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OLD DRUGS CAN LEARN NEW TRICKS

METHOTREXARMAND ITS MECHANISM OF ACTION
BY BRUCE RRONSTEIMD

RHEUMATOLOGIST 2011
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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
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Fig. 1. Structures
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Methotrexate polyglutamatesinhibit aminoimidazole4-carboxamide ribonucleotid¢ AICARJransformylase(ATIC),
leading to intracellular accumulation of AICA&Rdincreased adenosine releasadenosine binds to cell surface
receptors andsuppresses many inflammatory and immune reactions.

Methotrexate inhibits dihydrofolate reductase, preventing the reduction afinydrobiopterin (BH2) to
tetrahydrobiopterin (BH4), leading taitric oxide synthasaincoupling and increased sensitivity of T cells to
apoptosis thereby diminishingmmune responses.

Methotrexate inhibits activation of nuclear factor® .(NF ¢ ) by increasing botladenosine release and activation
of adenosine receptor A2a and by inhibiting tmeduction of BH2 to BH4.

Methotrexate increases the expression of long intergenic namoding RNA p2{incRNA p21), which is a
multifunction long non coding RNA that regulates, botthirectly and indirectly, a variety of critical immune and
inflammatory processes.

w madulating celt specificsignallingpathways methotrexate inhibits importantpro-inflammatory properties of
major cell lineages involved in rheumatoid arthritgathogenesis, including T cells, macrophages, endothelial cells
and fibroblastlike synoviocytes

CronsteinBN,Aune TM. Nat Re\Rheumatol 2020;16(3):145.54



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 oedema formation

Fibroblast-like synoviocytes

¢ Inhibits metalloproteinase production
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In arandomized prospective study, ingestion of caffeine,
a non selective adenosine receptor antagonist, reduced
the therapeutic response to methotrexate in patients
with RA
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CronsteinBN, Nat ReRheumatol2020;16(3):145154
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A 66/120 (55 %)Complete reliet able to continue takingadvised MTX dose
A 16/120(13.3 %)Partial relieft able to continue takingadvised MTX dose but only witantiemetics

A 9/120 (7.5 %) Minimal relief better but some symptonpersisting able to continue taking reduced MTX dos@ad

with antiemetics

A 12 (10 %) Caffeine failuteno relief at all.

Malaviyalz 1 Glin Rheumatol. 2017;36:27285
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Intestinal lumen

Intestinal
cell

Bloodstream

Renal cell

Liver cell

via urine

Efflux
via bile

ASLC19A1 solute carrier family 1/@late
transporter), member 1

AABCC1 (AFBinding cassette, subfamily C,
member 1)
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Determinants of Erythrocyte Methotrexate
Polyglutamate Levels in Rheumatoid Arthritis
Ethan den Boer, Maurits C.J.F. de Rotte, Saskia M.F. Pluijym, Sandra G. Heil,

Johanna M. Hazes, and Robert de Jonge B
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Pharmacokinetics of oral and subcutaneous methotrexate in red and
white blood cells in patients with early rheumatoid arthritis: the

methotrexate monitoring trial
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Subcutaneous MTX administration results in higher drug levels in RBCs (but not in PBMCs) than after
oral administration, especially shortly after treatment initiation.
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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'\ 1 [m===- MTX 20mgiweok  — — - MTX 7.6mg/week |
y e, I_‘ MTX 10mg/weok MTX 15mg/week
— \ ] =+« == ORAL MTX
R . \ ———————
€ \ e
E - N \Q""-..,, L Kaplan Meier curves showing the proportion (%) of
1 3 ) : patients still taking MTX at different dosages after 1,
LY p -\ ‘"‘I 2, 3, and, 4 years. In the associated table the numbers
i N =) and the percentages of the patients still taking MTX at
s _"'h""*-"":-l basal time, after 1, 2, and, 4 years are reported.
0% e Ve,
0 1 2 3 4
Years

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

GeneraliE,JTranslAutoimmun. 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
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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 GI Scott - lan Keary
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Fitzpatrick RClin Rheumatol. 2013;32:16052



RESEARCH ARTICLE

Comparison of oral versus parenteral

methotrexate in the treatment of rheumatoid

arthritis: A meta-analysis (6 -hhaAh < Y 1 ;¢ 7

Andreea M. Bujor'#, Sahar Janjua'®, Michael P. LaValley?, Josefina Duran?,

t - ’ rot
Jiirgen Braun®, David T. Felson' W /\ h A h B /\ B

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 aCh|eV|ng ACRZO
with ACR20 patients with ACR20 patients .
Braun (2008) 143 187 159 188 56% 1.69 [1.00, 2.84] —— USI ng parente ral VS - Oral MTX
Ahmed (2010) 4 44 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 sum mary OR for achievi ng
oS : - ACR20 using parenteral vs. oral
Favorsoral Favors parenteral MTX was 302 (95% Cl 1 41’ 64 ’
Study Oral Parenteral Weight 0Odds ratio, 95% Cl Wlth no Slgnlflcant dlffe rence
Patientswith  Total Patientswith  Total In the risk for all adverse events
any AEs _patlents any AEs patients
Braun (2008) 116 188 128 193 80% 1.22 [0.80, 1.86] ——
Ahmed (2010)
Islam (2013)
Dhaon(2016) 22 as 18 s 2% 070030, 161) : Summary OR for adverse effects data
Total 138 233 146 238 100% 1.09 [0.75, 1.59] - (any AE)
0.25 1 4

Favors oral Favors parenteral

Bujor AM, PLOSONE2019:14(9): e0221823



Efficacy and tolerability of subcutaneously administereaethotrexate including dose
escalation in longterm treatment of rheumatoid arthritis in a Japanese population

Supplemenization dropout
patients from part 1 {de nova)

i *art Part 2
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Baseline Visit =2t 1 - Final Birded
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: Wesek 11
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receive a 12veek administration of either 7.5 mg MTX
subcutaneously (MJK10H, 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 weekgh

doses starting from 7.5 to 15 mg with 2.5 mg increments
with the option of selfadministration of MJK101

—e— ACRZ20 response —o— ACRS0 response ACR70 response
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ACR20, ACR50, and ACR70 responders (proportion of FAS) at Weeks 12, 24, 3
and 64, treated with MJK10Xa) ACR20, ACR50, and ACR7O0 for the total
rollover patients (N = 98) compared to the baseline of Part 1 (prior to the start
of treatment at Week 0). (b) ACR2BCR50, and ACR7O0 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).

Tanakal Modern Rheumatology, 33, 2023, 68689
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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 ¢
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 MT
in general, and the incidence, occurrences and preferre
term types of drugrelated TEAE of gastrointestinal syste
disorders were lower.

Qiaol,Rheumatology (Oxford). 2025 Feb 7:keaf054

Efficacy and safety of methotrexate injection and methotrexate tablets in RA

DAS-28 ESR Change from Baseline
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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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PedACR 30 in as observed and ITT

population

p=0.001
p<0.0001

12 18 24

= oral obs sc obs oral ITT scITT

PedACR 50 as observed and ITT population

e —

p=0.07
p<0.0001

12 18 24

— oral obs scobs oral ITT scITT

PedACR 70 as observed and ITT population

T
p=0.014
-
pel. 0001
B 1 18 4

+— oral obs sc obs oral ITT

PedACR 90 as observed and ITT population

—
—
=0.0004
e = p=0.050
,/ p<0.0001
> p=0.0003
6 12 18 24

e oral obs scobs oral ITT

Oral or Parenteral Methotrexate for the Treatment of
PolyarticularJuvenile Idiopathic Arthritis

PedACR39/50/70/ped90
response rates among oral
ands.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 [1.83.7]) forPedACR
30;P<.0001,HR=2.4
[1.65-3.34]) forPedACRSO0;
P<.0001, HR = 2.3 [1.64
3.32] forPedACRO; P<
.0001, HR = 2.02 [1-2.3]

for PedACR0)

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

BakryR,Eur J RheumatoR022;9(4):197205
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patients with flare (%)

w
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mean SJC44 (n)
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25+

= MTX subcutaneous
¢ MTX oral

RN
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0 3 6 9 12 flare 3 6 9 12

follow up (months) time after flare development (months)
B
= MTX subcutaneous
* MTX oral
T T f T T 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 saxis 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.MLooijen Rheumatology 2022;61:e21&218
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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 retrospectivesurvey of patients prescribed SC MTX in a university
teaching hospital identified 352 patients. 298vitched from oral to SC
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)DAS28 improved from a mean of 4.06 (0.63
8.06) to 2.83 (0.14.32)following the switch (p<0.0001)Psoriatic
arthritis (PsA: total joint count improved from a mean o7 (0-42) to 2 (O
25) (p<0.0001). Swollen joint count improved from a mean of 2¢) to

1 (0-6) (p=0.09). Discussion: SC MTX is an effective solution for RA and
PsA irrespective of whether oraMTX is inefficacious or intolerable.
Where oral MTX was ineffective, a switch to SC achieved dlisease
activity despite multrmorbidity, long disease course and protracted oral
MTX exposure. Thimtervention prevented over twaothirds of patients
requiring biologicsSC MTX is a durable strategyth excellent disease
outcomes and substantial economic benefits.

u Gl Disturbance Constitutional Symptoms ® Abnormal LFTs 8 Miscellaneous

Mediterr JRheumatol2024;35(1):11822



Efficacy and safety of ascending methotrexate dasecombination with
adalimumal the randomisedCONCERTO trial

DAS28(CRP) <3.2 DAS28(CRP) <2.6 _ . N
. HAQ-DI <0.5 o HAQ-DI <0.5 2 12_Adﬂ|ll‘l"ll.ll'l"lﬂb Pharmacokinetics
1001 AmTSS <0.5 1001 AmTSS <0.5 o
40+ 40 *-E
31.6
£ 30 273 2 30, 265 3
B * 20.0 = 21.2
S 20] 222 T 20 153 150 £
B.E “ 32 3
101 10 c
._. S
0- 0- g
I 20A + 2.5 mg MTX [[T]ADA + 10 mg MTX < 24 8 12 16 20 26
I ADA + 5 mg MTX [ ]ADA +20 mg MTX Week
A RCT¥ wfJlvd@S s A > h ' ¢" Adalimumab 40mg/2w' .~ ~ "1t
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BurmesterG-R, et al. Ann Rheum Dis 2015;74:108%



The issue of bioavailability of oral low doseaethotrexate: should we choose
only 10 mgof MTX a week in conjunction with anfif NFtherapy?
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Seminars in Arthritis and Rheumatism

ELSEVIER journal homepage: www.elsevier.com/locate/semarthrit

Effectiveness, tolerability, and safety of subcutaneous methotrexate in
early rheumatoid arthritis: A retrospective analysis of real-world data
from the St. Gallen cohort
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The role of concomitant methotrexate dosage

and maintenance over time in the therapy of n' oo rf U : Y hY A= AY
rheumatoid arthritis patients treated with [NFh &, 1 cop o >h ¢ oo
adalimumab or etanercept: retrospective

analysis of a local registry
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0 1 2 The impact of maintenance of baseline concomitant MTX regimen on (A)
Years DAS 28 remission and (B) European League Against Rheumatism
Two-year drug survival o NFitreatment according to maintenance good/moderate clinical response

of baseline concomitant MTX regimen
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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.
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Methotrexate effect on immunogenicity

M and long-term maintenance of ( o[ L C h ¢ h A Y * ~
Rheumatic & : . . PP
Wil adalimumab in axial spondyloarthritis: L o o ¢ C _
a2 multicentric randomised trial J < J - A

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 AMAT h ¢ Ak S ¥ h v~
Sex, male 22 (42) 28 (51) 0.48 o v AL <h oo v - h gt
HLA B27-positive 30 (58) 33 (60) 0.78 Af . h oo, .
Age (years) 43(18-71) 41(18-65) 0.61 3 v _
BMI (kg/m?) 25(18-35) 27(17-40) 0.4 A2¢ 117 " mdalimumab® h © o >E 0
Disease duration 3 (0-34) 2 (0-41) 0.93 oAl MTX 10 mg - R
(years) (MTX+) 6.a'¢C - b U
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 Ducourauk,RMD Oper2020;6:€001047




ORIGINAL RESEARCH

RMD

Methotrexate effect on immunogenicity

Open and long-term maintenance of rJfuo ©h° hA” > 70 7 A
Wil adalimumab in axial spondyloarthritis: “hhao " A LA

Diseases

a multicentric randomised trial
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ORIGINAL RESEARCH

RMD

Open Methotrexate effect on immunogenicity rfuoan” " T T N T ThE
P and long-term maintenance of ~h”~hiJ1 " A . A 6 h' > h
Wil adalimumab in axial spondyloarthritis: “h " h >~ A . , (g
gl a multicentric randomised trial -
A B c
R (E———————
=, ~ MTXno/shart MTX duration b == adalimumab C = 4pg/mL
Time (weeks) Time (weeks) Time (weeks)

Adalimumabmaintenance according to (A) antirugl Y1 A0 2R& 0! 5! 0b @S NE dza methbtiedate (MIX) briy S |

RdzN)} 0 A2y GKIFO A& B2HcIX @OSNERdza y 2 aatalimuthabkoacentratigng<2sNduartife dggNISG A 2
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Methotrexate Safety and Efficacy in Combination Therapies in Patients With Early
Rheumatoid Arthritis: A Post Hoc Analysis of a Randomized Controlled Trial

0.75 4

0.50 4

0.25 H

Free of any of the prespecified events (%)

0.00 H

Log rank p<0.001

=]
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8_

Number at risk

Active conventional treatment 217 114 85
MTX+certolizumab-pegol 203 112 38
MTX+abatacept 204 114 a8
MTX+tocilizumab 188 74 45

& N;m o

Active conventional freatn
MTX +certolizumab-pegol
MTX +abatacept
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0 30 60 90 120 150 180
Time since randomization (days)
Number at risk
Active conventional treatment 217 211 208 202 196 192 17
MTX+certolizumab-pegel 203 196 190 190 184 179 15
MTX+abatacept 204 200 198 195 192 189 17
MTX+ocilizumab 188 166 158 152 148 143 15

Active conventional freatment
MTX+certolizumab-pegol
MTX+abatacept

MTX+tocilizumab

Adverse event of interest plot by KaplaWeier estimators for the time from randomization until 24 weeks visit (median day 168,
interquartile range 16¢174, target date by the NORBTAR protocol day 1681 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 th@especifiedevents. (D) Free of blood and lymphatic system disorders.
Lend K, ArthritiRheumatol 2024;76(3):363876



EULAR recommendations for the management of

rheumatoid arthritis with synthetic and biological K 1 M

disease-modifying antirheumatic drugs: 2022 update

—
~5.

10.

11.

Therapy with DMARDs should be started as soon as the diagnosis of RA is made.

Treatment should be aimed at reaching a target of sustained remission or low disease activity in every patient.

Monitoring should be frequent in active disease (every 1-3 months); if there is no improvement by at most 3 months
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.

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

Short-term glucocorticoids should be considered when initiating or changing csDMARDs, in different dose regimens
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,
other csDMARDs should be considered.

If the treatment target is not achieved with the first csDMARD strategy, when poor prognostic factors are present, a
bDMARD should be added; JAK-inhibitors may be considered, but pertinent risk factors* must be taken into account.

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.

If a bDMARD or tsDMARD* has failed, treatment with another bDMARD or a tsDMARD** should be considered; if
one TNF or IL-6 receptor inhibitor therapy has failed, patients may receive an agent with another mode of action or a
second TNF-/ IL-6R-inhibitor*™.

After glucocorticoids have been discontinued and a patient is in sustained remission, dose reduction of DMARDs
(bDMARDs/tsDMARDs* and/or csDMARDs) may be considered.

Efficacy: 1a
Safety: 1b
Efficacy: 1a
Efficacy:
1al*5/3;
safety: 1b

1b

;. Efficacy: A;

Safety: B
Efficacy: A

Efficacy: A/*D;
Safety: B; IL-
6R-inhibition:
C

A

SmolenJS Ann Rheum Di2023;82:%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

da¢- &aKz2dzZ R 0S dzaSR Ay |yé Ol asSsz dzyf S:
In patients with significant renal impairment.

- The Task Force had also no rowd&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
02Re ¢gSAIKG F2NI I LISNB2Y 2F loz2dzi yn ]

SmolenJS Ann Rheum Di2023;82:318
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Propensity-Adjusted Association of Methotrexate
With Overall Survival in Rheumatoid Arthritis

Mary Chester M. Wasko,! Abhijit Dasgupta.” Helen Hubert,?
James F. Fries,* and Michael M. Ward?

Hazard ratio
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All CVE Favors MTX  Favors no MTX

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

0 2

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

Myocardial infarction Favors MTX  Favors no MTX
Bozaite-Gluosniene et al. 2011 ——
Suissa et al. 2006 —a—
Wolfe et al. 2008 .
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 HElH
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 H—
All —@

0.8[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]
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6.8%
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8.6%
18.3%
2.0%
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100%

22.3%
35.3%
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100%

100%

100%

58.5%
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100%
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RoubilleC, et al. Ann Rheum Dis 2015;74:4889
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Clinical science

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

patients with cardiovascular risk

il Rheumatology key messages
130 - — e . . .
ol A Evidence showed that immunosuppressive agent
= e had a reduced risk of CVD events.
w 4 . . .
+ 1004 A Low-dose methotrexate is not effective at lowering
g o0- blood pressure in patients without rheumatic
Sl | e ————————————— disease.
o A A major effect on blood pressure in patients treated
60 . . . . .
T———— with MTX for autoimmune diseases is unlikely.
LD-MTX 2357 1942 1702 1463 1254 1072 880 718 581 433 304 207
Placebo . 2364 1962 1711 ' 1446 1246 1069 ' 897 719 550 ' 409 296 187I
0 50 100 150 200
Visit by Week

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

Rheumatology 2025, 00, &4
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A Meta-Analysis of Randomized Controlled Trials

Methotrexate and Lung Disease in Rheumatoid Arthritis

. Risk Ratio
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Methotrexate-Associated

Pneumonitis and Rheumatoid

Arthritis-Interstitial Lung Disease: K VET NE >/ Y | I L
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 7§ear-old man with rheumatoid arthritis. (A) Posterieanterior chest radiograph immedigly before the initiation
of treatment. Following 10 days of methotrexate, the patient experienced progressive dyspnea and fever. Fafiasiest radiograhy showed bilateral
heterogeneous opacities in all lung zones. (B) The patient was transferred to the intensive care unit for supportive treatfhighdose glucocorticoids were
administered and gradually withdrawn following clinical and radiological improvement. Initial higisolution CT scanning showetiffuse infiltrates and
bilateral patchy consolidations with only very limited grounglass opacities (images not shown). (C) Seven months after stappiathotrexate, the changes

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



Methotrexate-Associated

Pneumonitis and Rheumatoid v K ny v w B
Arthritis-Interstitial Lung Disease: 4 Mm" > AE {0
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 5§ear-old woman with rheumatoid arthritis. (A) One millimeter transverse axial-8dction through the lung bases show
subpleuralhoneycombing and early traction bronchiectasis (arrows), consistent with a usual interstitial pneumonia pattern. (B) Ninéhstater, the
patient developed severe dyspnea at rest and required mechanical ventilationb@mchoalveoladavage, influenza A virus was found to be present. A
follow-up CT now showed a small rigistded pleural effusion andanultifocally confluent consolidation, partially obscuring equally patchy bilateral
ground-glass opacification. A few thickeneskeptae(crazypaving pattern) could be delineated (not shown). These findings were consistent with a viral
pneumonia. Despite extracorporeal membrane oxygenation therapy, the patient deceased.

FragoulisGE, Front Med (Lausanne). 2019 Oct 23;6:238



Rheumatology, 2023, 62, 2377-2385
https://doi.org/10.1093/rheumatology/keacB51
Advance access publication 17 November 2022
Original article

British Society for
Rheumatology

RHEUMATOLOGY -
OXFORD

Methotrexate, leflunomide and tacrolimus use and the

progression of rheumatoid arthritis-associated interstitial
lung disease

Clinical science

Rheumatology key messages
w a S K2 ifNdmBite@r® Bcrolimuswere not
associated with the progression of rneumatoid arthritis (RA)

interstitial lung disease (ILD).
w ¢KS NRARail ¢! &fludomiseiastuge®in y i &K
patients with severe ILD.
w hf RSNJIF3S> YI{fS ASE>X aK2NIS
activity and extensive disease were independent risk factors
for progression

JkWon Kim Rheumatology, 2023, 62, 2372385
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Number of reports

Methotrexate-related drug reactions on kidneys and liver in rheumatoid
arthritis: an analysis of spontaneous reports EudraVigilance
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Patients with ADRs on the kidneys were
older andcomedication(e.g. non

steroidal antiinflammatory drugs
(NSAIDs), acetaminophemgtamizole

and corticosteroids) was more common
than in cases with ADRs on the liver.
More patients with kidneythan liver
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
comedicatiorwas more common
compared to norfatal cases.

Khoroshunet al. Arthritis Research & Therag2025) 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’

MTX-osteopathy treatment course

pre-treatment

post-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
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Calcified Tissue International (2024) 115:5840



K K Y - h * B " h h - > B ¢

E” Y T h " Essh Y T B YARTNh TR AT T Y S B <8 YASWATY

., h " h ¢ ' > y®B A'h*AY"h 8 Y 7 'h” , "¢ hy h i1 B nhh =@ B""’h

N —

Ch AS TSR ATRICIS Y > AT h




nature reviews rheumatology https://doi.org/10.1038/541584-022-00883-4

Review article ™| Check for updates

Busting the myth of methotrexate
chronic hepatotoxicity

Patients with nonralcoholic fatty liver disease
(NAFLD) are at increased risk for
methotrexate hepatotoxicity, and methotrexate
can worsen the course of NAFLD

ADCAT

Key points

wwaSUiK2GNBEFGS A& + 1S 02YLRY!
inflammatory rheumatic diseases and the mainstay of therapy

in rheumatoid arthritis.

wwLy fAIKI 2F Odz2NNBYyid SOARSYyOS
methotrexate alone is capable of inducing chronic liver disease;

the risk ofmethotrexate-induced liver injury is primarily acute

in nature.

Wwwte KS OdzydzZf I § A S R24aS
for the occurrence of fibrosis.

w w L y-algbhlbNE fatty liver disease, several
pathophysiologicalarguments suggest (in the absence of proof

from clinical trials) thatlong-term methotrexate therapy

worsens liver damage and thprogression of liver disease.

wwt NBONBFGYSYyid aAONBSYyAy3dI Aa IR
presence of liver disease in patients being considered for
methotrexate treatment.

wwaZ2yliKfe Y2YyAOG2NAY3I Aa |
methotrexate treatment, followed by 3monthly monitoring

comprising complete bloodounts, liver function tests and
calculation of the Fib4 fibrosis score.
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Di Martino V,Nat RevRheumatol 2023;19(2):96L10
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ﬂfRHEUMﬁTULOGY Vol 74, No, 9, September 2022, pp 1464-1473

" DO 10,1002/ art. 42140
Enponering Rbeametslogy Proferionss © 2022 American College of Rheumatology

2022 American College of Rheumatology/American L 1 h ¢ T
Association of Hip and Knee Surgeons Guideline for the It oh
Perioperative Management of Antirheumatic Medication in r c[ U

Patients With Rheumatic Diseases Undergoing Elective Total h = ¢« Y ~ «<h

Hip or Total Knee Arthroplasty

Recommendations

For patients with RA, AFsA JIA, or all SLE undergoietgctive THA or TKA, continuing the usual
dosing of the followingdiseasemodifying antirheumatic drugs (DMARDS) throughrgery is
conditionally recommended: methotrexatdeflunomide, hydroxychloroquine sulfasalazine, and/or

apremilast

Goodman SM,Arthritis Rheumatol 2022 Sep;74(9):1462473



Arthritis & Rheumatology M'IERICHN CDLLEGE

Vol. 75, No. 3, March 2023, pp 333-348 of RHEUMATOLOGY
DO 10.1002/art 42386
© 2023 American College of Rheumatology Empensering Rivemureiogy Professionac

2022 American College of Rheumatology Guideline
for Vaccinations in Patients With Rheumatic ( o( U ¢ h
and Musculoskeletal Diseases

Methotrexate

For patients with RMDholding methotrexate for2 weeks after influenzaraccination is
conditionally recommendedassuming disease activity allows.

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

For patients with RMD, holdingnmunosuppressivemedicatiofor an appropriate period before

and 4 weeks after livattenuated virus vaccination is conditionally recommendedl.s . °

) 47 >h s - A € h > h B >] ' <" h > Y _ A B

Bass ARArthritis Rheumatol 2023 Mar;75(3):33348
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TRANSLATIONAL SCIENCE

Is methotrexate safe for men with an immune- rJ v B h Al
mediated inflammatory disease and an active desire B C AY - ¥ v

to become a father? Results of a prospective cohort )
study (IFAME-MTX)

I/ 4

B - Seminal fluid

S Altogether, our data suggest that MTX

IS notassociated with testicular

toxicity. Therefore therapy with MTX

 — can be safely started otontinued in
£ — men diagnosed with an IMID andith
an active wish to become a father

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

MTX—quyqutamate(PG) achm_ulatlon in erythrocytes, seminal fluid and spermatozoa of PerezGarcial F, et al. Ann Rheum Dis 2023:82: 105675
RA patients and FPGS activity in spermatozoa



Original Article

Recommendations for the Use of Parenteral Methotrexate ) !
in Rheumatic Diseases™ o 1 . _

Jests Tornero Molina,®* Jaime Calvo Alen,” Javier Ballina, Maria Angeles Belmonte

Francisco ]. Blanco,® Miguel Angel Caracuel,’ Jordi Carbonell,# Héctor Corominas,” Eugenio Chamizo,! +
Cristina Hidalgo, José Roman Ivorra,* José Luis Marenco,' José Vicente Moreno Muelas,™

Santiago Mufioz-Fernandez," Joan M. Nolla,° Trinidad Pérez,”? Raimon Sanmarti,9 Pilar Trenor,
Claudia Urrego,® Javier Vidal,® José Rosas Gomez de Salazar'

~h ~ B A

uTX o

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 alReumatolClin 2018;14(3):142149
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ORIGINAL PAPER

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
DAS28ESR score. The current disease activity
categories (%) of the RA cohort according to
the Disease Activity Score 28 by the
erythrocyte sedimentation rate (DAS2&ESR) is
shown.

Thomas KMediterr JRheumatol2018; 29(1): 2737



Timing and Impact of Decisions to Adjust
Disease-Modifying Antirheumatic Drug Therapy
for Rheumatoid Arthritis Patients With Active
Disease

Data for years 201€R013 of the University of Pittsburgh
Rheumatoid Arthritis Comparative Effectiveness
Research (RACER) registry

Adjusted DMARD therapy before reaching LDAS

Proportion of subjects

0 200 400 600 800 1000 1200
Days

Status plot of subjects over time: by days since having
moderateto-high disease activity.

[~ h 5~

oA fB oS

Forty percent of subjects with persistent MHDAS
waited >90 days for DMARD therapy adjustment,
suggesting that many RA patients may not be
receiving timely therapy adjustment in clinical
practice.

Adjusting DMARDs within 90 days in resportse
MHDAS was associated with a higher likelihoofd
reaching LDAS during followp. Thisassociation
indicates that attention to timing ismportant in
implementing treatto-target guidelinesin RA.

Shaw YArthritis Care Res (Hoboken). 2018 Jun;70(6)-834
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EULAR recommendations for the management of
rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs: 2022 update

( v AV : K 'jh!— VB<VhJ JAKE— /\ll n> J . Yorom

9. bDMARDsand tsDMARDS should be combined with asDMARDIn patients
who cannot usecsDMARDsas comedication IL-6 pathway inhibitors and
tsDMARDS may have some advantages compared with othebMARDSs. the
EULAR Task Force continues to advocate the continuation of MTX (or other
csDMARDpswhen treatment withbDMARDr JAKIs planned.

SmolenJS Ann Rheum Dig023;82:318
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