild-type was found in 183 (55.1 + 2.7%). The majority of mutations (80.5%) occurred at codon 12,
with the most common variants being G12D (32.2%), G12V (24.8%) and G13D (19.5%). No statistically significant
association was found between mutation status and gender (p =0.46), ethnicity (p=0.30), age (p=0.29) or tumour
site (p =0.45-0.74 depending on the grouping); in the multivariate model, none of these factors proved to be an
independent predictor. The frequency of KRAS mutations in the Kazakh cohort (44.9%) falls within the global range
of 40-45%, and the pattern of variants mirrors the findings of major international studies. The results confirm the
need for routine extended RAS testing in cancer centres in Kazakhstan
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KRAS gene mutation status in colorectal cancer...

Introduction

Colorectal cancer (CRC) claims hundreds of thousands
oflives every year and remains one of the leading caus-
es of cancer-related deaths. According to estimates by
H. Sung et al. [1], CRC already ranked third globally in
terms of incidence and second in terms of cancer-re-
lated mortality. According to data from S. Wu et al. [2],
in 2022, approximately 1.93 million new cases and
over 900,000 deaths from the disease were recorded
worldwide - ranking third in terms of incidence and
second in terms of mortality among all malignant
tumours. F. Bray et al. [3] reported similar figures:
colorectal cancer accounts for 9.6% of all cancer diag-
noses and 9.3% of cancer deaths. E. Morgan et al. [4]
predict a further increase in the burden of the dis-
ease by 2040, primarily in countries with economies
in transition - including, in all likelihood, the states of
Central Asia, where dietary patterns are changing and
coverage by early-detection programmes is declining.
The KRAS gene encodes small GTPase - one of the key
components of the EGFR-RAS-RAF-MEK-MAPK sig-
nalling cascade. Under normal conditions, the protein
switches between active (bound to GTP) and inactive
(bound to GDP) states under the control of EGFR [5].
Point mutations in codons 12 and 13 of the second
exon block the protein’s intrinsic GTPase activity and
lock it in a permanently active state, causing the sig-
nalling pathway to function independently of external
receptor stimulation [6].

Clinically, this means that a mutant KRAS predicts
a lack of response to anti-EGFR antibodies. C.S. Kara-
petis et al. [7] demonstrated this for cetuximab, whilst
].Y. Douillard et al. [8] did so for panitumumab. Based
on these data, the US National Comprehensive Cancer
Network, the European Society for Medical Oncology
and the American Society of Clinical Oncology have in-
cluded the determination of the mutation status of RAS
family genes in the diagnostic algorithm for patients
with metastatic CRC [9]. The frequency of mutations
varies considerably between populations - ranging
from 35 to 50% [5,10,11] - which is partly explained
by ethnic and geographical differences among the
cohorts studied. At the start of this study, no com-
prehensive data on the frequency of KRAS mutations
in Kazakh patients with CRC had been published: the
available information was scattered and limited to in-
dividual institutions. The aim of this study was to de-
termine the frequency and spectrum of somatic KRAS
mutations in a combined sample from several cancer
centres across the country and to investigate whether
they are associated with gender, age, ethnicity, tumour
site and tumour stage.

Materials and Methods
Design, centres and sampling
This retrospective descriptive study covers the peri-
od from January 2020 to December 2024. Data were

collected at three institutions: the Kazakh Research
Institute of Oncology and Radiology (Almaty), the Al-
maty Regional Oncology Centre and - as a reference
laboratory for the verification of some of the samples -
at the Kyrgyz-Russian Slavic University (Bishkek). The
study is not a national population-based registry: the
sample was drawn from patients who presented at the
centres listed and represents a clinical, rather than a
population-based, cohort.

During the selection period, 418 patients aged
25-90 years with a diagnosis of stage 1I-1V adenocarci-
noma of the colon or rectum were identified in the in-
stitutions’ databases. Of these, 86 cases (20.6%) were
excluded: 41 due to an insufficient amount of tumour
material or a tumour cell content of less than 20%, 24
due to poor DNA quality upon re-testing, 15 due to con-
current malignant tumours at other sites, and 6 due to
the absence of a signed informed consent form. A to-
tal of 332 patients were included in the final analysis.
Surgical specimens accounted for 71% of the samples
(n=236), whilst diagnostic biopsies accounted for 29%
(n=96); the proportion of tumour cells in the selected
sections, as determined by the pathologist, was at least
20% (median 45%).

Molecular testing

DNA was extracted from FFPE blocks using the QlAamp
DNA FFPE Tissue Kit (Qiagen, Germany). The concen-
tration and purity of the extracts were assessed using a
NanoDrop 2000 (Thermo Fisher Scientific, USA): sam-
ples were considered suitable if they had a DNA con-
centration of 10 ng/ul or higher, an A260/A280 ratio in
the range of 1.8-2.0, and an A260/A230 ratio of at least
1.8; the concentration of double-stranded DNA was ad-
ditionally verified fluorometrically on a Qubit 3.0 using
the Qubit dsDNA HS Assay Kit. Samples that failed qual-
ity control were either re-extracted or excluded from
the analysis (these cases are accounted for in the 24
exclusions described above).

KRAS status at codons 12 and 13 was determined
by allele-specific real-time polymerase chain reaction
(PCR) using the therascreen KRAS RGQ PCR Kit (Qia-
gen, Germany) on a Rotor-Gene Q amplifier. The test
system detects six variants: G12A (c.35G > C), G12C
(c.34G>T), G12D (c.35G>A), G12S (c.34G > A), G12V
(¢.35G>T) and G13D (c.38G > A). Each sample was
tested in duplicate; in the event of a discrepancy in the
results, the analysis was repeated on a new aliquot.
Positive and negative controls from the kit were used
in each run. The results were interpreted using Ro-
tor-Gene Q Series Software and independently verified
by two laboratory specialists.

Statistical analysis
Data were analysed using SPSS Statistics v.26.0 (IBM,
USA). Quantitative variables are described as M * SD,
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whilst qualitative variables are described as absolute
numbers and proportions with standard error (P = m).
The Pearson’s x? test was used to compare frequencies
between groups, whilst Fisher’s exact test was used
when the expected frequencies in the table cells were
less than 5. The strength of the association between
categorical variables was assessed using the odds ra-
tio (OR) with a 95% confidence interval (CI); binary
logistic regression was applied for a multivariate as-
sessment of the combined effect of gender, age, ethnic-
ity, localisation and stage on mutation status. A p-value
of <0.05 was adopted as the significance threshold; re-
sults in the range 0.05<p <0.10 are designated as a sta-
tistically non-significant trend and are not interpreted
as evidence of an association. The study protocol was
approved by the Local Biomedical Ethics Committee of
Asfendiyarov Kazakh National Medical University and
was conducted in accordance with the principles of the
World Medical Association [12]. All patients signed an
informed consent form.

Limitations of the study
This study has a retrospective design and combines data
from several, rather than all, of the country’s cancer

centres; thus, it cannot be considered population-based
in the strict sense. Molecular testing was limited to
KRAS codons 12 and 13; codons 59, 61, 117 and 146,
as well as NRAS and BRAF status, were not investigat-
ed, although current guidelines require their analysis
prior to the initiation of anti-EGFR therapy [9,13]. Data
on survival and treatment response were not included
in the study. These limitations should be taken into ac-
count when interpreting the results and when planning
future prospective studies using an expanded RAS/
BRAF panel and NGS sequencing.

Results
Overall frequency
and spectrum of KRAS mutations
Of 332 samples, a KRAS mutation was detected in 149
(44.9 + 2.7%), whilst the wild-type form was found in
183 (55.1+2.7%) (Table 1). Of the 149 mutations, 120
(80.5%) were localised in codon 12 and 29 (19.5%)
in codon 13 (Table 2). The most common variant
was G12D - 48 cases (32.2%), followed by G12V - 37
(24.8%) and G13D - 29 (19.5%); G12A, G12S and G12C
were detected less frequently - in 20 (13.4%), 8 (5.4%)
and 7 (4.7%) cases, respectively (Tables 1-2).

Table 1. KRAS gene mutation status in a cohort of patients with CRC (n = 332)

KRAS status Absolute number % (M+m)

Wild type 183 55.1+2.7

Mutant type 149 449+2.7
Total 332 100

Source: authors’ own data

Table 2. Spectrum of somatic mutations in the KRAS gene (n = 149)

Mutation variant n % Codon
G12D 48 32,2 12
G12V 37 24,8 12
G12A 20 13.4 12
G13D 29 19.5 13
G12S 8 5.4 12
G12C 7 4.7 12

Total for codon 12 120 80.5 12

Total for codon 13 29 19.5 13

Total number of mutations 149 100.0

Source: authors’ own data

From a clinical perspective, two facts are par-
ticularly important. Firstly, the proportion of wild-
type cases (55.1%) represents the upper limit of the
proportion of patients for whom anti-EGFR therapy
may, in principle, be indicated in the context of met-
astatic disease, provided that extended RAS/BRAF
testing does not reveal any other contraindications.
Secondly, the G12C variant, despite its modest pro-
portion (4.7%), has specific practical significance:
specific inhibitors (sotorasib, adagrasib) already exist

for this variant, making its detection a clinical objec-
tive in its own right, rather than merely a point of de-
scriptive statistics.

Gender, ethnicity, age

Of the 332 patients, 182 were women (54.8 +2.7%) and
150 were men (45.2 £2.7%). The mutation was detect-
edin 64 men (42.7 £4.0%) and 85 women (46.7 +3.7%);
the difference was not statistically significant (x*=0.54;
p=0.46) (Table 3).
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Table 3. Frequency of KRAS gene mutations by gender (n = 332)

Gender Total Wild-type Mutated
Men 150 (45.2+2.7%) 86 (57.3+4.0%) 64 (42.7 +4.0%)

Women 182 (54.8+2.7%) 97 (53.3+£3.7%) 85 (46.7 +3.7%)
Total 332 183 (55.1%) 149 (44.9%)

Source: authors’ own data

The patients were divided into two groups accord-
ing to their ethnic origin: those of Asian origin (Kazakhs,
Uyghurs, Koreans and others) - 162 people (48.8%) and
those of European origin (Russians, Germans, Ukraini-
ans and others) - 170 people (51.2%). A KRAS mutation
was detected in 68 out of 162 (42.0 + 3.9%) patients in
the first group and in 81 out of 170 (47.6 + 3.8%) in the
second; the difference was not statistically significant
(x*=1.08; p=0.30). However, the G12D variant was nu-
merically predominant in the group of European origin

(40.7% of all mutations in this group), whilst the G12V
variant was predominant in the group of Asian origin
(36.8%). Given that the overall frequency of mutations
did not differ between the groups, this difference in the
spectrum of variants should more correctly be regard-
ed as a preliminary observation requiring verification
in a larger sample, rather than as an established ethnic
pattern. The patients’ ages ranged from 25 to 79 years
(M +SD=56.4+10.5 years). The frequency of mutated
KRAS by age group is shown in Table 4.

Table 4. Frequency of KRAS gene mutations by age group (n = 332)

Age (years) n (%) Wild-type Mutated
25-43 36 (10.8%) 23 (63.9£8.0%) 13 (36.1£8.0%)
44-59 171 (51.5%) 99 (57.9 +3.8%) 72 (42.1+3.8%)
60-74 114 (34.3%) 56 (49.1+4.7%) 58 (50.9 +4.7%)
75-89 11 (3.3%) 5 (45.5+15.0%) 6 (54.5+15.0%)
Total 332 183 (55.1%) 149 (44.9%)

Source: authors’ own data

A comparison of the four age groups as a whole
revealed no significant differences (x* = 3.72; df = 3;
p=0.29). In a combined analysis of patients under 60
years of age (n=207, 85 with the mutation, 41.1%) and
those aged 60 and over (n =125, mutation present in
64, 51.2%), the difference approaches the significance
threshold but does not reach it (x*=3.24; p=0.07) -
this represents a trend towards a higher frequency
of the mutation in the older age group, rather than a
proven association.

Tumour location and stage

The tumour was localised in the rectum and rectosig-
moid region in 185 patients (55.7%), in the left-sided
colon in 99 (29.8%), and in the right-sided colon in 48
(14.5%). A KRAS mutation was detected in 24 of 48
patients with right-sided tumours (50.0%), in 43 of
99 with left-sided tumours (43.4%) and in 82 of 185
with rectal tumours (44.3%). When analysed using
the x? test, adjusted for the number of cells, this differ-
ence did not reach statistical significance either in the
pairwise comparison of right-sided and left-sided tu-
mours (x*=0.56; p=0.45; OR=1.30, 95% CI 0.65-2.60),
nor when comparing all three groups simultaneously
(x*=0.62; df = 2; p = 0.74). Thus, despite the visually
higher proportion of mutations in right-sided tumours,
no statistically significant association between KRAS
mutation status and tumour topography was found in
this sample - apparently due to the limited size of the
right-sided tumour subgroup (n=48).

By stage, the sample included patients with stage Il
(n=64, 19.3%), stage IIl (n=101, 30.4%) and stage IV
(n=167, 50.3%); there were no stage I cases accord-
ing to the inclusion criteria. The frequency of KRAS
mutations was 39.1% in stage 11, 44.6% in stage 11l and
47.3% in stage 1V; the differences were not statistically
significant (x*=1.28; df=2; p=0.53). In a binary logis-
tic regression model including gender, age, ethnicity,
tumour site and tumour stage, none of the predictors
reached statistical significance at the p<0.05 level; age
came closest to the significance threshold (p = 0.07),
which is consistent with the trend noted above in the
pairwise comparisons. In other words, within the lim-
its of the available sample, KRAS mutation status is not
statistically dependent on any of the clinical and demo-
graphic characteristics studied.

Discussion
The prevalence of KRAS mutations in the cohort of this
study - 44.9% - falls within the 35-45% range report-
ed by M. Navarro-Jiménez et al. [5] for global distribu-
tion, and is close to the figure reported by A. Koulou-
ridi et al. [10] for European patients (approximately
40%). The result most closely matching the findings
of this study is that of an eight-year Turkish study
by G. Kavgaci et al. [14] involving 10,754 patients -
46.6%. L.H. Araujo et al. [15] reported a rate of 48.1%
in a Brazilian sample, whilst D. Lavacchi et al. [16] re-
ported 38-45% in an Italian cohort. In a study of pa-
tients with CRC on the east coast of Malaysia, KRAS
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mutations in codons 12 and 13 were detected in 36.4%
of cases, with G12D, G12V and G13D being the most
common variants [17]. Against this background, the
Kazakh data do not appear to be an exception to the
general picture.

The structure of the mutation spectrum also corre-
sponds to the international pattern: the predominance
of codon 12 and the order G12D > G12V > G13D repli-
cates the hierarchy described by M. Navarro-Jiménez et
al. [5] in a sample of over 2,000 cases of CRC (G12D
>G12V>G13D > G12C > G12A > G12S). The only nota-
ble difference is a slightly higher proportion of G12A
(13.4% compared with typical European values), a
finding previously highlighted by D. Lavacchi et al. [16].
L.A. Prior et al. [6] consider such fluctuations to be nor-
mal inter-population variability rather than a distinct
biological phenomenon.

Statistical analysis revealed no significant asso-
ciation between KRAS mutation status and gender,
age, ethnicity, tumour location or tumour stage. This
contradicts a number of studies in which, for exam-
ple, right-sided tumours are associated with a higher
frequency of KRAS/BRAF mutations [5,10]. The most
likely explanation is the size of the subgroups: in this
sample, there were only 48 right-sided tumours, and
with such a small sample size, the study has low sta-
tistical power to detect moderate differences (the ob-
served OR of 1.30 might have been statistically signifi-
cant in a sample several times larger). The same applies
to the trends observed for age (p=0.07) and ethnicity
(p=0.30, with a difference in the predominant muta-
tion variant between the groups) - both observations
should be regarded as hypotheses to be tested in a larg-
er, preferably multicentre, national sample, rather than
as established patterns [18].

The absence of a statistical association does not
negate the clinical significance of the mutation profile
itself [19]. The G12D and G12V variants, which ac-
count for more than half of all mutations in the cohort
of this study, are reliably associated with primary re-
sistance to cetuximab and panitumumab [7,8]. G13D,
previously considered potentially less resistant to an-
ti-EGFR therapy, is now treated on a par with other
activating variants in current guidelines [9]. Particu-
lar attention should also be given to G12C. Despite its
relatively low prevalence (4.7%), this variant has be-
come therapeutically important because targeted in-
hibitors, including sotorasib and adagrasib, have now
been approved for clinical use [5,20]. Consequently,
identification of the G12C mutation has independent
therapeutic significance.

The results obtained confirm that, for cancer cen-
tres in Kazakhstan, testing for KRAS mutations at co-
dons 12 and 13 is a necessary but not sufficient step
prior to prescribing anti-EGFR therapy. C.]J. Allegra et
al. [9] and E. Van Cutsem et al. [13] advocate compre-
hensive RAS testing - KRAS at codons 59, 61, 117 and

146, as well as NRAS and BRAF - as a mandatory pre-
requisite before commencing treatment; a wild-type
result at two KRAS codons does not in itself confirm
the absence of RAS/RAF activation at other sites [21].
It is for this reason that 55.1% of patients with wild-
type KRAS in this study should be regarded not as a
ready-made group of candidates for anti-EGFR thera-
py, but as an upper estimate of such a group prior to
extensive testing.

Conclusions
The frequency of KRAS gene mutations in patients with
colorectal cancer in a combined cohort from several
cancer centres in Kazakhstan was 44.9% (149 out of
332), which is in line with the global range of 40-45%
and does not indicate any regional differences in this
respect. Codon 12 predominated in the mutation spec-
trum (80.5%); the leading variants - G12D (32.2%),
G12V (24.8%) and G13D (19.5%) - mirror the hierar-
chy described in major international studies. Of par-
ticular clinical significance is the high combined prev-
alence of G12D and G12V, which are associated with
resistance to anti-EGFR therapy, as well as, separately,
the prevalence of G12C (4.7%) as a marker for targeted
therapy with KRAS-G12C inhibitors.

After recalculating the statistics, no statistically sig-
nificant association was found between KRAS mutation
status and gender (p = 0.46), age (p = 0.29), ethnicity
(p=0.30) or tumour site (p =0.45-0.74); in a multivar-
iate logistic model, none of these factors was an inde-
pendent predictor. The observed trends regarding age
(p=0.07) and the distribution of variants across eth-
nic groups require verification in a larger sample. The
KRAS wild-type at codons 12 and 13 was detected in
55.1% of patients; however, this alone is not sufficient
grounds for prescribing anti-EGFR therapy: before a
decision is made, extended RAS testing (codons 59, 61,
117, 146 of KRAS and NRAS) and BRAF, as required by
current international guidelines. The results support
the introduction of comprehensive molecular genetic
testing (RAS/BRAF) into routine practice at oncology
centres in Kazakhstan. It would be advisable to conduct
further research in the form of prospective, multicen-
tre studies using NGS sequencing, covering larger sub-
groups based on tumour site and ethnicity, and includ-
ing data on patient survival.
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AxHHOoTaums. KosiopeKTa/lbHbIA paK 3aHUMaeT TPeTbe MeCTO B MUpE M0 YHUCJIy HOBBIX CJIy4aeB U BTOPOE — 10
CMEpPTHOCTH OT OHKOJIOTHYeCKUX 3a6osieBaHui. CTaTyc reHa KRAS onpe/iesisieT BO3MOXXKHOCTb Ha3HAYEHUS aHTH-
EGFR-Tepanuu, olHAKO 10 HAcTOsAIeH pabOThl JaHHbIE M0 Ka3aXCTAaHCKHUM MallMeHTaM COOHPAJUCh TOJBKO B
OTZAeJIbHBIX KJIMHUKAX U He 0600IaInch. llesb — onpeaeuTh 4acToTy U crieKTp MmyTanui KRAS y manueHTOB
¢ BepuUIUPOBAaHHBIM KOJIOPEKTAJIbHBIM PAaKOM Ha 6a3e HECKOJbKHUX OHKOJIOIMYECKUX IeHTpoB KasaxcTaHa
Y OLIEHUTb UX CBSI3b C KJIWHUKO-3MHJEMHUOJOTMYeCKUMU TapaMeTpaMU. B peTpocneKTHBHOE MHOTOIIEHTPOBOE
vccaei0BaHue BKIOYeHOo 332 manueHTa ¢ MOpdOJIOTUYeCKH MOATBEPKAEHHBIM KOJOPEKTaIbHbIM pakoM II-IV
cTaauu. MyTallMOHHBIHN CTATyC ONpeeisid METO/[OM aJljlesib-ClielupUIecKor MOJIMMePA3HOU [[eMTHON peaKI[HH.
B peaJibHOM BpeMeHU Ha Matepuasie FFPE-6yokoB. [lyisi cpaBHeHUs TPYIII UCNIOJIb30BaIM KpuTepui x* [lupcona
(TouHbIM KpuTepui Puiiepa Npu MajblX 0XKHJAEMbIX YaCTOTAaX), CUJIY CBSI3M OLlEHWBAJM Yepe3 OTHOIIeHHe
aHCcoB ¢ 95% /J0BepUTEJbHOTO WHTEpBaJa; AJisi MHOropaKTOPHOTO aHaIu3a MPUMEHSJIM JIOTUCTUYECKYIO
perpeccuto. MyTtanusa KRAS o6HapyxeHa y 149 nanuenTtoB (44,9 * 2,7%), aukuit tun - y 183 (55,1 * 2,7%).
OcHoBHas 4actb MyTanui (80,5%) npuxojuiack Ha KoJoH 12, mugupoBanu BapuanThel G12D (32,2%), G12V
(24,8%)u G13D (19,5%). CTaTUCTHYECKH 3HAYUMOU CBSI3U MYTALIMOHHOT0 cTaTyca c mosioM (p=0,46), 3STHUYECKOH
npuHaanexHocTbio (p =0,30), Bo3pactoMm (p =0,29) u sokanuzanuei onyxosau (p =0,45-0,74 B 3aBUCUMOCTH OT
IPYNIHMPOBKHU) He BBISIBJIEHO; B MHOT0paKTOPHOM MOJieJI1 HY OIUH U3 3TUX QaKTOPOB He 0Ka3aJICsl He3aBUCHMbIM
npegukTopoM. Yactora KRAS-MyTanuii B kazaxcTaHckoi koropTe (44,9%) ykJaJibIBaeTCsi B MUPOBOM Jiana3oH
40-45%, a CTpyKTypa CIeKTpa BapHaHTOB IMOBTOpSeT JaHHble KPYMHBbIX MEXAYHAPOAHBIX HCCJIeL0BaHHUM.
Pe3ynbTaThl NOATBEPXK/JAIOT HEOOXOJUMOCTb PYTUHHOI'O PacliMpeHHOT0 RAS-TecTHpOBaHUs B OHKOJIOTUYECKHUX
neHTpax Kasaxcrana

KnioueBble cnoea: MyTauusi KofoHa 12; TapreTHas Tepanus; aHTU-EGFR; MoJsiekyssipHasi OHKOJIOTHS;
nojuMopdu3M reHa

Beenexue
KosiopekTanbhbiii pak (KPP) exxerofHo yHOCUT COTHU  MUpe 10 3a60J1eBaeMOCTH U BTOPOE — 10 OHKOJIOTH4e-
TBICAY KU3HEHW U OCTaéTcs OJHOM U3 BeAylIUX NMpU-  CKOW cMepTHOCTH. [lo gaHHbIM S. Wu et al. [2], B 2022
YUH OHKOJIOTHUYeCKOU cMepTHOCTH. COTJIacHO OLleHKaM  roJly B MUpPe 3aperucTpupoBaHo okosio 1,93 MJsH Ho-
H. Sung et al. [1], KPP yxe 3aHHMa/ TpeTbe MeCTO B BBIX CJIyyaeB 3a6osieBaHus U cBbilie 900 Thic. cMepTed
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OT HEro - TpeTbe MecTO N0 3a601eBAEMOCTH U BTOPOE
[0 CMEpPTHOCTHU CpeJid BCeX 3JI0KaueCTBEHHBIX OIy-
xosied. F. Bray et al. [3] npuBesnn 61u3kue [udpel: Ha
KOJIOpEKTAJIbHBIN pakK NpuxoauTca 9,6% Bcex OHKOJI0-
FMYeCKUX AUAarHo30B U 9,3% OHKOJIOTUYECKOW CMepT-
HocTHd. E. Morgan et al. [4] nporHo3upyoT JaJbHEN-
KK pocT 6peMeHu 6os1e3HU K 2040 rofy, B mepByto
o4yepe/b 32 CYET CTPaAH C NepeXoJHOU SKOHOMUKOH — B
TOM YMCJIe, BEPOATHO, U rocyapctB lleHTpasbHOMI
A3zuy, rjie MeHsIeTCs CTPYKTYpa MUTAHUS U CHHXKAETCs
0XBaT NMporpaMMaMu paHHel guarHocTUKU. ['eH KRAS
kogupyeT Majiywo ['Tdasy - ofMH U3 KIHOYEBbIX 3Jie-
MEHTOB cUrHaJjibHoro kackaga EGFR-RAS-RAF-MEK-
MAPK. B HopMe 6es10K epeKJ/Io4aeTcss MeX/Ay aKTHB-
HbIM (cBsizaH ¢ ['T®) u HeakTUBHBIM (cBfizaH c [/|D)
coctosgsHuaAMU nof kKoHTposieM EGFR [5]. Toueunsie
MyTaLMH B KooHax 12 u 13 BTOporo sk3oHa 6JI0KHU-
pytoT coocTBeHHy0 ['TdPa3Hy0 aKTUBHOCTb OeJiKa U
UKCHPYIOT ero B NOCTOSIHHO aKTUBHOM COCTOSIHUH,
M3-32 Yero CUrHa/IbHbIA NMyTh paboTaeT He3aBUCHUMO
OT BHEIIHEHW CTUMYJISILIUY perenTopa [6].

KinuHudeckn 3TO 0O3HayaeT, 4YTO MYTaHTHBIN
KRAS mnpejcka3sbiBaeT OTCYTCTBHE OTBeTa Ha aH-
TU-EGFR-anTuTena. C.S. Karapetis et al. [7] nokasanu
3TO A/ neTykcuMaba, ].Y. Douillard et al. [8] - gas
naHuTyMmyMaba. Ha ocHoBaHuHM 3TUX AaHHbIX Haru-
OHaJIbHasi BCeoO'beMJIIOLIAS OHKOJIOTHYecKasl CeThb
CIIA, EBpomeiickoe 06IeCTBO MeAUIMHCKONH OHKO-
JIOTUU U AMepUKaHCKOe 061[eCTBO KJIMHUYECKON OH-
KOJIOTMU BKJIIOYUJIU ONpeJesieHue MYTalMOHHOTO
cTaTyca reHoB ceMeiictBa RAS B anroputm o6cieso-
BaHUs NalMeHTOB ¢ MeTacTatTuyeckum KPP [9]. Ya-
CTOTa MyTalM{ MPU 3TOM 3aMeTHO BapbUPYeET MEXIY
nonyaauuamu - ot 35 go 50% [5,10,11], uTo oT4acTH
00'bSICHSIETCS S THUYECKUMHU U reorpapuyecKUMHU pas-
JIMYMUSAMU U3y4aeMbIX KoroptT. K Hadany HacTosiei
paboThl 0606UEHHBIX AAHHBIX 0 YacToTe KRAS-myTa-
[UH y Ka3aXCTaHCKUX narnueHToB ¢ KPP He my6snko-
BaJIOCh: UMeBLIMECS CBe/IeHUS ObLIM Pa3pO3HEHHbIMU
Y OTPaHUYMBAJIMCh OT/AEJbHBIMHU YUpexeHusMu. lle-
JIbIO PAaGOTHI ObLJIO ONpPEAESUTD YACTOTY U CHEKTP CO-
MaTuyeckux MyTtanuii KRAS B 06beJuHEHHOM BBIGOD-
Ke M3 HeCKOJIbKHUX OHKOJIOTUYECKUX IIEHTPOB CTPaHBI
Y NPOBEPUTH, CBSI3aHBI JIU OHU C 110JIOM, BO3pacTOM,
3THUYECKOW TPUHAJJIEKHOCTbIO, JIOKaJU3anueln Hu
CcTaZiiel ONMyXO0JIH.

MaTtepuansi u MeTOAbI

Ju3aiiH, BeHTpbI ¥ BHIGOPKaA

PeTpocneKkTHBHOe omucaTe/bHOE HCCAeOBAHUE OX-
BaTbIBaeT nepuof ¢ siuBapst 2020 roja mo Aekabpb
2024 ropa. Matepuas cobupasicsl B TPEX yUpexxeHU-
ax: KasaxckoM Hay4yHO-HCCJIe[J0BaTe/JbCKOM HHCTHU-
TyTe OHKOJIOTMH U paZuosoruu (AnmarTsl), AJIMaTHH-
CKOM pervoHaJbHOM OHKOJIOTMYECKOM LEHTpe U — B
KavyecTBe pedepeHc-1abopaTopuu sk BepudpuKanuu
yacTu o6pasnoB - Ha 6a3e Keipreiscko-Poccuiickoro

CnaBsinckoro YHuBepcureTa (buukek). UccienoBaHue
He SIBJISIETCS HAallMOHAJbHBIM IOMYJISIIMOHHBIM peru-
CTpoM: BbIOOpKa chopMUpOBaHA M3 NALUEHTOB, 06-
pPaTUBIIKXCS B NepevYUCTIeHHble [IEHTPbI, U NPeCTaB-
JIleT KJIWHUYECKYI0, a He TMOMYJSALMOHHYI0 KOTOpTY.

3a nepuoj, oT6opa B 6a3ax yupexJeHUN UJeHTH-
¢dunupoBaHo 418 nanueHTOB ¢ AUAarHO30M aJleHOKap-
LMHOMBI TOJICTOM WX npaMor kumku II-IV craguu B
Bo3pacTe 25-90 seT. U3 HUX UcKJOYeHO 86 ci1yvaeB
(20,6%): 41 - u3-3a HEAOCTATOYHOTO KOJIMYECTBA OMy-
X0JIEBOTO MaTepHasjia WU COZEepKaHHUsI ONyX0JeBbIX
kJeToK MeHee 20%, 24 - K3-3a HeyAOBJIETBOPUTEJIb-
Horo kadectBa /IHK npu nmoBTOpHOM KOHTpOJIE, 15 -
Y3-3a CHHXPOHHBIX 3JI0Ka4YeCTBEHHBIX OIyX0Jeld HHON
JIOKAJIM3aLMH U 6 — U3-32 OTCYTCTBHUS 0POPMJIEHHOTO
MHPOPMUPOBAHHOI'O COTJIacHMsl. B MTOroBBINA aHaIU3
Bouwio 332 nauueHTta. OnepayoHHbBIA MaTepUas co-
ctaBua 71% o6pa3noB (n = 236), AUarHOCTUYECKUE
6uoncuu - 29% (n =96); 1,0/ ONYX0JEBBIX KJIETOK B
0TOOpaHHBIX Cpe3ax, [0 3aKJIIYEeHHUI0 maToMopdoio-
ra, coctaBJisiia He MeHee 20% (MeznuaHa 45%).

MoJieKy/IApHO€e TeCTUpPOBaHHUE
JHK Beigensiu u3 FFPE-6/10k0B ¢ moMouipi0 Habo-
pa QIAamp DNA FFPE Tissue Kit (Qiagen, l'epmanus).
KoHIleHTpanuo U YKUCTOTY HIpernapaToB OLEHUBAIH
Ha NanoDrop 2000 (Thermo Fisher Scientific, CILIA):
NPUTOAHBIMHU CYMTAJIHCh 00pasIbl C KOHLEHTpaleil
JHK ot 10 ur/mkJi, A260/A280 B suanasone 1,8-2,0 u
A260/A230 He HKe 1,8; KOHIEHTPAIMIO IBYHUTEBOU
JHK fonosHUTEIbHO TPOBEPSIN PIYOPUMETPUUECKU
Ha Qubit 3.0 c Ha6opom Qubit dsDNA HS Assay Kit. 06-
pasibl, He mpolle/iihe KOHTPOJIb Ka4eCcTBa, JU60 Ie-
pe3KCTparupoBasIy, JUO0 UCKJIIOYAIH U3 aHA/IU3a (3TU
Cy4au yYTEeHbI B ONIMCAaHHbIX Bbllle 24 UCKIIOYEHUSX).
Cratyc KRAS B kogoHax 12 u 13 onpepensanu Me-
TOJIOM aJlleb-crieludruieckoi real-time mosumepas-
Hol nenHo¥ peaknuu (I1LP) ¢ mHa6opom therascreen
KRAS RGQ PCR Kit (Qiagen, l'epmanus) Ha amnindu-
katope Rotor-Gene Q. TecT-cucTema BbIABJASIET LIECTh
BapuaHTOB: G12A (¢.35G>C), G12C (¢.34G>T), G12D
(c.35G>A), G12S (c.34G>A), G12V (c.35G>T) u G13D
(c.38G>A). Kaxapiii o6paser TeCTUPOBaJIH B ABYX I10-
BTOPHOCTSIX; IPH PACXOXJAEHUHU pe3yJibTaTa aHaIUu3
NOBTOPSAJIM HAa HOBOU aJIMKBOTe. B KaXkZj01 MOCTaHOB-
Ke UCI0JIb30BaJIU OJIOKHUTENbHBIN M OTPULIATEbHBIN
KOHTPOJIK U3 COCTaBa Habopa. Pe3ysibTaThl UHTEpIpE-
TUPOBAJIMCh IPOTPaMMHBIM obecrnedyeHueM Rotor-
Gene Q Series Software u He3aBUCHMO MOATBEPXK/A-
JIUCh IBYMsI CIIeI[UAIMCTaMH JJabopaTOpHH.

CTraTuCcTHYeCKUil aHa/Iu3

[JanHble o6pabateiBanu B SPSS Statistics v.26.0 (IBM,
CIIA). KonmuyecTBeHHble NepeMeHHble OMMCAHbl KakK
M+SD, KauecTBeHHbIE — KaK abCOJIIOTHbIE YK CJIa U J0JIU
co cTaHZapTHoW owmu6kod (P * m). /laa cpaBHeHUS
YaCTOT MeX/Jy TpyNIaMH HCIOJIb30BAIU KPUTEPUH
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x? [lupcoHa, a MpU OXKKUAAEMbBIX YAaCTOTaxX B sSuelKax
TabaULbI MeHee 5 - TOuHbIN KpuTepuit Puiiepa. Cuy
CBSA3U MEX/Y KaTeropualbHbIMHU IPU3HAKAaMU OLleHH-
Ba/Iu 4yepe3 oTHouleHHe mwaHcoB (OLI) ¢ 95% nosepu-
TeJIbHbIM HMHTepBasioM (/IW); s MHorodakTOpHOMH
OIlEHKH OJJHOBPEMEHHOI'O BJIMSIHUSA I10J1a, BO3paCTa,
3THUYECKON NPUHA/JIEXHOCTH, JIOKAJU3alUU U CTa-
JUU Ha MyTaAlMOHHBIN CTATyC NPUMEHSJIM GUHAPHYIO
JIOTUCTUYECKYI0 perpeccrioo. [loporoBeiM ypoBHEM
3HaYUMOCTHU NpUHATO p < 0,05; pe3ysnbTaThl B [HUama-
30He 0,05 < p < 0,10 0603HaYeHbI KAaK CTATUCTHYECKHU
He3HauuMas TeH/IeHLIUs U He HHTepIPeTHUPYIOTCS Kak
JloKa3aTe/bCTBO CBsA3U. [IpoTokos of06peH Jlokab-
HBbIM KOMUTETOM [0 OGHOMEIMIIMHCKONH 3THKe Kaszax-
CKOT'0 HAIlMOHAJbHOTO MEeJULIMHCKOTO YHUBEPCUTETA
nmenu C. [J. AcheHausspoBa U COOTBETCTBYET IPHUH-
yunam World Medical Association [12]. Bce manueHTBI
noAnucasau MHGOPMHUPOBAHHOE COTJIACHE.

OrpaHuYeHUA UCCIeJ0BaAHUA

Pa6oTa uMMeeT peTPOCHEKTHUBHBIM JU3alH U 00be-
JUHSEeT JaHHble HECKOJIbKUX, a3 He BC€X OHKOJIOTHYe-
CKUX IIEHTPOB CTPaHbI, I03TOMY HE MOXKET CYUTATHCS

HNONMY/ASILIUOHHOW B CTPOroM CMbIcje. MoJieKyJIsspHOe
TeCTUpPOBaHUe orpaHudeHo KogoHaMu 12 u 13 KRAS;
KoJloHbl 59, 61, 117 u 146, a Takxe cratyc NRAS u
BRAF He ucciefoBanuch, XOTs COBpeMeHHblE PEKO-
MeH/Jalluy TpeOyIoT UX aHa/u3a IepeJ Ha3HaueHHeM
aHTU-EGFR-Tepanuu [9,13]. laHHBIEe 0 BBLKMBAEMOCTH
Y OTBETE Ha JIeYeHHe B UCCJIe/JOBaHHE He BKJII0YaJIHCh.
JTH OrpaHUYEHHUs] HY>KHO YIUTBIBATb NPU UHTEpIpe-
TallM{ pe3yJbTaTOB U NPU IJIAaHUPOBAHUHU NOCIEAYIO-
IIMX POCIEKTHUBHBIX PaboT C paclIMpeHHOH NaHeJ b0
RAS/BRAF u NGS-cekBeHHpOBaHUEM.

PesynbTtaTbl

O6masn yacrora u cnektp mytanui KRAS

U3 332 o6pasuoB myrtauuss KRAS BeisiBjieHa B 149
(44,9+2,7%), nukuii Tvn - B 183 (55,1+2,7%) (Ta6s1u-
na 1). U3 149 myranuii 120 (80,5%) JiokaIM30BaluCh
B KoJioHe 12 u 29 (19,5%) - B kogoHe 13 (Ta6suna
2). Yamie Bcero BcTpevasica BapuaHT G12D - 48 ciy-
vaeB (32,2%), 3a uuM caepoBanu G12V - 37 (24,8%)
u G13D - 29 (19,5%); G12A, G12S u G12C BbIsIBJIEHBI
pexe — B 20 (13,4%), 8 (5,4%) u 7 (4,7%) cay4dasx co-
oTBeTcTBeHHO (Tabsuubl 1-2).

Tabnuua 1. MyTtainuonHbii ctatyc rena KRAS B koropte naiueHnToB ¢ KPP (n = 332)

Cratyc KRAS AGCOJIIOTHOE YHUCJI0 % (M+m)

JIMKuH TUI 183 55,1+2,7

MyTupOBaHHBIN TUII 149 44,927
HToro 332 100

MCTOYHUK: JaHHBIE aBTOPOB

Tabnuua 2. CriekTp coMaTH4eckux MyTaiuii rena KRAS (n = 149)

BapuaHT MyTanuu n % Kopon

G12D 48 32,2 12
G12V 37 24,8 12
G12A 20 13,4 12
G13D 29 19,5 13
G12S 8 5,4 12
G12C 7 4,7 12

HToro xoaou 12 120 80,5 12

HToro xkogoHn 13 29 19,5 13

Bcero myranuii 149 100,0 -

MCTOYHUK: JaHHBIE aBTOPOB

C KJIMHUYeCKOM TOYKH 3peHUs BaXKHBI Ipex /e Bce-
ro JiBa ¢akra. Bo-nepsrIx, fos1s gukoro tvna (55,1%) -
3TO BepxXHAA IpPaHULA [0JM NALMeHTOB, KOTOPbIM B
NpUHLUIE MOXeT ObIThb NMoka3aHa aHTU-EGFR-Tepa-
NUA MPU MeTacTaTHUYeCKOM Ipoluecce, IPU YCI0BUH,
yTo pacuiMpeHHoe TectupoBanue RAS/BRAF He BbI-
ABUT JPYrUX MNPOTHUBONOKa3aHUM. Bo-BTOpeIX, Ba-
puaHT G12C, HecMOTps Ha cKpoMHyI0 Aot (4,7%),
HMeeT OT/[e/IbHOe TpaKTUYeCcKoe 3HadeHue: JJid
HETO yXKe CYIIeCTBYIOT crenuduiecKkue HHIHOUTOPHI

(cotopacu6, agarpacu6), 4TO AieJIaeT ero BbISBJIEHUE
CaMOCTOATE/IbHOM KJIMHUYEeCKO! 3a/ia4yel, a He IPOCTO
MMYHKTOM ONUCcaTeJbHON CTATUCTUKHU.

Ilos1, sTHUYecKasa NPUHA/JIEKHOCTb, BO3PACT
Cpeay 332 mayMeHTOB >KEHLUHbI COCTaBUIu 182 ye-
soBeka (54,8 + 2,7%), myxkuunbl - 150 (45,2 + 2,7%).
MyTanus BeisiBaeHa y 64 myx4uH (42,7 +4,0%) u 85
eHIIHH (46,7 = 3,7%); pas/inuve CTaTUCTUYECKHU He-
3HayuMo (x?=0,54; p=0,46) (Ta6auua 3).
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Tabnuua 3. Yactota myTanuii rena KRAS B 3aBucuMocTH oT noJia (n = 332)

Mon Bcero Jukuii TMI MyTHpOBaHHBIH TUI
Myxckoit 150 (45,2+2,7%) 86 (57,3 +4,0%) 64 (42,7 +4,0%)
Kenckui 182 (54,8+2,7%) 97 (53,3+3,7%) 85 (46,7 £3,7%)

Bcero 332 183 (55,1%) 149 (44,9%)

MCTOYHUK: JaHHbBIE aBTOPOB

[lo aTHUYecKOM NMPUHA/JIEKHOCTH NMalMeHThbl pas-
JleJIeHbl Ha [iBe TPYIIbL: a3UaTCKOT0 MPOUCXOXK/EHUS
(kxa3axu, YUTypbl, Kopelbl U Apyrue) — 162 yesoBeka
(48,8%) u eBpomeicKOTro NMpPoOUCXOXAeHUs1 (pycckue,
HeMIIbl, YKpauHLpbl U Apyrue) — 170 yenosek (51,2%).
MyTauust KRAS o6HapyxeHa y 68 u3 162 (42,0 +3,9%)
naleHTOB nepBoi rpynnbiny 81 u3 170 (47,6+3,8%) -
BTOPOW; pasJindue He JOCTUraeT 3HaYuMocTH (x*=1,08;
p=0,30). [Ipu aTOM B rpyIine eBponeicKoro mpoucxox-
JleHUs] YUCJIeHHO npeo6sagan BapuaHT G12D (40,7%

BCeX MyTallMi B 3TOM rpymnme), a B rpynme a3uaTckoro
npoucxoxgenuss - G12V (36,8%). YuuTsiBas, 4yTo 06-
1asi 4acToTa MyTalui Mex/y rpynnaMy He pasJjhya-
J1ach, 3Ty pa3HULY B CIIEKTPe BapUaHTOB IpaBUJ/IbHEE
paccMaTpuBaTh Kak Ipe/BapUTeJibHOe HabGJI0JeHUE,
TpeOylolljee MPOBEPKHU HA GOJIbIIEN BEIOOPKE, A HE KaK
YCTAaHOBJIEHHYI0 3THHYECKYI0 3aKOHOMEepHOCTb. Bos-
pact nmanueHToB - oT 25 10 79 et (M+SD=56,4+10,5
roga). Yacrora mytupoBanHoro KRAS o Bo3pacTHBIM
rpynmnam npejcranseHa B Tabunue 4.

Tabnuua 4. Yactota myTtanuii rena KRAS no Bo3pacTHbiM rpynnam (n = 332)

Bo3pacr (s1eT) n (%) JuKu# THI MyTupoBaHHBII TUI
25-43 36 (10,8%) 23 (63,9+8,0%) 13 (36,1+8,0%)
44-59 171 (51,5%) 99 (57,9 £3,8%) 72 (42,1+3,8%)
60-74 114 (34,3%) 56 (49,1 +4,7%) 58 (50,9 +4,7%)
75-89 11 (3,3%) 5 (45,5+15,0%) 6 (54,5+15,0%)
Hroro 332 183 (55,1%) 149 (44,9%)

MCTOYHUK: JaHHbBIE aBTOPOB

CpaBHeHMe YeThIPEX BO3PACTHBIX IPYIN B I€JOM
He BBISIBUJIO 3HAUYMMbIX pasauuuil (x* = 3,72; df = 3;
p =0,29). [Ipu yKpynHEHHOM CpaBHEHHUH IMALUEHTOB
MoJioxke 60 Jiet (n =207, mytauusa y 85, 41,1%) u ot
60 sieT U cTapue (n=125, mytanus y 64, 51,2%) pas-
Jr4yve NpUOIMKAeTCs K TpaHUIe 3HAYMMOCTH, HO eé
He pocturaet (x?=3,24; p=0,07) - aTo TeHAEHIHUA K
60Jiee YaCTOMY BBISIBJIEHUIO MyTallM1 B CTaplieil Bo3-
pacTHOM IpyIIe, a He JJoKa3aHHast 3aBUCUMOCTb.

Jlokaiusanus OonyXxoJu U CTagus

OnyxoJib JIOKaJM30Bajach B MPSIMOM KHIIKE U PeK-
TocurmMmouZHoM otnese y 185 nmauumenTton (55,7%), B
JIEBBIX OTZesax 060404HON KUIIKU -V 99 (29,8%), B
npaBbIx -y 48 (14,5%). Mytanus KRAS BeisiBiieHa y 24
13 48 manueHTOB C NPaBOCTOPOHHEN JIOKaJHd3aL el
(50,0%), y 43 13 99 - c 1eBocTOpOHHEM (43,4%) 1y 82
13 185 - c onyxoJibio npsAMo# kukH (44,3%). llpu ne-
pecyéTe Mo KPUTEPHIO X% C MOMPABKON Ha KOJIMYECTBO
s4YeeK 3TO pasjiMyde He JJOCTUraeT CTAaTHUCTHYECKOH
3HAYMMOCTH HH NPH NONMAPHOM CPaBHEHHUH NPaBOU U
JieBoi siokanusanuu (x*=0,56; p=0,45; 0ll1=1,30,95%
U 0,65-2,60), Hu Ipy CpaBHEHUHU BCeX TPEX IPYII OJI-
HOoBpeMeHHO (x?=0,62; df =2; p=0,74). Takum o6pa-
30M, BONIPEKU BU3yaJbHO 60Jiee BBICOKOH JjoJie MyTa-
WU OpU MPABOCTOPOHHHUX OIMYXOJISIX, CTATUCTHYECKH
NOATBEPKAEHHOM CBA3U MyTaLlMOHHOT0 cTaTyca KRAS
¢ Tonorpadurelt oNnyxoJiu B JaHHOU BbIOOpPKE He yCTa-
HOBJIEHO — MO-BUAUMOMY, U3-3a OTPAaHUYEHHOI0 pas-
Mepa HOJrPYIIIbI IPAaBOCTOPOHHUX omnyxoJsiel (n=48).

[Io cragusM B BBIGOPKY BOLLJIM MNallMEHTHI CO
Il (n=64, 19,3%), Ill (n=101, 30,4%) u IV cragueit
(n=167, 50,3%); cay4aeB I ctaguu He OBLIO IO KpH-
TepusaM BKJO4YeHUs. Yactota MyTupoBaHHoro KRAS
coctaBusa 39,1% npu Il craguu, 44,6% npu Il u
47,3% npwu IV; pazniudua cTaTUCTUYECKU HEe3HAYUMBbI
(x*=1,28; df=2; p=0,53). B 6uHapHOM JIOTUCTHYECKON
perpeccuy, BKJIIOYaBIIEH I0JI, BO3PACT, 3STHUYECKYIO
NPHUHAJIEKHOCTD, JIOKAJINU3ALUI0 U CTaJAUI0 OMYXOJIH,
HU OJIUH W3 NPEeJJUKTOPOB He JOCTUT CTaTUCTUYECKOU
3HAYMMOCTHU Ha ypoBHe p < 0,05; 6uvke Bcero K rpa-
HHUIle 3HAaYUMOCTH OKa3saJsicsi Bo3dpacT (p =0,07), uTo
COOTBETCTBYET TEeHJEHLIMH, OTMEeUYeHHOH BbIllle NPHU
NONapHOM CpaBHeHUHU. MHBIMU c/l0BaMH, B Npejesax
MMemoleiics BbIOGOPKHM MyTanuMoHHBIA craTyc KRAS
CTaTUCTUYECKU He 3aBUCUT HU OT OJHOM U3 U3yYeH-
HBIX KJIMHUKO-JleMorpadpuyecKux XxapaKTepHUCTUK.

O6cyxpeHue
Yactora KRAS-MyTauuil B KOoropre JaHHOTO HCCJIe-
noBaHus - 44,9% - momazaet B AuamnasoH 35-45%,
KoTophId nmpuBoasaT M. Navarro-Jiménez et al. [5] ans
MHUPOBOTO pacnpejiesieHus, U 6JIM3Ka K M0Ka3aTesto
A. Koulouridi et al. [10] aJist eBponeicKUX NalMeHTOB
(oxosio 40%). Bamxe Bcero K JJaHHBIM 3TOr0 HCCIle-
AOBaHHA pPe3yJibTAT BOCbMUJIETHEIO TYpeLKOro HucC-
cnepoBanus G. Kavgaci et al. [14] Ha 10 754 nauueH-
Tax - 46,6%. ¥ L.H. Araujo et al. [15] no 6pa3uibCKon
BBIOOpKe moJsiydeHo 48,1%, y D. Lavacchi et al. [16] o
UTaJIbSAHCKONH KoropTe - 38-45%. B ucciefoBanuu
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nauureHToB ¢ KPP Ha BocToyHOM mo6Gepexxbe Masaid-
3uu mytanuu KRAS B kogoHax 12 v 13 BbIsIBJIEHBI B
36,4% ciy4yaeB, IpU 3TOM HauboJsiee pacnpoCTpPaHEH-
HbIMHU BapuaHTamu 66114 G12D, G12V u G13D [17]. Ha
3ToM QOHe Ka3axCTaHCKHe JJaHHble He BBIMJIAAAT HC-
KJIIOUeHHEeM U3 0611lell KapTUHBI.

CTpyKTypa cneKTpa MyTallu{d Tak)e COBIAJAeT C
MeX/AYHapOoAHON: JOMHMHUPOBaHHE KOZOHA 12 M mo-
pafok G12D > G12V > G13D Bocnpou3BOAUT HUepap-
xu1o, KoTopyto M. Navarro-Jiménez et al. [5] onucanu
Ha BbIGopKe 6osiee 2 000 ciayuaeB KPP (G12D > G12V
>G13D >G12C>G12A > G12S). EquHcTBEHHOE 3aMeT-
HOe OTJIMYMe - HEeCKOJIbKO NoBbIlleHHas Ao G12A
(13,4% npoTHB TUNIMYHBIX [/ EBponbl 3HaueHUH), Ha
YTO y>Ke obpaianu BHUMaHue D. Lavacchi et al. [16].
LA. Prior et al. [6] cuuTarOT Takue KoJiebaHUSI HOD-
MaJIbHOM MEXIMOMYJSIMOHHONW BapHabesbHOCThIO, a
He OT/leJIbHbIM 610JIOTUYeCKUM GEeHOMEHOM.

[Io pe3yapTaTaM CTaTUCTUYECKOTO aHa/M3a 3Ha-
4YUMOHN CBA3M MyTauuoHHoro craryca KRAS c no-
JIOM, BO3pacTOM, 3THHUYECKOW NPHUHAJJIEKHOCTHIO,
JIOKaJM3anuel M cTajjvedl OMyXoJd He BbISIBJIEHO.
JTo pacxofuTCcs C psifioM paboT, rjie, HanpuMep, npa-
BOCTOpPOHHSAA JIOKAJM3allusl accoluMpoBaHa c 6o-
Jiee BbicokoM yacTtoTo KRAS/BRAF-myTtanuii [5,10].
Hau6osiee BeposiTHOe 0OBSICHEHHE — pa3Mep IOJ-
rpymI: B JAaHHOM BbIGOPKe MPaBOCTOPOHHUX OMY-
XoJiell ObL10 Bcero 48, M MpW TaKOW YHUCJIEHHOCTHU
HhccieJloBaHHe 00J1aJlaeéT HHU3KOW CTaTHCTUYECKOU
MOIIIHOCTBIO JiJIl BBISIBJIEHUS] YMEPEHHbIX pasJiu-
yuit (Ha6urogaemoe Ol = 1,30 mMorsio 6B cTaTh 3Ha-
YUMBIM Ha BbIGOpPKEe B HECKOJIbKO pas GoJiblieit). To
»Ke KacaeTcs TeHJeHIMH 1o Bo3pacty (p=0,07) u no
3THUYECKOW mpuHazaaexHocTd (p = 0,30, ¢ pasauyu-
eM B Ipeo6JiajialolleM BapHaHTe MyTalUU MeXIy
rpymnmnamMu) - o6a HabJIloJeHUsI CTOUT paccMaTpUBaTh
KaK TMIoTe3bl [JJIsl NPOBEPKU B OoJjiee KPYNMHOH, Ke-
JlaTeJIbHO MHOTOLIEHTPOBOM HAIlMOHa/JIbHOW BBIGOD-
Ke, a He KaK YyCTaHOBJIeHHble 3aKOHOMepHocTH [18].

OTCcyTCcTBHE CTAaTUCTUYECKON CBSISM HE OTMEHd-
eT KJIMHUYeCKOT0 3HayeHUs CaMoro MyTallMOHHO-
ro npoduns [19]. BapuanTtel G12D u G12V, Ha gosto
KOTOPBIX MPUXOAUTCS 6GOJIbllle TOJOBHUHBI BCEX MY-
Talldid B KOrOpTe JJAHHOrO MCCJIe[JOBaHUS, HaZEXKHO
acCOLMMPOBaHbl C MEPBUYHON pPE3UCTEHTHOCTHIO K
LeTYKCMMaby ¥ maHuTymymaoy [7,8]. G13D, paHee
CYUTABUIMNCA MOTEHIMAJIbHO MeHee YCTOMYMBBIM K
a"nTU-EGFR-Tepanuy, coBpeMeHHbBIMU PYKOBOZCTBA-
MU TPAKTYeTCsl HapaBHE C APYTMMHU aKTUBUPYIOLIMMHU
BapuaHTaMu [9]. OTAe/lbHOrO BHUMAaHHUSA 3aCIYXKH-
BaeT G12C: HecMOTpsa Ha HU3KYMW Jojto (4,7%), s
3TOro BapuaHTa YyXe Oof06peHbI MpHUlle/bHbIe UHIHU-
6uTopbl - coTopacub u agarpacu6b [5,20], mosTomy
ero BbISIBJIEHHE HMMeeT CaMOCTOSTEJbHYI0 Tepalnes-
THUYECKYIO [JeHHOCTb.

[Tony4yeHHBIE pe3y/abTaTbl NOATBEPXKIAIOT, UTO

A1 Ka3aXCTaHCKHUX OHKOJIOTUYEeCKHUX HEHTpPOB

TectupoBaHue KRAS B kogoHax 12 u 13 - Heo6xoU-
MbIM, HO He JOCTaTOYHbIM LIar nepej HasHauyeHHUEM
aHTU-EGFR-Tepanuu. C.J. Allegra et al. [9] u E. Van
Cutsem et al. [13] HacTauBawT Ha paclIMPEHHOM
RAS-tectupoBanun - KRAS B kozonax 59, 61, 117,
146, NRAS u BRAF - kak 06s3aTeJIbHOM YCJIOBUH IIe-
pen HadasioM JieYeHUs; JUKUK TUII 110 IBYM KOJOHAM
KRAS caM 1o ce6e He noJTBepxJaeT oTcyTcTBUE RAS/
RAF-akTuBauuu no Apyrum caitam [21]. UMeHHO no3-
ToMy 55,1% mainueHTOB ¢ AUKUM THUIIOM KRAS B aTOM
WCCJIeJOBAaHUU ClleJlyeT pacCMaTpUBaTh He KaK roTo-
BYH0 Ipynny KaHAuJaToB Ha aHTU-EGFR-Tepanuio, a
KaK BEpPXHIOK OI[eHKY TAaKOH TPYIIIbI 0 MPOBeeHUs
pacUIMpeHHOro TeCTHPOBAHUSL.

BbiBoAabl

Yactora mytauui rena KRAS y mauueHTOB C KoOJiO-
PEeKTaJbHBIM PaKoM B 06beJUHEHHOW BLIOGOPKE U3
HECKOJIbKUX OHKOJIOTMYeCKUX IeHTpoB KasaxcTaHa
coctaBuia 44,9% (149 u3s 332), 4TO COOTBETCTBYET
MUpoBoMy fuana3ony 40-45% u He yka3bIBaeT Ha pe-
rMOHaJIbHBIE OTJIMYHUS 10 3TOMY [TOKa3aTesto. B crek-
Tpe MyTauui npeob6sagan kogoH 12 (80,5%); Beny-
mwue BapuaHThbl - G12D (32,2%), G12V (24,8%) u G13D
(19,5%) - BOCHPOM3BOAAT HEPapXHI0, ONMCAHHYIO B
KPYIHBIX MeXJYHapOoJHbIX HcclaefoBaHUAX. KinHu-
yecKoe 3HaueHUWe MMeeT IpexK/Je BCEero BbICOKas CO-
BoKynHad gonad G12D u G12V, accouuupoBaHHBIX C
pe3ucTeHTHOCThIO K aHTU-EGFR-Tepanuy, a Takxe oT-
JfenbHo - foas G12C (4,7%) kak Mapképa /s TapreT-
HOH Tepanuu nHrué6uTopamu KRAS-G12C.

[locie mnepecyéTa CTAaTUCTUKU CTATHUCTHYECKU
3HaUUMOM CBA3M MyTauuoHHoro cratryca KRAS c no-
Jiom (p=0,46), Bo3pactoM (p =0,29), 3STHUYECKOU PH-
HazajsexxkHocThlo (p = 0,30) U JloKa/M3anue omyxouau
(p=0,45-0,74) He BbISABJEHO; B MHOT'ODAKTOPHOH JIO-
TUCTUYECKOW MOJIeSIM HU OJWH U3 3TUX GAKTOPOB He
OBl He3aBHUCHMbIM NpeJuKTopoM. HabGuromaBuivecs
TeHAeHUHH 1o Bo3pacty (p=0,07) u pacnpeneseHuI0
BapUaHTOB MeXJY 3THUYECKHMHU IpyINnaMu TPeOyoT
NpoOBepKU Ha GoJsiblied BoiGOpKe. Jlukuii Tunm KRAS
no komoHaMm 12 u 13 BwisiBJeH y 55,1% mnanueHTOB,
OJIHAaKO caM Mo ceGe He sIBJSAETCH JOCTAaTOYHBIM OC-
HOBaHMeM [iJ19 Ha3HadeHUsA aHTU-EGFR-Tepanuu: ne-
peJl IpUHATHEM pelleHUs] He06X04MMO pacIiiupeHHoe
TectupoBaHue RAS (komonsl 59, 61, 117, 146 KRAS u
NRAS) u BRAF, kak Toro Tpe6yoT JelCcTBYOI1e MeX-
JlyHapo/iHble peKoMeH/Jalluu. Pe3ysbTaThl 060CHOBBI-
BalOT BHEJpeHHE PACLIMPEHHOr0 MOJIEKY/ISIpPHO-TeHe-
Tudeckoro TectupoBaHusi (RAS/BRAF) B pyTuHHyIO
NPAaKTUKY OHKOJIOTHYeCKUX yupexJeHni KasaxcraHa.
JanpHelve vccief0BaHUs 11e/€C000pa3HO MPOBO-
JUTb KaK NMPOCHEKTUBHbIE MHOTOLIEHTPOBBIE PabOThI
¢ ucnosb3oBaHnueM NGS-ceKBeHUPOBAaHUSA, OXBAThIBa-
folMe 60JbIIKNM pa3Mep MOATPYII MO JIOKAJIU3aLUU U
3THUYECKON NMPUHAJJIEKHOCTU WU BKJIIOYAKOLHE JaH-
Hbl€e 0 BBDKHBAEMOCTH MaIjMeHTOB.
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KopyTyHay. KosiopekTaniblk pak JAyHHe 3KY3YH/Je >KaHbl ydypJap/blH CaHbl 0OMOHYA Y4YHYY, ajJ 3MHU
OHKOJIOTHSJIBIK 00pYyJIap/ilaH 6JIYM KepCceTKy4dy 600HYa 3KMHYM opyH/a TypaT. KRAS reHMHUH CTaTyCy aHTH-
EGFR TepamnusicblH [albIH/00 MYMKYHUYYJYT'YH aHBIKTAWT, GUPOK yIIyJ H3UJ/I66ere YelMHuH Ka3aKCTaH/[bIK
G6edTanTap 60HYA MaajbIMaTTap alpbIM KJIMHUKaJIap/a raHa TONTOJYII, XaJIlblJIaHraH aMec. U3uiieeHyH
MakcaTbl - KasakcTaH/bIH 6Up Heye OHKOJIOTHUSIJIBIK GOpOOPJIOPYHYH 6GasacblHAAa KOJIOPEKTAJI/bIK parkl
TacTbIKTa/IraH 6edrantapgarsl KRAS MyTanusiapbIHbIH XKbIIITHITBIH KaHa CIIEKTPUH aHBIKTOO, OLIOH/0H 371e
aJlap/iblH KJIMHUKAJIBIK-3MU/EMHOJIOTUSIIBIK KOPCOTKYUTOpP MeHeH GalsaHbIUIBIH 6aasio. PeTpocnekTuBayy
Ken 60p6opJyy U3nazeere MopdoJIOTHUSIBIK KaKTaH TacTbiKTadraH 1I-1V cragusgarsl KoJopeKTaA[bIK parbl
6ap 332 GedTan KUPrusuagud. MyTanus/blK cTaTyc GopMasMH MeHeH QUKCALUsIaHblI, TapaduHre KywJraH
TKaHb GJIOKTOPYHYH MaTepUasbIH/a peaslyy YOaKbIT peXXUMUH/ETH ajljiesre cneldduKaiblK MoJauMepas/iblK
YBIHXXbIP PEAKIUSCHl bIKMAachl MEHEH aHBIKTa/Abl. TONTOPAY CaNbILITHIPYY Y4YH [IMPCOHAYH X* KpUTEpHIiy,
aJl 3MU KYTYJII'6H KbILITBIKTAp a3 60JiroH yuypsaa PuuiepiuH Tak KpUTEepUHH KONAOHYJIAY. BalsaHbIIITHIH
Ky4yy 95% uUIeHUM apasbilbl MEHEH MYMKYHYYJYKTOPAYH KaTbILIbl apKbLIyy GaasaHfbl; Ken (akTopJyy
TaJIJ00 Y4YH JIOTHCTUKAJBIK perpeccusi KoagoHyany. KRAS myranusacer 149 6eitantan (44,9 £ 2,7%), an
aMu xkanauiel Tun 183 GelrantaH (55,1 * 2,7%) aHbIKTaAAbl. MyTanusaapAblH Herusru 6esyry (80,5%)
12-xof0HTro Tyypa Ke/ay, aaapAblH nauHeH G12D (32,2%), G12V (24,8%) »xana G13D (19,5%) BapuaHTTaphl
6acbIMAYYNYK KbLIAbBL. MyTalUsJbIK CTaTyC MeHeH >XbIHBICTBIH (p = 0,46), 3THOCTYK TaaH/bIKTBIKTBIH
(p =0,30), »xam KypakTbiH (p = 0,29) KaHa UIMIIUKTUH KaUTAIIYyCYHYH OPTOCYH/A CTAaTUCTUKAJBIK JKaKTaH
MaaHHUJYY GalJIaHBII aHBIKTA/IraH KOK (TonToluTypyyra »kapama p = 0,45-0,74). Ken dakTopsyy Mojense
aTtasirad GaKTOPJIOPAYH OUPH [a K63 KapaHAbIChI3 IPeJUKTOP 60JroH oK. KazakcTaH bk Koroptaarsl KRAS
MyTalUsIapbIHbIH KbILTHITHL (44,9%) nyiHenyk 40-45% pAuanazoHyHa Tyypa KeJieT, ajl 3MU MyTalUsJIbIK
BapUaHTTAp/bIH CHEKTPUHUH TY3YMY HUPH YeT OJIKeJIYK HU3WJIe6sep/ilyH MaaJbIMaTTapblHa IIaHKell KeJeT.
AnblHraH HaThlKaap KazakcTaH/blH OHKOJIOTHUSJIBIK 60p60opiopyH/ia RAS reH/iepvH KeHeUTHIITeH PyTUHWK
TECTUPJIOOHY KYPTY3YY 3apbLIJbIIbIH TACTBIKTAUT

Heruaru cespep: 12-Kof0HAYH MyTalUsChl; TAPTeTTUK Tepanus; aHTU-EGFR; Mosiekynanbik OHKOJIOTHS;
reH NoJUMopU3IMHU
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