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Tepanii peBMaToifHOro apTpuTy: HOBIi aKL|eHTH

Oner ApemeHko, NAHHa MUKUTEHKO

HauioHanbHnit meanyHunii yHiBepcuteT imeHi O.0.50romosbLs,
M. KniB, YkpaiHa

HaBeneHo HewoaaBHO ony6nikoBaHi AaHi MiXXHAapoAHMX [0-
cnigxeHb WoAo edekTUBHOCTI Ta 6e3nedyHoCTi nednyHomigy
(TE®) nOPpIiBHAHO 3 IHWWMWU CUHTETUYHMMKU Ta 6iOAOriYHUMM
6a3ncHuMn 3acobamn. T[MpoaHanizoBaHO MOPIBHANbLHY edek-
TUBHICTb JIE® (10-20 Mr/a) i HM3bKMX 403 puTykcumaby (500
Mr ABidi Ha poby) y xBopux, pedpakTepHux Ao Tepanii me-
ToTpekcatoM (MTX) [10]; edekTmnBHicTb JIE® y MoHoTepanii
(5-40mr/p) Ta kombiHauii 3 iHWKWMKM 6a3MCHMMK NpenapaTaMu
(BM); nopiBHANbHa edeKTUBHICTb | 6e3neka MoHoTepanii JIED,
MTX Ta cynbdacanasnHoMm; ouiHka edekTuBHOCTI JIED y nos3i
100 Mr /Tux. i MTX y po3si 10 mr/TmxaeHb; JIE® y posi 50 mr
OAMH pa3 Ha TuxaeHb Ta 10 Mr woaHs. BusueHo snnme JIE®
Ha piBeHb CEYOBOI KMC/IOTU Ta MiHEPAsIbHY LWiSIbHICTb KiCTKOBOI
TKAHWHM NOMNepeKoBOro BiaAiny xpebTta y xBopux Ha PA.

KnroyoBi cnoBa: peBMaTtoigHui apTpuT, 6asucHa Tepanis,

xBopobomoaundikyoda Tepania, nednyHomia, edpeKTUBHICTb,
rNnepeHoCUMICTb.

172



Mpaui HTW MeanyHi Hayku
2022, Tom 66, N2 1 ISSN 2708-8634 (print)
OpwuriHanbHi 4OCAIAXEHHS: KNiIHIYHI HayKWn

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2022, Vol. 66, 1

Original research: Clinical sciences

The place of leflunomide in disease-modifying
therapy of rheumatoid arthritis: new ASPECTs

Oleg Iaremenko, Ganna Mikitenko

0.0. Bogomolets National Medical University, Kyiv, Ukraine

A new mechanism of leflunomide (LEF) action was recently dis-
covered, namely its ability to influence the intracellular mech-
anism of the inflammatory process by inhibiting JAK kinases,
which brings it closer to the new most effective group for treat-
ment of rheumatoid arthritis (RA) - Janus kinase inhibitors.
The article presents data from both our own and other authors’
studies on the effectiveness and safety of the drug in compar-
ison with other synthetic and biological basic agents. The aim
of our study was a comparative evaluation of LEF, methotrex-
ate (MTX), sulfasalazine (SS) and their combinations (CDT) in
402 patients with RA. Obtained results showed advantages of
LEF and CDT over the use of SS (at any RA duration) and
MTX (at late RA). Adverse events were the lowest in the SS
group, and disease-modifying anti-rheumatic drug (DMARD)
discontinuation due to complications was the lowest in the LEF
group. Based on the results of multifactor regression analysis,
we developed a scheme of individualized selection of the most
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effective DMARD depending on the initial characteristics of RA patients. The article also presents
international study data. It analyses the comparative efficacy of LEF (10-20 mg/d) and low doses
of rituximab (500 mg twice daily) in patients refractory to MTX therapy; efficacy of LEF in mono-
therapy (5-40 mg/d) and combination with other DMARD; LEF at a dose of 100 mg/week and
MTX at a dose of 10 mg/week; LEF at a dose of 50 mg once a week and 10 mg daily. The effect
of LEF on uric acid levels and bone mineral density of the lumbar spine in patients with RA was
studied.

Keywords: Rheumatoid arthritis, basic therapy, leflunomide, efficacy, tolerability.
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PesmaTtoigHui apTtput (PA) — o4He 3 Harinowu-
peHilnx 3anasbHUX 3axXBOpPHOBaHb Cyrnobis,
WO npu3BOAUTb A0 iHBaniaAusauii nauieHTiB y
3B'SI3KYy 3 AECTPYKTUBHMUM XapakTepoMm apTpu-
Ty [1]. PaHHs iHiuiauia agekBaTHoro 6asuc-
HOro NiKyBaHHSA 34aTHa MNPU3YMNUHUTU PYWNHY-
BaHHs cyrnobie. CborogHi cepes CUHTETUYHUX
xBopoboMoandikytoumx 3acobiB  HanmbinbL
yXuBaHumMu € metoTtpekcat (MTX), nednyHo-
mia (JIE®) i cynbdacanasumu (CC). B ocTaHHiX
EBPOMENCbKNX pekoMeHAaLissX 3 MeHeaXMeH-
Ty PA [2], 9K i B nonepeaHix, niaTBepaXXeHo
ctatyc JIE® ak ogHOro 3 npenapartiB nepLio-
ro psay Ta BiACYTHICTb AOKasiB MOro MeHLoi
edeKTUBHOCTI YM ripwoi NepeHOCMMOCTI NopiB-
HAHO 3 MTX.

QOyHAaMeHTabHY posb B iMyHonaToreHesi PA
Bifirpae akTtuBauia Ta nponidepauia T-kni-
TWUH | Makpodarie 3 noganblUUM 3anyyYeHHAM
Y LOEeCTPYKTUBHUA nNpouec CUHOBIOUMTIB Ta
XoHAapouuTie. JIEQ® Mae Kinbka YHiKanbHUX
MONEKYAPHUX MeXaHi3MiB Ail, AKi BM3Hauya-
I0Tb MOro MOTYXHY MpoTu3anasbHy, aHTuae-
CTPYKTUBHY 1 IMYHOMOAYIOKOYY aKTMBHICTb.
OCHOBHMW MexaHi3M aii — iHribiyis de novo
CUHTE3Y NipuMigMHOBUX HykneoTuais (ypiawH
MoHodocdaTy) y nisHin (G1) dasi KNiTMHHOro
umkny [3]. Bigomo, Wo cuMHTE3 NipuMiaAnHOBUX
OCHOB Halbinbll BUpPaxXeHU B aKTUBOBaHWUX
T-nimpoumtax. IHribiuis cuHTE3ly nipumign-
HOBMX HYKIeOoTUAIB MOB’A3aHa 3 TUM, WO aK-
TMBHMIN MeTabonit JIE® A77 1726 npurHiyye
AKTMBHICTb OCHOBHOIO (hepMeEHTY, LLO perynoe
CUHTE3 MipuMIiaMHIB — AurigpoopoTaT Aerigpo-
reHasu [4]. 3 momeHTy BigkputTa JIE® 06r0-
BOPIOBANINCA M AOAATKOBI MexaHi3Mu 1oro aii,
30KpeMa BMJIMB Ha CUrHaNbHi MOSIEKYN, LWO
6epyTb yyacTb B akTuBauii niMmdoumnTis, Ta iH-
ribiuia akTueauii daktopis TpaHckpunuii (NF-
kB), ki peryntooTb CMHTE3 Npo3anaibHuUX Me-
AiaTtopis [5].

HewopaBsHo 6yno BiaKpUTO 34aTHicTb JIED
BM/IMBATW HA BHYTPILUHbOKITUHHUA MeXaHi3M

Original research: Clinical sciences

3ananbHOro npouecy wnaxom iHriGiyii JAK-ki-
Ha3 (BHYTPIWHbOKNITUHHUX TUPO3UHKIHA3, SAKi
perynoTb nepeaayy CMrHasy 3 noBepxHi Kii-
TUH 40 a4pa), Wo Habnmxae 1Moro A0 HOBOI,
HalredeKTUBHIWOI rpynu npenapaTiB ana ni-
KyBaHHA PA - iHri6itopis JAK-kiHa3 [5]. JIE®
6yB nepwuMm CUHTETUYHUM 6a3nCHMM npena-
patom (BI1), 9KMA NpoAeMOHCTpyBaB MOTEH-
LiMHY BHYTPIWHbOKNITUHHY Ait0 Ha dakTopu
TpaHckpunuii wnaxy JAK / STAT. Y 1998 poui
Siemasko K. 3i cniBaBTOopamu 3’'scyBanu, Lo
B KNiTUHax cenesiHku muwen JIED 3paTHUN
3HMXKYBaTU POCHOPUNOBAHHSA SAHYC-KiHa3u 3
Tmny (JAK3) i STAT6 [6]. Mi3Hiwe 6yno po-
BeaeHo iHribytounii snamse JIE® (a came inoro
mMeTtabonity A77 1726) Ha dochopuntoBaHHS
saHyc-kiHa3 1 Ta 2 Tunis (JAK 1 ta 2) [5]. Uen
JAK-iHribyounii KOMNOHEHT MexaHi3my aii JIED
MOXe MOSICHIOBATWN BMPAXEHICTb i CTabinbHICTb
noro xsopobomoamndikyumx edekTis.

B ocTaHHixX €BponencbKnx pekoMmeHaauisax Bu-
3HayeHo Micue JIED B noBCAKAEHHI MeaUNYHIn
npakTuui. B 4oKyMeHTi 3a3HavaeTbcs, wo JIED
€ npenapaTtom BMbOpy And NikyBaHHS PA y pasi
HeedeKTUBHOCTI 4M HenepeHocmMmocTi MTX, a
TaKoX sIK 3aci6 nepworo pagy (nopsag 3 CC)
y BUNAAKY HAABHOCTI NpOTUMNOKa3ziB A0 Npwu-
3HayeHHa MTX Ha eTani iHiuiauii 6a3ncHoi Te-
panii (BT) [2]. loTenep HeMa€e AoOKa3iB MeHLOi
edekTnsHOCTI JIE® nopiBHAHO 3 MTX, BOAHOYAC
BiAMIHHOCTI B MexaHi3Max Ail umx npenapaTiB
[aloTb MNiACTaBu MpUMNycKaTu, WO pe3ynbTaTtu
NiKyBaHHA UMMM ABOMa npenapataMm MOXYTb
BIAPI3HATUCL Y MEBHUX KaTeropin XxBopux.

3 MEeTOol0 MOPIBHANBHOI OUiHKM edeKTUBHOCTI
NE® 3 iHWKMMKM Hanbinbw yxmneaHumn Bl (Ta-
knmun ik MTX i CC) M1 npoBenu BnacHe Aocsi-
JXXKeHHs 3a y4yacTio 328 xBopux Ha PA [8,9].
Mu npoaHanizyBanu edeKTUBHICTb pi3HUX Te-
paneBTUYHMX CTpaATEriin 3aNexXHOo Big BUXiAHUX
XapaKTepucTuK nauieHTiB. 3rigHO 3 oTpuMa-
HUMKN pe3ynbTaTamu, CC 6yB edeKTUBHUM Yy
XBOPUX 3 HU3bKOK aKTUBHICTIO PA abo x, npu

Tabanys 1

EdexkTuBHicTb nikysaHHA JIE®P 100 Mr/Tvk. NnOpiBHAHO 3 MTX 10 Mr/Trik.
y naudieHTiB 3 PA uepe3 52 TmxxHi [Jaimes-Hernandez J et al., 2012]

NE® MTX p
ACR 20, % xBopux 90,3 78,1 0,14
DAS28 3,45 3,67 0,43
Bubynun, n 12 10 >0,05
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Rheumatoid arthritis (RA) is one of the most
common inflammatory diseases of joints,
leading to disability in patients due to the de-
structive nature of arthritis [1]. Early admin-
istration of adequate disease-modifying an-
ti-rheumatic drugs (DMARDs) can stop joint
destruction. Nowadays, the most widely used
synthetic DMARDs are methotrexate (MTX),
leflunomide (LEF) and sulfasalazine (SS). Re-
cent European guidelines for RA management
[2], as the previous ones, confirm the status
of LEF as one of the first-line drugs and they
show no evidence of its lower efficacy or poor-
er tolerability compared to MTX.

Activation and proliferation of T cells and mac-
rophages with subsequent involvement of sy-
noviocytes and chondrocytes in the destructive
process plays a fundamental role in the immu-
nopathogenesis of RA. LEF has several unique
molecular mechanisms of action that deter-
mine its potent anti-inflammatory, anti-de-
structive and immunomodulatory activity. The
main mechanism of action is the inhibition of de
novo synthesis of pyrimidine nucleotides (uri-
dine monophosphate) in the late (G1) phase of
the cell cycle [3]. It is known that the synthe-
sis of pyrimidine bases is most pronounced in
activated T lymphocytes. The inhibition of py-
rimidine nucleotide synthesis is associated with
the activity of the metabolite of LEF A77 1726,
which inhibits the main enzyme regulating the
synthesis of pyrimidines - dihydroorotate de-
hydrogenase. Since the discovery of LEF, ad-
ditional mechanisms of its action have been
discussed, in particular, the effect on signaling
molecules involved in lymphocyte activation
and inhibition of the activation of transcription
factors (NF-kB), which regulate the synthesis
of proinflammatory mediators [4,5].

Recently the ability of LEF to influence the intra-
cellular mechanism of the inflammatory process
by inhibiting JAK kinases (intracellular tyrosine
kinases that regulate signal transduction from
the cell surface to the nucleus) has been dis-
covered, which brings it closer to a new, most
effective group of drugs for the treatment of RA
- JAK-kinase inhibitors. [6]. LEF was the first
synthetic DMARD that demonstrated a poten-
tial intracellular effect on JAK/STAT transcription
factors. In 1998, Siemasko K. and co-authors
found that the spleen cells of mice LEF can re-
duce the phosphorylation of Janus kinase type 3
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(JAK3) and STAT6 [7]. Later, the inhibitory effect
of LEF (namely its metabolites A77 1726) on the
phosphorylation of Janus kinases of types 1 and
2 (JAK 1 and 2) was shown [6]. This JAK-inhib-
itory component of the mechanism of action of
LEF may explain the intensity and stability of its
disease-modifying effects.

The recent European recommendations define
the place of LEF in everyday medical practice.
The document states that LEF is the drug of
choice for the treatment of RA in case of inef-
fectiveness or intolerance of MTX, as well as
a first-line agent (along with SS) in case of
contraindications to MTX at the stage of initi-
ation of DMARD therapy [2]. There is no data
yet concerning the evidence of LEF being less
effective compared to MTX, but differences in
the mechanisms of action of these drugs sug-
gest that the results of treatment with these
two drugs may differ in certain categories of
patients.

To compare the effectiveness of LEF with other
most commonly used DMARDs (such as MTX
and SS), as well as their combinations (com-
bined DMARD therapy-CDT), we conducted
our own study involving 402 patients with RA.
The design of the study is shown in Fig. 1.

CRP, mg/l @ | EF in monotherapy === |EF in combination therapy

~8,46

O B N W A U OO N ® ©

3 months

1 month

start of study

Fig. 1. Dynamics of CRP level in LEF and CDT groups
[Deng D. et al., 2020].

The efficacy of DMARDs over a 2-year fol-
low-up was assessed using the integrated
score DAS28 and the American response cri-
teria (ACR20/50/70); the dynamics of struc-
tural changes in hands and feet were analyzed
by modifying Sharp-van der Heide X-ray scale.
Statistical methods were Student’s t-test, x2
test, including Yates correction, Fisher’s exact
method, correlation analysis, and multiple lin-
ear regression analysis.
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BULLIA aKTUBHOCTI 3axXBOPIOBaHHS, Y CepoHe-
raTMBHUX MaUi€eHTIB 6e3 CMCTEMHMX NpOsiBIB
PA. 3apa3om JIE® BuaBMBCA edEKTMBHILLMM
3a iHWi BMN y cepono3anTtuBHUX (3a aHTUTINA-
MW 40 UMKNIYHOro LMTPYIiHOBAHOIro nentmay)
XBOpUX 3 MigBUWEHUM TUTPOM C-peakTUBHO-
ro 6inka, He3anexHo Bia TpueanocTi PA. [ns
XBOPUX iHWMX KaTeropin npenapaTtom Bubopy
ctaB MTX y go3yBaHHi = 15 Mr/Tmx., Wo He
MaB nepesar nepea JIED, ane 6yB epeKTUBHI-
wwum 3a CC.

MpuBepTae yBary AOCAIAXEHHS, B SKOMY MNO-
piBHIOBanun edekTnsBHicTb JIED i putykcmmaby
[10]. Y paHoomizoBaHe NoaBinHe cnine KOHTp-
0NbOBaHe KJiHiYHe BunpobyBaHHSA TpuBani-
CTIO 24 TWxXHI 6ynu BKIO4YeHi xBopi Ha PA,
pedpakTepHi go Tepanii MTX (y gosyBaHHi 10-
20 Mr/Tmx.) NpoTaroMm noHag 6 micauis. XBopi
6ynn posnogineni Ha agi rpynu no 20 oci6 y
KOXHIiN: nepla rpyna npuiiMana Hu3bKi 403U
putykcumaby (500 mr agidvi Ha foby) y 1-i Ta
15-n gHi, MTX y Tin xe ao3i Ta nnauebo abo
NE®; ppyra rpyna - JIE® 10-20 mr/g, MTX y
Tin xe fo3i Ta nnayebo abo putykcmumab.

Y rpyni xBopux, wo npuiiMmanu JIE® y kombiHa-
Lii 3 MTX, Ha 24 TWXXHI BiANOBINM Ha NiKyBaHHS
3a kputepiem ACR20 84% xBopwux, B rpyni pu-
TykcmMmab + MTX - 85%. [logibHa TeHaeHuis
cnocTepiranacb i 3a kputepiem ACR70: Kinb-
KiCTb XBOpMWX, WO BIAMOBINM Ha JiKyBaHHA,
CTaHoBuia B ABOX rpynax 32 Ta 35%, signo-
BiAHO, TOOTO AOCTOBIPHO He Bigpi3HsNach.

Cepio3Hi nobivHi edekTn cnocrepiranuceb y 3
oci6 B rpyni JIE® Tay 5 - B rpyni putykcmumaby.
ABTOpn ny6nikauii 3pobunmM BUCHOBOK LWOAO
3icTaBHOi edekTMBHOCTI KoMbiHauii JIED i MTX
NOPIBHSAHO 3 HU3bKUMUK A03aMU pUTYKCUMaby y
NO€AHaHHI 3 MTX, wWo, MMOBIPHO, 3YMOBJIEHO
ponatkoBuM JAK-iHri6ytounm Bnaneom JIED Ha
cyrnobose 3ananeHHs npu PA. O6uaBsi niky-
BaNlbHi cTpaTerii 6ynn ogHakoBo 6e3nevyHnmu.

Y HewonaBHLOMY pPeTpPOCNeKTUBHOMY AOCHIi-
OXKEHHI, Wo oxonsitoBano AaHi 449 nauieHTis,
edekTnBHicTb JIE® gk MOHOTepanii nopiBHIO-
Basn 3 KOMBIHOBAHMM NiKyBaHHSAM 4yepe3 1 Ta
3 Micsaui cnoctepexeHHs [11]. XBopi 6ynu pos-
noAineHi Ha ABi rpynu: MoHoTepania JIED (88
oci6) i kombiHoBaHa BT (KBT) (361 ocoba), a
came koMbiHauii JIE® 3 MTX (125 ocib), JIED
3 rigpokcuxnopoxiHom (88 oci6) Ta noTpiliHi
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kombiHauii JIE®, MTX Ta riapoKCUX/I0pOXiHy
(148 oci6). Okpemo nposoaunu cybaHanisa y
nigrpynax nauieHTiB, WO NpunManmn HU3bKi (5-
15 mr/a) Ta Bucoki (20-40 mr/a) nosn JIEO.

Yepes 3 Micaui nikyBaHHA He 6yn10 4OCTOBIPHOT
pi3HMUI MK MOpPiBHIOBAHMMU rpynaMn LWOA0
cupoBsaTkoBoro Bmicty CPB (puc. 1), LOE,
LWKann akKTUBHOCTI xBopobu DAS28 (puc. 2),
CTaHy 340poB’sA 3@ onuTyBanbHMKOM HAQ.

Mownoreparist JIED mopiBasiHO 3 KBT
CPB, mr/n

e \lOHOTEPANIA

e KOMBiHaLLiA

O B N W A U O N 0 ©

IIOYATOK JIOCHI UK. 1 micsaip 3 Micsmi

Fig. 1. Dynamics of CRP level in LEF and CDT groups
[Deng D. et al., 2020].

_Mowuotepamnist JIE® nopisnsizo 3 KbT

DAS2

4 =@ MoHOTepania — ==@==KombiHaLiia

3,5

Z5

noyaToK JOCNIAK.

1 micAub

3 micaui

Fig. 2. Dynamics of DAS28 scale in LEF as monotherapy
and CDT groups [Deng D. et al., 2020].

BupaxeHicTb BignoBiai Ha NikKyBaHHA 3a
EULAR kputepisamn (gobpa, nomipHa um Big-
CyTHs) 6yna 3iCTaBHOI B rpynax nMOpPiBHAHHSA
(puc. 3).

Cyb6aHanis y nigrpynax KoM6iHOBaHWX JliKy-
Ba/lbHUX CTpaTerii He BMSABMB MnepeBar Xoa-
HOI KOMGiHauii, B TiM 4YMCni MOPIBHSHO 3 MO-
HoTepanieto JIE®, oTxe, MOHOTepanis JIE® He
noctynanacss KoMbiHoBaHOMY JikyBaHH0. ba
6inbwe, Hu3bki gosn JIE® (5-15 mr/n) 6ynn
TaKUMM X eeKTUBHMUMMU, K | BUCOKI ao3n (20-
40 Mr/a) npenaparty.
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The received data were compared with the re-
sults of large-scale international studies US301,
MN301, and MN302 [8] on the advantages of
LEF compared to alternative DMARDs. Thus,
according to criteria ACR20/50/70, symptom
relief was achieved more often in groups of pa-
tients receiving LEF or CDT (Table 1).

The same trend occurred during the assess-
ment of the effectiveness of therapy in patients
with different RA durations. Thus, in very early
(lasting up to 3 months) and early RA (up to 2
years), LEF was more effective than SS, in late
RA (lasting more than 2 years), LEF had advan-
tages not only over SS but also over MTX [9].

When analyzing the dynamics of radiological
changes in patients in different DMARD groups,
a similar pattern was revealed. Although in pa-
tients with very early and early RA all the stud-
ied DMARDs were equally effective, in late RA,
LEF had a significantly more pronounced inhib-
itory effect on the progression of joint destruc-
tion compared with MTX and SS (Fig. 2).

DAS2

=8| EF in monotherapy === LEF in combination therapy

2,37
2,36

3 months

1 month

start of study

Fig. 2. Dynamics of DAS28 scale in LEF as monotherapy
and CDT groups [Deng D. et al., 2020].

Evaluation of the safety of different DMARDs
showed the lowest frequency of side effects for
SS, but the frequency of DMARD withdrawal due
to serious complications was the rarest in the

Original research: Clinical sciences

LEF group (Fig. 3), which indicates its good safe-
ty profile compared to other synthetic DMARDs.

-
o
o
]

23.53% 22.73% 22.44% 26.75% Good response
% 5| RS-
% 17.65% 18.18% 21.88% ricey I No response
o 60—
@
©
N
2 20
o
0_
Month 1 Month 3 Month 1 Month 3
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Fig. 3. DAS28 response rates in the monotherapy and
combination groups [Deng D. et al., 2020].

The analysis of the timing of DMARDs com-
plications showed that side effects of LEF oc-
curred only in the first 5-8 months of treat-
ment (then no new complications appeared),
the use of MTX caused side effects, including
the need for drug withdrawal, which was ob-
served throughout the whole observation pe-
riod (sometimes even in the 5th year of treat-
ment), which confirms better predictability
and safety profile of LEF compared to MTX.

The effectiveness of different treatment regi-
mens depending on the initial characteristics
of patients was analyzed. According to ob-
tained data of regression analysis, the scheme
of individualized selection of the most effective
DMARD for each clinical case was developed.

According to this algorithm, the SS is the most
effective in patients with low RA activity or in
some categories of patients with higher disease
activity, such as seronegative patients without
systemic manifestations of RA. Therewith, LEF
is more effective compared with other DMARDs
in ACCP-positive patients with elevated titers of
CRP, regardless of RA duration. For other cate-
gories of patients, MTX at a dose of = 15 mg/

Table 1
Cumulative efficacy of DMARDs in RA patients according to ACR20/50/70 criteria
Response to treatment DMARD therapy

P MTX>15mg/week, n=91 LEF, n=95 SS, n=76 CDT, n=74
ACR20 61 (69.3) 70 (75.2) * 42 (61.7) 55 (79.7) *

ACR50 29 (32.9) 47 (51.1)% ## 18 (26.5) 35 (50.7) * #*

ACR70 13 (14.7)* 25 (27.1)% ### 3 (4.41) 14 (20.3) #*
non-responders 32 (36.3) 22 (23.9)* 26 (38.2) 13 (18.8)* #

Note. *p<0.05 compared with the group of MTX; # p<0.05, ##p<0.01, ### p<0.001 compared with the group of SS.
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Fig. 3. DAS28 response rates in the monotherapy and
combination groups [Deng D. et al., 2020].

3 MEeTOoK NiABULLLEHHS KOMMIAEHCY WOA0 Npu-
nomy JIE® J. Jaimes-Hernandez 3i cniBaBTo-
pamMmM NpoBenn NoAaBinHe cnine paHAoMi3oBa-
He KJiHIYHe [OoCNigXeHHSA, WO OXOornaBaso
85 nauieHTiB 3 akTMBHUM PA, e nopiBHIoBa-
nn edekTMBHICTb Npuiomy JIE® B n03i 100 Mr
OAWH pa3 Ha TmxaeHb | MTX y gosi 10 Mr/Tux-
AeHb [12]. Yepes 52 TUXHI flikyBaHHA OTpuMa-
Hi pe3ynbTaTu B ABOX rpynax 6ynm 3ictTaBHUMU
(Tabn. 2).

Meta iHworo pgocnigxeHHsa [13] - npoaHani-
3yBaTu edeKTUBHICTb i 6e3neyHicTb 3acTocy-
BaHHA JIE® y no3i 50 Mr oamnH pas Ha TUXAeHb
NOPIBHAHO 3i CTAaHAAPTHUM LWOAEHHUM MPUIA0-
MOM npenapaTty Yy 403i 10 Mr y XBopux 3 HU3b-
KOK Ta MOMIpHOK akTuBHiCTO PA. Yepes 24
TUXHI CNOCTEpEeXeHHs BUSBMIOCS, WO obmnaBa
pexunMmn 3actocyBaHHs JIE® oaHakoBO edek-
TUBHI Ta 6e3neyHi, WO MoXe CnpusaTM 3poc-
TaHHIO NPUXWUIBHOCTI MauieHTiB 40 6a3nCcHOro
nikyBaHHs PA.

Binbwictb xBoOpnx Ha PA MaloTb CynyTHIO NaTo-
norito, Tomy Bubip BIM, wo € meTtabonivyHo Hen-
TpasibHMM, BKpal BaXXNMBUN. Y AOCNIOXKEHHI
Perez-Ruiz F. 3i cniBaBTOpamu 6yno goseaeHo,
Wo 3actocyBaHHA JIE® gk BIl cnpuse 3HU-
XXEHHIO pIBHA CEeYyO0BOl KWC/IOTWU, WO HAAAE

Original research: Clinical sciences

MoMy goaaTkoBi nepeBarn nepep iHwumm bI,
30KpeMa y naui€eHTiB 3 CYNyTHbOIO rinepypuke-
Mi€to Ta nogarpoto [14].

Bigomo, wo TpuBanuii nepebir PA Ta npwu-
MOM rHOKOKOPTMKOIAIB HEraTMBHO BMJMBAOTb
Ha MiHepanbHY LWi/IbHICTb KICTKOBOI TKAHWHMU
(MWKT). Y paHAOMi30BaHOMY KIiHIYHOMY A0-
CNigXeHHi, wo oxonnwBano 153 nauieHTn 3
PA Ta cynyTHiM OCTEeONopo30M, BUBYaAU BMNJINB
CUHTETMYHMX Bl Ha nokasHuk MLUKT [15]. Pe-
3ynbTaTu 3acsiguunnu, wo JIE® 6ys eanHum B,
Wwo cnpuas 3poctaHHo MLWIKT nonepekoBo-
ro sigainy xpebrta (BigHoweHHS waHcis 3,00;
95% posipunii iHTepsan 1,18-7,65; p=0,021).
OTxe, Ha AyMKy asTopiB, JIE® Moxe no3uTue-
HO BnAuBaTM Ha MLUKT nonepekoBoro sigainy
xpebTa y XxBopux Ha PA 3 0CTeonopo3om.

MigacymoBytoumn, 3rigHo 3 HewozaBHO ony6ni-
KOBaHUMMN gaHuMn, JIE® € edeKTUBHIWMM 3a
MTX Ta CC y cepono3mTuUBHUX (3a aHTUTINa-
MW 40 UMKNIYHOro LMTPYNiHOBAHOro nentmay)
XBOpUX 3 NiagBULLEHUM TUTPOM C-peaKTUBHOIO
6inka, He3anexHo Big TpmBanocTi PA. MoHoTe-
pania JIE® (y TiM uncni B HU3bkMX Ao3ax 5-15
Mr/noby) € Takol X edeKTUBHOM, SK i 1noro
KoMbiHauia 3 iHwnMM 6a3mcHMMM Npenaparta-
MW, WO CTaBUTb Nig NMUTaHHA AOUINbHICTb 3a-
ctocyBaHHA KBT 3 Bk/toueHHSAM JIED y xBopux
Ha PA.

Y XBOpUX 3 HEAOCTATHLO edeKTUBHICTIO MTX
NNE® noOpiBHAHHWUI 3@ NO3UTUBHWUM MiKyBasib-
HUM edeKTOM 3 puTyKkcumabom, konu ix goaa-
toTb A0 MTX. 3acTtocyBaHHsa JIE® B posi 50
Mr (3@ HW3bKOI YM MOMIpPHOI aKTMBHOCTI PA)
abo 100 Mr oaMH pas Ha TWXKAEHb € MOXJIU-
BOIO a/ibTEPHATMBOIO LWOAEHHOMY NPUNOMY Ta,
MMOBIpPHO, CNpuUATMME MNiABULLEHHIO KOMMna-
€Hcy nauieHTiB 3 PA. MNMepesaramu JIE® nepep
IHWWMWN cUHTETUYHUMU BIT y xBopux Ha PA €
3[aTHICTb CMPUATN 3HUXXEHHIO CMPOBATKOBOIO
piBHA CEYOBOI KMCNOTU Ta NO3UTUBHO BrJIMBa-
T Ha MLWKT y nauieHTiB 3 OCTEONOPO30OM.

Table 2

The effectiveness of treatment of LEF 100 mg/week compared with MTX 10 mg/week
in patients with RA after 52 weeks [Jaimes-Hernandez J et al., 2012]

LEF MTX p
ACR 20, % 90.3 78.1 0.14
DAS28 3.45 3.67 0.43
Excluded from the study, n 12 10 >0.05
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week can be prescribed, which has no advan-
tages over LEF but is more effective than SS.

There is interesting data from a comparative
study of the LEF and rituximab efficacy [10]. RA
patients refractory to MTX therapy (at a dose of
10-20 mg/week) for more than 6 months were in-
cluded in a randomized, double-blind, controlled
clinical trial lasting 24 weeks. Patients were divid-
ed into two groups: the first group received low
doses of rituximab (500 mg twice a day) on days
1 and 15, MTX at the same dose, and placebo or
LEF; the second group - LEF 10-20 mg/d, MTX at
the same dose and placebo or rituximab.

In a combination group of LEF and MTX, at 24
weeks, 84% of patients responded to treatment
according to the ACR20 criterion, and in the
group of rituximab plus MTX - 85%. A similar
trend was observed for the ACR70 criterion: the
number of patients who responded to treatment
in these two groups was 32 and 35%, respec-
tively, so did not differ significantly.

Serious side effects in three individuals in the LEF
group and five patients in the rituximab group
were observed. The authors concluded that the
combination of LEF and MTX was as effective as
low doses of rituximab in combination with MTX,
which is probably due to the additional JAK-in-
hibitory effect of LEF on joint inflammation in RA.
Both treatment strategies were equally safe.

In a recent retrospective study of 449 patients,
the efficacy of LEF as monotherapy was com-
pared with combination therapy at 1 and 3
months of follow-up [11]. Patients were divided
into two groups: LEF monotherapy (88 people)
and CDT (361 people): combinations of LEF
with MTX (125 people), LEF with hydroxychlo-
roquine (88 people) and triple combinations of
LEF, MTX and hydroxychloroquine (148 peo-
ple). The separative subanalysis in subgroups
of patients receiving low (5-15 mg/d) and high
(20-40 mg/d) doses of LEF was performed.

Original research: Clinical sciences

After 3 months of treatment, there was no sig-
nificant difference between compared groups
in CRP serum level, ESR, DAS28 activity scale,
and health status according to the HAQ ques-
tionnaire.

Response rates to treatment according to EU-
LAR criteria (good, moderate or absent) was
comparable in the study groups.

Additional analysis in subgroups of combination
therapy did not reveal the advantages of any
combination; furthermore, there was no differ-
ence compared with LEF as monotherapy, so LEF
in monotherapy was not inferior to combination
therapy. Moreover, low doses of LEF (5-15 mg/d)
were as effective as high doses (20-40 mg/d).

In order to increase compliance with LEF re-
ceipt, J. Jaimes-Hernandez et al. conducted a
double-blind randomized clinical trial involving
85 patients with active RA, which compared the
effectiveness of LEF at a dose of 100 mg once a
week and MTX at a dose of 10 mg/week [12]. Af-
ter 52 weeks of treatment, the results obtained
in the two groups were comparable (Table 2).

The aim of another study [13] was to analyze
the efficacy and safety of LEF at a dose of 50 mg
once a week compared to standard daily admin-
istration of 10 mg in patients with low and mod-
erate RA activity. After 24 weeks of follow-up,
both LEF regimens were found to be equally ef-
fective and safe, which may increase patients’
adherence to DMARD treatment of RA.

Most patients with RA have concomitant pa-
thology, so the choice of DMARD, which is met-
abolically neutral, is extremely important. The
study by Perez-Ruiz F. et al. has shown that the
use of LEF helps reduce uric acid levels, which
gives it additional advantages compared with
other DMARDSs, in particular in patients with
concomitant hyperuricemia and gout [14].

Table 2

The effectiveness of treatment of LEF 100 mg/week compared with MTX 10 mg/week
in patients with RA after 52 weeks [Jaimes-Hernandez J et al., 2012]

LEF MTX p
ACR 20, % 90.3 78.1 0.14
DAS28 3.45 3.67 0.43
Excluded from the study, n 12 10 >0.05
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It is known that long-term RA and glucocorti-
coids have a negative effect on bone mineral
density (BMD). A randomized clinical trial of 153
patients with RA and concomitant osteoporo-
sis examined the effect of synthetic DMARDs
on BMD [15]. The results showed that LEF was
the only DMARD that contributed to the growth
of BMD in the lumbar spine (odds ratio 3.00;
95% confidence interval 1.18-7.65; p = 0.021).
Therefore, the authors concluded that LEF can
have a positive effect on BMD of the lumbar
spine in patients with RA with osteoporosis.

To sum up, by the efficacy and safety, LEF is not
inferior to any other synthetic disease-modify-
ing agent (MTX, SS or CDT including combina-
tions with hydroxychloroquine) in RA patients.
It is the drug of choice for patients with both
early (lasting up to 2 years) and late RA, pri-

Original research: Clinical sciences

marily in ACCP-positive patients with elevated
CRP levels. In our study and according to oth-
er scientific publications, LEF in monotherapy
(also its low doses of 5-15 mg/day) is as ef-
fective as its combination with other DMARDs,
which questions the advisability of using CDT
with included LEF in patients with RA.

In patients with insufficient efficacy of MTX, the
therapeutic effect of LEF is comparable with rit-
uximab when added to MTX. The use of LEF at a
dose of 50 mg (with low or moderate RA activi-
ty) or 100 mg once a week is a possible alterna-
tive to everyday intake and is likely to increase
compliance with treatment in RA patients. The
advantages of LEF over other synthetic DMARDs
in RA patients are its ability to reduce serum
uric acid levels and its positive effect on BMD in
patients with osteoporosis.

References

Masayo Kojima, Mieko Hasegawa, Shintaro Hirata, Hiromu Ito, Yuko Kaneko, Mitsumasa Kishimoto et
al. Patients’ perspectives of rheumatoid arthritis treatment: a questionnaire survey for the 2020 update
of the Japan College of rheumatology clinical practice guidelines. Mod Rheumatol.2021; 19:1-6. DOI:
10.1080/14397595.2021.1913276

Smolen JS, Landewé RBM, Bijlsma JWJ], Burmester GR, Dougados M, Kerschbaumer A et al. EULAR
recommendations for the management of rheumatoid arthritis with synthetic and biological disease-
modifying antirheumatic drugs: 2019 update FREE. Ann Rheum Dis. 2020;79(6):685-699. DOI:
10.1136/annrheumdis-2019-216655.

Moon SJ, Kim EK, Jhun JY, Lee H], Lee WS, Park SH, Cho ML, Min JK. The active metabolite
of leflunomide, A77 1726, attenuates inflammatory arthritis in mice with spontaneous arthritis via
induction of heme oxygenase-1. ] Transl Med. 2017;15(1):31. DOI: 10.1186/s12967-017-1131-x.
Manna SK, Aggarwal BB. Immunosuppressive leflunomide metabolite (A77 1726) blocks TNF-dependent
nuclear factor-kappa B activation and gene expression. J Immunol. 1999;162(4):2095-2102.
Urushibara M, Takayanagi H, Koga T, Kim S, Isobe M, MorishitaY, Nakagawa T, Loeffler M, Kodama T,
Kurosawa H, Taniguchi T. The antirheumatic drug leflunomide inhibits osteoclastogenesis by interfering
with receptor activator of NF-kappa B ligand-stimulated induction of nuclear factor of activated T cells
cl. Arthritis Rheum. 2004;50(3):794-804. DOI: 10.1002/art.20206.

Wang J, Sun J, Hu J, Wang C, Prinz RA, Peng D, Liu X, Xu X. A77 1726, the active metabolite of
the anti-rheumatoid arthritis drug leflunomide, inhibits influenza A virus replication in vitro and in vivo
by inhibiting the activity of Janus kinases. FASEB J. 2020 Aug;34(8):10132-10145. DOI: 10.1096/
fj.201902793RR.

Siemasko K, Chong AS, Jack HM, Gong H, Williams JW. A FinneganInhibition of JAK3 and STAT6 tyrosine
phosphorylation by the immunosuppressive drug leflunomide leads to a block in IgG1 production. J

Li EK, Tam Lai-Shan, Tomlinson B. Leflunomide in the treatment of rheumatoid arthritis. Clin Ther. 2004

Iaremenko OB, Mikitenko GM. Efficacy and tolerability of leflunomide and methotrexate treatment in
patients with early and late rheumatoid arthritis. Collection of scientific works of NMAPE named after PL

7.
Immunol. 1998;160(4):1581-1588.
8.
Apr;26(4):447-459. DOI: 10.1016/s0149-2918(04)90048-3
9.
Shupyk.-Issue 17, book 2.- Kyiv, 2008.-P.481-486.
10.

Wijesinghe H., Galappatthy P., de Silva R, Silva R, Saravanamuttu U, Udagama P, Hart M, Kelleher
P, Senerath U, Fernandopulle R, Weerasekera LP, Wijayaratne LS. Leflunomide is equally efficacious
and safe compared to low dose rituximab in refractory rheumatoid arthritis given in combination with
methotrexate: results from a randomized double blind controlled clinical trial. BMC Musculoskelet Disord.
2017;18: 310. DOI:https://doi.org/10.1186/s12891-017-1673-3.

180



Mpaui HTL MeanyHi Hayku Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua

2022, Tom 66, N2 1 ISSN 2708-8634 (print) ISSN 2708-8642 (online) 2022, Vol. 66, 1
OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn Original research: Clinical sciences
11.

12.

13.

14.

15.

Deng D., Zhou J., Li M, Li S, Tian L, ZouJ, Wang T, Wu ], Zeng F, Yang J. Leflunomide monotherapy
versus combination therapy with conventional synthetic disease-modifying antirheumatic drugs for
rheumatoid arthritis: a retrospective study. Sci Rep.2020;10(1):12339. DOI:https://doi.org/10.1038/
s41598-020-69309-z.

Jaimes-Hernandez Jorge, Claudia Irene Meléndez-Mercado, Angélica Mendoza-Fuentes, Pablo Aranda-
Pereira, Gilberto Castaneda-Hernandez. Efficacy of Leflunomide 100mg Weekly Compared to Low
Dose Methotrexate in Patients With Active Rheumatoid Arthritis. Double Blind, Randomized Clinical
Trial. International Journal of Rheumatic Diseases. 2012; 8(Issue 5): 243-249. DOI: 10.1016/].
reumae.2012.07.005

Li-Min Ren, Ru Li, Li-Na Chen, Ping Zhu, Fei Gu, Ling-Yun Sun, Jin-Xia Zhao, Xiang-Yuan Liu, Jia-Long
Guo, Li-Qi Bi, Yan-Jie Hao, Zhuo-Li Zhang, Yi-Fang Mei, Zhi-Yi Zhang, Hua-Xiang Liu, Xing-Fu Li, Yan
Luo, Yong-Fei Fang, Zhan-Guo Li, Yin Su. Efficacy and safety of weekly leflunomide for the treatment
of early rheumatoid arthritis: a randomized, multi-center study. International Journal of Rheumatic
Diseases. 2016; 19: 651-657. DOI: 10.1111/1756-185x.12677

Perez-Ruiz F, Nolla JM. Influence of leflunomide on renal handling of urate and phosphate in patients with
rheumatoid arthritis. Journal of Clinical Rheumatology: Practical Reports on Rheumatic & Musculoskeletal
Diseases. 2003; 9(4):215-218. DOI: 10.1097/01.rhu.0000081470.31167.8b

Kwon Oh Chan, Ji Seon Oh, Seokchan Hong, Chang-Keun Lee Conventional synthetic disease-modifying
antirheumatic drugs and bone mineral density in rheumatoid arthritis patients with osteoporosis:
possible beneficial effect of leflunomide. Clinical and Experimental Rheumatology.2019; 37(5):813-819.

181



