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Aim: to investigate the clinical efficacy of two methods of oral dosing of prednisolone (in mg and mg/kg) for the
induction of remission for patients with ulcerative colitis (UC) and Crohn's disease (CD) using the technology of con-
structing and evaluating the effectiveness function (dose-effect relationship).

Material and methods. In this study were included 86 patients aged from 18 to 65 years with moderate or severe
active inflammatory bowel disease (61 — UC, 25 — CD). All patients were treated with prednisolone at an initial
daily dose from 30 to 60 mg with a subsequent tapering of dose. The clinical response to treatment was evaluated
at the time of complete withdrawal of prednisolone using the generally accepted criteria. Two efficiency functions
were constructed, compared and analyzed: the first — at the initial dosage of prednisolone in mg and the second
calculating the dose in mg/kg of patient weight. The patients’ body weight ranged from 41 to 98 kg. The “dose-effect”
relationship for prednisolone was constructed with statistical transformation of the baseline clinical data and a quan-
titative expression of the actual doses and alternative responses into a graph of the effectiveness function. The mean
value at each point was estimated based on the regression kernel scoring method.

Results. Two graphs of the “dose-effect” of prednisolone in mg and mg/kg of patient weight were constructed. The
optimal clinically effective dose (OCED) when calculated in mg/kg of weight was 0.70 = 0.01 (0.68 + 0.72) mg/kg
with the corresponding effect 79.25 + 6.26 (66.62 + 91.88) %. When two graphs in mg and mg / kg of weight were
superimposed, it is shown that when an initial dose of 40 mg is prescribed without taking into account the patient's
weight, the effect of therapy will be 25 % lower. Prescribing a dose of 60 mg per day without weight will be optimal for
patients with a body weight of 85-90 kg. With a lower body weight, the clinical effect will not decrease, but the like-
lihood of recognized side effects of prednisolone should be expected in proportion to the decrease in body weight.
Conclusion. The clinical efficacy of two methods of prednisolone dosing (mg and mg/kg) for patients with IBD
during the first induction course was compared.

Using a new technology for constructing and evaluating the effectiveness function (dose-effect relationship) allowed
us to prove a reliable relationship between the body weight of patients with the clinical effect of prednisolone in
patients with UC and CD. Based on the analysis of the dose-effect relationship, the optimal clinically effective dose
of prednisolone for patients with UC and CD during the first induction course was established, equal to 0.70 mg/kg,
which can be recommended for use in clinical practice for calculating individual doses.

Key words: ulcerative colitis, Crohn's disease, prednisolone, efficiency function, dose calculation

Conflict of interest: the authors declare of no conflict of interest.

For citation: Alekseeva O.P,, Krishtopenko S.V., Alekseeva A.A. Evaluation of the Clinical Efficacy of Prednisolone in the Treatment
of Inflammatory Bowel Diseases with Different Dosage Methods. Russian Journal of Gastroenterology, Hepatology, Coloproctology.
2022;32(6):40-46. https://doi. org/10.22416/1382-4376-2022-32-6-40-46

OueHka knimHn4eckom adpPeKTUBHOCTU NPEAHN30JIOHA B JIeHEHUMN
BOCNaNuUTesibHbIX 3a0051eBaHUN KULLEeYHUKA NPU pa3HbIX CNOCco0ax A03UpoBaHNS

0O.MN. Anekceesa'*, C.B. Kpuwtonexko', A.A. Anekceesa?

' TBY3 HO «Hwuxeroponckasi obnactHas knvHuyeckasi 6onbHuLa uMm. H.A. Cemaluko» MuHucTepcTsa 34paBooXpaHeHns
Huxeropoackori obnactu, HuxHuii HoBropoa, Poccuiickas denepaums

2@re0Y BO «[puBosXCKni NCCnenoBaTebCKkuii MeANLIMHCKUI YyHUBEPCUTET» MuHUCTepCTBa 34PaBOOXPaHEeHUS
Poccurickoii Penepaumu, HuxHuii HoBropos, Poccuiickas @enepauums

40 Poc ypH ractposuTepoJi rematon koaonpokros 2022; 32(6) / Rus J Gastroenterol Hepatol Coloproctol 2022; 32(6)



www.gastro-j.ru Original articles/OpuruHaabHble HCCTEIOBAHUS

Llenb nccnepoBaHuA: NCCNeAoBaTb KIMHMYECKYIO 9DdEKTMBHOCTL ABYX CNOCOO0B 403MPOBaHUS NMPEAHN30I0HA
(B MI 1 MI/Kr) 01 UHAYKUUU pEMUCCUN Y 60NbHbIX A3BEHHbIM KonToMm (AK) n 6onesHbio KpoHa (BK) ¢ ncnonb3osa-
HMEM TEXHOJIOMMU NOCTPOEHUS N OLLEHKN DYHKLMN 3DPEKTUBHOCTU (32BMCUMOCTU «003a — 3P DEKT»).
Matepuanbl U MmeToabl. B nccnepoBaHuve BkIOYEHbl 86 60bHbLIX C aKTUBHLIM 3a00/1eBaHNEM CpeaHeln 1 Taxe-
nown ctenenn (61 — c 9K, 25 — ¢ BK) B Bo3pacTe ot 18 no 65 net. Ang nHaoykumm peMmccun B ka4ecTBe NepBoro
Kypca Tepanumn BCEM MaLMeHTaM Ha3Havyanu NpenHU30s10H B HadanbHoM no3e ot 30 oo 60 mMr/cyTku ¢ nocnenyio-
MM CHUXEHneM. SpdekT Tepanmm oueHUBaaIM Ha MOMEHT MOJIHOM OTMEHbI NPeAHM30/I0Ha C UCMOIb30BaHNEM
OOLLENPUHATBLIX KPUTEPUEB OLEHKM KIIMHNYECKOM pemuccum. MpoBoannn aHanma aAByx GYyHKUMA 9DPEKTUBHOCTN:
nepeas — Npwv JO3MPOBaHUN NPESHN30JI0HA B MI 1 BTOpas NMpu pacyeTe A03bl B Mr/Kr Beca naumeHTa. Macca tena
naumeHToB konebanacb ot 41 go 98 kr. NMocTpoeHne GYyHKLMN 3PDEKTUBHOCTU (3aBUCUMOCTU «[03a — 3DDEKT»)
051 NPeaHN30/10Ha NPOBOAUIOCH MO OPUTMHANIBHOM METOAVKE, CMbICT KOTOPOW 3ak/t04aeTCs B aAekBaTHOM CTaTu-
CTMYECKOM NMpeobpasoBaHNM MCXOAHbLIX KITMHUYECKUX AaHHbIX, MOSy4aeMbIX B BUAE KOIMYECTBEHHOIO BblpaXKeH!s
NMPYIMEHEHHOM COBOKYMHOCTU 403 U 3aPErMCTPUPOBAHHbIX a/lbTEPHATUBHbLIX OTBETOB, YCTAHOBJIEHHbIX MO KPUTEPU-
SIM KOHEYHOW TOYKW, B HArNsaaHbIM rpaduk, No KOTOPOMY BO3MOXHO NPOBEAEHME aHANNTUYECKMX OLeHOK. OueHka
CpedHero 3Ha4yeHus B Kaxaol Touke onpenensnacb Ha OCHOBE MeTo[a S4epHOl OLeHKM perpeccuun. JocToBep-
HOCTb Pa3nnynin BblHMCNSNack Ha OCHoBe t-kpuTepus CTbliogeHTa.

Pe3ynbTraThl. [10CTpoOEHbI ABa rpaduka «ao3a — addekT» NpeaHM30s10Ha B M U B MI/Kr Macchl Tena. Ontumarb-
Hasa knuHn4yeckn adpdekTreHaa nosa (OK3/) npu pacyete B Mr/kr coctasmna 0,70 = 0,01 (0,68 + 0,72) mr/kr ¢ co-
oTBeTCcTByOWMM addekTom 79,25 + 6,26 (66,62 +~ 91,88) %. MNpu HanoxeHnn oByx rpadunkoB B Mr 1 B Mr/Kr Beca
nokKasaHo, YTO MpPW Ha3Ha4YeHUM HavYanbHOM 003bl 40 Mr 6e3 yyeTa Macchl Tena naumeHTa apdekT Tepanuu dyaoeT
Ha 25 % Huxe. HasHayeHne no3bl 60 Mr B cyTkn 6e3 ydyeTa Macchl OyaeT onTuMarsibHbIM A1 NaLMEHTOB C MacCo
Tena 85-90 «r. Mpu 605ee HN3KOWM Macce Tena KINMHNYeCcknin 9O@PEeKT He YMEHbLLUTCS, 0OHAKO BEPOSATHOCTb NOsIBIE-
HUSA NO060YHbLIX 3P PEKTOB NPEAHN300HA CleayeT OXMUAATb MPONOPLMOHANIbHON YMEHbLLEHMIO MACChbl TeNa.
3akno4yeHue. [NpoBeaeHo cpaBHEHME KIMHNYECKO 3 dEKTUBHOCTU ABYX CMOCOOOB A03MPOBaHUSA NMPeaHN3010-
Ha (B Mr 1 B Mr/kr) y 6onbHbix AK n BK npu nepBoM MHAYKUMOHHOM Kypce. AHanm3 3aBUCUMOCTU «a03a — ad-
dekT» MO3BOSINI [0Ka3aTb AOCTOBEPHYIO CBSA3b MACChl TeJla NaLMEHTOB C KIIMHUYECKUM 3D PEKTOM NpeaHN3010Ha
y 60nbHbIX 9K 1 BK. YcTaHoBneHa onTrManbHas KIMHNYeckn adpdekTnBHas aAo3a npeaHn3onoHa y 6onbHbix AK n BK
npv NepBoM MHAYKLUMOHHOM Kypce, paBHas 0,70 mMr/kr, KoTopasi MOXET OblTb pEKOMEH0BaHA K MPUMEHEHMIO B KIN-
HUYECKOW NMPaKTMKe AN Ha8HaYeHUS UHAMBUAYANbHbIX 003.

KnioueBble cnoBa: A3BeHHbI KONUT, 60one3Hb KpoHa, NnpeaHn30/10H, QYHKUMS 3P DEKTUBHOCTU, PACHET JO3bI
KoH®NUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ansa umtupoBanusa: Anekceesa O.[1., KpmwtoneHko C.B., Anekceesa A.A. OLeHKa KNMHUYeCKor 9 heKTUBHOCTY NPEAHN30I0HA B Jie-
YeHUM BocMannTeNbHbIX 3a001eBaHMIA KULLEYHNKA NPKY pasHbIX Cnocobax Ao3upoBaHust. Poccuincknin XxypHas racTpoaHTEPONornm, re-
nartonoruu, kononpokronorum. 2022;32(6):40-46. https://doi.org/10.22416/1382-4376-2022-32-6-40-46

Introduction

The European Clinical guidelines [1] and
the recommendations of the American Gastro-

Short-acting systemic corticosteroids, prednis-
olone and methylprednisolone (CS), remain the

recommended therapy for inducing remission for
patients with active inflammatory bowel diseases
(IBD) — ulcerative colitis (UC) and Crohn’s dis-
ease (CD) — of moderate severity, which do not
respond to treatment with 5-ASA drugs, and for
rapid relief of symptoms for severe patients [1—4].

In the Clinical Practice Guidelines on the
Management of UC and CD, various approaches
were used to calculate the dose of CS. The vari-
ability of practical recommendations for calculat-
ing the dose of CS presents difficulties for choos-
ing the right solution in practice.

Thus, the UK guidelines recommend taking oral
corticosteroids at an initial fixed dose of 40 mg of
prednisolone per day for patients with moderate
and severe UC and for patients with mild and
moderate CD who did not respond to mesalazine
for 2—4 weeks, followed by a decrease of 5 mg at
weekly intervals, which corresponds to an 8-week
course [2, 5].

enterological Association [6] indicate the same
initial dose of prednisolone for orally administra-
tion for patients with moderate active UC. It is
emphasized that the appointment of CS should be
in the minimum effective dosage with a gradual
decrease of 5 mg per week for the required peri-
od. A rapid reduction in the prescribed dose, too
short a course of treatment (<3 weeks) and the
appointment of an ineffective dose of predniso-
lone (<15 mg per day) should be avoided.

The clinical guidelines of the American College
of Gastroenterologists recommend orally prednis-
olone doses of 40—60 mg per day for patients
with active UC and CD. Doses of 1 mg/kg of the
patient’s weight may also be prescribed, but no
more than 60 mg per day [7, 8].

An Update on Current Pharmacotherapeutic
Options for the Treatment of Ulcerative Colitis of
the Italian Group for the Study of Inflammatory
Bowel Diseases, traditional orally corticosteroids
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are considered for use in cases of ineffectiveness
or intolerance to treatment with topical CS or
to achieve rapid relief of symptoms with active
left-sided and total UC of moderate severity at a
dose of 40—60 mg prednisolone. With mild to mod-
erate CD ileocecal localization, prednisolone is pre-
scribed at a dose of 40—60 mg per day or 1 mg/ kg
of patient weight as the first line of therapy. In
severe UC and CD, treatment is recommended to
begin with intravenous administration of CS —
methylprednisorone at a dose of 0.75—1 mg/kg
with a transition to orally administration of 48 mg
per day (60 mg of prednisolone) and a decrease of
4—8 mg per week until complete withdrawal [4].

In the Russian clinical guidelines for the treat-
ment of UC and CD, published in 2017, the dose
of systemic corticosteroids ranges from 40 to 75 mg
orally, depending on the localization and severity.
In severe cases, it is recommended to start with in-
travenous administration of 75 mg with a transition
in clinical response to equivalent orally [9, 10]. In
the Russian clinical guidelines of 2020, prednisolone
is prescribed at a dose of 1 mg/kg of patient weight
for left-sided and total UC of moderate degree
and inefficiency of mesalazine, systemic inflam-
mation. In severe UC of any localization, the dose
increases to 1.5—2 mg/kg [11]. In CD proposed
the calculation of the prednisolone dose for the pa-
tient’s body weight from 0.75 to 2 mg/kg. In severe
cases, it is recommended to start with intravenous
administration with a transition to orally admin-
istration [12].

Comparison of the effectiveness of orally CS in
mg and in mg/kg of body weight has never been
carried out.

Aim

To investigate the clinical efficacy of two meth-
ods of prednisolone dosing (in mg and in mg/kg)
for the induction of remission for patients with
ulcerative colitis and Crohn’s disease using the
technology of constructing and evaluating the ef-
fectiveness function (dose-effect relationship).

Material and methods

In this study were included 86 patients (61 of
them with UC and 25 with CD) aged from 18 to
65 years, 44 men and 42 women who were pre-
scribed prednisolone as the first course of therapy
in connection with an active disease. 43 patients
(50 %) with an acute course of the disease were
prescribed prednisolone without previous thera-
py, 43 patients (50 %) received CS due to the
ineffectiveness of mesalazine. The patients were
a complete clinical examination and treatment
in the Regional clinical Hospital named after

N.A. Semashko, Nizhny Novgorod and followed
by outpatient observation. The diagnosis of ul-
cerative colitis and Crohn’s disease was made in
accordance with international and Russian recom-
mendations for the examination of patients [4—6,
11, 12]. The severity of the attack of ulcerative
colitis was assessed by the index of clinical ac-
tivity Mayo. The severity of Crohn’s disease was
determined using the Crohn’s disease Activity
Index (CDAI). This assessment of the severity of
IBD is generally accepted in clinical trials [13,
14]. 48 (78.7 %) patients with UC had total co-
lon, 13 (21.3 %) had left-sided. In CD, 10 (40.0
%) patients were observed with terminal ileitis, 8
(32.0 %) — with colitis, 7 (28.0 %) — with ileo-
colitis. The study included patients with only an
inflammatory form of CD and an uncomplicated
course of the disease.

The majority of patients had an acute course
of the disease: UC — 24 (39.3 %) and CD — 19
(76.0 %). Severe forms prevailed among UC pa-
tients — 46 (75.4 %), 15 (24.5 %) — they had a
moderate disease. 21 patients CD (84.0 %) were
diagnosed moderate disease, 4 patients were se-
vere. The assessment of the disease activity, clin-
ical response, and clinical remission were carried
out at the time of the start of taking CS, after two
weeks of admission and after the end of the course
of therapy. Prednisolone was prescribed in doses
from 30 to 60 mg orally. The choice of dose was
carried out by the physicians in accordance with
their clinical practice.

For severe patients, CS treatment was started
with intravenous administration with the transi-
tion to orally administration at the same dose. In
the presence of a clinical response after two weeks,
the dose of prednisolone was reduced by 5 mg
per week until complete withdrawal. In Crohn’s
disease, prednisolone was prescribed together with
azathioprine 2 mg/kg of patient weight. When
clinical remission was achieved at the time of com-
pletion of the course of treatment, patients with
UC were prescribed mesalazine 2 grams per day
as maintenance therapy. CD patients continued
taking azathioprine 2 mg/kg of body weight per
day. The effect of CS treatment was evaluated
after 12 weeks according to generally accepted cri-
teria by analogy with the endpoints of a standard
clinical trial. The end point was the achievement
of clinical remission [15].

The construction of the dose-effect relationship
or the function of the effectiveness of CS for pa-
tients was carried out according to the technology
developed by S.V. Kryshtopenko et al. [16]. The
estimation of the average value at each point of
the efficiency function is determined by the nu-
clear regression estimation method as a weighted
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Fig. 1. The function of the effectiveness of prednisolone in patients with UC and CD at the end of the first course
of treatment with dosing in mg/kg (along the abscissa axis — dose in mg/kg; maximum dose error of 25 %)

average of response variables in a fixed neighbor-
hood of a point according to the k-nearest neigh-
bors principle based on the Epanechkov kernel
known in nonparametric statistics [17]. The re-
liability of the differences was calculated based
on the Student’s t-test [18]. The meaning of con-
structing the effectiveness function is an adequate
statistical transformation of the initial clinical
data in the form of a really applied set of doses
and registered alternative responses (0 or 1) into a
visual graph, according to which analytical assess-
ments can be carried out. An important feature
of this technology is the quantitative assessment
of the final error of the study, which is based on
two leading factors: the individual sensitivity of
the organism to the drug and adequate selection
with subsequent evaluation of the parameters of
the endpoint.

Based on the results of the studies performed,
two efficiency functions (dose-effect relation-
ships) were compared: the first is when dosing
prednisolone in mg and the second when dosing in
mg/kg of patient weight. The patients’ body
weight ranged from 41 to 98 kg.

Results

Which mode should we choose? The dose of
systemic CS in mg or in mg/kg of the patient’s
body weight? To answer on this question, two
prednisolone efficacy functions were constructed.

The construction of the efficiency function with
the calculation of the prednisolone dose in mg/kg
of body weight is shown in Figure 1.

The graph shows the initial point of the ef-
ficiency function reaching a plateau, statistically
reflecting the saturation level of the trait, and
clinically — the magnitude of the maximum pos-
sible effect of the drug (in %). This point is called
the optimal clinically effective dose (OCED).

The OCED was 0.70 + 0.01 (0.68 : 0.72) mg/kg
with the corresponding effect 79.25 + 6.26 (66.62 :
91.88) %. A further increase the dose in mg/kg does
not lead to an increase the effect, which indicates
a kind of saturation of the sign of the clinical ef-
fect of CS at this point at the level of 80 % with
further output of the efficiency function on the
plateau.

The clinical interpretation of the results ob-
tained consists in the proven optimality of pre-
scribing therapeutic doses of prednisolone to pa-
tients with UC and CD, taking into account the
found indicator of 0.70 mg/kg. For example, pa-
tients with a body weight of 55—60 kg are rec-
ommended an individual dose of prednisolone 40 mg
(0.70 mg/kg x 56 kg), and patients with a weight
of 85-90 kg — a dose of 60 mg (0.70 mg/kg x
86 kg) for the first induction course.

To demonstrate clinical differences in the dos-
age of prednisolone for patients with UC and CD
in mg and in mg/kg of body weight, Figure 2
shows the overlap of two efficiency functions with
a dose offset coefficient in mg/kg 56.6 along the
abscissa axis in order to compare effects at speci-
fied points on the ordinate axis.

The analysis of the two efficiency functions at
the compared points of 40 mg for function (2) and
0.70 mg/kg x 56.6 = 40 mg/ kg (by displacement
coefficient) for function (1) indicates that when
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Fig. 2. Prednisolone efficacy functions in patients with UC and CD at the end of the first course of treatment with
dosing in mg/kg (1) and mg (2) (along the abscissa axis — dose in mg for function (2) and in mg/ kg x 56.6 for

function (1); maximum the dose error is 25 %)

prescribing a dose of 40 mg per day without tak-
ing into account the body weight of patients, the
effect can decrease by up to 25 %. At the same
time, the administration of a dose of 60 mg per day
without weight will be adequate only for patients
with a body weight of 85—90 kg. When prescrib-
ing an individual dose of 60 mg to patients with
a body weight below 85 kg, the clinical effect, of
course, will not decrease, but the appearance of
side effects of prednisolone should be expected in
proportion to the decrease in body weight.

Discussion

Orally doses of systemic corticosteroids rec-
ommended in CD were obtained from popula-
tion studies [19, 20] and extrapolated to use in
UC. At the same time, a regression meta-analysis
of 32 studies did not demonstrate a response to
methylprednisolone therapy at a dose exceeding
60 mg per day [21]. In the National American
Cooperative Research by R.W. Summers et al. in
CD [19] prednisolone was used at an initial dose
of 0.5—0.75 mg/kg/day, which corresponded to
doses of 40—60 mg/day in a European study by
H. Malchow et al. [20], where methylprednisolone
was used at a dose of 48 mg per day (equivalent to
60 mg of prednisolone). It is believed that a dose
of 1 mg/kg of body weight is more effective than
40—60 mg orally in terms of prednisolone. But, for
example, in a population study by W.A. Faubion
et al. [22] also used a dose of 60 mg of prednis-
olone orally. At the same time, remission rates
after 30 days (58 %) were higher than when using

a dose of 1 mg/kg/day used in the Copenhagen
cohort (48 %) [23]. One early study showed that
prednisolone at a dose of 40 mg/day was as effec-
tive as 60 mg/day in achieving clinical remission
in UC, while causing fewer side effects [24]. The
variability of practical recommendations is a bar-
rier to choosing the optimal therapeutic treatment.

The dosage methods of drugs are determined
based on the conducted studies of the character-
istics of their pharmacokinetics and pharmacody-
namics. In cases where the relationship of body
weight with the clinical effect is proven, the meth-
od of dosing in mg per kg of body weight is used.

For example, traditionally, the calculation of
orally medications in mg / kg is used in pediatrics.
This is primarily due to the fact that the weight
of children of different ages varies dramatically
and one dose or a narrow range of doses cannot
be recommended. In addition, the characteris-
tics of the body of children differ significantly
from adults, primarily in the ratio between extracel-
lular and intracellular fluid. Therefore, extracellular
fluid in newborns is 45 %, and in adults — 15 %
of body weight. For adult patients, some medica-
tions are still prescribed orally in doses calculated
per kg of body weight. In severe forms of UC and
CD, short-acting systemic corticosteroids are rec-
ommended to be administered intravenously with a
dose calculation per kg of body weight [4, 11, 12].
Intravenous dosing of systemic CS in mg/kg is jus-
tified due to well-studied pharmacokinetics [25], as
well as an individual approach to the patient.

Due to the relatively high bioavailability of
short-acting systemic corticosteroids (70—90 %),

44
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the calculation of doses in mg,/kg used in clinical
studies with intravenous administration was ex-
trapolated to orally prednisolone.

According to the literature studies of different
methods of oral dosing of prednisolone taking into
account body weight in patients with UC and CD
have not yet been conducted [26].

Conclusions

1. The use of technology for constructing and
evaluating the effectiveness function (dose-effect
relationship) allowed us to prove a reliable rela-
tionship between the body weight of patients with
the clinical effect of different doses of predniso-
lone for patients with UC and CD.
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