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Abstract

Aim - to study predictors of successful performance of comprehensive
genomic profiling and prescription of molecular targeted therapy for patients
with advanced solid tumors.

Material and methods. We performed a retrospective single-center study
of data of 104 patients who underwent comprehensive genomic profiling
by targeted sequencing in the period of 2019 to 2023. The assessment of
clinical significance of the identified genome alterations was performed
using the scale for clinical actionability of molecular targets of the European
Society for Medical Oncology (ESCAT). Analysis were performed of the
mutation spectrum, efficiency of molecular targeted therapy, and its effect
on survivability. Methods of logistical regression were used for the statistical
analysis.

Results. Comprehensive genomic profiling was successfully performed in 87
patients (83.7%). Potentially targeted alterations were found in 44.8% patients,

of which 11 persons received molecular targeted therapy. The main predictors
of successful performance of comprehensive genomic profiling were the
sufficient volume of tumors and lower number of revisions of biological
material. Among the patients who received molecular targeted therapy, the
overall median survival in the groups was 58 weeks as compared to the 35
weeks in the group of patients without molecular targeted therapy (p=0.097).
In three patients, extraordinary response was noted.

Conclusion. The findings show clinical relevance of comprehensive
genomic profiling in personalized treatment of solid tumors. The obtained
data emphasize the need for careful selection of patients for comprehensive
genomic profiling to improve its efficiency and availability.

Keywords: predictors, comprehensive genomic profiling, solid tumors, next
generation sequencing, molecularly targeted therapy.
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AHHOTauuA

Ienpb — U3y4YUTh MPEJUKTOPHI YCIIENTHOTO BHIIOJIHEHUS] KOMITIEKCHOTO TeHOM-
HOTO POGIMPOBAHHUS ¥ HA3HAYEHHsI MOJIeKYJISIPHO-HAIIPABJIEHHOM Teparnuu
y MAIMeHTOB C PACIPOCTPAHEHHBIMU COJTUTHBIMHU OITY XOJISIMU.
Marepuasnsi u MeToasl. [IpoBe/ieHO PeTPOCIeKTHBHOE OTHOIIEHTPOBOE HC-
cnenoBanue HaHHBIX 104 nmanueHToB, KoTopbiM ¢ 2019 no 2023 roas! BI-
TIOJIHEHO KOMIIJIEKCHOe reHOMHOe NMPOGUIUPOBAHUE METOIOM TapreTHOTOo
CeKBeHMpOBaHHUs. [{JI OleHKU KJIMHWYECKOW 3HAYMMOCTH BBISIBJIEHHBIX

www.innoscience.ru

TeHOMHBIX aJIbTepanuil Ucnosb3oBana kiaccudurkaus ESCAT. ITpoenen
aHaJIM3 CIIeKTpa MyTanui, 3peKTUBHOCTH MOJIEKYIISIPHO-HAIPaBIeHHON
Teparvy U ee BIIUSHUS Ha BEDKUBAEMOCTD. [IJIsl CTaTUCTHYECKOTO aHaIu3a
MIPUMEHSUTICh MeTObI JIOTHCTUIEeCKOH perpecchu.

Pesynbrarel. KoMiekcHOe reHOMHOe IPOGHIIMPOBAHUE OBUIO YCIIEIHO
BhINoNHeHo y 87 nmarnuenToB (83,7%). [loTeHnyanbHO TapreTHpyeMble ajlb-
TepaIyy BLIIBIIeHHl Y 44,8% manueHToB, U3 KOTOPLIX 11 WeynoBek moiy-
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OHKONOIrn4A, ny4eBAA TEPANMNA

Tom 10 (1) 2025

Hayka n UHHOBauUuK B MeauLuHe

YHJTH MOJIEKYJISIpPHO-HAMpaB/ieHHY 0 Tepanuio. OCHOBHBIMU IPeJUKTOPaMU
YCIIELITHOTO BBIIIOJIHEHUS! KOMIIJIEKCHOTO TeHOMHOTO NMPOGUIMPOBAHUS
CTa/ld JOCTATOYHbIA 00BEM OMyXOJIeBOM TKAaHH U MeHbIIIee KOTHIeCTBO
nepecMOTpoB GuoMarepuana. ¥ MalueHTOB, NOJTYYUBIIMX MOJIEKYJISPHO-
HAIpaB/IeHHYIO Tepaluio, MeiaHa 0bIeil BbDKMBAeMOCTH B TPYIIIAX CO-
craBwIa 58 Heflellb B CPaBHEHUHM C 35 HeJleJIIMH B TPYIINe NalkeHToB 6e3
MOJIeKyJISIpHO-HarpaBieHHo# Tepanuy (p=0,097). KcTpaopaUHApHLIi OTBET
Habuozascs y 3 manyueHToB.

3axumroueHne. PesyibTarTe! HCCIIEJOBAHMS IEMOHCTPUPYIOT KIIMHIYECKYIO 3Ha-
YHMOCTb KOMIUIEKCHOI'O TeHOMHOTO POGHIMPOBAHYSI B [IEPCOHAIM3UPOBAHHOM
JIeYeHNH CONMIHBIX omyxoiet. [ToiydeHHbIe JaHHbIEe TTO/[YepPKUBAIOT HeobXo-
JIMMOCTb TIIATEILHOTO 0T6Opa NaIMeHTOoB JUIst KOMILIEKCHOTO FeHOMHOTO Hpo-
GUITMPOBaHHS, YTO TIO3BOJIUT HIOBBICHTH €r0 3 eKTUBHOCTD U AOCTYITHOCTb.
KirroueBslIe ci10Ba: peIMKTOPBI, KOMILIEKCHOE TeHOMHOe IIPOGUIIMPOBaHHeE,
COJIM/IHBIE OITyXOJIM, CeKBEHHPOBAHKE HOBOTO TTOKOJIEHHSI, MOJIEKYJISIPHO-Ha-
IIpaBJIeHHas Teparnwsl.

KoH}IuKT HHTepecoB: He 3asBJleH.

Ansa uMTMpoBaHus:

Wwuno MN.C., MakapkuHa M.J1., 3axapeHko A.A. MpeaukTopbl ycnewHown
MONEeKyNsipHO-HanpaB/ieHHOW Tepanuu Ha OCHC a X KO HOro
reHoMHoro npocunupoBaHus. Hayka u uHHoBayuu B MeduyuHe. 2025;10(1):63-68.
DOI: https://doi.org/10.35693/SIM646475

CeefieHus o6 aBTopax

Luno N.C. — Bpay-oHKoOr.

ORCID: 0009-0001-1482-4604

E-mail: polinashiloO@gmail.com

MakapkuHa M.J1. — kaHa. Mef. HayK, BPa4-OHKOJIOF.

ORCID: 0000-0001-5331-1206

E-mail: stepanoval00992@mail.ru

3axapeHko A.A. — i-p Mef. Hayk, npodpeccop, 3aBeaytoLLuii kadeapoit
OHKOJI0TMM haKynbTETa NOCNEAUNNIOMHOMO 0BYYEHNS!, BPa4-OHKOJIOT.
ORCID: 0000-0002-8514-5377

E-mail: 9516183@mail.ru

Cnucok cokpaleHuin
KNI — koMnnekcHoe reHoMHoe NPoUIMpPOBaHme;
MHT — MonekynapHo-HanpaBneHHas Tepanus.

ABTOp ANA nepenncku

Liuno Monuxa CepreeBHa

Anpec: yn. MuyypuHckas, 7, k8. 7,

r. CaHkT-Metepbypr, Poccus, 197046.
E-mail: polinashiloO@gmail.com
Monyueno: 03.01.2025

Opo6peHo: 06.02.2025
Ony6nukoBaHo: 12.02.2025

m INTRODUCTION

D espite today’s achievements in the sphere of oncology,
the prognosis of patients with advanced forms of

malignant tumors remains negative. Five-year survival in

pancreatic cancer with remote metastases is approx. 3%, for

patients with colonic carcinoma it is 13%, and for female

patients with breast cancer, approx. 30% [1, 2].

The high incidence rate of solid tumors identified in
the locally disseminated and metastatic stages, and poor
outcomes of treatment account for the necessity of search
for additional therapeutic options for this category of
patients.

One of prospective approaches is the comprehensive
genomic profiling (CGP) and prescription of molecular
targeted therapy (MTT) based on the results of this
diagnostic test. CGP allows to increase the number of
potentially targeted alterations, i.e. biological events that
may be the targets of the respective targeted therapy. In
51.7-99% of patients with disseminated forms of tumors
who undergo such profiling, changes are identified that may
be aligned with a registered targeted therapy or a clinical
trial focusing on MTT [3-7].

The advent of such technologies makes oncologists face
numerous new diagnostic and clinical tasks: high cost of
diagnostics, difficulty of interpretation of results account
for the necessity of finding a group of patients who would
receive the maximum benefit from profiling.

m AIM

To find predictors of targeted alterations by using
comprehensive genomic profiling and predictors of
successful molecular targeted therapy.

m MATERIAL AND METHODS

In the single-center retrospective study, data were
analyzed from 104 patients who underwent tumor tissue
CGP using technologies of tumor genome sequencing.
The patients were under observation in the oncology
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department of the “Lakhta” (formerly “Luch”) clinic
from 2019 to 2023. The decision of performing the new
generation sequencing (NGS) and prescription of MTT
was made jointly within the framework of oncology
consultations. CGP was performed my method of targeted
sequencing using large size (>300 genes) commercially
available panels (OncoAtlas, FoundationOne). The
identified genome alterations were classified using
the ESCAT criteria to assess the level of their clinical
significance [8].

The study included the analysis of the range of mutations,
prescription of targeted therapy based on molecular data,
evaluation of the clinical response of the tumor, and study
of patient survival rates on the background of treatment.
To identify predictors of successfully performed CGP, as
well as predictors of successful MTT, statistical analysis
was performed with multivariate logistic regression.

m RESULTS

General characteristics of the cohort

CGP was performed for 104 patients, and successful
results were obtained for 87 people (83.7%). The baseline
parameters of this cohort of patients are shown in Table 1.

The following are identified as the prevalent oncological
diseases: breast cancer (n=20, 23%), colorectal cancer
(n=19, 21.8%) and pancreatic cancer (n=7, 8%). The
average age of patients at the moment of profiling was
57 years. All patients included in the study had either the
primary diagnosed metastatic stage of the disease, or the
progression of the earlier localized process.

The data on the number of lines of previous therapy
were available for 79 patients. 33 patients (41.8%) had
received three and more lines of therapy. Atlas Solo (n=43,
49.4%) and FoundationOne (n=39, 44.8%) were the most
frequently used diagnostic panels.

Characteristics of identified alterations

The CGP method revealed alterations in 74/87 patients
(85.1%). These alterations were potentially targetable in

www.innoscience.ru
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| Numer ]| %

Pulmonary adenocarcinoma 5 5.7%
Colorectal cancer 19 21.8%
Melanoma 3 3.4%
Tumor metastasis from unknown primary site 1 1.1%
Bile duct tumor 3 3.4%
Tumor of the central nervous system 2 2.3%
Head and neck cancer 1 1.1%
. . Gastric cancer 6 6.9%
Diagnosis
Breast cancer 20 23.0%
Pancreatic cancer 7 8.0%
Salivary gland cancer 1 1.1%
Cervical cancer 1 1.1%
Ovarian cancer 4 4.6%
Rare subtypes of cancer 8 9.2%
Soft tissue sarcoma 5 5.7%
Squamous cell lung cancer 1 1.1%
Number of lines of therapy prior to comprehensive 0-2 lines of therapy 46 58.2%
genomic profiling 3 and more lines of therapy 33 41.8%
0-1 29 44.6%
ECOG status
2-3 36 55.4%
Atlas Solo 43 49.4%
Name of diagnostic test FoundationOne 39 44.8%
Other 5 5.7%
2020 26 29.9%
. . 2021 20 23.0%
Year of performance of diagnostic test
2022 19 21.8%
2023 22 25.3%

Table 1. Baseline characteristics of patients included in the study

Ta6nuua 1. basoBble xapakmepucmuKku nayueHmMoB, BK/IKOHEHHbIX B UCC/ied0BaHuUe

39 patients (44.8%). In 25 (29.1%) patients, one targeted
alteration was found, in 9 (10.5%) patients, two, in 4
(4.7%) patients, three targeted alterations. A detailed
distribution of alterations is shown in Table 2. In 39/87
(46.4%) cases the targeted alterations detected by CGP
could not be detected with conventional diagnostic
methods.

Analysis of predictors of unsatisfactory results of
comprehensive genomic profiling

CGP was unsatisfactory for 17 patients (16.3% cases).
The main reasons for unsatisfactory testing were the
insufficient amount of tumor in the block for the analysis
and lack of intact DNA for analysis. Among patients with
unsatisfactory results, the majority were patients with lung
tumors (n=6, 35.3%) and pancreatic tumors (n=5, 29.4%).

Univariate and multivariate logistic regressions were
performed to analyze predictors of unsatisfactory results
of the testing. The following parameters were assessed:
localization of primary tumor, diagnostic panel, number
of reviews of biomaterial, availability of only the biopsy
material for analysis.

The following were predictors of unsatisfactory results
of testing as identified by univariate logistic regression:
number of preceding lines of therapy (OR = 2.01,
95% CI [1.10-3.04], p=0.041), number of performed
revisions of biomaterial (OR = 3.96, 95% CI [2.42-5.59],
p=0.003) and availability of only the biopsy material for
analysis (OR=4.31, 95% CI [2.09-6.38], p<0.001). The
multivariate analysis showed that the number of preceding
lines of therapy was mutually correlated with the number
of material revisions. The number of biomaterial revisions

www.innoscience.ru

1 38 22.4%
Distribution of alterations 2 7 4.1%
and medications according
to ESCAT 3 58 34.1%
4 67 39.4%

Table 2. Distribution of detected alterations according to ESCAT

Tabnuua 2. PacnpedeneHue 06HapyxeHHbIX anbmepayull
no wkane ESCAT

(OR=3.71, 95% CI [2.19-5.47], p=0.002) and availability
of only the biopsy material for analysis (OR=5.32, 95%
CI [3.01-7.45], p<0.001) were independent predictors.
No statistically significant results in the number of
unsatisfactory results depending on the diagnostic panel
and diagnosis were found. Detailed information on
predictors of unsatisfactory results of CGP are shown in
Table 3.

Predictors for the prescription of molecularly targeted
therapy

Univariate analysis of potential predictors for the
prescription of MTT following the results of CGP was
performed. It analyzed such parameters as reference to
various groups of biomarkers as per ESCAT classification,
sex and age of patients, number of preceding lines of
therapy and ECOG status at the moment of CGP, and the
diagnosis.

The predictors for the prescription of MTT were as
follows: biomarker of ESCAT Tier I and II, female sex,
age below 40 years (Table 4).

It is to be noted that this type of analysis may include
more unaccounted factors, e.g., patient’s financial and
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[95% CI]

Number of preceding lines of 0-2 1 (reference)
therapy 52

2.01 [1.10-3.04]
Number of performed revisions 1 1(reference)
of biomaterial >l 3.96 [2.42-5.59]

Ha 1 (reference)
4.31[2.09-6.38]

Availability of only the biopsy
material for analysis

Univariate logistic regression, OR

Multivariate logistic regression, OR
[95% CI]

1 (reference)

0.14

0.041
1.81[0.83-2.99]
1 (reference)
0.003 0.002
3.71[2.19-5.47]
1 (ref
<0.001 {(=eienes) <0.001

Table 3. Predictors of unsatisfactory results in comprehensive genomic profiling
Tabnuua 3. [Tpedukmopbl HeydoBIemBopumerbHbIX pe3yibmamoB KOMNIEKCHO20 2eEHOMHO20 NpobuiupoBaHust

Univariate logistic
regression, OR
[95% CI]

m

ESCAT scale I, v 1 (reference)
biomarker 0.044
reference 1Ll 1.92[1.03-3.12]

Male 1 (reference)

Sex 0.002
Female 4.08 [2.11-6.39]

Above 40 years 1 (reference)
Age 0.023
Below 40 years 3.24[1.87-5.02]

Table 4. Analysis of predictors for the prescription
of molecularly targeted therapy

Tabnuua 4. AHanu3 npeduKkmopoB Ha3HaYeHus!
MoneKynsipHo-HanpasneHHol mepanuu

social status. The multivariate analysis was not possible
due to mosaic omission of data and small size of sampling.

Analysis of survival in the mixed cohort of patients

The median overall survival in the mixed cohort of
patients after CGP was 42 weeks (95% CI [28.6-55.4]).
The medians of overall survival in the groups with and
without MTT were 58 weeks and 35 weeks, respectively
(Fig. 1). At the same time, no statistically significant
differences were found, likely due to low number of
participants in groups (p=0.097).

It is to be noted that the observed difference of absolute
values in the survival between the groups is likely
accounted for by single cases of extraordinary response
in the group of patients who received MTT.

Cohort of patients receiving MTT

Among the 87 patients, for which the CGP was
performed successfully, MTT was prescribed in 11 cases.
Detailed clinical characteristics of patients follow in Table
5. Based on the results of genomic profiling, molecularly
targeted therapy was prescribed to two female patients
with breast cancer, two female patients with serous highly
differentiated ovarian carcinoma, two male patients with
lung adenocarcinoma, one male patient with colorectal
cancer, one female patient with ovarian granulosa cell
tumor, one female patient with glioblastoma, one female
patient with soft tissue sarcoma, and one female patient
with gall bladder cancer.

Most frequently, Alpelisib (n=3), Pembrolizumab (n=3)
and Olaparib (n=3) were prescribed as medications. In
singular cases, Erlotinib (n=1) and Sunitinib (n=1) were
prescribed.

In two cases, the full clinical response was achieved:
the patient with lung adenocarcinoma and high mutational
burden after treatment with pembrolizumab, and the patient
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with POLE mutation and high mutational burden after a
preceding course of treatment. In one case, the patient
with colorectal cancer, long-term remission was achieved
for over two years, with no signs of disease progression.
This case was considered one of extraordinary response
to MTT.

m DISCUSSION

There are numerous publications assessing the efficiency
of CGP. Many non-randomized trials demonstrate better
outcomes in patients with disseminated forms of solid
tumors with implementation of approaches based on
molecular profiling [9-13].

The results of prospective trials are contradictive. For
example, in the MOSCATO 01 study, out of 1035 adult
patients planned for NGS, only 199 (19%) tested patients
received genomic targeted therapy. This percentage is
comparable with the highest evaluations obtained in

Survival functions

0,87

064

0,4

Accumulated survival

0,24

T T T T T T
0 25 50 75 100 125

Overall survival, weeks
Prescription of medication based
on molecular profiling

—MNo —+ No — censored
_IYes —— Yes — censored

PucyHok 1. O6was BbhXuBaemMocmb B 3aBUCUMOCMU
om chakma HazHa4deHUsi MoNieKynsipHO-HanpasieHHolU mepanuu.

Figure 1. Overall survival depending on the administration
of molecularly targeted therapy.
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Diagnosis, group Brief clinical characteristics Identified alteration ::;iigsggs Ma:ifr;l#er:la;f;ect

39 year old female patient.
Breast cancer
lines of drug therapy

EIEEE) GEEED 27 year old female patient.

42 year old female patient.

Ovarian cancer Serous high-grade ovarian carcinoma.

38 year old female patient.

Ovarian cancer Serous high-grade ovarian carcinoma.

82 year old female patient.

Lung adenocarcinoma Adenocarcinoma of the upper lobe of the right lung

Lung adenocarcinoma 56 year old male patient.

Triple negative breast cancer (metaplastic carcinoma), after 8

Triple negative breast cancer, after 4 lines of drug therapy

PIK3CA Alpelisib Stabilization
H%t}nﬂyﬁg?nal burden Pembrolizumab  Progression
ATM Olaparib Stabilization
BRCA2 Olaparib Partial regression
EGFR Erlotinib Partial regression

High mutational burden

Pembrolizumab  Full clinical response

Adenocarcinoma of the upper lobe of the left lung (12 mut/Mb)

Colorectal cancer iﬁgﬁgéaorlcdirmﬁ'llg patient. POLE, TMB Pembrolizumab  Full clinical response

. 29 year old female patient.

?g{fg:rr:c(gerranulosa Ovarian granulosa cell tumor, progression against CGHCH Sunitinib Progression
background of 3 lines of drug therapy
55 year old female patient.

CNS tumor Glioblastoma of the left parietal lobe, Grade IV, progression PIK3CA Alpelisib Progression
against background of 3 lines of drug therapy
28 year old female patient.

Soft tissue sarcoma  Leiomyosarcoma of the soft tissue of the face, after 4 lines of drug BRCA1 Olaparib Progression
therapy

Gall bladder cancer 22 year old female patient, PIK3CA Alpelisib Stabilization

Gall bladder cancer, after 3 lines of drug therapy

Table 5. Clinical characteristics of patients receiving the drug based on molecular profiling data
Tabnuuya 5. KnuHuyeckas xapakmepucmuka nayueHmos, Noy4YUBLUUX MOSIeKy ISiPHO-HaNPaBAeHHylo mepanuto

specific centers [13]. However, only 22 patients (2.1 %)
from the original cohort were able to receive an objective
response [14]. Their mOS was 11.9 months. This study
also evaluated the PFS2:PFS1 ratio; it was found that this
correlation is over 1.3 in 33% of patients. The PFS2:PFS1
ratio >1.3 indicates the advantages of treatment based on
CGP, considering that the progression-free time decreases
with each line of therapy in the natural progress of the
disease.

Another large-scale prospective study (ProfiLER)
showed that based on the results of CGP, molecularly
targeted therapy was prescribed to 699/2579 patients
(27%), and only 163 patients (6%) received at least
one target medication based on profiling. Of the 182
implemented lines of therapy based on CGP, partial
response was observed in 23 (13 %) patients. At the same
time, the full response was observed only in 0.9% from
the total cohort [15].

The only multicenter randomized study SHIVA, phase
2 [16], included only patients with disseminated cancer,
obstinate to conventional therapy, in which changes were
observed in one of the three molecular pathways (hormone
receptors, PI3K/AKT/mTOR, RAF/MEK); a total of 11
medications were available. The median PFS was 2.3
months in the experiment group (n=99) vs. 2.0 in the control
group (n=96) (HR 0.88, 95% CI 0.65-1.19, p=0.41).

The NCI MATCH (Molecular Analysis for Therapy of
Choice) trial [17] included over 40 arms, matching the
number of molecular alterations based on the results of
profiling using extended panels. The partial response rate

www.innoscience.ru

(PRR) in the majority of arms was not over 10%, however,
7/27 (25.9%) sub-trials of NCI-MATCH that ended, were
positive.

The results of our study are comparable with global
data. They confirm the importance of application of CGP in
clinical practice to improve results of treatment of patients
with disseminated solid tumors. Successful performance
of CGP and use of its results for the prescription of MTT
assist identification of clinically significant genetic
alterations, which fosters customization of therapeutic
approaches.

The following turned out to be the predictors of
successful performance of CGP: lower number of
preceding therapy lines, lower number of revisions of
biomaterial, and availability of sufficient amount of
tumor tissue for the analysis. These factors require special
attention when selecting the patients for the study.

Although no statistically significant differences in
overall survival were found (p=0.097), some cases of
extraordinary response were registered. They emphasize
the potential of MTT in the achievement of positive
outcomes of treatment in individual patients.

m CONCLUSION

The obtained data complement the necessity of further
study of factors influencing efficiency and availability of
CGP, as well as implementation of new molecularly targeted
medications in the clinical practices. This may help to
expand the range of therapeutic options for patients with
poor prognosis. P
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Yuacmue a6mopo8. 1uio I1.C. — pa3paboTka KOHIIENIUY UCCile-
JIOBaHMsI, HEIIOCPEeJICTBEHHOE TIPOBeJIeHre UCCIIeloBaHus, cOop naH-
HBIX, CTaTHCTUYECKHe PacyeThl, HOJTOTOBKA, CO3/laHKe ¥ 0popMIIeH e
pyxonvcu. Makapkuna M.JI. — HerocpeicTBeHHOe ITPOBelieHue UCCile-
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Bce aBTops! on06puiiu GUHAIBHYIO BEPCUIO CTaThU I1epef myoiu-
Kallkel, BbIPA3WIM COIIaCHe HEeCTH OTBETCTBEHHOCTb 3a BCE aCIIeKThI
paboThl, IIOPa3yMeBAIOIIYI0 HaJljlexalliee U3y4eHHe U pellleHHe BO-
[IPOCOB, CBSI3aHHBIX C TOYHOCTBIO WX JOOPOCOBECTHOCTBIO JII060M
4JacTu paboTHl.
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