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The aim of the study is to assess the clinical and economic effectiveness of the practical implementation results of pro-
grammed screening for colorectal cancer (CRC) in the Primorsky Territory using clinical and economic research methods.
Materials and methods. In the study, the following kinds of data were used: the statistical data from the regional clinic’s can-
cer registry on the structure of the morbidity and average life expectancy of CRC patients in the Primorsky Territory; the data
on the cost of screening studies and the stages of anticancer therapy in accordance with the “Territorial Tariff Agreement
on Payment for Medical Care (Medical Services) in the System of Compulsory Health Insurance in the Territory of Primorsky
Krai”, 2021. Two methods of clinical and economic analysis with the corresponding calculation formulas have been applied.
The cost of medical interventions were estimated in accordance with the screening standards and clinical guidelines for the
treatment of malignant neoplasms of the colon and rectum, approved by the Scientific and Practical Council of the Ministry
of Health of the Russian Federation, 2020.

Results. The evidence-based substantiation of screening clinical effects has been obtained: the structure redistribution of
colorectal cancer incidence towards the prevalence of early forms by 16.81%; the average increase in the life expectancy
of patients with the studied disease is 12.8 months. A natural consequence of these events is the predicted decrease in the
mortality rate from CRC in the territory of the subject in the subsequent years. The economic justification of CRC screening
software which guarantees a significant saving in health care resources amounting to 23% compared to an alternative strat-
egy, has been demonstrated. It can influence the management decisions on the further strategy of the mass introduction of
this medical technology.

Conclusion. Currently, CRC screening is the most effective way to reduce morbidity and mortality from this disease. The
predominance of the early diagnosis of the disease is extrapolated to significant savings in public health care. A promising
direction for further research in the field of CRC screening is the study of its long-term effects, in particular, a detailed clinical
and economic analysis of the diagnostics effectiveness and the elimination of premalignant neoplasms.
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pharmacotherapy; cost; pharmacotherapeutic interventions; effectiveness

Abbreviations: CRC — colorectal cancer; IARC — International Agency for Research on Cancer; ASCO — American Society of
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test; FCS — fibrocolonoscopy; CDI — cost difference indicator; CMA — cost/minimization analysis MN — malignant neoplasm;
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Lienb. OLeHUTb KAUHUYECKYIO Y SKOHOMUYECKYo 3G dEKTUBHOCTb Pe3yNbTaToB MPAKTUYECKOW peannsaumm nporpammHOro
CKPVHUHIA KONOPEKTaNbHOro paka (KPP) Ha Tepputopum NMpUMOPCKOro Kpas ¢ MCNOb30BaHMEM METOA0B KINHUKO-9KOHO-
MMWYECKOro UCcie0BaHMA.

Martepuanbl u metopbl. B nccnegosaHum MCNonb3oBaHbl CTaTUCTUYECKME CBEAEHUA KaHLEPPEerncTpa Kpaesoro OHKONOIM-
YyecKoro AucrnaHcepa o CTPyKType 3a60/1eBaeMocCTu U cpefHen NPoAoIKUTENBHOCTU KU3HU 6onbHbIX KPP B Mprvmopckom
Kpae; AaHHble O CTOMMOCTU CKPUHWUHIOBbIX MCCNeA0BaHMI U 3TanoB MPOTUBOOMYXONEBOW TEPANUM B COOTBETCTBUM C «Teppu-
TOPUANbHbIM TapUPHbBIM COFALLIEHNEM MO ONiaTe MeAULMHCKON MOMOLLM (MeAULMHCKUX YCAyr) B cucTeme 0653aTenbHOro
MeANLMHCKOro CTpaxoBaHMA Ha Tepputopun Mpumopckoro kpaa», 2021. MpumeHeHbl ABa MeTOAA KIMHUKO-IKOHOMMUYe-
CKOr0O aHa/n3a C COOTBETCTBYHOLMMM pacieTHbIMM popMyanamu. 3aTpaTbl HA MeAULMHCKME BMeLlaTeNbCTBa OLEHMBAIUCH B
COOTBETCTBWM CO CTaHAAPTAaMMU CKPUHWUHIA U KIMHUYECKMMWU PEKOMEHAALMAMM NO IEYEHUIO 3/10Ka4YEeCTBEHHbIX HOBOOOPa30-
BaHWUIM 060404YHOM M NPAMON KULIKKN, 0806peHHbIMM HayyHo-npakTuyeckum CoBetom MuH3zgpasa Pd, 2020.

Pe3ynbratbl. MonyyeHo AoKasaTeslbHOE 06OCHOBAHWE KAMHUYECKUX 3DDEKTOB CKPUHUHIA: NepepacnpeseieHne CTPYKTypbI
3aboneBaemoctu KPP B cTopoHy npeobnagaHusa paHHUX ¢opm Ha 16,81%; cpegHee yBeANYEHME OXKUAAEMON MPOAOTIKUTEb-
HOCTW KM3HM NaLMEHTOB C M3y4yaembim 3aboneBaHnem Ha 12,8 mec. 3aKOHOMEPHbIM CNeACTBMEM AaHHbIX COBbITUI ABNSETCA
NPOrHO3Npyemoe CHUXKeHue ypoBHA feTanbHOCT oT KPP Ha Tepputopum cybbekTa B nocieaytowme rogpl. NpogemoHcTpupo-
BaHA 9KOHOMMUYECKan L,enecoobpasHOCTb NPOrpaMmMHOro ckpuHUHra KPP, 4To rapaHTMpyeT CyLLeCcTBEHHYIO SKOHOMMIO pecyp-
COB 34 paBOOXPaHeEHUA, COCTaBNAIOLY0 23% NO CPAaBHEHWUIO C a/IbTEPHATUBHOM CTPATErMen, U MOXKET MOBAUATb HA MPUHATUE
yrpaBieHYeCcKMX peLleHni No AanbHeNLen CTpaTernm MaccoBoro BHeAPEHUA AaHHON MeANLIMHCKON TEXHONOTUM.
3aKkntoueHue. B HacToswee Bpema CKpUHUHT KPP aBnseTca cambiM 3GPeKTUBHbIM HanpaBneHWemM B CHUMKEHUU NoKa3aTe-
nen 3a6071eBaeMOCTU U CMEPTHOCTU OT AaHHOro 3abonesaHua. MpeobnagaHue ANArHOCTUKU PaHHWUX CTaaui 3abosieBaHUsA
3KCTPanoMpyeTca B 3HAYMMYIO SKOHOMMUIO CPEeACTB CUCTEMbI FOCYAAaPCTBEHHOrO 34paBOOXpPaHeHMA. [epcnekTMBHbIM Ha-
npaBAeHNEM JaNbHENLWNX UCCNef0BaHUI B 061acTU CKpUHUHTA KPP fiBAseTca nsyyeHue ero AonroBpemMeHHbIX 3bheKTos,
B YAaCTHOCTW, AEeTasIbHbIN KNMHUKO-9KOHOMMYECKMI aHaM3 3GGEKTUBHOCTU AMArHOCTUKMU U SNUMUHALMK NPespaKkoBbIX HO-
BOODOPa30BaHUN.

KntoueBble cnoBa: KONOPEKTaNbHbIN pPaK; CKPUHUHT; KNMHUKO-9KOHOMMYECKMI aHanu3; 3ab6oneBaemocCTb; CTOMMOCTb Jieye-
HWA; SKOHOMMUA PEecypcoB; cneumanbHaa GapmakoTepanusa; 3atpaTbl; GapmakoTepaneBTUYECKME BMELIATeNbCTBA; IPdek-
TUBHOCTb

Cnucok coKpaueHuii: KPP — KonopekTanbHbIi pak; IARC — MexayHapoaHoe areHTCTBO Mo U3yyeHuto paka; ASCO — Amepu-
KaHCKOe 06LLEeCcTBO KNMHMYECKOM OHKoNorMn; BO3 — BcemupHana opraHusauma 34paBooxpaHenns; FIT — deKkanbHbI UMMYHO-
Xumuyeckui Tect; gFOBT — BasakoBas ¢peKanbHas Npoba Ha CKPbITYo KpoBb; PKC — drubpokonoHockonus; CMA — nokasaTtenb
pa3Huubl 3aTpaT; 3HO — 310KaYecTBeEHHOE HOBOOBpa3oBaHue; DC — npamble 3atpaTbl; CER — noKkasartenb «3aTpatbl-addek-
TUBHOCTbY; Ef —addekTnBHOCTb; KCI — KAMHUKO-CTaTUCTMYeCcKas rpynna; OMC — 0b6a3aTenbHOe MeANLMHCKOE CTPaxoBaHUE;
MM — nopor roToBHOCTM NAaTUTb; LYG — coxpaHeHHbI rog, unsHu; QALYS — CKOPPEeKTUPOBAHHbIN Ha KAYECTBO COXPaHEHHbIM
roA, *Ku3Hu; BBIM — BanoBow BHYTPeHHMIM NpoayKT; LAMMU — LleHTpanM30BaHHbIM apXMB MEAULMHCKUX N306paKeHUI.

INTRODUCTION

Colorectal cancer (CRC) is one of the most com-
monly diagnosed cancers worldwide. According to the
information provided by the International Agency for
Research on Cancer (IARCY), colorectal cancer is the

! The World Health Organization (WHO). International Agency for
Research on Cancer, IARC. [91eKTpOHHbII pecypc]. — Pexxum goctyna:
https://www.iarc.fr/.
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third most common cancer among men after lung and
prostate kinds of cancer (10.6% or 1,065,960 cases in
2020). Among women with cancer, colorectal cancer
ranks second in prevalence after breast cancer (9.4%
or 865,630 cases in 2020) [1]. According to the Global
Cancer Observatory (GCO?), the global burden of CRC

2 Global Cancer Observatory, (GCO). Available from: https://gco.iarc.
fr/.
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is expected to increase by 60% (more than 2.2 million
new cases and 1.1 million deaths) by 2030 [2]. Mor-
bidity and mortality from colorectal cancer show wide
geographical differences around the world: the highest
rates are recorded in Australia and New Zealand, the
lowest - in West Africa [3]. In Russia, in 20193, colorec-
tal cancer (CRC) took the fourth place in the structure
of the incidence of malignant neoplasms. Most of the
cases are people aged 50 and over, but according to
ASCO* forecasts, 12% of colorectal cancer cases will
be diagnosed in people under 50 years of age [4]. At
the same time, an early diagnostics provides a 50-60%
5-year survival rate, while at stage IV it is less than 10%
[5, 6].

The multistage theory of colon carcinogenesis
explains the development of carcinoma through the
stage of adenoma [7-9]. Depending on the evolution
path of a malignant intestinal tumor [10], its manifesta-
tion can be realized from 4-5 to 20 years after its onset
[11, 12]. This confirms a long asymptomatic course of
this disease with the absence of active complaints in
the patient [5]. Thus, a timely diagnostics and removal
of colon and rectum adenomas are a priority to reduce
not only mortality, but also the incidence of colorectal
cancer [3, 13, 14].

There are two most effective screening strategies
for colorectal cancer [15, 16]. First, colonoscopy is to
be performed every 10 years, that provides the high-
est long-term clinical results, and it is the least expen-
sive. Second, it is the annual fecal immunochemical
test (FIT) [17]. This strategy is considered the best as
well as the most cost-effective screening option, with
a willingness-to-pay threshold more than €15,000 for
each acquired life year [18]. Currently, a generalized
2-step screening standard for CRC is the examination
of persons aged 50 to 75 years. The first stage is a lab-
oratory determination of occult blood in feces (hemo-
cult test, gFOBT, or, preferably, an immunochemical
method — FIT). The second stage is fibrocolonoscopy
(FCS) [13, 19, 20].

In the context of age restrictions for CRC screening,
it should be notified that, in contrast to the decline in
the incidence of colorectal cancer among the elderly,
this indicator has almost doubled among young peo-
ple since the early 1990s [21]. These are people young-
er than 50 years old who do not meet the screening
recommendations [4, 22]. On the other hand, it has
been proven that endoscopic resection of colon pol-
yps is safe even for elderly patients aged 80 and older
[23]. In this regard, nowadays, the optimal age for CRC

3 Kaprin AD, Starinskiy VV, Shakhzadova AO. The state of cancer care
for the population of Russia in 2019. — M.: MNIOI them. P.A. Herzen
is a branch of National Medical Research Center of Radiology. 2020:
239 p. Russian

4 American Society of Clinical Oncology, (ASCO). Available from:
https://www.asco.org/.
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screening is being revised [21]. Taking into account the
growing economic burden of CRC, the cost of program
screening and the economic effects of its implementa-
tion, a number of experts proposed the age of 32 years
as the minimum threshold for screening studies [24].

THE AIM of the study is to assess the clinical and
economic effectiveness of the practical implementation
results of programmed screening for colorectal cancer
(CRC) in the Primorsky Territory using clinical and eco-
nomic research methods.

MATERIALS AND METHODS

This study was carried out in the area of diagnostics
and treatment of colorectal cancer in the Primorsky Ter-
ritory as a retrospective analysis of the data from 2016
to 2018. The choice of the period is due to the following
facts: in 2016, screening for colorectal cancer was not
carried out in the region; in 2017, the gradual introduc-
tion of screening began but did not have a regulatory ba-
sis; in 2018, in accordance with the Order of local health
authority®, the implementation of the CRC screening
program began.

The practical foundation of the research, imple-
mented in specific spatial-temporal conditions, made
it possible to exclude the need to build a conceptual
model of the initial stage implementation of the med-
ical technology under consideration. By CRC, a set of
malignant neoplasms of the colon and rectum corre-
sponding to the C18-21 ICD-10 codes® is meant. The
study is based on two methods of clinical and econom-
ic analysis: a cost/minimization analysis (CMA) and a
cost/effectivness analysis (CEA)” [25]. In the first case,
the cost difference indicator (CDI) was calculated using
the formula:

CMA =DC1-DC2,

where: DC1 is the cost when applying the 1% meth-
od; DC2 is the cost when applying the 2™ method.

In the second case, the cost/effectiveness ratio was
determined:

CER = DC/Ef,

where: DC is the cost; Ef is the effectiveness (in this
study, the unit of effectiveness is a month of life after
making the diagnosis of colorectal cancer).

The resulting CER values corresponding to the study
periods were compared. The optimal (smallest) cost-ef-
fectiveness indicator has been identified.

5 Order of November 13, 2017 N 977-0 “On the introduction of
centralized screening of malignant neoplasms in the Primorsky
Territory” (as amended on December 20, 2019). Available from: http://
docs.cntd.ru/document/446618102/. Russian

% International classification of diseases 10th revision (ICD-10).
Available from: https://mkb-10.com/. Russian

7 GOST R 57525-2017. Clinical and economic research. General
requirements Available from:http://protect.gost.ru/v.aspx?control=8
&baseC=6&page=2&month=7&year=2017&search=&RegNum=1&Do
cOnPageCount=15&id=210129&pageK=270D5A13-9BFF-4EE4-B026-
A43786F3620F/. Russian
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In order to conduct this doublet of complementary
clinical and economic studies, the average diagnostics
cost and treatment of one CRC patient, depending on
the stage of the disease, was determined, as well as
the average predicted life expectancy of these catego-
ries of patients after the diagnosis had been made. The
data obtained were converted into averages for each
patient array identified in 2016, 2017, and 2018 and
used to perform the corresponding calculations. As a
result of the application of the above-listed research
methods, the analysis of “the impact on the budget” of
the implementation of the considered treatment and
diagnostics strategy was carried out and presented in
the study. Besides clinical and economic methods, the
following additional research methods were used: sta-
tistical (summary and grouping of statistical observa-
tion materials) and sociological (collection and analysis
of quantitative documentary information).

The statistical information used is provided by the
databases of the Cancer Registry and the Software
Department of the Primorsky Regional Oncological
Dispensary. To obtain and process the data necessary
for the research work, Microsoft Office Excel 2007 soft-
ware was used, as well as medical information systems
DOKA+, Oncor and the Centralized Storage Archive
of Medical Images (CSAMIs). The analyzed treatment
strategy corresponds to the current clinical guide-
lines approved by the Scientific and Practical Council
of the Ministry of Health of the Russian Federation?.
The calculations estimated the direct costs of medi-
cal interventions: screening studies and an anticancer
treatment program. The expenses were accounted for
in accordance with the current Territorial Tariff Agree-
ment on Payment for Medical Care (Medical Services)
in the Compulsory Health Insurance System in the Pri-
morsky Territory®. Inflationary expectations had not
been considered.

Thus, the analysis eliminated the impact of chang-
ing price conditions on medical interventions during the
period covered by the study. There is an assumption in
the work: the patients with an unknown stage of the
disease were not taken into account (their share among
the identified patients in 2016 was 5.4%, in 2017 — 5%,
in 2018 — 2.8%). The clinical and economic effects of
detecting precancerous diseases were not the subject
of this study and were not used to carry out the corre-
sponding calculations.

8 Clinical guidelines. Malignant neoplasms of the colon and
rectosigmoid section 2020. Association of Oncologists of Russia.
Russian Society of Clinical Oncology. Available from: https://oncology-
association.ru/files/clinical-guidelines-2020/zno_obodochnoj_kishki.
pdf/. Russian

° Territorial tariff agreement on payment for medical care (medical
services) in the compulsory medical insurance system in the Primorsky
Territory for 2021. Available from: http://omspk.ru/upload/iblock/701/
TTC%20Ha%202021%20ron%20(Ha%20caiT).doc/. Russian
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RESULTS

In Primorye, CRC screening was set up in 2017. At
that time, it did not have a regulatory framework and
was opportunistic in nature. The implementation of cen-
tralized screening for colorectal cancer began in 2018
after the approval by the local health authority of the
corresponding Order dated November 13, 2017 N 977-0
“On the introduction of centralized screening of malig-
nant neoplasms in the Primorsky Territory” (as amended
on December 20, 2019)%.

Despite the absence of the screening program in
2017, 641 laboratory fecal occult blood tests were car-
ried out as the first stage of CRC screening and subse-
quent FCC in the amount of 104 manipulations. The
price expression of one hemotest is 846 rubles/$12%,
colonoscopy — 1,283 rubles/$18. The cost of performing
blood tests was 542,286 rubles/$7,474, of endoscopic
examinations — 133,432 rubles/$1,839. As a result, in
2017, the cost of a 2-stage CRC screening amounted to
675,718 rubles/$9,313.

In 2018, as a result of the introduction of centralized
CRCscreening, 13,245 laboratory occult blood tests were
performed. The second, endoscopic stage of screening,
was carried out by performing FCS in the amount of
1,045 procedures. The cost of performing hemotests was
11,205,270 rubles/$154,438, of carrying out endoscopic
examinations — 1,340,735 rubles/$18,479. In 2018, the
total cost of CRC screening amounted to 12,546,005
rubles/$172,916. Thus, the resource consumption of
screening studies with the introduction of the Order on
their planned implementation, increased by 11,870,287
rubles/$163,603.

In 2016, in the absence of CRC screening, 687 cases
of CRC were diagnosed for the first time. In 2017, when
screening appeared, there were 711 such cases, and in
2018, with the introduction of centralized screening,
there were 769 cases. Therefore, taking into account
the presented costs, the cost of screening correspond-
ing to one case of a newly diagnosed CRC in 2017 was
950 rubles/$13, in 2018 — 16,315 rubles/$225, or 15,364
rubles/$212 more than before the screening program
implementation (Fig. 3). The change in the structure of
the CRC cases identified in 2016-2018, is presented in
Table 1.

As it has been demonstrated, with the introduc-
tion of screening, the diagnostics of colorectal cancer
improved. That was reflected in an increase in new-
ly diagnosed cases of the disease, as well as in an in-
crease in the number of patients diagnosed at stages |-l

(Fig. 1).

10 Order of November 13, 2017 N 977-0 “On the introduction of
centralized screening of malignant neoplasms in the Primorsky
Territory” (as amended on December 20, 2019).

1172.6022 RUB (rubles) for 1 USD (US dollar) — exchange rate of the
Central Bank of the Russian Federation as of November 19, 2021.
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Table 1 — Structure of CRC incidences in 2016-2018

2016 2017 2018
CRC localization Disease stage Number of Number of Number of
% % %
cases cases cases
| 46 11.7 70 17.24 98 21.8
ol . I 85 21.7 129 31.78 132 29.4
olon malignant T 94 24 88 21.67 102 22.7
neoplasms
v 167 42.6 119 29.31 117 26.1
Total 392 100 406 100 449 100
| 24 8.1 40 13.11 45 14.06
fectal mal I 61 20.7 95 31.15 9% 30
ectal malignant i 84 285 80 26.23 89 27.81
neoplasms
v 126 42.7 90 29.51 90 28.13
Total 295 100 305 100 320 100
| 70 10.19 110 15.47 143 186
Total mumber of I 146 21.25 224 315 228 29.65
otal number o i 178 25.91 168 23.63 191 24.84
CRC cases
IV 293 42.65 209 29.4 207 26.91
Total 687 100 711 100 769 100

Table 2 — Predicted life expectancy of CRC patients depending on the stage of the disease

Average life ex- Weighing coefficient of CRC contingent enrollment and corresponding
CRC stage pectancy of pa- average life expectancy, months
tients, months 2016 2017 2018
| 99 0.102 10.1 0.156 15.4 0.186 18.4
Il 83 0.213 17.7 0.315 26.1 0.297 24.7
1] 35 0.259 9.1 0.236 8.3 0.248 8.7
1% 13 0.427 5.6 0.294 3.8 0.269 3.5

B Total number
of diagnosed CRC cases

Number of CRC cases
diagnosed at stages |-l

2018

Figure 1 — Increase in diagnosed CRC cases and number of patients diagnosed at stages I-ll of the disease
in 2016-2018

0.87%
6.65%

8.18% m Stage |
m Stagell
m Stagellll

m Stage IV
84.30%

Figure 2 — Costs of CRC treatment depending on the disease stage in 2016
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Figure 3 — Costs of CRC treatment depending on the disease stage in 2017

2.16%

74.03%

12.91%

10.90%

m Stagel

m Stage |l
m Stagellll
m Stage IV

Figure 4 — Costs of CRC treatment depending on the disease stage in 2018
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1000000

costs, rub.

2827691 rub.
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655909 rub./ 778958 rub./
9040$ 10736S
2171782 rub./ 2048733 rub./
29933$ 28237$

0 T T
2016

Diagnostics and treatment
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Period of time

M Diagnostics and treatment costs for 1 patient, rub. = Cost Difference Indicator

Figure 5 — Diagnostics and treatment costs for 1 CRC patient in 2016-2018

¢—CER

80000
. 66534 rub./917$
S 60000 -~
2 \ﬁlS rub./558%
Q
TE 40000 =@ 37048 rub./5113$
& 20000
(@)
O T T 1

2016

2017

2018

Period of time

Figure 6 — Changes in the “cost-effectiveness” ratio (CER) in 2016-2018

According to the clinical guidelines approved by the
Scientific and Practical Council of the Ministry of Health
of the Russian Federation'? and the National Guidelines

22 Clinical guidelines. Malignant neoplasms of the colon and rectosigmoid
section 2020. Association of Oncologists of Russia. Russian Society of
Clinical Oncology. Available from: https://oncology-association.ru/files/
clinical-guidelines-2020/zno_obodochnoj_kishki.pdf/. Russian
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for the Drug Treatment of Malignant Tumors®3, depend-
ing on the stage of the disease, a few worked out options
should be used in the treatment of colorectal cancer.
They are as follows: at stage | — surgical treatment; at

3 Fedenko AA, Tryakin AA, Zhukova LG, Zeinalova PA, Moiseenko FV,
Stroyakovsky DL, Smolin AV, et al. National guidelines for the drug
treatment of malignant tumors. M., 2020: 408 p. Russian

Volume IX, Issue 6, 2021



Hay4HO-NpaKTU4eCKNit XypHan OPUTUHAJIbBHAA CTATbA
(DAPMAL“/IH n DOI: 10.19163/2307-9266-2021-9-6-465-475
OAPMAKOJIOIMA

stages Il and Il — surgical treatment followed by adju-  bles/$2,733,340 (12.85%), at stage Ill — 150,090,480

vant drug therapy XELOX or FOLFOX for up to 6 months;
at stage V, as well as in the progression of the disease
— sequentially prescribed lines of special pharmacother-
apy (combined and independent modes of cytostatic
and targeted agents). When the process is localized in
the rectum, the treatment program, as a rule, includes
radiotherapy or its combination with a pharmacothera-
peutic component.

Making use of Diagnostic Related Groups (DRGs)*
Decoding for medical care and the Territorial Tariff Agree-
ment on Payment for Medical Care (Medical Services) in
the CHI system in the Primorsky Territory for 2021, the
authors calculated the cost of treating a CRC case depend-
ing on the stage of the disease. So the cost of treating a
patient at stage | of the tumor process was 187,718 ru-
bles/$2,587; at stages Il and Il — 819,830 rubles/$11,299.
Chemoradiation therapy as a part of the rectal cancer
treatment program adds 154,488 rubles/$S 2,129 to its
cost. Stage IV, like the progression of the disease, requires
the use of the most expensive treatment option — palli-
ative, including molecular targeted pharmacotherapy.
Taking into account the average duration of its use (9-11
months), the cost of treating one patient ranges from
2,015,680 rubles/$27,781 to 9,163,500 rubles/$ 126,297,
which is on average equal to the amount of 5,589,590 ru-
bles/$77,039. Knowing the above-mentioned numerical
structure of CRC detected in 2016-2018, the authors cal-
culated the budget for treating the contingent of patients
at stages |, II, Ill, and IV.

The costs of colorectal cancer treatment in 2016
(Fig. 2) were as follows: at stage | — 16,847,972 ru-
bles/S 232,209 (0.87%), at stage Il — 129,118,948 ru-
bles/$1,779,594 (6.65%), at stage Il — 158,906,732 ru-
bles/$2,190,146 (8.18%), at stage IV — 1,637,749,870
rubles/$ 22,572,436 (84.3%). The total costs of treating
CRC patients in 2016 amounted to 1,942,623,522 ru-
bles/$26,774,385. The average cost of treating one pa-
tient is 2,827,691 rubles/$38,973.

The costs of colorectal cancer treatment in 2017
(Fig. 3) were as follows: at stage | — 26,828,500 ru-
bles/$369,766 (1.75%), at stage Il — 19,8318,280 ru-
bles/$2,733,340 (12.85%), at stage Il — 150,090,480
rubles /52,068,636 (9.72%), at stage IV — 1,168,224,310
rubles/$16,101,157 (75.68%). In 2017, the total costs of
treating CRC patients amounted to 1,543,461,570 ru-
bles/$21,272,899. The average cost of treating one pa-
tient is 2,170,832 rubles/$29,920.

In 2017, the costs of colorectal cancer treatment
(Fig. 3) were as follows: at stage | — 26,828,500 ru-
bles/$369,766 (1.75%), at stage |l — 198,318,280 ru-

4 Decoding of clinical and statistical groups (CSG) for medical care // Joint
letter of the Ministry of Health of the Russian Federation No. 11-7 / | /
2-20621, Federal MHI Fund No. 00-10-26-2-04 / 11-51 dated 12/30/2020
of the year, “On methodological recommendations on methods of paying
for medical care at the expense of compulsory medical insurance funds
for 2021”. Available from: http://omspk.ru/upload/iblock/a02/Pacwumd-
poBKa%20rpynn%20KC%202021.xIsx/. Russian
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rubles/$2,068,636 (9.72%), at stage IV — 1,168,224,310
rubles/$16,101,157 (75.68%). In 2017, the total costs of
treating CRC patients amounted to 1,543,461,570 ru-
bles/$21,272,899. The average cost of treating one pa-
tient is 2,170,832 rubles/$29,920.

In 2018, the costs of colorectal cancer treatment (Fig.
4) were as follows: stage | — 33,795,634 rubles/$465,791
(2.16%), stage Il — 201,752,088 rubles/$2,780,666
(12.91%), stage Ill — 170,336,962 rubles/$2,347,685
(10.9%), stage IV — 1,157,045,130 rubles/$15,947,079
(74.03%). The total costs of treating patients with CRC in
2018 amounted to 1,562,929,814 rubles/$21,541,222.

The average cost of treating one patientis 2,032,418
rubles/S 28,012.

Thus, compared with 2016, after the introduction
of screening advent in 2017, the average treatment cost
of 1 patient decreased by 656,859 rubles/9,053$, and
after the introduction of software screening in 2018 —
by 795,273 rubles/10,961S. Taking into account the
fact that, at the same time, the CRC diagnostics cost in-
creased by only 950 rubles/$13 in 2017 and by 15,364
rubles/$212 in 2018, the authors show the amount of
obvious savings in healthcare resources. They have justi-
fied their conclusions by applying one of the main meth-
ods of clinical and economic research — the analysis of
“cost minimization”. The amount of cost for the diagnos-
tics and treatment of 1 CRC patient in the absence of
screening (2016) averaged 2,827,691 rubles/$38973, and
after the appearance of screening (2017) — 2,171,782 ru-
bles/$29,933, in the first year of the program implemen-
tation (2018) — 2,048,733 rubles/S$ 28,236.85. According
to the formula for calculating the cost difference indi-
cator, when comparing the expenses in 2016 and 2017,
the authors show its value as 655,909 rubles/$9,040,
and when comparing the expenses in 2016 and 2018, its
value is proved to be 778,958 rubles/$10,736.

The presented calculations convincingly demonstrate
the cost savings for each case of screened CRC (Fig. 5).

To obtain more convincing evidence of the econom-
ic justification of program screening, a cost-effectiveness
analysis as the most objective of the methods of clinical
and economic research was applied. For this purpose,
the Cancer Registrar information on the average life ex-
pectancy of CRC patients after the registration, depend-
ing on the stage of the disease, was used. Taking into
account the number and structure of CRC cases, the
authors calculated the average predicted life expectancy
of CRC patients identified in 2016, 2017 and 2018. The
corresponding calculated data are presented in Table 2.

Thus, the average predicted life expectancy of CRC
patients detected in 2016, is 42.5 months (3.5 years), in
2017 — 53.6 months (4.5 years), in 2018 — 55, 3 months
(4.6 years). Applying the formula for calculating the
cost-effectiveness ratio, the average of diagnostics and
treatment costs for 1 patient is put in the numerator,
the average predicted life expectancy of CRC patients,
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months, is put in the denominator. The CER calculated
by the authors in 2016, was 66,534 rubles/917 S, in 2017
— 40,518 rubles/S558, in 2018 it was 37048 rubles/511
S. The optimal value is considered to be the lowest value
of the ratio, which corresponds to the program screen-
ing strategy in this study (Fig. 6).

The results obtained make it possible to analyze
“the impact of medical technology on the budget”. The
cost of providing CRC patients with medical care in 2016,
amounted to 1,942,623,522 rubles/$26,774,385 (spe-
cialized treatment cost), in 2018 — to 1,575,475,819 ru-
bles/$21,634,376 (screening and specialized treatment
costs). The reduction in the resource consumption of the
whole diagnostics and treatment process of the entire
CRC array, identified in the Primorsky Territory in 2018,
amounted to 367,147,703 rubles/$5140009. Thus, the
introduction of CRC screening software provides savings
in the financial support of medical care for the disease
under study by 23%, compared with an alternative diag-
nostics and treatment strategy.

DISCUSSION

According to WHO principles, cancer screening is
aimed at the early detection of the disease or its precur-
sors [19]. Centralized CRC screening is currently actively
used in most European countries, Canada, separate re-
gions of the Americas, Asia and Oceania. The Nether-
lands showed the highest level of participation in the
program (68.2%), and some parts of Canada - the lowest
one (16%) [3].

A decrease in mortality from colorectal cancer ob-
served in the latest 10 years, which is, in fact, a significant
clinical achievement, is explained, first of all, by screening
(53%) and, only second and third, by improved treatment
(12%) and a controlled decrease in the influence of risk
factors (35%) [4, 26]. It has been estimated that increasing
the prevalence of CRC screening up to 80% in the next 2
years, will prevent 277,000 CRC cases which is more than
75% of the potential incidence rate, and 203,000 deaths
by 2030 [4, 27]. The implementation of CRC screening
programs is a rare example of effectiveness in oncological
practice, yielding only to screening for cervical cancer in
its clinical results [5].

At the same time, all over the world, more and
more attention is paid to the cost and value of cancer
treatment; among them, CRC is a nosological unit with
a leading resource consumption. It is with this disease
that the highest direct costs of the healthcare system of
the Russian Federation are associated (52 milliard rubles
per year), which are mainly attributable to anticancer
pharmacotherapy [28-30]. Within the framework of
the RF project “Combating Cancer”?’, in the period of

> Application to the minutes of the meeting of the project committee
for the national project “Health”. Passport of the federal project “Fight
against cancer, 2018. Available from: http://zdrav.tmbreg.ru/assets/
files/Gosprogramm/nacionalnyy-proekt-zdravoohranenie/paspor-
ta-fp/ndn-60pbba-c-oHKoNOrMYECHKMM-3a60NeBaHNAMK-14.12.2018.
pdf. Russian
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2019-2024, financing of the drug supply with antican-
cer preparations will be from 70 to 140 milliard rubles
a year. However, the choice of a strategy for medical in-
terventions is associated with an idea of a limited nature
of the health care economic resources. This dictates the
need for obtaining evidence not only of the clinical, but
also of the economic justification of alternative medical
technologies.

Professional oncological communities such as
ESMO, ASCO are trying to analyze the cost-effectiveness
of various treatment and diagnostic options for colorec-
tal cancer. The complexity of this task lies in different
costs of medical technologies in different countries. This
fact does not make it possible to extrapolate the data on
cost effectiveness from one country to another [31]. So,
in Australia, thanks to the screening programs, the cost
of one year of life extension for CRC patients is $16,632,
in the USA —up to $22,000, in Europe — up to $5,000 [17,
19,23]. However, nowadays, the undoubted econom-
ic justification of colorectal cancer screening is beyond
dispute among specialists in the United States and most
European countries [16].

On the basis of two main methods of clinical and
economic analyses, identical results, indicating a high
clinical effectiveness of CRC screening were obtained.
The presented data indicate that even opportunistic
screening (2017), in comparison with the rejection of
it, demonstrates a more optimal detection of the dis-
ease, both in quantitative and structural terms, as well
as the predicted life expectancy of CRC patients at di-
agnosis. The number of patients with newly diagnosed
CRCin 2017 increased by 3.49% (24 people) compared
to 2016; the number of the identified at stages I-Il
of the disease — by 15.53% (118 people), the average
predicted life expectancy of patients increased by 11.1
months. The very first year of the screening program
implementation in the territory of the subject rein-
forced these advantages. The introduction of software
screening in 2018, compared with its absence in 2016,
provided an increase in the indicators under consider-
ation by 11.9% (82 people), 16.81% (155 people) and
12.8 months, respectively (the expected consequence
of these advantages will be a natural decrease in the
mortality rate from CRC in the territory of the region in
subsequent years).

These clinical effects are extrapolated into the cost
reduction of expensive anticancer pharmacotherapeutic
interventions, the most expensive among which are pal-
liative drug regimens used in the treatment of advanced
stages of colorectal cancer [28-30]. This economic ad-
vantage is confirmed by performing an analytical cal-
culation of “the impact of medical technology on the
budget”: a decrease in the level of the economic bur-
den of the disease under study in the territory of the re-
gion in 2018 was 23% (367,147,703 rubles/S$5,140,009)
compared to the period not included in the screening
program. Thus, the considered medical technology sig-
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nificantly reduces the economic burden of CRC, avoid-
ing excessive costs. This is consistent with the results of
the screening programs in the United States and most of
Europe. To assess the cost-effectiveness of CRC screen-
ing and other prevention strategies in these countries,
a target willingness-to-pay threshold (WPT) of $30,000—
50,000 is used, depending on the national health policy
per life year saved (LYS) or per quality-adjusted life year
saved (QALYS). The calculated cost-effectiveness ratio
(CER) is on average $3,380/LYG, which makes it possi-
ble to consider a CRC program screening as the standard
of the economic effectiveness [19]. Many countries, in-
cluding the Russian Federation, comply with the WHO
recommendations, adopting the formal threshold value
of willingness—to-pay in monetary terms, equal to 1-3
level indicators of the gross domestic product (GDP) per
capita. When applied to this criterion, the targeted im-
plementation of CRC screening also demonstrates the
results of a highly effective economic investment [17,
19, 23].

The experience of the US specialists also reports on
significant long-term effects of screening, several times
higher than the corresponding achievements at the ini-
tial stage of its implementation [3, 13]. So, after the ini-
tial growth in the CRC diagnostics rate, several years af-
ter the introduction of the program, there is a consistent
decrease in the CRC incidences. At the same time, in the
structure of the revealed CRC, the frequency of cases at
stages |-l reaches 80%, at stages IlI-IV — no more than
25% [4]. Alongside with an early detection of malignant
pathology, the aspect of premalignant neoplasms diag-
nostics is no less important in the CRC screening pro-
gram. In this aspect, CRC screening, has obviously an
even wider range of clinical and economic results, since
the elimination of potentially malignant CRC neoplasms
can reduce the CRC incidence by 20-90% according a
number of experts’ data [5, 8, 19]. These effects are ex-

pressed in an increase in the duration and improvement
of patient Qol, as well as in significant savings in health
care resources and costs of the population. This makes it
possible to confidently expect the emergence of further
evidence of a reduction in human and material losses
due to the prolongation and mass implementation of
screening software.

CONCLUSION

Accelerating progress in the struggle against col-
orectal cancer can be achieved by ensuring an access
to high-quality precision health care for all patients
and promoting healthier lifestyles to prevent cancer.
Healthy behaviors such as a achieving normal body
weight, being physically active, and avoiding excessive
alcohol or smoking can reduce the CRC risk by at least
one third. However, clinical and economic evidence of
the widespread screening effectiveness states that even
more cases of colorectal cancer and deaths from this
disease could be prevented with its help. The steadily
increasing burden of oncological pathology determines
the perception of medical interventions aimed at the
prevention and early diagnostics of malignant neo-
plasms as a necessary national strategy. For the full im-
plementation of all the possibilities of CRC screening,
the coverage of the population with research should
be close to 80%. The principles of its application should
be the universal availability and integrity of the health
care system. If appropriate management decisions are
made, a long-term prolongation of this technology in
the territory of each constituent entity of the state can
become a part of the practical implementation of the
Federal project “Combating Cancer” (2019-2024). That
will extrapolate to the implementation of its most im-
portant task: reducing the mortality rate from cancer
by 6% (no more than 185 cases per 100 thousand peo-
ple) until 2024.
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