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Pesiome

MpoBeAeHO NPOCNEKTUBHOE MCC/eA0BaHNE B YC/IOBUAX Pea/ibHOW KJMHUYECKON NPaKTUKM C Lie/Ibio KMHUKO-3KOHOMWYECKO OLIeHKU NPUMeHeHA
CYKUMHATCOAEepXalMx NpenapaToB y NalMeHTOB C aJKoro/bHOM 60/1e3Hbi0 neveHn. OCHOBHON aHanM3MpyeMblil GaKTOp — ANNTE/IbHOCTb FOCnM-
Tanusauuy B AHAX. bblan BKAOYeHbl 60 NaLMEHTOB C a/IKOro/IbHOW 60/1e3HbIO NeYeHW U NpeBbilleHneM TpaHcaMUHa3 6onee ABYX HOPM U aMMUaKa
B KPOBU 60/1e€ MOAYTOpa HOPM, U3 KOTOPbIX Y 36 B COCTaBe KOMM/IEKCHOM Tepanum UCMoNb30BaNNCh CYKLMHAT-COAepKalyme npenapatsl (ocHOBHas
rpynna), a 24 — He nosy4anm ux (rpynna KOHTpoAA) Ha 6ase ABYX MEANLMHCKMX LLeHTPOB «[OpoAcKas KanHuyeckas 60nbHULa uM. B.M. BysHoBa»,
r. MockBa» n «KnmHuyeckas 6onbHuua uM. C.P. Mupotsopuesa CFMY» CapaToB B nepuog ¢ 2019 no 2022 rr.

JuHaMyKa nokasaTesieil KAMHUKO-MHCTPYMEHTA/NbHOrO cTaTyca B rpynnax He otanyanacs (V=0,35; F=0,87; p=0,614). Mo pe3ynbTaTaM KAMHUKO-
3KOHOMUYECKOI OLLeHKM, NPUMeHeHne npenapaTos, COAepXallyx CyKLIMHaTbI B KOMM/IEKCHOW Tepanuu aKorobHo 60/1e3HbI0 neYeHu, No3sosiAeT
MeANLMHCKOMY YHYpeXeHNI0 SKOHOMUTb A0 8,3 % 3aTpaT 3a CYeT COKpalleHUsA B CpeHeM Ha 2,42 KOMKO-/{HA CPOKOB roCrnmTaan3aLMm naLeHTos.
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Abstract

A real-world study with clinical and economic assessment of the use of succinate-containing drugs in patients with alcoholic liver disease was
conducted. The study was based on data from Buyanov City Clinical Hospital in Moscow and Mirotvortsev Clinical Hospital in Saratov. The period
of the study was from 2019 to 2022. The main analyzed factor was the duration of hospitalization and 60 patients with alcoholic liver disease and
blood transaminases exceeding two norms and blood ammonia more than one and a half norms were included in the study. Of 60 patients 36 used
succinate-containing drugs as part of complex therapy (main group) and 24 did not receive them (control group).

The dynamics of indicators of clinical and instrumental status of patients did not differ in both groups (V=0.35; F=0.87; p=0.614). The modelling by
Markov chains was performed. The use of succinate-containing drugs demonstrated 8.3 % reducing of costs per case of alcoholic liver disease cure due
to the average reduction of hospitalization by 2.42 days.
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Relevance

The problem of chronic alcoholism is still relevant,
despite the fact the population is highly socialized and
intellectually developed. According to a systematic
review by G. Max et al. [1], deaths from alcohol con-
sumption account for approximately 10 % of the employ-
able world population. According to an analysis by the
Federal State Statistics Service (Rosstat), in 2017 the inci-
dence of alcoholism in Russia was 1,304,600 people [2].
Chronic alcohol consumption is one of the most common
external causes of hepatic disorders. Ethanol intoxication
over a number of years can result in one of the three key
forms of alcoholic liver disease (ALD): alcoholic steatosis
(60-90 % of all cases), alcoholic hepatitis (10-30 % of all
cases) and alcoholic cirrhosis (8-20 % of all cases) [3].

Modern medical care for patients with ALD includes
a wide range of measures to reduce the intoxication load
for the body, prevention of further damage to hepatic
tissue and progression to a life-threatening disease —
cirrhosis. The professional medical community con-
stantly improves the quality of care and timely updates
clinical guidelines, taking into account both Russian and
foreign experience [2].

Active introduction of new treatment methods and
regimens, as well as new medicinal products to the com-
prehensive management of ALD requires evaluation not
only of clinical efficacy of medication, but also economic
feasibility, which ensures quality care to many patients.
Usually, economic evaluation (EE) starts from the com-
mencement of commercial distribution of the product
and/or its inclusion in a certain system of reimburse-
ment and ends with product withdrawal from the phar-
maceutical market.

One of the tools used to gather information for EE
is the data from the real-life clinical practice (RCP) [4,
5]. A distinctive feature of EE is its non-interventional
nature, associated with some limitations, e.g. no placebo
groups or passive control. Specifically, with personified
therapy, the use of high-potency products and develop-
ment of patient discharge criteria, as in ALD patients [2],
by the end of in-patient care, patients do not demonstrate
any differences in clinical parameters; and even statisti-
cally confirmed differences cannot be treated as markers
of high efficacy (higher efficiency) of a certain product.
At the same time, the rate of action onset also differs and
impacts the overall performance — duration of hospi-
talisation. In-patient bed-days is a key criterion to evalu-
ate not only the clinical, but also economic efficiency
of a medicinal product, since reduction in the duration
of therapy allows increasing the bed turnover, and the
number of paid cases of treatment increases, while costs
reduce, thus ensuring significant savings for the medical
institution.

Succinate-containing products (SCPs) are among
reputable products for the therapy of adult patients with
ALD and are included in the current clinical guide-
lines [2]. By boosting cell resistance to hypoxia, which
is a common sign of any chronic inflammation, SCPs
improve membrane resistance to peroxidation and acti-
vate reparative processes [6]. Overall, products from
similar groups are actively used not only in ALD, but also
in other chronic [7, 8] and acute conditions [9-11].

At the same time, economic evaluation of SCPs in the
real-life practice has not been performed yet, defining
the relevance and the objective of this study.
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Materials and Methods

Given the objective of an economic evaluation of the
use of SCPs in patients with ALD, we have conducted a
prospective real-life clinical study at two study sites: V.
M. Buyanov City Clinical Hospital (Moscow) and S. R.
Mirotvortsev Clinical Hospital of the Samara State Medi-
cal University (Saratov) in 2019-2022.
Patients were diagnosed with ALD if they had a his-
tory of alcoholism, relevant CAGE and AUDIT scores,
identified markers of hepatic pathology (steatosis or ste-
atohepatitis, enhanced echogenicity, increased transami-
nases or GGTP, etc.).
ALD therapy included fluid maintenance, hepatopro-
tectors, glucocorticoids where necessary, and ursodeoxy-
cholic acid. Some patients received infusions Remaxol
400 ml per day.
Inclusion criteria:
1. Patients with ALD (ICD code: K70)
2. Age: 25-70 years old, both males and females
3. 1.5-fold increase in reference values of blood
ammonia (PoketChem) (80-300 umol/L), at least
2-fold increase in ALT or AST vs. ULN (NLT
80 U/L)

4. Signed informed consent from.

Not included were the patients with the following
clinical conditions: HIV infection, syphilis, TB, acute
infectious disease, Child-Pugh class C hepatic cirrho-
sis, viral cirrhosis, obstructive jaundice, autoimmune
hemolytic anaemia (positive Coombs’ test), insulin-
dependent diabetes mellitus, malignancy, acute cerebro-
vascular accident or acute coronary syndrome, hemodi-
alysis-dependent patients, any decompressed condition,
mental disorders, pregnancy, breastfeeding, surgical
pathologies.

Key analysed factor: duration of hospitalisation
(days). Numerous exclusion criteria were due to the need
to eliminate the impact of other medical conditions on
this clinical and economic efficacy endpoint.

Recorded clinical parameters, used by the medical
professional to decide whether the patient was fit for dis-
charge from the in-patient clinic, included: transaminase
activity (AST and ALT), gamma glutamine transpepti-
dase (GGTP), alkaline phosphatase (AP), conjugated
and free bilirubin, Maddrey’s discriminant function (DF)
results, and Number Connecting Test (NCT) results.
These parameters were recorded on day 1, day 5 and
day 9 and were entered to the database.

During the study, data from 60 ALD patients were
collected, of which 36 patients were treated with SCPs
as part of their combined therapy (main group) and
24 patients did not receive SCPs — Remaxol (controls).

A distinguishing feature of RCP data is non-randomi-
sation, which can be a reason for the absence of the bal-
ance in interfering variables between treatment groups.
The non-handling of such variables inevitably leads to
bias of an estimate and incorrect conclusions, while the

non-interventional nature of an RCP study can cause
missing data, since referral to an assessment depends not
on the protocol, but on the doctor’s opinion.

Statistical data processing was performed using
Python 3.9 and IBM SPSS v 23. Given the features of
RCP data, it was supplemented by multiple imputa-
tion and propensity score matching 1 : 1 on a smaller
sample size. Patients were selected using the method to
calculate the odds of randomisation to any of the groups
using logistic regression with the inclusion of recorded
values of transaminases, GGTP, AP, bilirubin, Maddrey’s
DE, and NCT. Changes in the clinical and instrumental
status were evaluated using MANOVA (Pillai’s V-trace)
with the inclusion of the change factor (visit: days 1,
5 and 10) and its correlation with the grouping factor
(group * visit). Duration of hospitalisation was compared
using Student-Welch t-test. Since the time to discharge
is time-to-event data, survival rates were compared using
Gehan generalised Wilcoxon Z-test.

In order to evaluate the economic feasibility, a Mar-
kovian chain was used to model the transition between
“in-patient patient” and “discharged”, with the genera-
tion size of 10,000 patients. For each group, the odds of
discharge on each day were calculated using Kaplan—
Mayer survival analysis. During modelling, the cost of
therapy of the “in-patient patients” was calculated. After
modelling, costs per group were compared, and savings
(overpaid amount) were evaluated in the main group vs.
controls.

The significance threshold to discard zero hypotheses
of the lack of difference was p = 0.05.

The study was approved by the Ethics Commit-
tee of the Autonomous Non-Profit Organisation Cen-
tral Bureau of Forensic Examination No. 1, Order
No. 65 dated 10 December 2018.

Results

Following the interim analysis, missing data were
found to be accidental (Little criterion: x* = 1565.9,
p = 1.0), making it possible to perform MICE (Multiple
Imputation by Chained Equations) imputation. Then,
propensity score matching 1 : 1 was performed. The
smaller group (controls) included 24 subjects; 24 sub-
jects were selected from the main group as well. Baseline
characteristics of subjects in the study groups are pre-
sented in Table 1.

Changes in clinical and instrumental status in the
groups did not differ (V = 0.35; F = 0.87; p = 0.614),
while overall it was statistically significant (V = 0.80;
F =6.40; p < 0.001). MANOVA results demonstrate that
the change factor accounted for approx. 80 % of the dis-
persion (partial n? = 0.799), while its interference with
the grouping factor did not have any statistically signifi-
cant impact.

Analysis of duration of hospitalisation is presented in
Table 2.
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Table 1. Population baseline characteristics

Parameter

Succinate-based therapy
(n=24)

Control
(n=24)

Age

Male

Capillary blood Ammonia
Maddrey’s index

Number connection test

Alanine aminotransferase
Aspartate aminotransferase
Alkaline phosphatase
Gamma-glutamyl transpeptidase
Direct bilirubin

Indirect bilirubin

50,71 (11,92)
9 (37,50 %)
99,23 (34,84)
23,35 (14,2)
79,63 (25,5)
138,42 (152,09)
168,27 (99,98)
398,54 (367,73)
562,8 (599,91)
36,55 (36,14)
39,48 (31,05)

51,67 (11,12)
6 (25,00 %)
90,95 (30,38)
30,96 (27,44)
86,46 (27,06)
130,44 (169,25)
151,02 (119,74)
402,08 (281,99)
421,63 (416,55)
47,99 (70,5)
81,25 (133,9)

Note: data presented as mean (standard deviation) or count (%), there is no statistically significant difference between groups on baseline

Table 2. Mean hospital time comparison results comparison

Parameter Overall Succinate-based therapy Control
(n=48) (n=24) (n=24)
Days in Hospital 14,00 (3,60) 12,79 (3,06)" 15,21 (3,74)"
Survival median - 12,75 16,00

Note: data presented as mean (standard deviation); " — differences between groups are statistically significant (t=-2,45; df=46; p=0,018).
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Tabnuua 3. Pacuemmole 6epoAMHOCINU 8bINUCKU
nayuenmos ¢ ABII 6 ananusupyemuix epynnax
Table 3. Discharge probabilities in experimental
and control group

Day Succinate-based therapy Control
0 0,000 0,000
1 0,000 0,000
2 0,000 0,000
3 0,000 0,000
4 0,000 0,000
5 0,000 0,000
6 0,000 0,000
7 0,000 0,000
8 0,042 0,000
9 0,000 0,042
10 0,250 0,083
11 0,083 0,042
12 0,167 0,083
13 0,125 0,083
14 0,125 0,083
15 0,042 0,083
16 0,042 0,250
17 0,000 0,042
18 0,042 0,042
19 0,042 0,000
20 0,042 0,042
21 - 0,042
22 - 0,042
23 - 0,042

Therapy of alcohol hepatitis
SBT - succinate-based therapy

100

80

- 60
&

ﬁg' 40

20

0

The next step was to analyse survival (Fig. 1). The
survival functions demonstrated statistically significant
difference (Z = 5.69; df = 1; p = 0.017), making it possible
to use the calculated probability (Table 3) in modelling.

The Markovian chain, used to describe the transition
between “in-patient patient” and “discharged”, is given
in Figure 2. For it to be functional, it was assumed that
at a given time unit (day) a patient has “P,” probability
to stay in the in-patient clinic or “P,” probability to be
discharged; no provisions were made for other outcomes
(death, complication, adverse events, etc.). No reverse
transition is possible. Taking into account the two mutu-
ally exclusive conditions (P +P_ = 1.0), Table 3 contains
only the odds of discharging the patient from the in-
patient clinic (P,).

Given that the average duration of hospitalisation in
the total population was 14 days, modelling covered this
period. Costs were calculated on the basis of the clinically
statistical group. st04.003 “Non-viral hepatic diseases
(level 1)”; rate of RUB 35,997.97 (taking into account
the coeficient and relative cost intensity, excluding the
rest coefficients), according to the State Program guar-
antees of free provision of medical services to citizens
Qing aid for 2023 and for the planning period 2024 and
2025. Therefore, the cost of a bed-day during a 14-day
in-patient hospitalisation is RUB 2,571.28 net of input
intensity coefficient, etc.

The modelling result is presented in Figure 3.

The modelling demonstrates that the cost savings of
a medical institution resulting from a shorter period of
hospitalisation when using SCPs (Remaxol 400 ml per
day for 10 days) in the combined therapy of ALD was
8.3 %.

Figure 3. Marcov’s chain

Marcov's chain modelling, n = 10000 modelling of alcohol

hepatitis treatment with
Patients and without succinate-
— InHospital (control) based therapy
~— In Hospital (SBT)

10 12 14
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Discussion

Succinate-containing products offer metabolic sup-
port in a chronic inflammation or in an acute condi-
tion. Their clinical efficacy has been demonstrated in a
number of medical conditions, where these products are
used in a combined therapy.

The key point of SCPs application is the oxidative
process, inevitably associated with ALD [12, 13]. Less
active free-radical oxidation, tissue hypoxia compensa-
tion and antioxidant defence reconstruction facilitate
faster recovery and reduce duration of hospitalisation.
A similar study [14] demonstrated that the use of anti-
hypoxic and antioxidative products helped to mitigate
consequences of liver impairment.

Of note, no adverse drug reactions were recorded in
this study.

This study provided an economic evaluation of SCPs
in the management of patients with alcohol liver damage.
Earlier discharge (2.42 days earlier on the average)
reduces costs of a medical institution by 8.3 %. Similar
studies demonstrate their economic efficiency as a result
of complication prevention by using SCPs in the primary
treatment regimens [15], or by reducing duration of hos-
pitalisation [16]. At the same time, no economic evalua-
tions of SCPs have ever been performed in Russia on the
basis of the real-life practice.

This study has some limitations.

First, it took into account only the clinical statisti-
cal costs. However, this indicator is integral and allows
evaluating a wide range of costs incurred by a medical
institution, from procurement of medications to salaries
to healthcare professionals.

Second, the modelling did not take into account
possible deaths, complications and adverse events from
SCP therapy. This is due to the small size of the study
groups and the absence of such outcomes in the groups.
No doubt, PCP studies can assess rare outcomes as well,
and as soon as SCP therapy is more common, the pro-
cess modelling can be updated for in-patient therapy of
patients with ALD.

Conclusions

The economic evaluation demonstrated that when a
medical institution uses succinate-containing products
in the combined therapy of ALD, its savings are up to
8.3 % as a result of the reduction of hospitalisation dura-
tion on the average by 2.42 bed-days.

This study can be used in the real-life clinical practice
as a starting point for the selection of optimal treatment
regimens for patients with alcohol liver damage. As long
as there are enough data on the real-life clinical prac-
tice, modelling can be repeated in order to obtain a more
accurate result.
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