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Mepiypappa tTnC mapovoioonc

Neotepa otnv MTX:

= Neotepa SedopEVA GTOV HNXAVIOUO dpaonc Kat TNV GOoPUOKOKLVNTLKNA TNG

MTX
" YrodopLa Kot arno Tov oTOMOTOoC Xopnynon
" Yritapxet Stadpopd oTNV OLIMOTEAECHATIKOTNTAL,
" Yritapxet dStadpopa otnv acpaleia;

= OOnylec KaL CUMUMEPACHATO



«Mmopei va etmwOei elAkpva, otL n xprRon tne MTX otnv Oepaneia tnc PA £xel
aAAaéeL TNV pevpatodoyia oo eOKOTNTA, KAl £XEL UPWOEL TIC OEPATIEVTIKEG
NPOOoOOKIEC yLa TouC acOeveic Kol yLa TIC PAPHAKEUTIKEC ETALPLEG VL
avantuéouv véa dappaka, uPpwvovtac Tov ITAXN YLa TV EYKPLON VEWV

bappakwv»

OLD DRUGS CAN LEARN NEW TRICKS

METHOTREXATE AND ITS MECHANISM OF ACTION
BY BRUCE N. CRONSTEIN, MD

RHEUMATOLOGIST 2011



Ot teAevutaiec odnyiec tnc EULAR yia tnv Bepameia tnc PA
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H avantuén tng MTX

Aminopterin and First report of Systematic reports Two different preparations of
amethopterin aminopterin use for of use of low-dose methotrexate for subcutaneous
(methotrexate) the treatment of methotrexate to use in the treatment of RA
synthesized psoriasis and RA treat RA licensed by the FDA

p
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of cancer manufacturing by the FDA
difficulties

Cronstein BN, Aune TM. Nat Rev Rheumatol. 2020;16(3):145-154
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FOLIC ACID

H MTX oxebiaotnke to 1940 cov mopopoLo
ovaAoyo tou PpoAkou 0¢€o¢, WOTE va
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TIOUPLVWV KL TIUPLULOLVWYV otnv Oepaneia Tou
KOLpKivou

NH CH
2 N | 3 H
/[\ CH,—CH,~COOH
Ho N~ Y N

N

METHOTREXATE

H MTX €ival avtaywvioTA
ToU POALKOU 0€£0C

= H guyxopnynon PO éxeL cav
arnotéAeopa peiwon kot 80% twv
BAEVVOSEPHUATIKWV KOl YOLOTPEVTEPLKWV
oVEMLOU UNTWV evepyeLwV ThE MTX

= To 6dpeAo¢ otV AVENoN TWV NITOTIKWV

evlOUwWV gival TG taéng tov 35%

SL Morgan and JE Baggott, Clin Exp Rheumatol 2010; 28 (Suppl. 61):5102-S109



H MTX enavopBwvel tTnv Asttoupyia Twv pUOULOTIKWVY T KUTTAPWYV CE
acBeveic pe PA

=  Mewovektikni Asttoupykotnta twv Treg avayvwpiletal ce MTX-naive acBeveic pe PA, evw o€ aoBeveig
uttd MTX €xeL anokataoctadei n kataotaAtiky Asttovpyia twv Tregs. MapdAAnAa dtarmiotwOnke
avénuevn €kppaon Foxp3 kat CTLA-4 ota Tregs.

=  Né£o¢ pnxaviopog 6paonc tng MTX ival n anokatdotaon TG LELOVEKTIKAC Asttoupyilog Twv Treg HEow
anopeBUAiwong tou FOXP3 locus mov odnyei o emakoAovdn avénon otnv ékppacn Foxp3 kat CTLA-4
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Meploplopog tnc pAsypovnc: O poAoc twv Tregs
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Ta puBpotika T KOTTOPO TTOU
E£UPLOKOVTAL OTOUG LOTOUG EXOUV
duvatotnta va nopepfaivouv Kot
VoL KATAoTEAAOLV TNV
dpaotTnPELOTNTA TWV KUTTAPWYV TOU
OLVOOOAOYLKOU OUCTHHLOTOC
AvaotéAAouv entiong tnv Asttoupyia
TWV OOTEOKAQOTWY, EVW EVIOXUOULV
TNV 00TeOPAAOTIKN GELPA ATO TO
eninedo tov noAvduvapou
MECEYXUMOTIKOU KUTTAPOU

Lei H, Front Pharmacol. 2015;6:184



Methotrexate
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Mnxoawviepoc dpaonc tnc MTX

Methotrexate polyglutamates inhibit aminoimidazole-4-carboxamide ribonucleotide (AICAR) transformylase (ATIC),
leading to intracellular accumulation of AICAR and increased adenosine release; adenosine binds to cell surface
receptors and suppresses many inflammatory and immune reactions.

Methotrexate inhibits dihydrofolate reductase, preventing the reduction of dihydrobiopterin (BH2) to
tetrahydrobiopterin (BH4), leading to nitric oxide synthase uncoupling and increased sensitivity of T cells to
apoptosis, thereby diminishing immune responses.

Methotrexate inhibits activation of nuclear factor- kB (NF- kB) by increasing both adenosine release and activation
of adenosine receptor A2a and by inhibiting the reduction of BH2 to BH4.

Methotrexate increases the expression of long intergenic non- coding RNA p21 (lincRNA- p21), whichis a
multifunction long non- coding RNA that regulates, both directly and indirectly, a variety of critical immune and
inflammatory processes.

¢ By modulating cell- specific signalling pathways, methotrexate inhibits important pro-inflammatory properties of
major cell lineages involved in rheumatoid arthritis pathogenesis, including T cells, macrophages, endothelial cells
and fibroblast-like synoviocytes.

Cronstein BN, Aune TM. Nat Rev Rheumatol. 2020;16(3):145-154



Neutrophils
* Inhibits oxidant generation
* Inhibits adhesion and recruitment

* Inhibits neutrophil extracellular trap formation

Macrophages
* Increases M1 to M2 transformation
* Inhibits cytokine expression

* |[nhibits osteoclast differentiation

T cells

* Inhibits T cell receptor-triggered activation
* Inhibits activation-induced cell death

* Inhibits FAS-FASL-mediated cell death

* Increases requlatory T [ng] cell differentiation

* Mediates T cell-mediated suppression of T cell

proliferation

Endothelial cells
* Increases barrier integrity

¢ Inhibits cedema formation

Fibroblast-like synoviocytes

* Inhibits metalloproteinase production

MTX: dpaon HEow ameAeVOEPWONG
adevoaoivng

In a randomized prospective study, ingestion of caffeine,
a non- selective adenosine receptor antagonist, reduced
the therapeutic response to methotrexate in patients
with RA

H kadeivn eivol avtaywvioTAC TwV UTLOSOXEWV TNG
adevooivnc, EMOMEVWC Oa MPEMEL VAL GUCTAVETOL GTOUG
aoBeveic pe avenapkn andavinon otnv MTX va
SLakomTouv TtV Ko eivn yLo pKeTEG EBOOMASEG ITPLV
aAAdéouv Bepaneia

Cronstein BN, Nat Rev Rheumatol 2020;16(3):145-154



Kadeivn eni duocaveéioc o MTX

Mia €éwg 122 koutaAwd ‘instant coffee’ (containing ~30— 45 mg caffeine) o€ 160 to 200 ml vepo (mpwi —Bpadv,
ENMOMEVO MPWi), cuvoAkd ~90 to 135 mg kadeivnc o 24 wpec. MNa 6coug ivouv RON KapE, pePLKA EETpa
dAvtlavia

EvaAAlaktikad pavpn cokoAadarta, 20 gr 1 wpa rtpwv tnv AYn MTX. Ta 20 g pavpng GOKOAATOG TEPLEXOUV 22 mg
caffeine, 14.8 mg theophylline and 424 mg of theobromine, 6Aa napaywya tng peBuA-§avOivng.

AnoteAéopata o 120 acBeveic pe dvoavetia:

66/120 (55 %) Complete relief—able to continue taking advised MTX dose
16/120 (13.3 %) Partial relief—able to continue taking advised MTX dose but only with antiemetics

9/120 (7.5 %) Minimal relief better but some symptoms persisting—able to continue taking reduced MTX dose and

with antiemetics

12 (10 %) Caffeine failure—no relief at all.

Malaviya AN, Clin Rheumatol. 2017;36:279-285



Neotepa dedopeva otov HETABOALOHO KOl TNV
dapupakokwvntikn tTnc MTX -Yrtodopla ko arno

TOU otopatog MTX



Movomnatia petadpopac
Kot PAPUOKOKLVNTIKN TNC
MTX

= SLC19A1 solute carrier family 19 (folate
transporter), member 1

= ABCC1 (ATP-binding cassette, subfamily C,
member 1)




MTX: QappHaKOKLVNTIKA

—— Oral MTX —MTXAlab — MTXAlth
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Zuykévipwon MTX évavtL xpovou ano xopnynon yia oral MTX, MTX pe éveon otnv KOWALA KoL EVEGH OTO UNEoO. a

10 mg dose, b 15 mg dose, ¢ 20 mg dose, and d 25 mg dose
Schiff MH, Rheumatol Int 2017;37:213-218
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MTXPG, nmol/lxmg

H MTX eivaw mpodapako Kat n 6pacn tng EMLTEAELTOL HECW
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Dervieux T, Rheumatology 2010;49:2337-2345



Determinants of Erythrocyte Methotrexate
Polyglutamate Levels in Rheumatoid Arthritis

Ethan den Boer, Maurits C.J.F. de Rotte, Saskia M.F. Pluijjm, Sandra G. Hell,
Johanna M. Hazes, and Robert de Jonge B

"= H anoteAeopatikotnta tng pebotpegatng £xeL cuoXeTLOOEL
ME TNV evéoKkuttdpla cucowpeuon twv MTX-polyglutamate
(MTX-PG)
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den Boer E, J Rheumatol 2014;41:2167-78
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Pharmacokinetics of oral and subcutaneous methotrexate in red and
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- Subcutaneous

MTX-PG levels in
PBMCs (panel A) and
RBCs (panel B) after
oral and subcutaneous
use. *Indicates
significant difference
between oral and
subcutaneous use
(p=0.04) PBMC,
peripheral blood
mononuclear cell; PG,
polyglutamate

Subcutaneous MTX administration results in higher drug levels in RBCs (but not in PBMCs) than after
oral administration, especially shortly after treatment initiation.

Hebing RC, Ann Rheum Dis. 2023;82(4):460-467
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SC MTX Auto-injector
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Schiff MH, et al. Ann Rheum Dis 2014;73:1549-1551



AUC,, (heng/mL)

BlrodiaBeopotnta unnodoprac kat per os MTX
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65 YyLeic eBeAovteC pe KpLTtpLa
OLTLIOKAELGHOU:

— >10 towyapo NHEPNOLwWG
— >5 PpAvtlavia kadE | AAAOU TOTOU TOU MEPLEXEL
€avOivn

— Auénpévn katavaAwon aAKoOA
MPOYEULOUEVEC TTEVEC TTOVU TIEPLEXOUV
0.15, 0.3, 0.45, or 0.6 mL tou 50-mg/mL
MTX StaAvpatoc, avtiotoyio pe 7.5-,
15-, 22.5-, or 30-mg MTX tabl (2.5-mg
per tablet)

Pichlmeier U, Clin Exp Rheumatol 2014; 32: 563-571
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= H per os xopriynon €ivoll anoteAEGHATIKN

o€ MKPEC dAoelc MTX
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EMOMUEVWC N TIOLPEVTEPLKN 060¢ elvau
arapaoitntn otav anotrovvtot UPnAoTEPEC
d00sLC

Tukova J, Clin Exp Rheumatol 2009; 27: 1047-1053



Yrodopia kat arno tov otopatoc MTX: ocuykplon
OTNV KAWLKN QIMOTEAECHOTLKOTNTA KOl

oopalela



KAWLk anoteAeopatikotnTa TG uodopLac vs. TG per os xopnynong tng MTX

= Tuxaomotnpévn SAn tudpAn peAétn
= 375 aoOeveic pe pevpatoetdn apBpitida (DAS28 24) tuxaronolOnkav eite og unodopLa, eite
o€ per os xopriynon tng idtag 66ong MTX

ACR20 (% acBevwv) ACR20 (% acBevwv*)

90%

79%

77% 85%

75% 80%

73%

71% - peros MTX (N=187) sc MTX (N=188) _

75%

70%

69% -

65% A per os MTX (N=46) sc MTX (N=52)

P<0.05 (24 eBSopddeg Oepamneiag)
* AoBeveig pe Stapkela vooou > 1 €1og

67% -

65% -

P<0.05 (24 Bdopadeg Oepamneiag)

Braun et al. Arthritis Rheum 2008;58:73-81



Non-adherence and discontinuation rate for oral and parenteral methotrexate: A
retrospective-cohort study in 8,952 patients with psoriatic arthritis

Methotrexate adherence

100% I Kaplan Meier curves
—':S-.:\ “I [ e MTX 20mgweok  — — - MTX7.5mg/week |
\ -‘\.‘_-- I_l MTX 10mg/weok MTX 15mg/week
75% \ Vi, |L v e ORAL MTX
. y i b —————
< \ Ny, e
E - \ \H-..,"’_“' L Kaplan Meier curves showing the proportion (%) of
N AN, : patients still taking MTX at different dosages after 1,
N b 1\_ dat ‘I 2, 3, and, 4 years. In the associated table the numbers
25% 3 . . .
9 \-.\ % =) and the percentages of the patients still taking MTX at
i S ‘—"“wuw_._._}__l basal time, after 1, 2, and, 4 years are reported.
0% e Ve,
0 i 2 3 4
Years

il o e Syees s Conclusion: Oral MTX formulation is associated
n (%) with a 2-fold risk of non-adherence compared to
Oral MTX 1,211 (100%) 363 (30%) 47 (3.9%) 8 (0.7%) MTX parenteral route in PsA.
MTX 7.5mg/week 273 (100%) 184 (68%) 24 (8.8%) 8 (2.9%)
MTX 10mg/week 1,032 (100%) 753 (73%) 113 (10.9%) 31 (3.0%)
MTX 15mg/week 407 (100%) 289 (71%) 42 (10.3%) 11 (2.7%)
MTX 20mg/week 26 (100%)  20(75%) 4 (15.4%) 0 (0%)

Generali E, J Transl Autoimmun. 2021 Aug 16;4:100113



Retrospective evaluation of continuation rates following a switch to
subcutaneous methotrexate in rheumatoid arthritis patients failing to
respond to or tolerate oral methotrexate: the MENTOR study

= Avadpopikn HEAETN OAWV TwV acBevwv pe PA 100% | grmms
GToUuC onoioug gixe xopnynOei SC MTX oe . N
ouvéxela t¢ oral MTX ota MovemotnoKka 70% e
voookopeia Norfolk kat Norwich 5 EEZ i
= 196 aA\afav amno oral ce SC MTX Adyw 5 0%
’ ! ' 30% -
avenopkoug dpaonc (50.5%), avermO0unteg 0% -
evépyeleg (43.9%), R aAAeg attieg (5.6%). MoAv 10%
VP nAog Badudc mapaplovic otnv aywyn 12345678 9101112031415161718192021222324
SlarmotwOnke e 83.0% twv acBevwv oe SC Months |
== Adverse cvent cohort (n = 63) == = Lack of efficacy cohort (n = 73)
MTX o€ 1 €to¢, 75.2% ota 2 £€tn, kot 47.0% ota 5
em. Continuation rates for lack of efficacy and adverse
=  Meta tnv aAlayn ce SC MTX, < 10% twv event cohorts after initiation of SC MTX

acBevwv EAafav Bloloyikn Oepaneia Adyw

OLVETTAPKOUC amavtnong
Scott DGI, et al, Scand J Rheumatol 2014;43:470-476
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ORIGINAL ARTICLE

Cost-minimisation analysis of subcutaneous methotrexate
versus biologic therapy for the treatment of patients

with rheumatoid arthritis who have had an insufficient
response or intolerance to oral methotrexate

Ray Fitzpatrick « David Gl Scott - lan Keary

H ka@oAwkn xprion tng SC MTX og ouvéxeLla tn¢ anotuyiag tng MTX ano tou
otopatoc £XeL tnv duvatotnta va e€otkovopnoet £7,197 ava acBevi yia To npwto
£10¢ TN Oeparmneiog

Fitzpatrick R, Clin Rheumatol. 2013;32:1605-12



RESEARCH ARTICLE

Comparison of oral versus parenteral
methotrexate in the treatment of rheumatoid

arthritis: A meta-analysis Meta-avaAuon: ZUyKpLon oo ToU OTOUOTOG

Jiirgen Braun®, David T. Felson' éva"tl napsvrsleﬁq MTX otn PA

1 Department of Medicine, Boston University School of Medicine, Boston, Massachusetts, United States of
America, 2 School of Public Health, Boston University, Boston, Massachusetts, United States of America,

3 Department of Clinical Immunolegy and Rheumatology, Pontificia Universidad Catdlica de Chile, Satinage,
Chile, 4 Institut fiir angewandte Statistik Dr. Jorg Schnitker GmbH, Bielefeld, Germany

Study Oral Parenteral Odds ratio, 95% Cl Odds ratio, 95% CI
Patients Total Patients Total  Weight Summary OR for aChiEVing ACRZO

with ACR20 patients with ACR20 patients R
using parenteral vs. oral MTX

Braun (2008) 143 187 159 188 56%  1.69 [1.00, 2.84] e
Ahmed (2010) a4 a4 23 40 12% 13.53 [4.06, 45.10]
Islam (2013) 37 46 43 46 9%  3.49 [0.88, 13.84]
Dhaon (2016) 21 45 28 45 23%  1.88[0.81, 4.36] .
Total 205 322 250 319  100% 3.02[1.41, 6.46] i The summary OR for achieving
05 : - ACR20 using parenteral vs. oral
Favorsoral Favors parenteral MTX was 3.02 (95% Cl 1.41’ 6_46)’
Study Oral Parenteral Weight Odds ratio, 95% CI With no Significant difference
Patientswith  Total  Patientswith  Total in the risk for all adverse events
any AEs _patients any AEs patients
Braun (2008) 116 188 128 193 80%  1.22[0.80, 1.86) ——
Ahmed (2010)
Islam (2013)
Dhaon(2016) 22 s 18 5 20% 070030, 161] : Summary OR for adverse effects data
. =
Total 138 233 146 238 100%  1.09 [0.75, 1.59] (any AE)

0.25 A 4
Favors oral Favors parenteral

Bujor AM, PLoS ONE 2019: 14(9): 0221823



Efficacy and tolerability of subcutaneously administered methotrexate including dose
escalation in long-term treatment of rheumatoid arthritis in a Japanese population

Supplemenization dropout
patients from part 1 {de nova)

|

I-'u 1 Part 2

el J ) (52 Weeks) End of || Safety
raatmeant Follow-up

Visit Visit

%,

Waak —4 20 24 25 32 38 40 44 48 52 55 BOD 64

Baseline Visit *arl 1 - Firal binded
"'\."a'uuh ;_:'. treatment administration

MTX-naive patients were randomized in a 1:1 ratio to
receive a 12-week administration of either 7.5 mg MTX
subcutaneously (MJK101, a prefilled syringe for
subcutaneous injection) or 8 mg MTX orally in Part 1 of
the trial. The primary end point was a 20% improvement
in the American College of Rheumatology criteria
(ACR20) at Week 12. In the second part, all enrolled
patients received MJK101 weekly for 52 weeks with
doses starting from 7.5 to 15 mg with 2.5 mg increments
with the option of self-administration of MJK101

—e— ACRZ20 response —o— ACRS0 response ACR70 response

100 1 b
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80 1 o 407

70 4 L y o .ag- 1
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T

50 A E 1

40 < g 20 -
L

30 - E .

20 g 10 4

10 | o |

0 0
12 24 36 52 64 24 36 52 64
Weeks Weeks

ACR20, ACR50, and ACR70 responders (proportion of FAS) at Weeks 12, 24, 36,
and 64, treated with MJK101. (a) ACR20, ACR50, and ACR70 for the total
rollover patients (N = 98) compared to the baseline of Part 1 (prior to the start
of treatment at Week 0). (b) ACR20, ACR50, and ACR70 for all patients enrolled
in Part 2 (rollover and de novo patients directly included in Part 2, N = 109)
compared to the baseline of Part 2 (Week 12).

Tanaka Y, Modern Rheumatology, 33, 2023, 680-689
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Comparison of the efficacy and safety of methotrexate
injection and methotrexate tablets in active RA

ACR20, ACR50 and ACR70 response rates at week 4, 8 and
12. ACR20/50/70 represent achievements of a response

according to the American College of Rheumatology
criteria for 20%/50%/70% improvements. The response of
ACR70 in OR MTX group is 0. W: week

The safety profile of SC MTX is similar to that of OR MTX
in general, and the incidence, occurrences and preferred
term types of drug-related TEAE of gastrointestinal system
disorders were lower.

Qiao L, Rheumatology (Oxford). 2025 Feb 7:keaf054

Efficacy and safety of methotrexate injection and methotrexate tablets in RA
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Figure 2. Changes in DAS28-ESH scores from baszeline to week 4, 8 and 12 between the two groups. Changes in DAS28-ESR scores from baszeline to

week 4 and 8 between the two groups are statistically significant. W- week. *, P < 0.05
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Figure 3. ACR20, ACR50 and ACR70 response rates at week 4, 8 and 12. ACR20/50/70 represent achievements of a response according to the
Arnerican College of Rheumatology criteria for 20%/50%,/70% improvements. The response of ACR70 in OR MTX group is 0. W: week
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Comparison of the efficacy and safety of methotrexate
injection and methotrexate tablets in active RA

The proportion of patients who achieved LDA and disease
remission at week 4, 8 and 12 evaluated by the DAS28-ESR
and DAS28-CRP. (A) DAS28-ESR response represented the
patients who achieved LDA and disease remission measured
by CRP. (B) DAS28-CRP response represented the patients
who achieved LDA and disease remission measured by ESR.
The proportion of patients reaching a DAS28-ESR/CRP score
of £3.2 was classified as low disease activity (LDA), whereas
that with scores of <2.6 was classified as disease remission

Qiao L, Rheumatology (Oxford). 2025 Feb 7:keaf054
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PedACR 30 in as observed and ITT
population

& 12 18 24

— oral obs sc obs oral ITT scITT

PedACR 70 as observed and ITT population

T
p=0.014
-
pel. 0001
& 12 18 24

+— oral obs sc obs oral ITT

PedACR 90 as observed and ITT population

—
—
p=0.0004 v
p
,/ p<0.000 1
p=0.0003
6 12 18 24

= oral obs sc obs oral ITT

Oral or Parenteral Methotrexate for the Treatment of
Polyarticular Juvenile Idiopathic Arthritis

PedACR 39/50/70/ped90
response rates among oral
and s.c. MTX cohorts in the
as-observed and intention
to treat population. At
month 24 of treatment, the
response rate was higher in
the s.c. cohort in the
intention to treat
population (P <.0001, HR =
2.6 [1.8-3.7]) for PedACR
30; P<.0001, HR=2.4
[1.65-3.34]) for PedACR 50;
P <.0001, HR = 2.3 [1.64-
3.32] for PedACR 70; P <
.0001, HR = 2.02 [1.4-2.3]
for PedACR 90)

Patient documented in the MTX registry
October 2005-July 2011, who received MTX
including (RF+ve/RF-ve poly/extended

oligo/PSA)
N= 794
Oral Parenteral
application application
N=410
N= 384
Change to sc Change to oral
N=194 N=138
(47.3%) (35.9%)
Patients on Patients on
oral MTX sc MTX
N=216 N=246

Bakry R, Eur J Rheumatol. 2022;9(4):197-205



patients with flare (%)

mean SJC44 (n)

100 A

751

50

25+

= MTX subcutaneous
¢ MTX oral

T T T T

T
flare 3 6 9 12

follow up (months) time after flare development (months)
B
= MTX subcutaneous
* MTX oral
T T i T _I_ T T
-6 -3 flare 3 6 9 12

follow up (months)

Tapering subcutaneous methotrexate causes
more disease flares compared with tapering oral
administration in established rheumatoid
arthritis patients

(A) The first part on the x-axis illustrates the cumulative
percentage of patients who develop a disease flare during
follow-up. The second part illustrates the cumulative
percentage of patients who still have active disease (DAS
>2.4 and SJC44 >1) from the point of flare development
and after restarting the last effective treatment. (B) Mean
SJC44 before, during and after development of a disease
flare.

Agnes E.M. Looijen, Rheumatology 2022;61:e216-e218
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Should All Patients Trial Subcutaneous Methotrexate Prior to Commencing Biologic
Therapy? A Real World Study

Anem Mirza |, Muhammad K. Nisar

Department of Rheumatolegy, Luten & Dunstable University Hospital NHSFT, Luton, United Kingdem Adverse effects experienced by patients on oral MTX

A retrospective survey of patients prescribed SC MTX in a university

teaching hospital identified 352 patients. 298 switched from oral to SC ﬁ
MTX- 164 stopped oral MTX due to side effects, 134 stopped due to
inefficacy, and 54 started SC MTX as first line therapy. 103 patients
progressed to biologic therapy.

Rheumatoid arthritis (RA): DAS-28 improved from a mean of 4.06 (0.63-
8.06) to 2.83 (0.14-7.32) following the switch (p<0.0001). Psoriatic
arthritis (PsA): total joint count improved from a mean of 7 (0-42) to 2 (0-
25) (p<0.0001). Swollen joint count improved from a mean of 2 (0-26) to
1 (0-6) (p=0.09). Discussion: SC MTX is an effective solution for RA and
PsA, irrespective of whether oral MTX is inefficacious or intolerable.
Where oral MTX was ineffective, a switch to SC achieved low disease
activity despite multi-morbidity, long disease course and protracted oral
MTX exposure. This intervention prevented over two-thirds of patients
requiring biologics. SC MTX is a durable strategy with excellent disease
outcomes and substantial economic benefits.

16%

u Gl Disturbance Constitutional Symptoms ® Abnormal LFTs 8 Miscellaneous

Mediterr ] Rheumatol 2024;35(1):115-22



Efficacy and safety of ascending methotrexate dose in combination with
adalimumab: the randomised CONCERTO trial

DAﬁ:g(%IIQz% ;3.2 DAﬁiaQ(%Tz{)] <52.G :E“ Adalimumab Pharmacokinetics
- w - " £ 12_
1001 AmTSS <0.5 D 1001 AmTSS <0.5 g
40+ 40 *-E*
31.6
£ 30, 27.3 2 30, 265 3
- 194 200 - 212 s
o 20 a 204 153 150 =
BE “ ’ :
10- 10-.—. :
S
0- 0- g
] I ] L] I L] T
-ADA‘i' 2.5mg MTX DADA*’ 10 mg MTX - 2 4 8 12 16 20 26
I ADA + 5 mg MTX [ ]ADA +20 mg MTX Week

= RCT pe MTX-naive aacBeveic pe apxikn tautoxpovn xopriynon Adalimumab 40mg/2w
= 4 opddec twv 100 aacOevwv nepimov pe 5, 7.5, 10 kat 20mg MTX per os
= Agv dtamiotwOnKke onuavtkn dtadopd petall twv opadwv 10 kat 20mg MTX

Burmester G-R, et al. Ann Rheum Dis 2015;74:1037-44



The issue of bioavailability of oral low dose methotrexate: should we choose
only 10 mg of MTX a week in conjunction with anti-TNF therapy?

O aoBeveic ntav MTX-naive kat EAafav tavtoxpova Adalimumab kat MTX o€ avtiBeon pe tnv

KAWVIKA Ttpaén
H MTX 600nke per os o€ pia d40on, yeyovog mou HelwVeL oadpwc TNV anoppodnon twv 20mg

H BrodiaBsoipotnta Adyw dtadpopdc otnv anoppodnon tng MTX ortd Tou oTOMATOC TTOLKIAEL Ao

30% £wg 90% tn¢ xopnynOeicag doong

Exel anmodeyOel otL 1O ota 15mg per os eBdopadiaia ddon n anoppodnon pewwvetat kot 30%, pe

oUotaon 2 860wV Kal pecodidoctnua >12h

Mo npaypatikn aéloAoynon peyaAvtepwv d6oswv MTX o ouyypadEac npoteivel umodopla

Xxopnynon 215mg, wote va UnopEeL va cuykpLOei pe ta 10mg armo Tov GTOMATOC

Zeidler H. Ann Rheum Dis 2014;73:e50
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Effectiveness, tolerability, and safety of subcutaneous methotrexate in
early rheumatoid arthritis: A retrospective analysis of real-world data
from the St. Gallen cohort

AboELg uoSopLag MTX ZuxvotnTa SLaKOTIAG
A o 3
= = MTX-only
S 100 . --- MTX-biol
o= 19 S g0\
< = 18 g 40
2 S
17 Q . : : : .
1 2 3 4 5
16 Time (years)

all MTX-only MTX-biol
R.B. Miiller et al, Semin Arthritis Rheum 2015;45:28-34



The role of concomitant methotrexate dosage

and maintenance over time in the therapy of
rheumatoid arthritis patients treated with

adalimumab or etanercept: retrospective
analysis of a local registry

o
o
|

0.6
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o
N

0.2 1
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-1 No MTX

- Low-dose MTX
-1 High-dose MTX

Two-year drug survival of TNFi treatment according to maintenance

|
1

Years
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|
2

>
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DAS28 remission (%)

Adon MTX oto cuvéua oMo ME avTL-
TNF aywyn Kat pokpoxpovia Ekoon
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The impact of maintenance of baseline concomitant MTX regimen on (A)
DAS 28 remission and (B) European League Against Rheumatism
good/moderate clinical response

Favalli EG, Drug Des Devel Ther. 2018;12:1421-1429



Different RA Combination Treatments
Centered on MTX

Induction
Maintenance
Rituximab + x* Abatacept +
MTX MTX

MTX +/- |
Tocilizumab Triple

+MTX GC (bridge | DMARD +/-

GC

Tx)

Double
DMARD +/-

JAK Inhibitor GC
+ MTX

*Initial combination (biologic + MTX) followed by biologic discontinuation
Graudal N, et al. PLoS One. 2014;9:e106408.



ORIGINAL RESEARCH

RMD

Methotrexate effect on immunogenicity

Open and long-term maintenance of MTX kot avocovonK()tnta
Wil adalimumab in axial spondyloarthritis: ) ,
el 2 multicentric randomised trial BlOAOVleV napayoviwyv

Table 1 Baseline characteristics of the 107 patients with

axial spondyloarthritis who received adalimumab with or
without MTX (n=107)

MTX+ MTX-
(n=52) (n=55) P value = 107 aoBeveic pe afovikn
Sex, male 22 (42) 28 (51) 0.48 ,
HLA B27-positive 30 (58) 33 (60) 0.78 onovdulapBponabela
Age (vears) 43(18-71) 41(18-65) 0.61 " Tuxawomnotnon 1:1
BMI (kg/m?) 25(18-35) 27(17-40) 0.24 = 2 gB6 mpw to adalimumab ko peta
Disease duration 3 (0-34) 2 (0-41) 0.93 ava €8, MTX 10 mg urtodopiwg
(vears) (MTX+) oy (MTX-)
Previous TNF 12 (23) 8 (15) 0.38
inhibitor
ASDAS 3.0(1.0-5.4) 3.2(1.5-5.0) 0.70

CRP level (mg/L) 2.5 (0-65) 4 (0-57) 0.50 Ducourau E, RMD Open 2020;6:¢001047




ORIGINAL RESEARCH

RMD
Open

Methotrexate effect on immunogenicity
and long-term maintenance of MTX kot avoooyovikotnta BLOAOYLKWV
Vil adalimumab in axial spondyloarthritis: TOLPAYOVIWV

gasaalll 2 multicentric randomised trial
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ORIGINAL RESEARCH
Methotrexate effect on immunogenicity MTX, avoooyovikotnta BLOAOYLKWV

_ and .long-tern} mal.ntenance of - NAPAYOVTWV KoL LLIKPOXPOVLAL
il adalimumab in axial spondyloarthritis: , ,
napopovn otn Beparneia

Musculoskeletal
a multicentric randomised trial

RMD
Open

Diseases

A B c
= :_‘ p=0.08 o | p=0.09
- ¥ -
U B S
: : == MTXlong duration h : — adalimumab C < dpg/mL
5 —— MTX no/short MTX duration s == adalimumab € = 4pg/mL

08
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Adalimumab retention rate

Adalimumakb
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02
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=]
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0.0
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Time (weeks) Time (weeks) Time (weeks)

Adalimumab maintenance according to (A) anti-drug antibody (ADA)+ versus ADA- at week 26 (W26), (B) methotrexate (MTX) long
duration, that is >W26, versus no MTX or MTX short duration, that is <W26 and (C) adalimumab concentrations<1st quartile at W8,
that is <4 ug/mL, versus adalimumab concentration 21st quartile, that is 24 pg/mL

Ducourau E, RMD Open 2020;6:e001047



Methotrexate Safety and Efficacy in Combination Therapies in Patients With Early
Rheumatoid Arthritis: A Post Hoc Analysis of a Randomized Controlled Trial

1.00 < Log rank p<0.001 Log rank p<0.001
W 0.754 5
£ 4 075
2 2
o h=]
B — Active conventional freatn £ i K
= % ———— Active conventional treatment
[ 2
g 0.50 4 MTX+cartolizumab-pegol ; m——— MTX+certolizumab-pegol
a - T 0.50
[} MTX+abatacept a e\ TX+abatacept
£ £
- o =
5 MTX +tocilizumab o MTX+tocilizumab
£ 5
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g 025 2 0254
o =]
@
4
[T
0.00 — 0.00 —
I I I I I I I T I T I I I I
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Time since randomization (days) Time since randomization (days)
Number at risk Number at risk
Active conventional treatment 217 114 85 71 59 53 5 Active conventional treatment 217 211 208 202 196 192 17
MTX+certolizumab-pegol 203 112 a8 70 59 48 6 MTX+certolizumab-pegel 203 196 190 190 184 179 15
MT X+abatacept 204 114 88 77 65 57 2 MTX+abatacept 204 200 198 195 192 189 17
MTX+tocilizumab 188 74 45 34 21 17 4 MTX+ocilizumab 188 166 158 152 148 143 15

Adverse event of interest plot by Kaplan-Meier estimators for the time from randomization until 24 weeks visit (median day 168,
interquartile range 167-174, target date by the NORD-STAR protocol day 168 * 1 week) by treatment group. Data include the first
event of a given type. Patients for whom no events were observed were censored at 24 weeks visit or at the time of withdrawal.
MTX, methotrexate. (A) Free of any of the prespecified events. (D) Free of blood and lymphatic system disorders.

Lend K, Arthritis Rheumatol. 2024;76(3):363-376



EULAR recommendations for the management of

rheumatoid arthritis with synthetic and biological Ot 11 ouotaoelc tng EULAR otn PA
disease-modifying antirheumatic drugs: 2022 update

—
~5.

10.

11.

Therapy with DMARDs should be started as soon as the diagnosis of RA is made. 1a A
Treatment should be aimed at reaching a target of sustained remission or low disease activity in every patient. 1a

Monitoring should be frequent in active disease (every 1-3 months); if there is no improvement by at most 3 months 2b B
after the start of treatment or the target has not been reached by 6 months, therapy should be adjusted.

MTX should be part of the first treatment strategy. 1a A
In patients with a contraindication to MTX (or early intolerance), leflunomide or sulfasalazine should be considered  1a A

as part of the (first) treatment strategy.

Short-term glucocorticoids should be considered when initiating or changing csDMARDs, in different dose regimens  1a A

and routes of administration, but should be tapered and discontinued as rapidly as clinically feasible.

If the treatment target is not achieved with the first csDMARD strategy, in the absence of poor prognostic factors, 5 D

other csDMARDs should be considered.

If the treatment target is not achieved with the first csDMARD strategy, when poor prognostic factors are present, a  Efficacy: 1a; Efficacy: A;
bDMARD should be added; JAK-inhibitors may be considered, but pertinent risk factors* must be taken into account. Safety: 1b  Safety: B
bDMARDs and tsDMARDs* should be combined with a csDMARD; in patients who cannot use csDMARDs as Efficacy: 1a  Efficacy: A
comedication, IL-6 pathway inhibitors and tsDMARDs* may have some advantages compared with other bDMARDs.

If a bDMARD or tsDMARD* has failed, treatment with another bDMARD or a tsDMARD** should be considered; if Efficacy: Efficacy: A/ D;
one TNF or IL-6 receptor inhibitor therapy has failed, patients may receive an agent with another mode of actionora 1a/*5/7"3;  Safety: B; IL-

second TNF-/ IL-6R-inhibitor*™. safety: 1b  6R-inhibition:
C
After glucocorticoids have been discontinued and a patient is in sustained remission, dose reduction of DMARDs 1b A

(bDMARDs/tsDMARDs* and/or csDMARDs) may be considered.
Smolen JS, Ann Rheum Dis 2023;82:3-18



EULAR recommendations for the management of
rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs: 2022 update

4. Methotrexate (MTX) should be part of the first treatment strategy

“MTX should be used in any case, unless not tolerated or contraindicated, such as
in patients with significant renal impairment.

- The Task Force had also no route-of-administration preference, although costs
have to be considered in line with overarching principle E.

- In the presence of sufficient folic acid supplementation, MTX can be rapidly
escalated to about 25 mg once weekly (in line with a relative dose of 0.3 mg/kg
body weight for a person of about 80 kg;”

Smolen JS, Ann Rheum Dis 2023;82:3-18



MTX: Tuveotepo otnv aacPpalela



Propensity-Adjusted Association of Methotrexate

With Overall Survival in Rheumatoid Arthritis MTX ko
’
Mary Chester M. Wasko,! Abhijit Dasgupta.” Helen Hubert,?
James F. Fries,* and Michael M. Ward? Enl lwon thv

PA

= 5626 aoBeveic pe PA napakoAoudnon
yla 25 €tn, 666 Bavartol oto dtdocTnua
oTo

. = Hxprion tn¢ MTX ywa dtdotnua
HEYAAUTEPO TOU £TOUC SLanmiotwOnKe
OTL ouvdualetal BUe HElwoN TNG
Ovnrtotntac kata 70%

Hazard ratio

Wasko MC, Arthritis Rheum. 2013;65:334-42

Cumulative prﬂsuré for MTX r:years}.



All CVE Favors MTX  Favors no MTX

Bernatsky et al. 2005 —a—
Bozaite-Gluosniene et al. 2011 ——
Choi et al. 2002 ——i
Greenberg et al. 2011 —_—
Nadareishvili et al. 2008 S E—
Suissa et al. 2006 —a—
van Halm et al. 2006 I
Wolfe et al. 2008 —a—
All HEH

0 2

Heterogeneity: Taw?=0.06, Ch£=17.68, df=7 (p=0.01); P=60%
Test for overall effect: Z=2.69 (p=0.007)

Myocardial infarction Favors MTX  Favors no MTX
Bozaite-Gluosniene et al. 2011 —a—i
Suissa et al. 2006 —a—
Wolfe et al. 2008 —a—
All HiH
0 2

Heterogeneity: ChP=7.47, df=2 (p=0.02); P=73%
Test for overall effect: Z=2.45 (p=0.01)

Congestive heart failure Favors MTX  Favors no MTX
Bernatsky et al. 2005 HilH
0 2
Stroke Favors MTX  Favors no MTX
Nadareishvili et al. 2008 ——
0 2
MACE Favors MTX | Favors no MTX
Greenberg et al. 2011 —
van Halm et al. 2006 -—
All — &

0.81[0.6, 1.0]
0.54 [0.37, 0.77]
0.3[0.2,0.7]
0.94[0.49, 1.80]
0.78 [0.40, 1.50]
0.81[0.60, 1.08]
0.12[0.02, 0.59]
1.0[0.7, 1.3]
0.72 [0.57, 0.91]

0.54[0.37, 0.77]
0.81[0.61, 1.08]
1.00 [0.77, 1.30]

0.81 [0.68, 0.96]

0.8 [0.6, 1.0]

0.78 [0.40, 1.50]

0.94 [0.49, 1.80]
0.12[0.02, 0.59]
0.38 [0.05, 2.84]

20.5%
15.8%
6.8%
8.7%
8.6%
18.3%
2.0%
19.2%
100%

22.3%
35.3%
42%
100%

100%

100%

58.5%
41.5%
100%

MTX kot Kopdraka
ocupBapata o€ PA,

WA kot pwpiaon

CVE= cardiovascular event
MACE= major adverse
cardiac event

Roubille C, et al. Ann Rheum Dis 2015;74:480-489
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Clinical science

Blood pressure changes during methotrexate treatment:
results from a randomized placebo-controlled trial among

patients with cardiovascular risk

140

130

o - = Evidence showed that immunosuppressive agent
= e had a reduced risk of CVD events.
U:') 100 = Low-dose methotrexate is not effective at lowering
g 90 blood pressure in patients without rheumatic

i [ disease.

70

60
Number of Patients

LD-MTX 2357 1942 1702 1463 1254 1072 880 718 581 433

Rheumatology key messages

304 207

Placebo 2364 1962 1711 1446 1246 1069 897 719 550 409
I I 1 1

0 50 100 150
Visit by Week

Treatment Assignment
LD-MTX SBP ————- placebo SBP
s LD-MTX DBP ———- placebo DBP

296 187
I

200

Rheumatology, 2025, 00, 1-4

= A major effect on blood pressure in patients treated
with MTX for autoimmune diseases is unlikely.



faotplkn duocaveio cav aitio dtakomnnc tng MTX
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Timing of treatment discontinuation

Patients (%)

420 aoBseveic EAafav MTX per os yia PA WA

28.6 % SLEkoPav tnv aywyn Adyw yaotpkng ducavediog

O néEoog xpovog drakomng tng MTX Adyw tn¢ yaotpkng ducavediac Atav 8.1 + 11.5 uiveg anod tnv Evapén, HE
TNV MAELOVOTNTA TO MPWTO TPiIKNVO

MNoocooto 52.6 % Twv acBevwv tou AAAAEE O TTAPEVTEPLKN XOPyNon CUVEXLOE TNV Bepaneia

Dalkilic E, Mod Rheumatol. 2013;23:525-8



Methotrexate and Lung Disease in Rheumatoid Arthritis

A Meta-Analysis of Randomized Controlled Trials

Risk Ratio
22 TUXOLLOTTOLNMEVEG HeEAETEG e 8.584 agOeveic ano to Yodt M-H, Random, 95% C
1990 -2013 o "
’ I ’ 1947
MeA€teg >100 acBOeveig, >6 PNVEG 1997
1997
Auénon enelcodiwv avanveuotikwv Aotpwéewv (RR i -3
1.11), Xt OpwC pn Aotpwdwv cupBdviwv (RR 1.02) b ’ '
2006
2TNV unoopada tTwv peAeTwy ov kataypadovtot 2000
TEPLOTATLKA VeV povitidac avadEpetatl RR 7.81 e 2XETLKOG
, , , , 2008 Kivduvocg
H mAéov npoodatn RCT nou avadEpeL MEPLOTATLKO 2009 nveupovitisac
nvevpovitidag ano pebotpegatn dSnpnooevOnke to 2009 arnd MTX
2001 2010
2011
OQewpeital eopetika mOavo otL untpée B———
UTtEPEKTLUNON AOyw AavBaopEvng dtayvwong npo e 1; e
ZOETl'.a(; Favours I"f‘i'_'-t*'ll'_”.ll_'.'fdf".' Favours comparator

Conway R, Arthritis Rheum 2014; 66:803-812



Methotrexate-Associated
Pneumonitis and Rheumatoid

Arthritis-Interstitial Lung Disease: Oggia nvguuov('uﬁa an'_é MTX

Current Concepts for the Diagnosis
and Treatment

George E. Fragoulis 2, Elena Nikiphorou?, Jérg Larsen*, Peter Korsten® and
Richard Conway

Methotrexate-induced pneumonitis in a 77-year-old man with rheumatoid arthritis. (A) Posterior-anterior chest radiograph immediately before the initiation
of treatment. Following 10 days of methotrexate, the patient experienced progressive dyspnea and fever. Follow-up chest radiography showed bilateral
heterogeneous opacities in all lung zones. (B) The patient was transferred to the intensive care unit for supportive treatment. High-dose glucocorticoids were
administered and gradually withdrawn following clinical and radiological improvement. Initial high-resolution CT scanning showed diffuse infiltrates and
bilateral patchy consolidations with only very limited ground-glass opacities (images not shown). (C) Seven months after stopping methotrexate, the changes

of pulmonary toxicity had fully resolved
Fragoulis GE, Front Med (Lausanne). 2019 Oct 23;6:238



Methotrexate-Associated

Pneumonitis and Rheumatoid s s
Arthritis-Interstitial Lung Disease: loyevng nvevpovitida og MTX
Current Concepts for the Diagnosis

and Treatment

George E. Fragoulis "2, Elena Nikiphorou?®, Jérg Larsen*, Peter Korsten® and
Richard Conway®

Interstitial lung disease in a 56-year-old woman with rheumatoid arthritis. (A) One millimeter transverse axial CT-section through the lung bases show
subpleural honeycombing and early traction bronchiectasis (arrows), consistent with a usual interstitial pneumonia pattern. (B) Nine months later, the
patient developed severe dyspnea at rest and required mechanical ventilation. On bronchoalveolar lavage, influenza A virus was found to be present. A
follow-up CT now showed a small right-sided pleural effusion and multifocally confluent consolidation, partially obscuring equally patchy bilateral
ground-glass opacification. A few thickened septae (crazy-paving pattern) could be delineated (not shown). These findings were consistent with a viral
pneumonia. Despite extracorporeal membrane oxygenation therapy, the patient deceased.

Fragoulis GE, Front Med (Lausanne). 2019 Oct 23;6:238
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Clinical science

Methotrexate, leflunomide and tacrolimus use and the
progression of rheumatoid arthritis-associated interstitial

lung disease

Rheumatology key messages

e Methotrexate, leflunomide and tacrolimus were not
associated with the progression of rheumatoid arthritis (RA)-

interstitial lung disease (ILD).

¢ The risk was significant when leflunomide was used in

patients with severe ILD.

¢ Older age, male sex, shorter duration of RA, higher disease
activity and extensive disease were independent risk factors

for progression

Ji-Won Kim, Rheumatology, 2023, 62, 2377-2385
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Number of reports

Methotrexate-related drug reactions on kidneys and liver in rheumatoid
arthritis: an analysis of spontaneous reports in EudraVigilance

140

120

Patients with ADRs on the kidneys were
100 older and comedication (e.g. non-
steroidal anti-inflammatory drugs
20 (NSAIDs), acetaminophen, metamizole
and corticosteroids) was more common
60 than in cases with ADRs on the liver.
More patients with kidney- than liver-
20 related ADRs had a fatal outcome (21.1%

vs. 5.8%). In fatal cases with ADRs on the
kidneys and with ADRs on the liver
comedication was more common

20

= u |
N RN compared to non-fatal cases.
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ADR on kidneys (n=365)* m ADR on liver (n=1082)*

Khoroshun et al. Arthritis Research & Therapy (2025) 27:80



ORIGINAL RESEARCH

MTX Osteopathy Versus Osteoporosis Including Response
to Treatment Data—A Retrospective Single Center Study Including
172 Patients

Felix N. von Brackel’

X-ray

MRI

CBCT

MTX-osteopathy imaging

distribution of fractures (proportion and number)

-Jonathan Grambeck' - Florian Barvencik' - Michael Amling’ - Ralf Oheim’

OoteonaBeLa ano
nebotpeéatn

MTX-osteopathy treatment course

pre-treatment

MTX-Osteopathy

4.82% (n=4)

19.51% (n=16)

4.81% (n=4)

17.07% (n=14)*

64.64% (n=53)****

70,73% (n=58)****

Osteoporosis

10.11% (n=9)

97.76% (n=87)****

13.48% (n=12)p=0.0506

4.5% (n=4)

12.36% (n=11)

10,13% (n=9)

*p<0.05
*0025<0.0001

post-treatment

29Uy

U0l apuy

JOOjpulH

Calcified Tissue International (2024) 115:599-610



OcteonaBela oo pebotpesarn

H ooteomaBeia amo pebotpefdtn eival pia omAvio KoL UTOMEAETNMEVN OVIOTNTA, TTOU
xapaktnpiletal anod tnv TpLada: 0oTEOTMOPWOT), ATUTIO KOTAYLOTOL OLVETTAPKELOG KUPLWEG TwV

KOTW AKPWV Kot cuvodo aAyoc pipoupevo apBpitida

Peupatoloyiko Tuppa NIMTZ



nature reviews rheumatology https://doi.org/101038/541584-022-00883-4

Key points

Review article ™| Check for updates

eeVethotrexate is a key component in the treatment of

BUS'[] ng the myth Of meth‘otrexate inflammatory rheumatic diseases and the mainstay of therapy

in rheumatoid arthritis.

Ch l‘Ol‘llC hepatOtOXlClty ee|n light of current evidence, it seems unlikely that

methotrexate alone is capable of inducing chronic liver disease;
the risk of methotrexate-induced liver injury is primarily acute

Patients with non-alcoholic fatty liver disease in nature.

(NAFLD) are at increased risk for eeThe cumulative dose of methotrexate has no predictive value
methotrexate hepatotoxicity, and methotrexate for the occurrence of fibrosis.

can worsen the course of NAFLD ee|n non-alcoholic fatty liver disease, several

pathophysiological arguments suggest (in the absence of proof
1 from clinical trials) that long-term methotrexate therapy
worsens liver damage and the progression of liver disease.

eePretreatment screening is advisable to check for the possible
presence of liver disease in patients being considered for
methotrexate treatment.

eeMonthly monitoring is advocated at the beginning of
methotrexate treatment, followed by 3-monthly monitoring

o comprising complete blood counts, liver function tests and
calculation of the Fib-4 fibrosis score.

Di Martino V, Nat Rev Rheumatol. 2023;19(2):96-110
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Moco diaotnua MpEMEeL
2022 American College of Rheumatology/American \Vo'l 6|,a|(6ntou|,ls TNV
Association of Hip and Knee Surgeons Guideline for the MTX p
Perioperative Management of Antirheumatic Medication in yla va yuvel
Patients With Rheumatic Diseases Undergoing Elective Total opOpPOTAACTIKA;

Hip or Total Knee Arthroplasty

Recommendations

For patients with RA, AS, PsA, JIA, or all SLE undergoing elective THA or TKA, continuing the usual
dosing of the following disease-modifying antirheumatic drugs (DMARDs) through surgery is

conditionally recommended: methotrexate, leflunomide, hydroxychloroquine, sulfasalazine, and/or

apremilast.

Goodman SM, Arthritis Rheumatol. 2022 Sep;74(9):1464-1473
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2022 American College of Rheumatology Guideline
for Vaccinations in Patients With Rheumatic MTX ko EuB()hla
and Musculoskeletal Diseases

Methotrexate

For patients with RMD, holding methotrexate for 2 weeks after influenza vaccination is
conditionally recommended, assuming disease activity allows.

For patients with RMD, continuing immunosuppressive medications around the time of other
(non-influenza) non-live attenuated vaccinations is conditionally recommended

For patients with RMD, holding immunosuppressivemedication for an appropriate period before
and 4 weeks after live attenuated virus vaccination is conditionally recommended. (Oxt MTX 4
eBédopadec mptv Ko petd epPoAia pe {wvteg e€acOevnuéevouc Loug).

Bass AR, Arthritis Rheumatol. 2023 Mar;75(3):333-348



TRANSLATIONAL SCIENCE

Is methotrexate safe for men with an immune-
mediated inflammatory disease and an active desire
to become a father? Results of a prospective cohort
study (IFAME-MTX)

A - Erythrocytes B - Seminal fluid
700

D - FPGS activity

ol MTX-PG2-15N formed/h/mg protein

FPGS activity (pm

Healthy controls Healthy controls  MTX starters >12 weeks Cell line Cellline
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

MTX-polyglutamate (PG) accumulation in erythrocytes, seminal fluid and spermatozoa of
RA patients and FPGS activity in spermatozoa

MTX o€ avdpec kau
TEKVOTOLNoN

Altogether, our data suggest that MTX
is not associated with testicular
toxicity. Therefore, therapy with MTX
can be safely started or continued in
men diagnosed with an IMID and with

an active wish to become a father

Perez-Garcia LF, et al. Ann Rheum Dis 2023;82:1068—-1075
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Recommendations for the Use of Parenteral Methotrexate )
in Rheumatic Diseases™ o

Jests Tornero Molina,** Jaimp Calvo Alen,” Javier Ballina,” Maria Angeles Belmonte,® _
Francisco ]. Blanco,® Miguel Angel Caracuel,’ Jordi Carbonell,# Héctor Corominas,” Eugenio Chamizo,!
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Claudia Urrego,® Javier Vidal,® José Rosas Gomez de Salazar'

2UOTAOELC yLa TNV

XPon Tng
MAPEVTEPLKAC MTX

Number Recommendation LE; GR: LA
1 The bioavailability of parenteral MTX is superior to that of orally administered MTX, especially at doses LE 2b; GR B-C; LA 100%
=15 mg/week
2 ‘ In MTX-naive patients the clinical efficacy of parenteral MTX is superior to that delivered orally (at doses of LE 1b; GR A; LA 94%
15 mg/week)
3 In patients with an inadequate response to oral MTX (15 mg/week), escalating the dose utilizing the LE 2a; GR B; LA 94%
‘ parenteral route is clinically more effective
4 The safety and tolerability profile of MTX when delivered by the parenteral route is similar to that observed LE 1b; GR B; LA 100%
when it is administered orally
5 It is recommended that the use of parenteral MTX be considered in patients with highly active disease and in LE 4; GR D; LA 100%
those who showed poor adherence to oral treatment, were taking multiple drugs or were obese, and to
prevent dosing errors, always taking into account the preferences of the patient
6 The recommendation is to follow the indications for the starting dose and increases and reductions applicable LE5; GRD; LA81%
to the oral formulation
7 ‘ The panel recommends a dose of up to 25-30 mg/week of parenteral MTX LE5; GRD; LA 88%
8 In accordance with the available pharmacokinetic data, the equivalences of the doses would be the same up to LE 2b: GR B: LA 100%
‘ 15 mg; for 20 mg of oral MTX, the equivalent dose of parenteral MTX would be 15 mg and for 25 mg of oral
MTX, 20 mg of parenteral MTX
9 Subcutaneous MTX can be cost-effective in early RA in MTX-naive patients LE 2a; GR B; LA 94%
10 ‘ Parenteral administration can increase adherence to MTX LE 2b: GR B: LA 94%
11 Education in self-administration results in a high rate of adherence to treatment, satisfaction, autonomy and LE 2b: GR B: LA 100%

favors correct administration

J. Tornero Molina et al, Reumatol Clin. 2018;14(3):142-149
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Multicenter Cross-sectional Study of Patients with Rheumatoid Arthritis in Greece:

Results from a cohort of 2.491 patients

Moderate disease
activity

High disease
activity

Remission

Low disease
activity

Current RA disease activity according to
DAS28-ESR score. The current disease activity
categories (%) of the RA cohort according to
the Disease Activity Score 28 by the
erythrocyte sedimentation rate (DAS28-ESR) is
shown.

Thomas K, Mediterr J Rheumatol 2018; 29(1): 27-37



Timing and Impact of Decisions to Adjust

Disease-Modifying Antirheumatic Drug Therapy I'Ipooapp,oyﬁ TNG Gspansiag
for Rheumatoid Arthritis Patients With Active ;

Disease otnv PA ko EkBoon

Data for years 2010-2013 of the University of Pittsburgh

Rheumatoid Arthritis Comparative Effectiveness

Research (RACER) registry

= Forty percent of subjects with persistent MHDAS
© waited >90 days for DMARD therapy adjustment,
Adjusted DMARD therapy before reaching LDAS suggesting that many RA patients may not be
receiving timely therapy adjustment in clinical

practice.

= Adjusting DMARDs within 90 days in response to
MHDAS was associated with a higher likelihood of
reaching LDAS during follow-up. This association
indicates that attention to timing is important in

Proportion of subjects

implementing treat-to-target guidelines in RA.

0 200 400 600 800 1000 1200
Days

Status plot of subjects over time: by days since having

moderate-to-high disease activity.
Shaw Y, Arthritis Care Res (Hoboken). 2018 Jun;70(6):834-841
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JUMUITEPACHLATOL

EBSopnRvta £tn ano tn oxediaon tnc kot 35 ard tnv elcaywyn tng otn Ospaneia
NG PA, d€v eival emakplBwc yvwotog 0 LNXAVIoHo¢ dpaonc tng MTX

AdoeLg peyaAltepec Twv 15mg/eBdopada dev £xouv MARPN KOt YPOAUMULKNA
arnoppodPncon ano Tov CTOUOTOC, OTTOTE Oa MPEMEL va TPOTLUATAL N UTtodopLa
Xopnynon

Méyiotn 66on tng MTX otnv PA Bewpouvtal ta 25mg tnv eBdopada

H untodopLa xopnynon nMAEOVEKTEL O€ ANMOTEAECUATIKOTNTA KOl Oa MPEMEL

rlavwe va xopnyeitatl o 0Aou¢ touc aacOeveic pv xopnynObouv BroAoyikoi
TOLPAYOVTEC AOYW OVENOLPKOUC OLTTOTEAECUATLKOTNTOLC



EULAR recommendations for the management of
rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs: 2022 update

MovoOepamneia BloAoyikwyv 1 JAKi, n cuyxopnynon pe MTX;

9. bDMARDs and tsDMARDs* should be combined with a csDMARD; in patients
who cannot use csDMARDs as comedication, IL-6 pathway inhibitors and
tsDMARDs* may have some advantages compared with other bDMARDs... the
EULAR Task Force continues to advocate the continuation of MTX (or other
csDMARDs) when treatment with bDMARDs or JAKi is planned.

Smolen JS, Ann Rheum Dis 2023;82:3-18



looduvapia MTX oo Tou GTOMATOC Kol UTTOS0PLwG

20 -
18 - ¢ Equivalent SC
] Comb
% 16 (comb)
£ 14- — Linear
"';' 17 (Equivalent
8 SC [Comb])
A 10
< 37 ¢y =06101x+2.9274
= 6 R2=0.9594
E 4 |
2 -
0 1 | 1
0 10 20 30

Oral MTX Dose (mg)

Metatponn tng MTX amno tov otopatoc o€ Looduvapn untodopia oon

Schiff MH, Rheumatol Int 2017;37:213-218



DoappokeutikeC aAAnAermidpdoeig tnc MTX

Interactions

Source of Interactions

Increase MTX levels

. Allopurinol, triamterene

. Decrease renal MTX clearance: ciprofloxacin, cephalothin,
penicillin, probenecid, sulfonamides

. Decrease MTX excretion: diuretics, proton pump inhibitors

e  Increase MTX reabsorption by the kidney tubule: probenecid

Decrease MTX levels

. Decrease intestinal absorption of MTX:

chloramphenicol, tetracyclines

Increase the risk of bone
marrow Suppr@t‘-sion

. Chln:rramphemcal, co-trimoxazole, pyrimethamine,

sulfonamides, trimethoprine-sulfamethoxazole

Increase liver toxicity

. Alcohol, leflunomide

Taylor PC, J Clin Med. 2019;8(4):515



Identification of Risk Factors for Elevated
Transaminases in Methotrexate Users Through an
Electronic Health Record

MpoyvwoTtikol mopAyovTeC yia aavénon Twv tpavoapivacwv Aoyw AnPnc MTX:
= Mayxvoapkia (body mass index >30 kg/m?2)

=  XoAnotepoAn >240 mg/dl

= AU&non Twv Tpavoopvacwy nipLv tn xopnynon MTX

= Juyxopnynon BLoAoylkwv mopoyoviwv

=  Mn tavtoxpovn xopnnynon $oAkouv o€€oc

AOcOEVAC HE QUTA TA XOLPOLKTNPLOTIKA Kal >3 IopAyoVvTIEG cuvvoonpotntoc npoBAEnetal va £xeL 90%
nBavotnta avénoncg TWv TPOVOAULVOLCWY TOUC TIPWTOUC 7 MAVEC amo tnv Evapén aywyng e MTX

Schmajuk G et al, Arthritis Care Res 2014; 66: 1159-1166



