Review of existing evidence demonstrates that
methotrexate does not cause liver fibrosis
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ABSTRACT

It has long been believed that methotrexate in
therapeutic doses causes progressive liver injury
resulting in advanced fibrosis and cirrhosis.
Historically, this was a common indication

for serial liver biopsy. However, new evidence
suggests that methotrexate may not be a direct
cause of liver injury; rather the injury and fibrosis
attributed to methotrexate may be mediated by
other mechanisms, specifically non-alcoholic fatty
liver disease. The recent widespread use of non-
invasive assessment of liver fibrosis has provided
new evidence supporting this hypothesis. Thus, we
conducted a meta-analysis and systematic review to
determine whether methotrexate is indeed a direct
cause of liver injury. For the meta-analysis portion,
a comprehensive literature search was performed

to identify manuscripts relevant to the topic. Of the
138 studies examined, 20 met our inclusion criteria.
However, only 3 studies had sufficient homogeneity
to allow aggregation. Thus, the remainder of the
study was dedicated to a critical review of all studies
relevant to the topic with particular attention to
populations examined, risk factors, and assessment
of injury and/or fibrosis. Meta-analysis did not

show a statistically significant association between
methotrexate dose and liver fibrosis. Individual
studies reported fibrosis related to confounding
factors such as diabetes, obesity, pre-existing chronic
liver disease but not methotrexate exposure. In
conclusion, existing evidence demonstrates that
advanced liver fibrosis and cirrhosis previously
attributed to methotrexate are in fact caused

by metabolic liver disease or other chronic liver
diseases, but not by methotrexate itself. This
observation should direct the care of patients treated
with long-term methotrexate.

INTRODUCTION

Methotrexate (MTX) remains a first-line drug in
management of chronic inflammatory diseases
including rheumatoid arthritis (RA), spon-
dyloarthritides and vasculitides.! Despite the
advent of biological therapies, MTX is popular
because of its low expense, ready availability
and milder side effect profile.” > MTX-related
liver injury has been a topic of interest for years
especially among dermatologists and hepatolo-
gists. Adverse effects attributed to MTX include
mucositis, pneumonitis, pulmonary fibrosis,
and liver injury. Specific liver injury proposed

2,3

WHAT IS ALREADY KNOWN ON THIS TOPIC

= It has long been accepted that
methotrexate is a cause of progressive
liver fibrosis, and prior medical standard of
care included interval liver biopsy to assess
liver fibrosis in patients receiving the drug.
However, emerging evidence suggests that
methotrexate use may be associated with
liver fibrosis but not causal.

WHAT THIS STUDY ADDS

= This systemic review shows that fatty liver
disease, rather than methotrexate itself,
causes progressive liver fibrosis and that
development of cirrhosis is rare. Moreover,
non-invasive assessment of liver fibrosis is
sufficient to detect serial changes in this
population.

HOW THIS STUDY MIGHT AFFECT
RESEARCH, PRACTICE AND/OR POLICY

= The clinical implications for this are that
serial monitoring of liver fibrosis in patients
should be limited to those with risks for
fatty liver disease and that monitoring
should be non-invasive rather than via
biopsy.

to be due to MTX includes aminotransferase
elevations, steatohepatitis, hepatic fibrosis, and
cirrhosis. However, there is reason to believe
that liver injury attributed to MTX may be due
to other factors. For instance, there may not be
a dose—effect of the drug,* and confounding
factors such as metabolic syndrome, alcoholism
and obesity have not been excluded.’

The mechanism of action of MTX at a cellular
level is complex. MTX is a dihydrofolate reduc-
tase inhibitor and reduces intracellular folate,
thus affecting DNA and protein synthesis. This
leads to reduced epidermal replication and
affects T lymphocytes and macrophages. At
therapeutic low doses (<0.4 mg/kg/wk), MTX
causes changes in adenosine signaling (inhibition
of 5-aminoimidazole-4-carboxamide ribonucle-
otide formyltransferase) rather than impaired
folate metabolism. Interestingly, in the liver,
adenosine is a profibrogenic signal that upreg-
ulates production of collagen and suppresses
metalloproteinases during the process of wound
healing in response to injury.®
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Figure 1 Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow sheet.

In light of these contradicting data, we attempted to
re-examine the possible role of MTX as a cause of liver
injury via a thorough review of the literature. We found that
several manuscripts had data sufficiently homogeneous to
allow meta-analysis (please see figure 1 for a schematic of
the methodology used); however, the majority of published
studies were quite different and required individual anal-
ysis (Supplemental File 1). Specifically, meta-analysis was so
limited in scope and source content that a thorough review
of the literature was of greater value. The results of this
approach are as follows.

Evidence provided by serial liver biopsy

Older dermatological literature described liver fibrosis in
patients with psoriasis who were treated with MTX. Table 1
shows a summary of the histological changes attributed to
MTX in the liver. Thus, the dermatology community had
been careful about use of MTX, and recommendations to
follow such patients with liver biopsy after a total cumula-
tive dose of 1.5 g of MTX were standard. Biopsies were to
be repeated after each additional 1 g cumulative dose. The
studies cited, however, had important limitations, including

Table 1 Histological changes attributed to methotrexate use

Details

Steatotic changes Microvascular and macrovascular steatosis

Reactive changes Hyperchromasia, anisocytosis of hepatocyte nuclei,

patchy hepatocyte necrosis
Inflammatory changes  Portal inflammation
Fibrotic changes Periportal fibrosis; portal to portal bridging; portal

to central bridging; pericellular fibrosis

lack of consideration of confounding variables such as
alcohol, obesity, and chronic medical conditions.”®

In an 8-year prospective cohort, 209 liver biopsy spec-
imens were analyzed by electron and light microscopy. A
mean of 6.3 liver biopsies per patient was obtained during
the follow-up. Results showed no alteration in hepatic
architecture on weekly dosing of MTX in patients with RA.”
Thus, this trial suggests that patients with RA, even those
who used large doses of MTX, did not develop advanced
liver fibrosis or cirrhosis as assessed by liver biopsy. In a
study by Tishler et al, in an evaluation of MTX-induced
liver damage in 10 patients with RA with sequential biop-
sies, not a single patient showed evidence of advanced
fibrosis or cirrhosis after 4years of treatment.'’ The study
that examines the largest number of patients by biopsy
was performed by Whiting-O’Keefe et al'' in 1991 using
a systematic review of 636 patients from 15 studies. The
authors observed that advanced fibrosis or cirrhosis was
independent of cumulative MTX dose. In contrast, alcohol
consumption was associated with fibrosis progression.
Moreover, in this aggregate group, patients with psoriasis
were more likely than patients with RA to have advanced
fibrosis observed on biopsy.

Lastly, it is important to note that there is no pathog-
nomonic histological finding suggesting MTX-induced liver
injury. Rather, findings dovetail if not completely overlap
with those of fatty liver disease, including mixed cellular
infiltrate, Mallory’s hyaline, apoptotic bodies, steatosis, and
progressive fibrosis commensurate with duration of injury.'?

Evidence provided by serial transient elastography

In our data analysis, 3 studies™™ compared the MTX
cumulative dose for patients with liver fibrosis versus
without liver fibrosis as measured by transient elastography
(TE, FibroScan) using a liver stiffness measurement (LSM)
>7.1kPa as a threshold. Meta-analysis did not show a
statistically significant association between MTX dose and
liver fibrosis. Individual studies reported fibrosis related to
confounding factors such as diabetes, obesity, pre-existing
chronic liver disease rather than MTX exposure.

A critical analysis of each of the studies showed inter-
esting findings. Bafna et al"® followed the patients with RA
who had been on an MTX dose range of 2.4-22 g for at
least 3 years. These patients had an average body mass index
(BMI) of 24.8+3.9. LSM score of 7.1 kPa was used as the
cut-off for any fibrosis, >9.5kPa for severe fibrosis and
>12.5kPa for cirrhosis. Eight patients had an LSM score of
7.1-9.5kPa, 3 patients had an LSM score of 9.5-12.5 kPa,
and 1 patient had an LSM score more than 12.5 kPa. To
summarize, factors associated with elevated LSM were
obesity, steatosis, and waist circumference.

In 2019, Erre et al'* compared 140 MTX-treated patients
with RA to 33 MTX-naive patients with RA. One hundred
healthy blood donors were used as controls. MTX-treated
patients were on a dose up to 7.2 g for around 11 years.
Four patients had LSM values from 7.1 to 7.6 kPa. None
of the treated patients were in the moderate fibrosis or
cirrhosis range. Liver stiffness in MTX-treated patients was
not significantly higher than that of naive patients. Also,
liver stiffness was not significantly different across different
cumulative doses of MTX. In multivariate regression
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Table 2 Association of presence of fibrosis by TE with
cumulative MTX dose as assessed by meta-analysis (p=0.15)

LSM value (kPa) Subjects (n) Mean MTX dose (mg) SD
TE>7.1 (any fibrosis) 45 5030 (2929-7133) 7198
TE<7.1 (no fibrosis) 311 3680 (3582-4479) 448

APRI, AST to platelet ratio index; BARDS, BMI, AST/ALT ratio and Diabetes
Score; FBG, fibrinogen; FIB-4, Fibrosis-4; LSM, liver stiffness measurement;
MTX, methotrexate; TE, transient elastography; VCTE, vibration-controlled
transient elastography.

analysis, length of exposure to MTX and cumulative dose
were not significantly associated with increase in liver stiff-
ness in this cohort of patients with RA.

Lertnawapan et al" analyzed the MTX dose of 1.8-3 g
and used LSM >7.1kPa as the cut-off for liver fibrosis in
a group of 108 patients with RA who had a BMI of 24=+5.
Only 16 patients were found to have liver fibrosis using this
approach. Factors associated with liver fibrosis included
impaired fasting blood glucose, fatty liver, hyperlipidemia,
prescribed statin, cumulative MTX dose, and prolonged
duration of treatment.

In a cross-sectional study done by Neema et al'® on 82
patients with plaque psoriasis, an LSM cut-off of 7 kPa
was used to indicate liver fibrosis. These patients had an
average BMI of 25+5. All of these patients had received
a minimum cumulative dose of 1.5 g of MTX for approx-
imately 10 years. Twenty-three patients had LSM scores
>7kPa. This study was large enough to allow regression
analysis. Variables shown to be significant at the multivar-
iate level included: age of patient, waist circumference,
diastolic blood pressure, fasting and postprandial blood
sugar, elevated liver function tests, presence of metabolic
syndrome, and severity of psoriasis itself. However, the
cumulative dose of MTX was not associated with liver
fibrosis at the cut-off defined by the authors.

Arena et al' included 100 patients with RA who were
on MTX therapy for 3-11 years. This study is noteworthy
because patients suspected of liver fibrosis (LSM >7kPa)
also underwent liver biopsy. The enrolled patients had an
average BMI of 25+4.3, and MTX dose ranged from 1.5
to 13 g. A total of 5 patients underwent liver biopsy. In 2
patients with LSM score ranging from 9.8 to 11.6 kPa, liver
biopsy showed mild to moderate perisinusoidal fibrosis. In
4 patients, biopsy showed minimal signs of lobular inflam-
mation. It is important to note that no patient had evidence
of cirrhosis as assessed by LSM or biopsy irrespective of
cumulative MTX dose.

Thus, taken together, there are limited data linking use of
MTX or cumulative MTX dose received with liver fibrosis.
It is critical to note that an LSM threshold of 7 or 7.1 kPa to
define liver fibrosis is very low, as this threshold has not been
associated with clinical outcomes. In contrast, there are data
from studies examining serial elastography that demonstrate
that known risk factors of metabolic liver disease are also
associated with liver fibrosis. However, in these cohorts,
no patients met elastography cut-offs for cirrhosis, casting
doubt on the concept that even large cumulative doses of
MTX are associated with cirrhosis development in patients
with RA or psoriasis/psoriatic arthritis.

MTX use in patients with pre-existing liver disease
Several studies have examined the effect of MTX treatment
in patients with pre-existing liver disease, as such patients
may be expected to develop more severe liver injury and/
or more advanced fibrosis if MTX were an independent
cause of injury. Tang et al examined 2 separate retrospec-
tive cohorts of patients with RA with chronic hepatitis B
or chronic hepatitis C not on any treatment.'® ' Exclusion
criteria included alcoholic and biliary cirrhosis, coexistent
hepatitis B and C infection, and other chronic liver diseases.
Patients in these cohorts received cumulative MTX doses of
1.5-3 g and received therapy for 5-9 years. In the hepatitis
B cohort, the incidence of cirrhosis between MTX users and
non-users was comparable (6.2% vs 7% respectively). There
was no increased risk of cirrhosis in patients who received a
higher cumulative dose of MTX (>1.5 g). Fifty-six patients
who were given a cumulative dose of more than 3 g did
not develop liver cirrhosis after 97 months of treatment.
In the hepatitis C cohort, a total of 55 patients developed
cirrhosis: 19 MTX users and 36 non-MTX users. Out of
the 19 MTX users who developed liver cirrhosis, 17 had
a cumulative dose of <1.5g, and only 2 had a cumulative
dose of 1.5-3 g. Of note, no cirrhosis was identified among
the 43 MTX users with cumulative dose of >3 g.

Similar results were reported by Tang et al in 2018 in a
retrospective cohort in patients with psoriasis.?’ A total of
3544 patients with chronic hepatitis B or chronic hepatitis
C were followed over the course of 9years. The average
cumulative MTX dose was 3.9+5.8g after a mean of
123 months in MTX users with chronic hepatitis B, and
4.4+79g after a mean of 122 months in MTX users
with chronic hepatitis C. In this population, there was no
increased risk of cirrhosis in patients with viral hepatitis
with long-term use of MTX.

Taken together, these large cohort trials indicate that
MTX does not increase the risk of cirrhosis in patients
with chronic hepatitis B or hepatitis C. In fact, 1 study
demonstrated that patients with chronic hepatitis C may be
protected from cirrhosis by MTX, although this is a single
observation that would have to be repeated to be clinically
meaningful. In any case, these data are a powerful argu-
ment that MTX does not augment fibrosis in patients with
pre-existing liver disease and provide insight supporting
the concept that MTX does not independently cause liver
injury or fibrosis.

MTX use in patients with pre-existing fatty liver disease
or metabolic risk factors

A variety of population studies using distinct methods have
been performed on patients with either known fatty liver
disease or with metabolic risk factors, and these provide
insight into the relative roles of fatty liver disease and MTX
as causes of liver injury and fibrosis. Mori et al followed 289
patients using liver to spleen ratio with CT scan to assess in
hopes of assessing whether pre-existing fatty liver disease
altered the development of fibrosis in patients receiving
MTX.*! Patients with RA on median cumulative MTX dose
of 1.1 g for at least 29 months were followed, and patients
with elevations of aminotransferases were studied in detail.
Of the 44 patients with aminotransferase elevations, 24
underwent liver biopsy, with the majority of patients

Cheema Hl, et al. J Investig Med 2022;0:1-9. doi:10.1136/jim-2021-002206

3

yBuAdoo Aq paloaloid 1senb Aq 20z ‘0T Mdy uo /i8]l Woly papeojumod ‘220g 1snbny 2 uo 902200-T20Z-WIl/9eTT 0T Se paysiand 1siy :palN Bisaaul ¢



J Investig Med: first published as 10.1136/jim-2021-002206 on 24 August 2022. Downloaded from file:/ on April 10, 2024 by guest. Protected by copyright.

*AydesBoisea Juaisuel) paj|oauod-UuoeIgIA ‘JIDA ‘SIHIYLIE PloleWwNaYl vy ‘siHiedayolea)s d1joyod|e-uou ‘HSYN ‘aseasip Janl| e} djoyodje-uou ‘g4yN ‘a1exanoyiaw ‘XA ‘uoisuauadAy ‘N1H ‘p-S1soiqi ‘p-g14 ‘uabounquy
‘Dg4 ‘snjjjow sa1aqelp ‘A Xapul ssew Apoq ||\ g ‘21035 Salagelq pue onel [1v/1SY ‘NG 'sayvd ‘asessjsuenoulwe ajeyedse ‘| Sy ‘asindwi 9d10j abues asnode ‘| {yy xapul onel 19j31e|d 03} | Sy '[YdY ‘2selajsueijouiwe aujuele ‘y

foueubaid 1spiosip asn

ejwapidipadAy
10/pue awolpuAs

0 LyFgyr  Asdoig 1ani| F31OA (87-v) 9 61> huoley SISelOSd  [0Y0d[e '9SeasIp JaAI| djuoiy) dlj0qelau yum Aoley ol ££910Z 'ndbuog
NLH ‘NG ‘3sn
-g14 ‘21005 sisouqyy [oyode yum sdnoib yioq ul
0 EYFST  @14VN ‘I4dYALOA 4 (z5-0) 68°0 SIseLosd uondajul A[H ‘siiieday [eaip  swuanied Jo saquinu abie vEl 10207 'ueleyeiy
Ausaqo
'HSYN ‘25easIp JaAl] J1joyod|e
‘sineday aunwwioine yG=uoneniul
0 (4314 144V (81-0'1) 6EY 9€ vy '95e3SIP JBAI| JJUOIY) 1B dAleU X1 ‘S9=A L< XLIN 0LL  ¢120T 49bIaqualypnay
asn uixojojeday
0 6'€F1'ST J10A 0l Sl siseliosd asn [oyod[e ‘sireday [eaip 4] 4,020 "eWiasN
-4
'910s SQYYg ‘21035 Japiosip
sIsoJql} @T4VN ‘14dV 35N |0yod|e ‘saselajsueljoulle 9g4 yby yum
0 SFpZ  -onel 1Tv/1SV :310A (6-5'1) ¥ (=810l VY Palend|d ‘aseasip Jani| Juoiyd  sluaned jo jaquinu abie 80l 6107 ‘uedemeuna]
001=sIouop
$95B3SIP BunWwIoINe Aypjeay ‘ge=anteu X1\
0 5314 DA (r'11-50) 79 (CL=ro) Ly v 13130 ‘35B3SIP JaN| JIU0AYD ‘0pL=pa1ean X1 orl 11610 2113
S9SRUIWIRSUR) PRIRAS|D ‘S91IISEe
‘asn uixojoleday ‘asn joyodje auinboiojydAxoipAy uo 9% /6
Aneay ‘sipieday sunwwioine  ‘aunsodxd XN A0L< %LS
l 6'€¥gyz  fsdoiguany 31OA (re1-17) €< (rL1-v2) €9 vy ‘sneday [eXIAOE< NG '3SBQO Y% GY ‘B[ewa) %76 SL ¢,170T "eujeg
sisoyud  (gs¥uesw) NG Aujepow Bunssy (abues) A (abues) 6 uonedipur X1 eLI9)LD UoISN|IX] uonejndod Apnys  azis sjdwies J1eak loyine 1sa1y
Yum sjuaijed uoneinp X1 asop

annenwInd X1

sishjeue-e1aW 10} PaJaPISUOD SIIPNIS [eUO[IBS-SS0I) € dqel

Cheema Hl, et al. J Investig Med 2022;0:1-9. doi:10.1136/jim-2021-002206



J Investig Med: first published as 10.1136/jim-2021-002206 on 24 August 2022. Downloaded from file:/ on April 10, 2024 by guest. Protected by copyright.

‘AydeiBoyse|s Juaisuely

Pajj03u0d-UoneIgIA ‘I DA ‘SHIYLE plojewnayl vy ‘ajqedidde Jou ‘e/u ‘s1exanoyiaw ‘X |\ ‘@seasip [amoq Alojewiweul ‘gg] ‘uoisuanadAy ‘NLH ‘sniiA ) siuieday ‘ADH ‘sniia g sineday ‘AdH ‘snyijjaw sa3aqelp ‘A ‘xapul ssew Apoq ‘|INg

asn |oyodje
|enos 9,8 ‘elwapidipadAy
0 umouyun fsdoig L (¥1-80) G°C SISelosd S159} Jan| [euuiouge 'siieday [eaip %S L ‘NLH %ST NG %ST 65 €107 '03%
SOA umouyun e/u S 60e> fauole VY U0NI3juI0d ADH/AGH |oyod|e :sisoyliid ADH d1u01yd 0SY 619107 ‘Buel
SOA umouun e/u 6 60:e> fuolep VY UOIIBUId ADH/AGH ‘[OYOdJe !SIsoyu) AGH d1uoiy) oSk 29107 ‘Buel
ADH
SOA umouun e/u 0l Jo}p'v ‘AGH 10} 6°E SISBLI0SJ SeasIp JaAI| JIUOIYD ‘UONDBJUI0d ADH/AGH paLep ySe 12810 'Buey
fusago Jo ‘@ ‘sneday 2120
umouun ETB) umouupn (9'5-5'0) 80°C SISeLI0Sd |_JIA JO UOISNIX3 ON 091 ‘uioyewaeyeueRY
fsdoiq
's)sa} Jan| ‘onel S153} J9AI| [PWLIOUqR
0 umouun uas|ds/Ian] umouun 1l vy sieday [eJIA ‘2seasip 1aAl| J1uoiy) NLH %0€ ‘95390 %77 687 120202 ‘HOWN
1uelsisal
ugnsui Ayolew ‘asaqo
0 umouyun 310A 90 S0 SIseliosd %LE WBIRMINO %/ 1333 17610C ‘fungfey
asn |oyod[e papodal
0 V'SFC'8C 310A umouxun (05-07) 0'C sisenosd ‘vy -1apun 3|qissod '9s3q0 Y7y L0l ;10T "1°eUBYD-INOSUBI\
siyeday
|_JIA D1UOIYD )M sjuaned
l 0'1%9¢ A10A (01-01) '€ (L's-0€) 8L siserosd ‘qgd| ‘vy aseas|p JaAI| paduepe K)seqQ € ‘s 0yod[e DIU0IYD %8 € €5 oz} 10T 's2ue[|IA-013Gieg
awoipuAs d1jogelaw ‘NG
0 £YFST fsdoiq ‘310N (L1-€) L (E1-G"1) §'L VY S1S8] JoAI| [BLIIOUQR [3SBISIP IBAI| JIUOILYD) paiyadsun 00l ,,.C10T "BuRlY
sisoyu  (gsFueaw) |Ng RKyjepow (abues) A (abues) 6 uonedipur X1 eLI91LD UOoISNPX3 uonejndod Apmys  azis sjdwies 1eak “oyine s114
Yum syusned bunsay uonenp X1 asop

annenwINd X1

sisAjeue-e1aw 1o} paJapIsuod SaIpNIs oyo)  § djqelL

Cheema HI, et al. J Investig Med 2022;0:1-9. doi:10.1136/jim-2021-002206



Table 5 Studies included in meta-analysis

MTX duration
y (range)
2 (2-5)

MTX cumulative dose

g (range)

Testing modality

MTX indication

Sample size  Study population

Study design

First author, year
Maybury, 2014%

Biopsy
Varied

Unknown (1.7-5.1)

Unknown

Psoriasis

Aggregate of 8 observational studies

Systematic review 429

Unknown
2.5

Psoriasis

Unaggregated examination of 7 distinct studies

Systematic review

Montaudié, 20112
Lla6, 20213°

VCTE; APRI

(0.7-2.7)

1.5

Crohn's disease

37% overweight; 9% obese; 5% type 2 DM; 13% hyperlipidemia

84

Case—control

APRI, AST to platelet ratio index; DM, diabetes mellitus; MTX, methotrexate; VCTE, vibration-controlled transient elastography.

having histology compatible with non-alcoholic steatohep-
atitis (NASH) (n=19) or benign steatosis (n=3), with the
remainder demonstrating interface hepatitis (n=2). Of the
21 patients with any fibrosis, 19 had evidence of NASH,
and 2 had interface hepatitis. Importantly, only 5 cases had
bridging fibrosis, and none had cirrhosis.

Rattanakaemakorn et al compared MTX monotherapy
and MTX-acitretin (ACI) in patients with psoriasis to assess
the risk of hepatic fibrosis.”* In this retrospective cohort,
160 patients who received MTX dose in the range of 1-4g
were followed. This study did not exclude patients with
viral hepatitis or type 2 diabetes. Cumulative incidence of
hepatic fibrosis at 5 years was identical in both groups (16%
for MTX-ACI; 16% for MTX alone). The only factor that
predicted liver fibrosis in either group was the presence of
type 2 diabetes mellitus (DM2) or obesity. MTX dose was
not a predictor of liver fibrosis.

Yeo et al performed a cohort study on patients with
psoriasis receiving long-term MTX.?® Fifty-nine patients
receiving MTX in a range of 0.8-14g were followed for
7 years. Thirty-four of these 59 patients had no risk factors
for liver disease, and 25% had type 2 diabetes, 25% had
hypertension, 15% had hyperlipidemia, 8% consumed
alcohol (deemed by the authors to be ‘social use’). Patients
with hepatitis B and C and aminotransferase elevations
prior to the study were excluded. Ninety-eight biopsies
were acquired on 59 patients. Biopsies were scored using
Roenigk system, which takes into account both stage and
grade. In this group, fibrosis was staged as follows: stage 1
(6 patients), stage 2 (23 patients), stage 3 (7 patients), stage
4 (0 patient). Thus, in this study examining liver fibrosis
via liver biopsy, advanced fibrosis was rare, and high cumu-
lative MTX dose was not a risk for this. Moreover, no
patients were found to have cirrhosis.

Mansour-Ghanaei et al carried out a retrospective cohort
with 101 patients with a variety of rheumatological disor-
ders.” These patients had an average BMI of 28.2+5, and
449% of the patient population was obese. History of alcohol
use was present in only 3% of the cases. MTX dose range
was 2-5g with duration of treatment from 2 to 5 years.
Liver stiffness and steatosis was measured by using TE.
Statistically significant risk factors for liver fibrosis included
BMI and waist circumference; however, MTX dose and
duration were not risk factors for liver fibrosis.

In a cross-sectional study including patients with inflam-
matory bowel disease, Barbero-Villares et al assessed liver
stiffness by TE.2® The MTX dose range was 1-3g over a
course of 2 years. Cut-off for liver fibrosis was >7.1kPa. In
this group, 35, 8, and 3 patients had TE values of <7, 7-9,
and >9.5kPa, respectively. No cirrhosis was reported. This
study was limited in description of patient population and
reporting of confounding factors.

A cohort study was performed by Maybury et al in 2019
in 333 patients with severe chronic plaque psoriasis with a
mean dose of 15 mg/wk of MTX with average treatment
duration of 0.6 years.”” In this study, 85% of patient popu-
lation had already been exposed to MTX, 53% were insulin
resistant, 37% overweight, 30% obese, 22% had type 2
diabetes, 50% had non-alcoholic fatty liver disease, and
66% population were taking another biologic. LSM results
showed 14.1% patients with TE values >8.3 kPa. Impor-
tantly, most of these patients were not in the MTX group.
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These findings indicate that central obesity as well as insulin
resistance, rather than MTX, in this cohort of patients was
the main factor related to liver fibrosis.

In a 2014 systematic review by Maybury ez al, 8 obser-
vational studies were analyzed to assess the risk of liver
fibrosis with MTX.?® The risk difference (RD) for devel-
oping any fibrosis was 0.22 with 95% CI 0.04 to 0.41.
The RD for cirrhosis was 0.04 with 95% CI of 0.02 to
0.07. This study showed that there was no clear associ-
ation between cumulative dose of MTX and fibrosis. In
these studies, liver biopsy data did show disease progres-
sion associated with MTX use. However, in the included
observational studies, confounding factors such as obesity,
diabetes, alcohol use and metabolic syndrome were under-
reported. This study was limited by selection bias and small
study population.

Montaudié et al in 2011 performed a systematic review
in patients with psoriasis on MTX therapy.”’ The analysis
assessed the diagnostic performance of procollagen III as a
biomarker of liver fibrosis as compared with the commercial
FibroTest assay and TE. All 3 modalities had comparable
performance, and all demonstrated that type 2 diabetes and
obesity but not MTX dose were major risk factors for devel-
oping liver fibrosis in patients with psoriasis. In the studies
cited, cirrhosis was not reported.

Llaé et al carried out a case—control study in patients with
Crohn’s disease.®” Fifty-six patients who were being treated
with MTX versus 28 patients not treated with MTX were
compared. Thirty-seven per cent were reported to be over-
weight, 5% with type 2 diabetes, and 13% with hyperlipid-
emia. These basal characteristics were similar between the
2 groups. MTX dose range was 0.7-2.7 g for 29 months of
therapy. Liver fibrosis as defined by LSM of 7.9 kPa was
detected in 3 cases and 4 controls. In multivariate analysis,
alcohol consumption, type 2 diabetes, and mean age, but
not MTX use, were associated with liver fibrosis.

Mahajan et al in 2020 compared MTX-receiving and
non-MTX-receiving patients with plaque psoriasis.’!
Patients with chronic hepatitis B, hepatitis C, and HIV were
excluded. The patient population included patients with
alcohol use disorder, smoking, type 2 diabetes, and essen-
tial hypertension. Average BMI of patient population was
25+4.34. MTX dose range was 3-4.5g over a period of
2years. In multivariate analysis, this study also associates
metabolic syndrome, central obesity, and female gender to
liver fibrosis. There was no statistical difference between
MTX-exposed and non-exposed groups in liver fibrosis.

Pongpit et al performed a cross-sectional study with 162
patients with chronic plaque psoriasis.** Mean cumulative
dose of MTX was >1.5g for at least 12 months. In this
population, 50% of patients had metabolic syndrome, 53%
had hyperlipidemia, 33% had essential hypertension, and
18% had type 2 diabetes. Average BMI was 24.8+4.7.
Patients with chronic liver disease, alcohol abuse, and preg-
nancy were excluded. Results showed LSM >7kPa (n=18),
>9.5kPa (n=11), and >13kPa (n=4). Two patients with
LSM of 8.9 and 11 kPa underwent liver biopsy, which
demonstrated a Metavir stage of F2 and F3, respectively.
Multivariate analysis showed waist circumference, type 2
diabetes, and aspartate aminotransferase level were inde-
pendently associated with liver fibrosis. Of note, patients
with LSM >7kPa had a BMI of 30.7+5.7.

Feuchtenberger et al in 2021 performed a cross-sectional
study in patients with RA.*® Sixty-five patients with MTX
exposure and 54 patients without MTX exposure were
assessed using acoustic range force impulse (ARFI), which
employs principles of shear wave elastography during diag-
nostic ultrasound.®* The average BMI of these patients was
25=+2. Patients with chronic liver disease, autoimmune and
alcoholic liver disease, NASH, or pre-existing cirrhosis
were excluded. Mean cumulative dose of MTX was 3.6
g with mean treatment duration of 4.3 years. For ARFI
measurements, mean value equated to liver fibrosis stage 2
was 1.34 m/s or higher. In this study, MTX group had an
average value of 1.11 m/s versus MTX-naive patients with a
mean value of 1.06 m/s. There was no statistical difference
between the 2 groups. However, patients with metabolic
diseases had higher mean ARFI values.

In our own limited meta-analysis on studies with suffi-
cient similarity and rigor (see figure 1 for specifics), the
presence of liver fibrosis was not associated with cumula-
tive MTX dose (table 2). In contrast, metabolic syndrome,
DM2, waist circumference, and established fatty liver
disease were related to liver fibrosis independent of MTX.
Taken together, studies examining the relationship of MTX
and fatty liver disease on liver fibrosis progression show
that metabolic risk factors produce stronger fibrosis risk,
and only some studies support the concept that MTX is an
independent risk for liver fibrosis in such at-risk patients.
Tables 3 and 4 show the studies considered for meta-analysis,
and table 5 identifies the studies ultimately included.

DISCUSSION

MTX is an effective and easily available medication for
treatment of chronic inflammatory disorders. Although
MTX was once accepted as an actual cause of liver fibrosis/
cirrhosis, recent observations call this into question. There
has been an evolution of the literature, in large part due to
the move from biopsy to non-invasive assessment of liver
fibrosis via elastography. For example, Aithal et al> in 2004
reviewed 121 liver biopsies from 66 subjects to establish
the relationship between MTX and fibrosis in patients with
psoriasis. They showed that risk of fibrosis ranged from 0%
in patients with cumulative MTX dose of 1.5 g to 8.2% in
patients with cumulative dose of 6 g (although no patients
developed cirrhosis). This would suggest at first glance a
dose-response relationship between MTX and liver fibrosis.
In contrast, a 2016 trial by Kranidioti et al*® assessed liver
fibrosis by TE in patients with RA treated with MTX. This
study showed that long-term MTX administration is not
associated with liver fibrosis. Thus, technological advances
may have improved our understanding of the concept of
MTX as a cause rather than uninvolved cofactor in the
progression of liver fibrosis. Based on the preponderance of
evidence, it is very unlikely that MTX, even at high cumula-
tive doses, causes liver fibrosis (and certainly not cirrhosis)
in patients without liver disease risk factors.

What about patients with known chronic liver diseases
using MTX? Thankfully, there are sufficient numbers
of studies in which MTX was used to treat patients with
chronic liver diseases. Interestingly, in some cases, MTX has
no effect (or in 1 case a beneficial effect) on populations
with chronic viral hepatitis."®?° In contrast, alcohol and
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metabolic risks are relevant causes of progressive fibrosis
in patients using MTX. Especially in the case of metabolic
risks, the relative contribution of MTX as a cause of liver
fibrosis is still a bit out of focus. Some studies demonstrate
that MTX has no causal relationship with liver fibrosis in
such patients, but others show the opposite. At present, it
is prudent to conclude MTX may exacerbate liver fibrosis
in patients with metabolic liver disease, although the meta-
bolic risks are almost certainly more relevant to disease
progression. Lastly, it is important to note that the relation-
ship of MTX with fibrosis in patients with less common
causes of liver disease, such as primary biliary cholangitis,
autoimmune hepatitis, and hemochromatosis, is unknown.

Interestingly, societal guideline statements are beginning,
although slowly, to catch up to current observations. For
example, current guidelines of the American Association
of Dermatology recommend evaluating all patients before
initiation of MTX therapy with basic lab work including
complete blood count, liver function tests, and serology for
hepatitis B and C viruses to exclude pre-existing disease.
They recommend liver biopsy only in patients with previ-
ously diagnosed liver disease, abnormal type III procollagen
amino terminal propeptide levels, or cumulative MTX dose
exceeding 3.5-4 g of MTX. However, no consideration of
non-invasive fibrosis measurement has been made. Of note,
neither the American Association for the Study of Liver
Disease nor the American Gastroenterological Association
has guidelines or guidance statements directly addressing
this question.

What can be recommended to the physician asked to
aid with assessment of fibrosis risk and development in
patients prescribed MTX? Several options may be consid-
ered. Perhaps, the simplest but not most cost-effective
would be just to perform TE prior to initiation of therapy
and after every 1-2 g of cumulative dose of MTX. A more
refined approach may be to perform a formal assessment
of metabolic risk prior to treatment in all patients prior
to MTX with referral of all patients showing evidence of
any metabolic risk for a hepatology assessment including
elastography and liver tests. The appropriateness of either
approach could be determined by long-term observational
studies using elastography or other non-invasive assess-
ment approaches in large numbers of patients, especially
cohorts with large numbers of patients with metabolic risks.
Lastly, one thing is clear—data do not support interval
biopsy in patients receiving MTX. Severe bleeding is the
most important adverse event in patients undergoing percu-
taneous liver biopsy, and its risk is 0.2% in patients with
normal platelet count®”; however, this is still a likelier event
than detection of cirrhosis in patients treated with MTX.
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