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ABSTRACT 

OF THE THESIS OF 

 

Mira Moustapha Merashli         Master of Science 

            Major: Health Research (SHARP) 

 

Title: Hepatotoxicity Of Methotrexate in Patients with Psoriatic Arthritis: A Systematic 

Review of Randomized Control Trials 

 

Background: Methotrexate (MTX) remains widely used in the management of psoriatic 

arthritis (PsA), yet concerns regarding hepatotoxicity persist. Most available evidence is 

extrapolated from rheumatoid arthritis cohorts, with limited PsA-specific data. The 

extent to which MTX contributes to liver toxicity in PsA, particularly in randomized 

settings, remains unclear. 

 

Objective: To systematically evaluate the hepatotoxic effects of methotrexate in adult 

patients with psoriatic arthritis using evidence from randomized controlled trials 

(RCTs). 

 

Methods: A systematic review and meta-analysis were conducted in accordance with 

PRISMA 2020 guidelines (PROSPERO: CRD420261354168). Multiple databases 

(MEDLINE, EMBASE, CENTRAL, Web of Science, and ClinicalTrials.gov) were 

searched from inception to January 2026. Eligible studies included RCTs enrolling 

adults with PsA (CASPAR criteria) that reported liver-related outcomes with MTX 

exposure. Two analytical groups were defined: (1) trials in which MTX was part of the 

randomized intervention compared with a non-MTX comparator; and (2) trials in which 

MTX use was a stratification variable, enabling within-arm comparisons. The primary 

outcome was hepatotoxicity, defined by elevations in alanine aminotransferase (ALT) 

and aspartate aminotransferase (AST), as well as treatment discontinuation due to liver-

related adverse events. Risk ratios (RR) with 95% confidence intervals (CI) were pooled 

using a random-effects model. Risk of bias was assessed using the ROBUST RCT tool 

and Newcastle-Ottawa Scale (NOS), and certainty of evidence was evaluated using 

GRADE. 

 

Results: A limited number of RCTs met inclusion criteria, reflecting the scarcity of 

PsA-specific hepatotoxicity data. Pooled analysis of Group 1 trials at approximately 24 

weeks demonstrated a numerically higher risk of ALT elevation with MTX-containing 

regimens compared to active therapy alone (RR 2.22, 95% CI 0.50–9.79; I² = 38%), 

although this did not reach statistical significance and was characterized by wide 

confidence intervals. For AST elevation, no meaningful difference was observed (RR 

1.14, 95% CI 0.75–1.75; I² = 0%). No cases of severe hepatotoxicity, treatment 

discontinuation due to liver injury, or hepatotoxicity-related mortality were reported in 

pooled analyses. Overall certainty of evidence was downgraded due to imprecision and 

limited sample size. Group 2 analyses (MTX as co-intervention) were heterogeneous 

and interpreted narratively. 
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Conclusion: In RCT settings, methotrexate use in psoriatic arthritis is associated with a 

numerically higher but not statistically significant increase in liver enzyme elevations, 

without evidence of clinically significant hepatotoxicity. However, conclusions are 

limited by small sample sizes, heterogeneity in outcome definitions, and short follow-up 

durations. These findings highlight the need for larger, adequately powered studies with 

standardized hepatotoxicity endpoints to better define the hepatic safety profile of MTX 

in PsA. 
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CHAPTER 1 

INTRODUCTION 
 

1.1 General overview of Psoriatic Arthritis (PsA) 

 

Psoriatic arthritis (PsA) is a chronic, systemic, immune-mediated inflammatory 

disease that belongs to  the spondyloarthritis spectrum. It is a clinically heterogeneous 

condition, affecting the musculoskeletal system, skin, nails, and other extra-articular 

domains. Its  manifestations include peripheral  arthritis, axial involvement, enthesitis, 

dactylitis, and psoriasis of the skin and nails, reflecting its complex and multifaceted 

nature. In most cases, cutaneous manifestations precede the onset of articular symptoms 

with plaque psoriasis representing the most common phenotype in patients who 

subsequently develop PsA. 

1.2. Historical Background 

PsA has progressed from  a poorly understood condition to a well-recognized 

systemic inflammatory disease through decades of  clinical, radiological  and 

epidemiological research. The association  between psoriasis and arthritis was first 

described by Alibert in 1818, although this relationship remained controversial for more 

than a century (Wright et al., 1961). By the mid-20th century, accumulating  evidence 

established PsA as a distinct clinical  entity separate from other inflammatory arthritides 

(Moll et al., 1973).  Features, such as negative rheumatoid factor and characteristic  

radiographic findings, played an important role in distinguishing PsA from rheumatoid 

arthritis and related conditions (Wright et al., 1961). 
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The landmark study by Moll and Wright in 1973 highlighted the hereditary nature of 

PsA through controlled family surveys, demonstrating the importance of genetic 

susceptibility  in disease pathogenesis (Moll et al., 1973). Earlier, by 1965, PsA had 

already been recognized as a chronic inflammatory arthritis affecting 5–25% of patients 

with psoriasis, while  associations with HLA antigens provided additional support for an 

immune-mediated mechanism (Duncan et al., 1965). 

 

1.3 Epidemiology  

 

PsA typically develops in the setting  of psoriatic disease, with psoriasis (PsO) affecting 

approximately 2–3% of the general population. More recent data estimates the global 

prevalence of PsA in the general adult population at approximately 112 per 100,000 

individuals (0.11%), with annual incidence rates ranging from 8.26 to 9.27 per 100,000 

persons  (Stephanie Lembke et al., 2024), (J. Hernández-Rodríguez et al., 2024) . 

Among patients with psoriasis , the reported prevalence of PsA ranges widely from 6% 

to 42%, depending on the study population, geographic region, and diagnostic criteria 

applied. PsA most commonly presents between 30 and 50 years of age, and some studies 

suggest  a slight male predominance (Gladman DD et al., 2003). Geographic variation 

in prevalence likely reflects differences in genetic background, environmental 

exposures, study methodology, and the diagnostic criteria used (Chandran V et 

al.,2010).  

 



18 

 

1.4. Clinical Manifestations and Disease Burden 

The clinical presentation of PsA is highly  variable.  Musculoskeletal 

involvement often manifests as polyarticular peripheral arthritis, enthesitis, and 

dactylitis, whereas axial disease may affect the spine and sacroiliac joints. Extra-

articular manifestations, including  nail dystrophy and  uveitis, further contribute to the 

overall burden of disease . Persistent uncontrolled inflammation drives structural joint 

damage, functional impairment, disability, and reduced quality of life. Beyond physical 

morbidity, PsA is associated with a significant psychosocial burden and increased 

mortality, highlighting the need for comprehensive and timely management (Husni ME 

et al, 2017)  

PsA has a major impact on  physical function, quality of life, and long-term outcomes. 

Functional disability is substantial, with mean Health Assessment Questionnaire (HAQ) 

scores reaching  0.7 in patients with established disease (K. de Vlam et al., 2021). 

Patients with long-standing PsA, defived as disease duration or 36 months or more have  

significantly higher rates of functional disability, as reflected by HAQ-DI scores or at 

least 1, compared with those with  early disease (Y. Korsakova et al., 2022). Qualitative 

patient interviews have also identified physical disability as one of the most  distressing 

aspect of the disease,  with marked effects on daily activities  (A. Ogdie et al., 2020). 

Even in the biologic era, many patients continue to experience residual  joint disease 

and persistent work disability (W. Tillett et al., 2020). 

Multiple manifestations independently worsen quality of life. Eenthesitis, dactylitis, and 

inflammatory back pain have all been associated with lower EQ-5D scores and greater  

work productivity impairment in a cohort of 1,103 patients (J. Walsh et al., 2019). 

Patients consistently report  joint pain , stiffness, and fatigue, among the most 
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burdensome symptoms, with sleep disturbance also representing a major source of 

impairement  (A. Ogdie et al., 2020). In addition, long-standing disease is associated 

with significantly worse health-related quality of life as reflected by PsAID-12 scores of 

at least 4 (Y. Korsakova et al., 2022). Collectively, these findings underscore the 

systemic and multidimensional  burden of PsA, encompassing physical, psychosocial, 

and socioeconomic consequences, and reinforce the critical need for early diagnosis and 

comprehensive management. 

1.5 Structural Damage and Early Intervention 

 

Progressive structural damage in PsA becomes increasingly apparent with 

disease duration. Patients with disease duration of at least 36 months exhibit  

significantly higher rates of radiographic joint erosions  and greater axial involvement. 

Delayed initiation of therapy has been associated with permanent disability and 

irreversible joint damage, underscoring the importance of early diagnosis and timely 

intervention to prevent long-term complications (Y. Korsakova et al., 2022). 

Early recognition of PsA is critical, as even short diagnostic delays, including delays of 

as little as  six months have been linked to worse radiographic outcomes and reduced 

functional capacity. Accordingly, a treat-to-target strategy, often aiming for Minimal 

Disease Activity (MDA), is recommended to prevent irreversible joint damage, preserve 

function and reduce long-term disability.  

1.6 Pathophysiology of PsA  

 

The pathophysiology of PsA is multifactorial  and involves a complex interplay 

between genetic susceptibility, environmental triggers, and dysregulated innate and 
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adaptive immune responses, with the IL-23/IL-17 cytokine axis recognized  as a central 

pathogenic pathway. 

High-impact reviews have consistently emphasized that  genetic variants, 

particularly in immune-related genes such as IL-23R, combined with environmental 

factors—including mechanical stress, infections, and microbial dysbiosis—lead to 

aberrant immune activation in PsA (A. B. Azuaga et al., 2023; G. Schett et al., 2022). 

Among the inflammatory mediators implicated, the IL-23/IL-17 pathway appears to be  

pivotal, while TNF-α also plays an important modulatory role in disease initiation and 

progression (M. Vecellio et al., 2021; A. B. Azuaga et al., 2023). 

Among genetic factors, HLA-B27 shows the strongest association  with axial 

PsA. In a study of 500 French patients with PsA  and 2,346 controls, Massy et al. (2022) 

reported an odds ratio (OR) of 16.3 for axial disease among HLA-B27 carriers. Zalesak 

et al. (2024) further emphasized that HLA-B27 appears to be  uniquely and strongly 

linked to PsA among currently identified genetic variants. Similarly, Maaloul et al. 

(2024), in a Southern Tunisian cohort including 48 PsA patients and 123 controls, 

confirmed significant associations for both HLA-B27 and HLA-C06,  with 

homozygosity for HLA-C06 conferring  particularly pronounced effects.  

Regarding HLA-Cw6, Macía-Villa et al. (2026) recently reported in a cohort of 

426 PsA patients that 24.6% were HLA-Cw6 positive. Importantly, this allele was 

independently associated with treatment-refractory PsA (OR 15.39) as well as and 

difficult-to-manage disease (OR 12.53), suggesting a potential role not only in 

susceptibility but also in disease severity and therapeutic resistance. 
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Despite these findings, Rahmati et al. (2021) noted  that relatively few genetic  

variants clearly  distinguish psoriasis from PsA, reflecting the substantial genetic 

overlap between these two related conditions. This overlap supports the concept that 

additional non-genetic and immunologic factors are likely required for the transition 

from cutaneous psoriasis to musculoskeletal disease. 

Recent evidence has expanded the understanding of PsA  pathogenesis beyond 

classical immune pathways. Emerging mechanisms include mechanically induced 

inflammation in which biomechanical stress triggers exaggerated immune responses at 

the enthesis and related structures, as well as adipose tissue dysfunction, intestinal 

dysbiosis, and epigenetic alterations (G. Schett et al., 2022; Sanjana Sahu et al., 2025). 

These factors are increasingly recognized as important contributors to disease onset, 

persistence, and progression. In particular, microbiome and epigenetic influences have 

gained growing attention Ng et al., (2024), in a systematic review, identified  only six 

studies specifically investigating the gut microbiome in PsA, compared with 53 studies 

in RA and 34 in ankylosing spondylitis, underscoring the relative paucity of microbiome 

research in PsA. 

Overall, these mechanistic advances have directly guided the development of 

targeted therapies, including IL-23/IL-17 inhibitors, TNF inhibitors, and JAK inhibitors.   

However, substantial interpatient variability in  treatment response remains a major  

clinical challenge, underscoring the need for a more refined understanding of disease 

heterogeneity and personalized therapeutic approaches. 

1.7 Classification Criteria  

Classification systems for PsA have evolved substantially over time, progressing  

from earlier  criteria such as those proposed by Moll and Wright or Bennett to the now 
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widely adopted CASPAR (Classification Criteria for Psoriatic Arthritis) system. Among 

available classification tools, the CASPAR criteria have demonstrated  consistently high 

diagnostic performance across multiple populations, with reported sensitivity ranging 

from 87.4% to99.7%  and specificity from 98.7–99.7%thereby outperforming several 

alternative classification criteria for PsA. Based on their high sensitivity and specificity, 

CASPAR  are currently the most widely accepted criteria for research purposes. 

The original CASPAR development studywhich included 588 patients with PsA 

and 536 controls, reported a sensitivity of 91.4% and a specificity of 98.7%.  According 

to these criteria, classification requires evidence of inflammatory articular disease in 

addition to  a score of three or more points derived from clinical, laboratory, and 

radiographic features (Table 1). The use of standardized classification criteria is 

essential to ensure a homogeneous study population and to improve comparability 

across clinical trials. 

1.8 Cardiometabolic Comorbidities in Psoriatic Disease and Rheumatoid Arthritis 

Patients with PsA often exhibit a high burden  of cardiometabolic 

comorbidities—including obesity, type 2 diabetes mellitus (T2DM), hypertension, 

dyslipidemia, and non-alcoholic fatty liver disease (NAFLD). Compared with patients 

with rheumatoid arthritis (RA) and in some studies with PsO, individuals with PsA often 

demonstrate a greater prevalence of these comorbidities, which may influence both 

disease progression and treatment-related safety outcomes (Ferguson et al., 2019). 

 

1.9 Prevalence of Metabolic Syndrome and Individual Components 
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The prevalence of metabolic syndrome (MetS) varies across PsA, RA, and PsO, 

although available evidence generally indicates a greater cardiometabolic burden in 

PsA. In a systematic review and meta-analysis directly comparing PsA and RA, 

Loganathan et al. (2021) d reporteda MetS prevalence of 46% in PsA versus 34% in 

RA. Similarly, Andreasson et al. (2025) found that PsA patients had a 2.5-fold higher 

risk of MetS compared with the general population and a 1.9-fold higher risk compared 

with RA, with particularly higher rates of central obesity, hypertriglyceridemia, and 

impaired glucose tolerance.  

Comparisons between PsA and PsO have been somewhat less consistent. 

Although  pooled analysis have not always shown significant overall difference in MetS 

prevalence, subgroup analyses suggest that PsA may be associated with slightly higher 

rates  depending on diagnostic criteria used. Supporting this, Gupta el al. (2021), in a 

meta-analysis including 39 studies and more than152,000 patients with PsA, reported an 

overall MetS prevalence of 29%, with hypertension (34%), obesity (27%), and 

hyperlipidemia (24%) as the most common components.  Likewise, Acioly et al. (2024), 

in a mixed-race population, found comparable cardiometabolic burden in PsO and PsA, 

reporting prevalence rates of 56% PsO and 57.8% in PsA, compared with  37% in 

controls. These findings suggest  that PsA confers cardiometabolic risk that isat least 

comparable to PsO and greater than that observed in RA. 

The cardiovascular relevance of this burden has also been supported by broader 

studies of psoriatic disease. Mancini et al. (2015) demonstrated that psoriasis and 

coronary artery disease share elevated oxidative stress and inflammatory activity, both 

of which were associated  with left ventricular dysfunction and vascular abnormalities 

measured by pulse wave velocity, coronary flow reserve, and carotid intima-media 
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thickness. In addition, Armstrong et al. (2013), in an analysis of nine studies 

encompassing 201,239 patients, found that severe PsO was associated with a 1.39–1.70-

fold increased risk of cardiovascular mortality and myocardial infarction. Shaharyar et 

al. (2014) further reported that half of the 12 studies in their review demonstrated 

increased carotid intima-media thickness, suggesting the presence of subclinical 

atherosclerosis. Despite these findings, the precise molecular mechanisms underlying 

cardiometabolic complications in psoriatic disease remain incompletely characterized. 

1.10 Mechanisms of Cardiovascular Risk in RA and PsA 

Although both RA and PsA are associated with increased cardiovascular risk, the 

dominant mechanisms appear to differ (Ferguson et al., 2019). 

1.10.1 Psoriatic Arthritis: Metabolically Driven Mechanism 

 

  In PsA, cardiovascular risk is thought to be more closely linked to adiposity and 

metabolic dysfunction . The concept of the “psoriatic march”  proposes that chronic 

systemic inflammation in psoriatic disease induces insulin resistance, which 

subsequently promotes endothelial dysfunction, atherosclerosis, and cardiovascular 

events. Adipose tissue plays an active pathogenic role functioning an  endocrine organ, 

releasing adipokines, such as  leptin, along with pro-inflammatory cytokines including  

TNF and IL-6, thereby sustaining chronic low-grade systemic inflammation. Notably, 

late-onset PsA (after 40 years of age) appears to be  more strongly associated with 

obesity and metabolic syndrome, whereas early-onset disease may reflect a more 

predominant autoimmune-inflammatory phenotype. 

1.10.2 Rheumatoid Arthritis: Inflammation-Driven Mechanism 

      In contrast, cardiovascular risk in RA is largely mediated by chronic systemic 
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inflammation rather than intrinsic metabolic abnormalities. Pro-inflammatory cytokines, 

including TNF, IL-1β, and IL-6, released from inflamed synovial tissue into the 

circulation, promote endothelial dysfunction, arterial stiffness, and plaque instability. 

The “lipid paradox” in RA likely results from chronic inflammation-driven activation of 

the mononuclear phagocyte system, which enhances LDL clearance and results in 

paradoxically low serum cholesterol levels during active disease. 

1.11 Non-Alcoholic Fatty Liver Disease (NAFLD) in Psoriatic Disease and RA 

 

NAFLD is a common comorbidity in psoriatic disease, with prevalence 

estimates varying widely depending on population, study design, and diagnostic 

methods. In PsA, Pavía Pascual et al. (2022) reported a prevalence of 27.2% in a small 

cohort of 26 patients, a rate similar to that observed in the general population (~25%) . 

However, broader estimates in psoriasis and PsA have been considerably higher.  Hu et 

al. (2024), in a meta-analysis of 41 studies including 607,781 individuals, reported a 

pooled NAFLD prevalence of 29.5% (95% CI: 19.6–41.7%), whereas Bellinato et al. 

(2022) found a prevalence of 49%  across 15 studies. Individual studies have reported  

even higher rates, including 66.2% in 130 psoriatic patients (Dhaher et al., 2024) and 

42.3% in 215 patients (Belinchón-Romero et al., 2021). This wide range likely reflects 

substantial heterogeneity in diagnostic methods, study populations, and inclusion 

criteria, highlighting the need for more standardized epidemiologic approaches in future 

research. 

Evidence in RA suggests a  somewhat lower prevalence of NAFLD. Mahapatro 

et al. (2025) reported a pooled prevalence of 22.8% (95% CI: 7.8–50.8%), although  

heterogeneity was very high (I² = 99.52%). Overall, the available evidence is derived  



26 

 

mainly from observational studies and meta-analyses, with no RCTs directly comparing 

NAFLD risk across PsA, PsO, and RA. In psoriasis, Hu et al. (2024) reported increased 

odds of NAFLD compared with controls (OR 1.685, 95% CI: 1.382–2.055), while 

Bellinato et al. (2022) found similar results (OR 1.96, 95% CI: 1.70–2.26). There was 

also a trend toward slightly higher prevalence of NAFLD in PsA compared to PsO alone 

(OR 1.83, 95% CI: 0.98–3.43;5 studies), although this did not clearly reach statistical 

significance. 

1.12 Mechanisms Linking NAFLD and Psoriatic Disease 

 

The association between NAFLD and psoriatic disease is believed to arirse  from  

shared inflammatory pathways, metabolic dysfunction, and bidirectional crosstalk 

between the skin and liver. Costache et al. (2024) described a “hepato-dermal axis,” 

whereby psoriatic inflammation amplifies hepatic inflammation and conversely, liver 

derived inflammatory signals may exacerbate psoriatic disease through cytokines, 

adipokines, and related inflammatory cascades. This interplay is further influenced by 

chronic low-grade inflammation, insulin resistance, and genetic predisposition. 

Among the inflammatory mediators implicated,  TNFα, IL-6, and particularly  IL-17 

appear to be key drivers. Olveira et al. (2023) identified  IL-17 as a central pathogenic 

mediator , capable of promoting systemic inflammation in hepatocytes, recruiting 

inflammatory cells to the liver, and contributing to  fibrosis and insulin resistance. 

Metabolic factors are also critically important. Torosian et al. (2023) identified 

metabolic syndrome and obesity as pivotal links between NAFLD and psoriatic disease, 

while Balak et al. (2021) emphasized overlapping mechanisms including peripheral 

insulin resistance and oxidative stress. Together, these pathways create a vicious cycle, 
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whereby systemic low-grade inflammation drives progressive liver injury in NAFLD 

and exacerbates psoriatic disease. 

Overall, the substantial burden of metabolic comorbidities and NAFLD in  PsA has 

important therapeutic implications. In particular, these cormorbidities may influence the 

hepatic safety profile of commonly used therapies, particularly methotrexate, 

underscoring the importance of carefully evaluating hepatotoxicity in both clinical trials 

and routine practice. 

1.13 Historical Development of Methotrexate (MTX)  

 

MTX has evolved from an early chemotherapeutic agent to a cornerstone of non-

oncologic inflammatory disease management. Initially introduced for malignancies, 

MTX was later recognized for its immunomodulatory properties and subsequently 

adopted in the management of RA, PsO, and PsA. Its mechanisms of action include 

inhibition of purine/pyrimidine synthesis,  suppression of T-cell, and promotion of anti-

inflammatory adenosine signaling. The  integration of MTX with biologic therapies, 

particularly anti-TNF-α agents, has further expanded therapeutic strategies, allowing 

combination approaches  that may optimize disease control while potentially reducing 

cumulative MTX exposure (Benedek, 2010). 

1.14 Role of MTX in Psoriatic Arthritis  

 

Although MTX remains a cornerstone of therapy in PsA, its positioning differs 

among international guidelines. The European Alliance of Associations for 

Rheumatology (EULAR) and the Group for Research and Assessment of Psoriasis and 

Psoriatic Arthritis (GRAPPA) continue to support MTX as a key first-line agent for 

peripheral arthritis (Gossec L  et al, 2023)(Coates LC et al, 2022), whereas the 
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American College of Rheumatology/National Psoriasis Foundation (ACR/NPF) 

guideline strongly favors early biologic therapy in selected patients (Singh JA et al, 

2017). These discrepancies likely reflect differences in the interpretation of clinical trial 

data, healthcare system considerations, and treatment philosophy. Nevertheless, MTX 

continues to be widely prescribed globally due to its cost-effectiveness, long-standing 

clinical experience, and utility in patients with concomitant skin disease. 

Across the three major clinical guidelines, MTX remains a cornerstone of PsA 

management, though its precise placement in the treatment hierarchy varies, particularly 

between North American and European recommendations (Table 2). 

1.15 Role of MTX in PsA according to International Guidelines 

1.15.1 GRAPPA 2021 Recommendations (Coates LC et al, 2022) 

The Group for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) 

utilizes a domain-based approach for its recommendations. 

• Peripheral Arthritis: MTX is strongly recommended as a first-line 

conventional synthetic DMARD (csDMARD) for treatment-naive patients. 

Although  RCT evidence is limited , its use is supported by strong observational 

data and its universal accessibility. 

• Enthesitis and Dactylitis: unlike earlier  versions of the guideline, MTX 

received a conditional recommendation for active enthesitis based on expert 

opinion and data from the SEAM-PsA trial. It is also conditionally 

recommended for dactylitis. 

• Skin and Nails: MTX is strongly recommended for widespread skin psoriasis 

and should be considered in patients with  nail involvement. 
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• Combination Therapy: GRAPPA notes that adding MTX to biologics 

(bDMARDs) may not be necessary to achieve a short-term clinical response, 

though its potential long-term benefit in improving  drug survival remains 

uncertain. 

• Safety/Comorbidities: Use of MTX should be avoided in patients with fatty 

liver disease or active hepatitis and used with caution in those with  obesity. 

1.15.2. EULAR 2023 Recommendations (Gossec L et al, 2023) 

EULAR continues to prioritize a step-up approach starting with csDMARD therapy. 

• First-Line Choice: MTX is the preferred csDMARD and should be initiated 

rapidly in patients with peripheral arthritis, particularly those with polyarthritis 

or poor prognostic factors. 

• Skin Involvement: MTX is specifically preferred as the initial therapy for 

patients  with clinically relevant skin disease. 

• Dosing: EULAR recommends a sufficient dose, usually 20–25 mg weekly, with 

folate supplementation to reduce side effects. 

• Combination Therapy: EULAR proposes combining a first bDMARD 

(specifically a TNF inhibitor) with the previously prescribed MTX if the patient 

has already tolerated the drug. For other biologic mechanisms  of action,  

continuing MTX is common practice, though specific data for comedication is 

lacking. 

• Safety: Regular monitoring for hepatotoxicity is emphasized, expecially given  

the metabolic comorbidity profile frequently seen in  PsA patients. 
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1.15.3. ACR/NPF 2018 Recommendations (Singh JAet al,2017) 

The American College of Rheumatology/National Psoriasis Foundation (ACR/NPF) 

guideline differs significantly by favoring biologic therapy over MTX for the majority 

of treatment-naive patients. 

• Treatment Hierarchy: In treatment-naive patients, a TNF inhibitor  is 

recommended over oral small molecules (OSMs), including MTX. However, 

MTX is recommended over NSAIDs as a first-line option. 

• MTX as First-Line Alternative: MTX or other OSMs may still be used first in 

patients without severe PsA or PsO, in those who prefer oral therapy, or in those 

with contraindications to TNF inhibitors. 

• Combination vs. Monotherapy: The ACR/NPF conditionally recommends 

biologic monotherapy over combination therapy with MTX. Combination 

treatment may be considered only in specific cases, such as severe PsO, partial 

response to MTX , or when  adalimumab or infliximab is used to reduce 

immunogenicity. 

• Comorbidities: Notably, the ACR/NPF recommends against MTX in treatment-

naive patients with concomitant diabetes due to the high risk of fatty liver 

disease and hepatotoxicity; however, this is based on very low  quality of 

evidence  abd is a conditional recommendation. 
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1.16 Mechanism of action of Methotrexate 

MTX exerts its therapeutic effects in PsA through multiple immunomodulatory 

mechanisms that collectively contribute to its anti-inflammatory activity.  These include 

suppression of T-cell activation, downregulation of adhesion molecule expression, and 

enhancement of extracellular adenosine signaling 

Although MTX is widely regarded as a first-line conventional synthetic disease-

modifying antirheumatic drug (csDMARD) in PsA (Cronstein et al., 2020), the 

mechanistic evidence underpinning its use is largely extrapolated from studies 

conducted in PsO  and RA, rather than from PsA-specific experimental models.  

Available data suggest that MTX  reduces circulating cutaneous lymphocyte-associated 

antigen (CLA+) T cells,  diminishes inflammatory infiltrates through downregulation of 

endothelial and T-cell adhesion molecules, and promotes extracellular adenosine 

accumulation, which in turn suppresses T-cell activation and decreases the expression of 

adhesion molecules such as intercellular adhesion molecule-1 (ICAM-1) (Johnston et 

al., 2005). In addition, MTX interferes with folate-dependent metabolic pathways, 

leading to inhibition of purine and pyrimidine synthesis and modulation of 

inflammatory signaling cascades, thereby attenuating T-cell-mediated immune 

responses (Chan ESL et al., 2002). 

Although these mechanisms are extrapolated from RA and PsO models, they likely 

reflect shared immunopathogenic pathways relevant to PsA. Nevertheless direct 

validation in PsA-specific studies remains limited, highlighting  an important disease-

specific evidence gap, particularly considering the distinct immunopathogenic features 

of PsA compared with cutaneous psoriasis and RA. 
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1.17 MTX Efficacy in PsA 

Evidence evaluating the effectiveness of MTX in PsA has remained limited and 

inconclusive, despite its widespread clinical use. Most available data derive from 

systematic reviews and meta-analyses which overall that suggest the therapeutic benefit 

of MTX for peripheral joint disease is uncertain. In a comprehensive recent systematic 

review, by Ruhoff et al. (2019) identified seven randomized controlled trials (RCTs), 

noting that  the placebo-controlled studies did not demonstrate significant improvement 

in tender or swollen joint counts with MTX therapy (Josephine Thusgaard Ruhoff et al., 

2019). Similarly, a GRADE-based systematic review  concluded that MTX was  not  

statistically  superior to placebo for ACR response outcomes, with the certainty of  

evidence rated as very low (C. Dressler et al., 2019). More recent narrative synthesis has 

continued to describe  MTX outcome  in PsA as inconsistent and inconclusive 

(Chiappelli Francesco et al., 2023). 

 

    Earlier meta-analysis reached similar conclusions. Jones et al. (1997), in a review of 

19 trials, of which 12 involving 792 participants were included in the meta-analysis,  

concluded that high-dose parenteral MTX and sulfasalazine were among the few agents 

demonstrating documented efficacy in PsA, although the strength of evidence 

supporting MTX remains  relatively weak(G. Jones et al., 1997). Likewise, Ravindran et 

al. (2007), in a systematic review of 18 studies,  found stronger  support for other  

disease-modifying therapies, including gold, sulfasalazine, leflunomide, and TNF 

inhibitors, without identifying strong evidence supporting MTX specifically (V. 

Ravindran et al., 2007). 
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     A major limitation across the literature is the scarcity of of high-quality placebo-

controlled trials, and existing studies are often hindered by methodological weaknesses, 

small sample sizes, and heterogeneous outcome measures. Maese et al. (2018) 

concluded that these limitations prevent firm conclusions regarding the effectiveness of 

MTX and other conventional DMARDs in PsA, while Soriano et al. (2006) similarly 

classified the supporting evidence for MTX as low grade and noted that conventional 

DMARDs have not consistently demonstrated an ability to inhibit radiographic 

progression (J. Maese et al., 2018; E. Soriano et al., 2006).   

Taken together, the available evidence suggests that although MTX is well 

established in the treatment of cutaneous psoriasis, its efficacy for the peripheral 

articular manifestations of PsA remains uncertain. Some data indicate that selected 

patients may achieve minimal disease activity with MTX monotherapy, but overall 

benefits appear modest and inconsistent. By contrast, combination regimens, 

particularly those involving TNF-α inhibitors, tend to yield better outcomes than MTX 

alone, suggesting that MTX may have greater value as part of a broader therapeutic 

strategy rather than as stand-alone treatment (Josephine Thusgaard Ruhoff et al., 2019). 

Overall, current evidence supports a limited or supportive role for MTX in PsA and 

underscores the need for additional well-designed randomized controlled trials to better 

define its place in contemporary management.  

1.17.1 Clinical Implications  

Collectively, these studies indicate that although MTX is well established for the 

management of cutaneous psoriasis, the evidence supporting its efficacy  for peripheral 
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joint manifestations of PsA remains limited (Josephine Thusgaard Ruhoff et al., 2019). 

Most systemic reviews emphasize the need for additional well-designed randomized 

controlled trials to better define  the therapeutic role of MTX in PsA. Current evidence 

therefore suggests that MTX may serve  a modest or supportive role, particularly as part 

of  combination treatment strategies, while its efficacy  as monotherapy for peripheral 

arthritis remains uncertain. 

 

1.17.2 Mechanisms of MTX Hepatotoxicity 

      

    MTX-induced hepatotoxicity is thought to arise primarily through intracellular 

accumulation of methotrexate-polyglutamate, which promote oxidative stress, 

inflammation, folate depletion, and hepatocyte apoptosis. Additional proposed 

mechanisms include disruption of purine and pyrimidine metabolism, inhibition of 

transmethylation reactions, and modulation of NF-κB signaling pathways (Ezhilarasan 

et al., 2021). More recent evidence suggests that MTX does not directly cause  chronic 

liver fibrosis at standard therapeutic doses; rather, its hepatotoxic effects appear to be 

predominantly acute and dose-dependent, while underlying metabolic liver disease 

represents  a major confounder factor. 

 

At higher doses, experimental studies have shown that MTX may induce 

microvesicular steatosis and microvascular liver injury through the accumulation of 

homocysteine and adenosine, which in turn activate hepatic stellate cells (Di Martino et 

al., 2023). However, a meta-analysis of 20 studies reported no statistically significant 

association between MTX dose and liver fibrosis, with fibrosis risk appearing to be 

driven by confounding factors such as diabetes and obesity (Cheema et al., 2022). 
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Genetic factors may also influence susceptibility to MTX-related hepatotoxicity. 

For example, the MTHFR 677C>T and ABCB1 3435C>T polymorphisms have been 

associated with an increased risk of hepatotoxicity in high-dose settings, with reported 

odds ratios ranging from   1.52 to 3.80) (Song et al., 2021) 

Folic acid supplementation has consistently been shown to  decrease MTX-

associated hepatotoxicity. Evidence from multiple randomized controlled trials  

supports this protective effect. In the largest of these, van Ede et al. (2001) followed  

434 patients with RA over 48 weeks and reported that treatment discontinuation due to 

elevated liver enzymes occurred in 38% of patients receiving placebo, compared with 

17%of those receiving  folic acid and 12% of those receiving folinic acid , 

demonstrating a marked reduction in hepatotoxicity. 

Additional evidence comes from Morgan et al. (1990), a 24-week double-blind 

study involving 32 patients, in which daily folic acid supplementation (1 mg) 

significantly lowered overall toxicity scores without diminishing MTX efficacy. 

Similarly, Hornung et al. (2004), in a 52-week trial involving 81 patients, confirmed 

that low-dose folic acid provides protection against MTX-induced liver toxicity. Taken 

together, these studies indicate that folic acid supplementation consistently mitigates 

hepatotoxic effects while preserving the therapeutic efficacy of MTX (Strober et al., 

2005; et al.). 

 

1.17.3 Comparative Hepatotoxicity Risk in PsA vs RA 

   Several studies suggest that patients with PsA  may experience a higher risk of 

hepatotoxicity than those with RA, although the evidence remains inconsistent. Tilling 

et al. (2006) observed elevated transaminases in 14.5% of PsA patients compared to  

7.5% of RA patients. Similarly, Similarly, Curtis et al. (2009) found that liver enzyme 
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elevations occurred approximately 2.76 times more frequently in PsA, while Gelfand et 

al. (2021), in a large population-based cohort including 28,030 RA patients and 6,520 

PsA patients, reported a 1.3–1.6-fold increased risk of liver disease in PsA. In contrast, 

Amital et al. (2009), comparing 119 RA patients and 690 patients with psoriasis (PsO) 

receiving MTX, found no significant difference in liver enzyme abnormalities between 

groups  Overall, these findings suggest a possible increased hepatotoxicity burden in 

PsA, but the magnitude of risk remains uncertain because of variation in study 

populations, comparators, and outcome definitions. 

  

1.17.4 Incidence and Risk Factors for Hepatotoxicity 

Evidence regarding MTX-associated hepatotoxicity in PsA compared with RA 

remains inconsistent. Nonetheless, several large cohort studies suggest that MTX-

related hepatotoxicity may occur more frequently in PsA than in RA. In RA populations, 

Visser et al. (2009) reported an incidence of elevated liver enzymes of approximately 13 

events per 100 patient-years during the first three years of MTX therapy. Earlier, 

Whiting-O’Keefe et al. (1991) described progression of liver disease in 27.9% of 636 

patients receiving MTX and identified  heavy alcohol consumption (≥100 g/week) as a 

major contributing factor. Additional predictors of hepatotoxicity reported  across PsA 

and RA cohorts include female sex, higher cumulative MTX dose (Amital et al., 2009), 

and metabolic risk factors such as obesity and diabetes mellitus (Koutsompina et al., 

2021). 

    Reported rates of liver enzyme elevation vary considerably across studies. In a cohort 

study including 550 patients with RA and 69 with PsA, Tilling et al. (2006) observed 

abnormal liver enzymes in 7.5% of RA patients compared with 14.5% of those with 
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PsA. Similarly, Curtis et al. (2009) reported a markedly higher frequency of  

transaminase elevations in PsA. By contrast, Amital et al. (2009) did not detect 

significant differences in liver enzyme abnormalities between  MTX-treated RA and 

psoriasis populations. These discrepant findings likely reflect heterogeneity in study 

design, baseline metabolic risk, and definitions of hepatotoxicity 

     Data on liver fibrosis also suggest a potentially greater hepatic burden in PsA. In a 

cohort of 295 patients, Lertnawapan et al. (2025) reported fibrosis in 45.5% of 

individuals with PsA compared with 28.6% of those with RA. Supporting this 

observation, Gelfand et al. (2021) , found that PsA was associated with a 1.3–1.6-fold 

increased risk of liver disease in a large population study. However, treatment 

discontinuation data remain more robust in RA than in PsA. Visser et al. (2009) 

estimated that approximately 7% of RA patients permanently discontinued MTX owing 

to abnormal liver function tests, whereas comparable discontinuation data in PsA remain 

limited.  

1.17.5 Effect of MTX Dose, Duration and Route of administration on Hepatotoxicity 

  The relationship between MTX cumulative dose, treatment duration,  route of 

administration and liver fibrosis in PsA remains incompletely defined. Contemporary 

PsA specific data suggest that cumulative MTX exposure may not independently 

increase the risk of liver fibrosis. In the largest PsA-specific study to date, involving 

1,314 patients, Kharouf et al. (2025)  found no significant association between 

cumulative MTX dose and advanced liver fibrosis (adjusted OR 0.99; 95% CI: 0.98–

1.01), whereas metabolic risk factors such as obesity and diabetes emerged as  stronger 

predictors of hepatic risk. Similarly, Lindsay et al (2008) reported no cases of advanced 
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fibrosis or cirrhosis in a  cohort of 54 PsA patients with a mean cumulative MTX 

exposure of 4,396 mg over 6.9 years. 

Earlier studies in mixed rheumatology populations, however,  suggested a 

possible dose-related effect. In a large retrospective analysis of 636 MTX-treated 

patients, each 1 gram increase in cumulative dose was associated with a modest increase  

histologically confirmed liver disease (Whiting-O’Keefe et al., 1991). Because this 

cohort included patients with RA, PsO, and other conditions, its applicability to PsA 

specifically is limited. 

Dose-related hepatotoxicity of MTX has also been reported in RA. Vahid 

Dehestani et al. (2015) observed that weekly  MTX doses greater than 7.5 mg were 

associated with significantly higher  liver enzymes levels compared with lower doses. 

Similarly, Sotoudehmanesh et al. (2010) found that greater  cumulative dose and longer 

treatment duration (mean 59.6 months) were predictors of  transaminitis in 286 RA 

patients. Evidence regarding the effect of route of administration  remains sparse. In a 

cohort of 40 PsA patients, Espinoza et al. (1992) reported that oral MTX at a mean dose 

of 11.2 mg/week was associated with manageable hepatotoxicity.  

Hashkes et al. (1999)reported that  neither  treatment duration nor route of 

administration (oral versus subcutaneous) was independently associated with increased 

fibrosis risk. Collectively, these findings suggest that traditional exposure-related 

markers such as dose, duration, and route may be less predictive of liver fibrosis than  

metabolic comorbidities and host related factors, particularly in PsA populations. 

1.17.6 Monitoring Strategies  
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Monitoring strategies for MTX hepatotoxicity have traditionally relied on 

periodic liver function tests (LFTs) (table 3), although emerging evidence suggests that 

laboratory-based monitoring alone may lack sufficient sensitivity for detecting fibrosis. 

In a  retrospective study of 50 MTX-treated patients referred to hepatology, Feather et 

al. (2025) reported that 66% were referred because of abnormal LFTs; however, most 

patients with hepatofibrosis detected by Fibroscan had normal LFTs . Notably, only 1 of 

14 FIB-4 scores was positive despite 7 liver biopsies confirming fibrosis. Similarly, 

Brotherton et al. (2024) found that transient elastography achieved 92% sensitivity and 

93% negative predictive value for advanced fibrosis at a cutoff of 10 kPa in a study of 

35 patients. Nonetheless, Fibroscan was not infallible, as some  patients with negative 

imaging findings were shown on  biopsy to have fibrosis. 

Older studies support the limited sensitivity of laboratory monitoring.  Shergy et al. 

(1988), in a cohort of 210 patients, found that only 1 of 6 individuals with histologically 

confirmed fibrotic liver disease had elevated LFTs. Together, these findings indicate that 

LFTs alone may be insufficient for early detection of MTX-related hepatic fibrosis.  

Overall, the available evidence is of moderate strength, as it is derived mainly from 

retrospective and observational studies rather than randomized comparisons. Still, these 

findings support  the need for risk-stratified monitoring protocols that integrate both 

laboratory testing with non-invasive imaging modalities.  

Lindsay et al. (2008a) suggested that LFT-based monitoring following ACR guidelines 

was safe in PsO and PsA, with no advanced fibrosis or cirrhosis observed in a cohort of 

54 patients. Grismer et al. (2001) noted, however, that routine liver enzyme monitoring 

may lack sensitivity for early hepatotoxicity detection in PsA. Collectively, these 
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findings support individualized monitoring strategies based on patient-specific risk 

factors, particularly metabolic comorbidities and baseline liver disease. 

 

1.18 Knowledge Gaps and Rationale for Thesis 

Despite MTX being a cornerstone of PsA management, much of the available 

mechanistic and safety evidence has been largely extrapolated from studies in RA and 

PsO, rather than derived from PsA-specific data. As a result, the extent, determinants, 

and clinical significance of MTX-related hepatotoxicity in PsA remain incompletely 

characterized. The most recent systematic review specifically addressing  liver toxicity 

in RA and PsA concluded that while liver enzyme elevations are relatively common in 

RA and cirrhosis is rare, there were insufficient data to draw firm conclusions for PsA 

(Visser et al., 2009).  

In addition,  guideline recommendations vary regarding MTX dosing, 

monitoring, and its place relative to biologics, reflecting uncertainty in disease-specific 

management. These gaps highlight the need for dedicated research focused on on PsA. 

Building on these unmet needs, this thesis aims to systematically evaluate the efficacy 

and hepatotoxicity of MTX in PsA, with particular focus on dose-response relationships 

and monitoring strategies, in order to generate evidence that may inform disease-

specific management and guideline refinement. 

1.19 Summary 

      

 

   MTX hepatotoxicity in PsA and RA is multifactorial and influenced by dose, 

cumulative exposure, comorbidities, and underlying liver disease. Although PsA 

patients may be at higher risk than those with RA, the available evidence remains 
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heterogeneous. Mechanistic studies implicate oxidative stress, inflammation, and folate-

dependent pathways in MTX-induced hepatotoxicity, while folic acid supplementation 

appears to reduce this risk. Current monitoring strategies predominantly rely on liver 

enzyme measurements, though these may be insufficient for early detection of fibrosis. 

Overall, these findings underscore the need for disease-specific research and 

individualized risk-based monitoring protocols in PsA. 
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CHAPTER 2 

METHODOLOGY 
 

2.1 Study Design  

This study was conducted as a systematic review of randomized controlled trials 

(RCTs), in accordance with the PRISMA checklist (Table 1 in Appendix 1), evaluating 

hepatotoxicity associated with methotrexate (MTX) therapy in patients with psoriatic 

arthritis (PsA). The primary objective was to synthesize available evidence on hepatic 

safety outcomes, with particular emphasis on abnormalities in liver function tests, 

including elevations in alanine aminotransferase (ALT) and aspartate aminotransferase 

(AST). 

Systematic reviews represent a cornerstone of evidence-based medicine, 

providing a structured and reproducible approach for identifying, critically appraising, 

and synthesizing data from multiple studies addressing a focused clinical question. By 

applying predefined eligibility criteria, comprehensive search strategies, and 

standardized data extraction methods, systematic reviews aim to minimize bias and 

enhance the reliability of conclusions. 

Despite the widespread use of methotrexate in inflammatory arthritis, evidence 

specifically addressing MTX-associated hepatotoxicity in PsA remains limited. Most 

available data are extrapolated from rheumatoid arthritis (RA) populations, where MTX 

has been more extensively studied. An early systematic review of methotrexate toxicity 

across inflammatory arthritis, which included 47 studies, highlighted the scarcity of 

PsA-specific data and concluded that the available evidence was insufficient to draw 

firm conclusions regarding hepatic safety in this population (19). 
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In RA cohorts, methotrexate-associated elevations in liver enzymes have been 

reported at a rate of approximately 13 events per 100 patient-years during the first three 

years of therapy, corresponding to a cumulative incidence of around 31%. However, 

serious long-term hepatic complications appear to be uncommon, with cirrhosis 

reported in only 0.5% of patients after approximately four years of treatment (26). 

Similarly, Montaudié et al. (2011) (27) evaluated monitoring strategies for 

methotrexate-associated hepatotoxicity in psoriasis patients. More recent systematic 

reviews by Azzam et al. (2021) (2) and Bichenapally et al. (2022) (2) have examined 

hepatotoxicity across broader clinical contexts; however, none were specifically 

designed to assess hepatic safety in PsA populations. Collectively, these findings 

suggest that while transient liver enzyme abnormalities are relatively frequent, clinically 

significant liver disease remains rare. 

Additional evidence from psoriasis populations further highlights the limitations 

of current knowledge. A systematic review evaluating liver fibrosis in patients receiving 

methotrexate demonstrated that “any fibrosis” occurred with a pooled risk difference of 

0.22 among 429 patients (2). Notably, no clear association was identified between 

cumulative methotrexate dose and the development of hepatic fibrosis. However, the 

authors emphasized the generally low quality of included studies and the presence of 

substantial selection bias, limiting the generalizability of these findings. 

Importantly, many RCTs evaluating biologic and targeted synthetic therapies in 

PsA permit background methotrexate use; however, hepatic safety outcomes are not 

consistently stratified according to MTX exposure. This represents a critical gap in the 
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literature, as it limits the ability to accurately assess the hepatotoxic risk attributable to 

methotrexate in PsA populations. 

Given these limitations, a focused and methodologically rigorous systematic 

review of RCTs is warranted to better characterize the hepatic safety profile of 

methotrexate in psoriatic arthritis. 

In the hierarchy of clinical evidence, systematic reviews and meta-analyses 

occupy the highest level when synthesizing data from multiple well-designed studies. 

RCTs remain the gold standard for evaluating treatment efficacy and safety due to their 

ability to minimize confounding through randomization. However, individual trials are 

often underpowered to detect infrequent adverse events such as hepatotoxicity. 

Systematic reviews are therefore particularly valuable in safety evaluation, as they allow 

aggregation of data across studies, increasing the ability to detect and quantify adverse 

outcomes. 

In rheumatology, such evidence synthesis plays a pivotal role in informing 

clinical guidelines and therapeutic decision-making. Although methotrexate remains a 

cornerstone therapy in PsA, concerns regarding hepatotoxicity continue to influence 

prescribing practices and monitoring strategies. A comprehensive evaluation of hepatic 

safety is therefore essential to support clinicians in balancing therapeutic benefits 

against potential risks. 

This systematic review was conducted in accordance with internationally 

recognized methodological standards. The design, conduct, and reporting followed the 

recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-
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Analyses (PRISMA 2020) statement, ensuring transparency, reproducibility, and 

completeness. 

By adhering to rigorous methodological principles—including comprehensive 

literature searches, predefined eligibility criteria, standardized data extraction, and 

systematic assessment of risk of bias—this study aims to provide a robust and reliable 

synthesis of current evidence on methotrexate-associated hepatotoxicity in psoriatic 

arthritis. 

2.2 Research Question (PICO Framework) 

2.2.1 PICO Definition 

Due to the limited availability of randomized controlled trials (RCTs) directly 

evaluating methotrexate (MTX) as a standalone intervention, the research question was 

structured into two complementary analytical groups to maximize data inclusion while 

maintaining methodological rigor. 

2.2.1.1 Group 1: MTX as Primary Intervention 

• Population (P): 

Adult patients (≥18 years) diagnosed with psoriatic arthritis fulfilling the 

CASPAR classification criteria.  

• Intervention (I): 

Methotrexate (MTX), administered at any dose or via any route.  

• Comparator (C): 

Placebo or other active treatments not including MTX.  
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• Outcomes (O): 

Hepatotoxicity, defined by the following parameters:  

o Elevation in liver enzymes (ALT and/or AST), reported as number and 

percentage of affected patients  

o Mean/Median ALT and/or AST levels with SD/Quartile 

o Liver-related adverse events  

o Discontinuation due to hepatotoxicity  

o Death attributed to hepatotoxicity  

2.2.1.2 Group 2: MTX as Concomitant (Co-)Intervention 

Given the scarcity of trials evaluating MTX as a primary intervention, an additional 

analytical group was incorporated. This group includes RCTs in which MTX use was 

permitted and patients were stratified according to MTX exposure, allowing indirect 

assessment of its hepatotoxic effects. 

• Population (P): 

Adult patients (≥18 years) diagnosed with psoriatic arthritis fulfilling the 

CASPAR classification criteria.  

• Intervention (I): 

Placebo, biologic agents, or targeted synthetic DMARDs administered in 

combination with MTX (based on stratified randomization or subgroup 

allocation).  

• Comparator (C): 

The same therapeutic agent administered without concomitant MTX.  
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• Outcomes (O): 

Hepatotoxicity, defined using the same endpoints as in Group 1:  

o Elevation in ALT and/or AST (number and percentage)  

o Mean/median ALT and/or AST levels with or with SD/Quartile  

o Liver-related adverse events  

o Discontinuation due to hepatotoxicity  

o Death due to hepatotoxicity 

2.3 Inclusion Criteria 

Randomized controlled trials (RCTs) 

Adult patients ≥ 18 years old diagnosed with PsA based on CASPAR criteria 

Studies reporting any of the following hepatotoxic outcomes including laboratory 

tests (ALT, AST, alkaline phosphatase, GGT, BILIRUBIN), imaging as 

Ultrasound/CT/MRI scans of the abdomen/ PET scan/ fibroscan or any 

histopathology related to a liver biopsy  

Trials including: 

o MTX as intervention  designated as group 1 OR 

o MTX used as a co-intervention, designated as group 2 provided that 

MTX exposure was clearly randomly stratified either: 

at baseline (e.g., MTX users vs non-users), and/or in the analysis of 

hepatotoxicity outcomes 

No restrictions were applied regarding publication date or language. 
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2.4 Exclusion Criteria 

• Non-randomized studies 

• Observational studies, case reports, reviews, retrospective studies 

• Psoriatic arthritis does not fulfill CASPAR criteria 

• Studies without extractable hepatotoxicity data 

• Trials with non-comparable arms (for subgroup analysis) 

• If MTX was co-intervention not clear random stratification in baseline 

characteristics or in analysis of hepatotoxic outcomes. 

2.5 Literature Search Strategy 

2.5.1 Databases Searched 

• PubMed/MEDLINE 

• Embase 

• Cochrane Central Register of Controlled Trials (CENTRAL) 

• ClinicalTrials.gov 

• Web of Science  

• SCOPUS 

2.5.2 Search Terms (provided for each database in Appendix) 

• Combination of keywords and MeSH terms: 

o “Psoriatic Arthritis” 

o “Spondylorthritis” 
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o “Methotrexate” 

o “Randomized controlled trial” 

• Boolean operators: AND / OR 

2.5.3 Search Limits 

• Human studies 

• No restriction on language 

• No restriction on publication date  

2.6 Study Selection Process 

 

• Titles and abstracts screened independently by 2 reviewers 

• Full-text review for eligibility independently by 2 reviewers 

• Discrepancies were resolved by consensus 

2.7 PRISMA Flow Diagram 

 

 Prisma Flow Diagram were generated for Search strategy. 

 

2.8 Data Extraction 

 

     Extracted Variables were categorized into the following domains:  study 

characteristics, population characteristics, baseline disease activity, intervention details , 

hepatic risk factors and liver related outcomes : 

• Study characteristics: 

o Author &year, study design, sample size and duration of study 
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• Patient characteristics: 

o Number randomized per arm 

o Number analyzed per arm  

o Mean age ± SD or median ± quartile 

o Gender distribution (% female) 

o Disease duration in years  

o Mean BMI in kg/m² ± SD or median ±quartile  

o MTX naïve /experienced , if experienced duration in weeks  

• Baseline disease activity: Baseline Tender Joint Count (TJC) 68, Baseline 

Swollen Joint Count (SJC) 68, crp in mg/dl ( mean ± SD) or median quartile, 

baseline PASI score (mean ± SD) or median quartile. Each of these variables 

will be filled per arm ( intervention versus comparator) 

• Baseline clinical characteristics were extracted for all included studies and are 

presented in the Results section. These characteristics were stratified according 

to the predefined analytical groups to reflect differences in study design and 

avoid mixing heterogeneous evidence 

• Intervention details: 

o MTX dose in mg/w and route 

o MTX status monotherapy vs combination therapy 

o Folic acid administration and dose in mg/w 
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• Hepatic Risk Factors: 

o Diabetes Mellitus, hypertension, alcohol intake, smoking , concomitant 

and hepatotoxic medications each designated by n=number and 

percentage (%).  

• Outcomes: 

o ALT/AST elevation (n, %) 

o Mean ALT/AST ± SD 

o Discontinuation due to hepatotoxicity 

o Death due to hepatic adverse events 

2.9 Handling Multi-arm Trials 

• Only relevant arms matching PICO included 

• Each comparison is treated independently 

• Avoidance of double counting 

2.10 Risk of Bias Assessment 

The methodological quality of the included randomized controlled trials was 

assessed using a structured risk of bias tool based on the Robust RCT framework for 

group 1 (1). Refer to Figure 2, this tool evaluates six key domains: (1) random sequence 

generation, (2) allocation concealment, (3) blinding of participants, (4) blinding of 

healthcare providers, (5) blinding of outcome assessors, and (6) completeness of 

outcome data for each study arm.  

Each domain was assessed using four response categories: “definitely yes,” 

“probably yes,” “probably no,” and “definitely no,” based on the information reported 
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in the study. These judgments were then translated into corresponding levels of risk of 

bias: “definitely low risk,” “probably low risk,” “probably high risk,” and “definitely 

high risk.” 

An overall risk of bias judgment was assigned for each study by considering all 

domains collectively. The assessment was conducted in a standardized manner to ensure 

consistency and transparency. Any uncertainties were resolved through discussion. 

The methodological quality of Group 2 studies was assessed using the 

Newcastle–Ottawa Scale (NOS) for non-randomized studies (refer to figure 3). This tool 

evaluates three domains: Selection, Comparability, and Outcome. Studies were assigned 

up to eight stars and categorized as good, fair, or poor quality based on established 

criteria. Assessments were performed in a standardized manner . All the results of the 

risk of bias assessment for group 1 & 2 were summarized using tabular representations. 

2.11 Data Synthesis and Statistical Analysis  

Due to variability in the definitions and reporting of hepatotoxicity across 

included trials, both quantitative and qualitative synthesis methods were employed to 

ensure a comprehensive and structured interpretation of the available evidence. 

Continuous outcomes, including mean ALT and AST levels as well as other 

biochemical parameters (e.g., bilirubin, alkaline phosphatase), were not consistently 

reported across studies and were therefore excluded from quantitative synthesis. 

Similarly, no trials reported imaging findings or histopathological liver outcomes. 

Accordingly, the primary outcome selected for quantitative analysis was elevation in 

liver enzymes (ALT and/or AST), reported as the number and percentage of affected 

patients. 
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Data synthesis was performed separately for two predefined analytical groups, 

reflecting fundamentally different levels of evidence. Group 1 represents direct 

randomized comparisons, whereas Group 2 represents indirect, non-randomized 

evidence derived from stratified analyses. These groups were analyzed and interpreted 

independently, and no overall pooled estimate combining both groups was performed. 

2.11.1 Group 1: MTX as Randomized Intervention or Component of Intervention  

Due to significant heterogeneity in the reporting of hepatotoxicity outcomes 

across included trials, data synthesis was conducted using a structured and pragmatic 

approach. 

For Group 1, quantitative synthesis (meta-analysis) was conducted using data 

from the OPAL Balance and MUST trials, as these studies provided sufficiently 

comparable designs, intervention structures, and outcome definitions. 

Pooling was performed only when at least two studies reported comparable 

outcomes within identical pairwise comparisons, specifically comparing MTX-

containing regimens versus the same active therapy without MTX, in order to avoid 

unit-of-analysis errors. 

The most consistently reported outcome across these studies was any elevation 

in ALT and/or AST above the upper limit of normal (ULN), which was used as the 

pooled endpoint. Where feasible, subgroup analyses based on predefined thresholds 

(e.g., ≥1×, ≥2×, ≥3× ULN) were considered. 

Other Group 1 trials, including APREMEPsA, Atzeni, Willkens, and Sharma, 

were not included in the meta-analysis due to heterogeneity in study design, comparator 

arms, outcome definitions, or follow-up duration, and were therefore analyzed 

narratively and summarized descriptively in the tables below. 
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2.11.2 Group 2: MTX as Co-Intervention (Stratified Analysis) 

In Group 2, methotrexate was not the primary randomized intervention but was 

evaluated as a stratified exposure variable. Comparisons were performed within studies 

between patients receiving identical therapies with and without concomitant MTX, 

thereby minimizing confounding related to differences in primary treatment allocation. 

Quantitative analysis was restricted to the SPIRIT-H2H trial, as it was the only 

study providing appropriate and comparable within-study stratified data. This analysis 

should be interpreted as a within-study quantitative comparison rather than a formal 

pooled meta-analysis. 

The outcome selected for quantitative analysis was clinically significant 

hepatotoxicity, defined as ALT and/or AST ≥3× ULN, as reported in the SPIRIT-H2H 

trial. This threshold was selected to enhance clinical relevance and reduce variability 

associated with lower-grade enzyme elevations. 

All other Group 2 trials, including GO-VIBRANT, IMPACT2, and SELECT-

PsA 1 and 2, were not eligible for quantitative synthesis due to heterogeneity in study 

design, outcome reporting, and lack of comparable stratified data, and were therefore 

summarized descriptively in the tables below.  

2.11.3 Handling Heterogeneity in Outcomes 

• Acknowledgement of variability in definitions: 

o Any ALT/AST elevation for group 1 

o Threshold-based elevations (>3× ULN) for group 2 

The definition of “any ALT/AST elevation” encompasses a spectrum ranging from 

mild, transient biochemical abnormalities to clinically significant hepatotoxicity. This 
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limitation reflects inconsistent reporting across trials and may dilute clinically 

meaningful effects 

• Where pooling not appropriate: 

o Results presented narratively 

2.11.4 Statistical Analysis 

For all quantitative analyses: 

Dichotomous outcomes were expressed as risk ratios (RRs) with 95% confidence 

intervals (CIs)  

The inverse variance method was used under a random-effects model, given the 

expected clinical and methodological heterogeneity  

Statistical heterogeneity was assessed using the I² statistic  

Where pooling was not feasible due to outcome variability or lack of comparable data, 

findings were summarized narratively. 

2.11.5 Heterogeneity Assessment 

 

Heterogeneity was evaluated using: 

• I² statistic  

• Chi-square (χ²) test  

Interpretation of I²: 

• Low: <25%  

• Moderate: 25–50%  
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• High: >50% 

2.11.6 Subgroup Analysis 

Preplanned Subgroup analyses was planned comparing MTX dose, route of 

administration, MTX duration of exposure. 

2.11.7 Handling Heterogeneity in Outcome Definitions 

Variability in hepatotoxicity definitions across studies was addressed as follows: 

Group 1: Any elevation in ALT and/or AST above ULN  

Group 2: Elevation in ALT and/or AST defined as ≥3× ULN  

The definition of “any ALT/AST elevation” encompasses a broad spectrum ranging 

from mild, transient biochemical abnormalities to clinically significant hepatotoxicity. 

This variability reflects inconsistent reporting across trials and may dilute clinically 

meaningful effects. 

Where pooling was not appropriate due to heterogeneity, results were presented 

narratively. 

2.12. Narrative Synthesis 

Studies that were not eligible for quantitative synthesis were analyzed using a 

qualitative (narrative) approach. 

The narrative synthesis focused on key methodological and clinical aspects, including: 

Differences in study design (e.g., intervention structure, comparator arms, and 

follow-up duration)  
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Variability in outcome definitions, particularly with respect to hepatotoxicity 

thresholds and reporting methods  

Direction and consistency of results across studies, with emphasis on patterns of 

liver enzyme abnormalities and clinical relevance  

This approach allowed for a structured comparison of heterogeneous studies and 

ensured that all relevant evidence was incorporated into the overall interpretation, 

despite limitations in quantitative pooling. 

 

2.13. Publication Bias 

To be assessed using: Funnel plot (if ≥10 studies) 

2.14. Software Used 

Data extraction: Excel 

Statistical analysis: RevMan Web 

2.15. Ethical Considerations 

No ethical approval required (secondary analysis of published data) 
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CHAPTER 3 

 

RESULTS 
 

3.1 Study Selection (PRISMA Flow) 

A total of 8,224 records were identified through database searching. After 

removal of 3,803 duplicates, 4,421 records remained for title and abstract screening. Of 

these, 4,214 records were excluded based on irrelevance to the study question. The full 

texts of 207 articles were assessed for eligibility, of which 197 studies were excluded 

for the following reasons: inclusion of patients not fulfilling CASPAR criteria or 

equivalent PsA classification criteria of psoriatic arthritis (n = 4), absence of 

hepatotoxicity data as an outcome(n = 158), inclusion of non randomised trials (n = 4), 

MTX not used as an intervention or was not stratified for at baseline or analysis (n=7), 

and MTX used in both study arms  (n = 24). Ultimately, 10 studies met the inclusion 

criteria and were included in both the qualitative and quantitative synthesis. 

Screening: 

Records screened (titles/abstracts): n = 4,421 

Records excluded: n = 4,214 

Full-text: 

Full-text articles assessed: n = 207  

Full-text articles excluded (with reasons): n = 197  

Included: 

Studies included in qualitative synthesis: n =10 ( 6 in Group 1 & 4 in Group 2) 
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      Studies contributing to quantitative synthesis: n = 3 (two in Group 1 meta-analysis 

and one in Group 2 within-study analysis) 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. PRISMA flow diagram of the selection process 
RCT = randomized controlled trial; CASPAR: ClASsification criteria for Psoriatic ARthritis; MTX= 

methotrexate 

 

Flowchart was generated using ShinyApp ( Neal R Haddaway, Chris C Pritchard, Luke A McGuinness. 

(2021). PRISMA2020: R package and Shiny App for producing PRISMA 2020 compliant flow diagrams. 

Zenodo. 

 

Records identified from: 
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PubMed (n=1,366) 
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Web of Science (n=2,020) 
Clinical Trials.gov (n=79) 
 

Id
e

n
ti

fi
c
a

ti
o

n
 

Records removed before 
screening: 

Duplicate records removed   
(n =3,803 ) 
 

Records screened 
(n =4,421 ) 

Records excluded 
(n =4,214) 

Reports sought for retrieval 
(n = 207 ) 

Reports not retrieved 
(n =0) 

Reports assessed for eligibility 
(n = 207 ) 

Reports excluded: 
⚫ Not RCT (n =4 ) 
⚫ Do not fulfill CASPAR 

criteria (n =4 ) 
⚫ MTX is not an 

intervention/Co-intervention 
not stratified in hepatic 
safety analysis (n =7 ) 

⚫ No Comparator for MTX 
(n=24) 

⚫ No outcomes related to 
hepatotoxicity (n= 158) 

 

Studies included in review 
(n = 10) 
 

Identification of new studies via databases and registers 

S
c

re
e

n
in

g
 

 
In

c
lu

d
e
d

 



60 

 

3.2 Study Characteristics 

A total of 10 randomized controlled trials (RCTs) were included in this review, 

comprising 6 studies in Group 1:randomized add-on MTX comparisons: Samanta 

2023(1), Koehm 2023(1), Nash 2021(1) [OPAL Balance], Sharma 2021(1), Atzeni 

2011(1), and Willkens 1984 (1)) and 4 studies in Group 2 (non-randomized, stratified 

comparisons: Husni 2020(1), Kavanaugh 2007(1), Nash 2021 [SELECT-PsA 1 & 2](2), 

and Smolen 2020 (3)). The total number of participants across Group 1 studies was 

approximately n = 450 and n = 3,162  across Group 2. Study durations ranged from 12 

to 52 weeks. 

3.3 Baseline Clinical Characteristics 

Group 1: Randomized Add-on MTX Comparisons  

Across the six studies included in Group 1 (Atzeni et al (4), Samanta et al (5), 

Sharma et al(6) , Willkens et al(7) , Koehm et al(8), and Nash et al (9)), baseline 

demographic and clinical characteristics demonstrated substantial variability, reflecting 

differences in study populations and disease stages. 

The mean age of participants ranged from 38.0 to 55.4 years, with the proportion 

of female participants varying between 30.6% and 62.0% across treatment arms. 

Disease duration showed marked heterogeneity, ranging from early disease (1.0–1.4 

years) in the APREMEPsA and MUST trials to long-standing disease (11.2–13.3 years) 

in the OPAL Balance and Willkens trials. Mean body mass index (BMI) ranged from 

22.17 to 30.5 kg/m². Refer to Table 2. 

MTX exposure status varied considerably within this group. Some studies 

included entirely MTX-naïve populations (e.g., APREMEPsA, Sharma, and Willkens 
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trials), whereas others enrolled fully MTX-experienced patients (e.g., OPAL Balance 

and Atzeni trial). Other trials included a mixed population, (e.g., MUST, SPIRIT H2H, 

SELECT 1 &2, GO VIBRANT and IMPACT 2 trials). Refer to table 3.  

Baseline disease activity also varied widely. Tender joint count (TJC 68) ranged 

from 2.8 to 25.1 and swollen joint count (SJC 66) ranged from 0.5 to 17.9, reflecting a 

spectrum from low to high articular disease burden. Mean C-reactive protein (CRP) 

levels ranged from 0.33 to 2.20 mg/L, while mean Psoriasis Area and Severity Index 

(PASI) scores ranged from 1.2 to 21.3, indicating variability from mild to severe skin 

involvement. 

Within individual trials, baseline characteristics were well balanced between 

intervention and comparator arms, consistent with the randomized study design. (Refer 

to tables 2 &3) 

Group 2: Non-randomized (Stratified) MTX Comparisons 

Group 2 included four studies (SPIRIT-H2H, IMPACT 2, SELECT-PsA 1 & 2, 

and GO-VIBRANT), in which comparisons were based on stratified analyses of MTX 

exposure rather than randomized allocation.  

The mean age of participants ranged from 46.5 to 52.2 years, with female 

representation between 29.0% and 55.6%. Disease duration was relatively consistent 

across studies, ranging from 5.8 to 8.6 years. Mean BMI values were reported between 

29.7 and 30.2 kg/m², with a high prevalence of overweight and obesity; notably, up to 

80.4% of patients in the SELECT 1&2-PsA trials had a BMI ≥25 kg/m². 

Regarding MTX exposure, all patients in the SELECT 1&2-PsA and SPIRIT-

H2H trials were MTX-experienced, reflecting prior inadequate response to conventional 
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DMARDs. In contrast, the GO-VIBRANT and IMPACT 2 trials included mixed 

populations, with 46% to 70% of patients having prior MTX exposure. 

Baseline disease activity was consistently high across this group, with mean TJC 

ranging from 19.0 to 25.1 and mean SJC ranging from 9.4 to 14.4. Mean CRP levels 

ranged from 0.85 to 2.30 mg/dL, and PASI scores ranged from 7.2 to 11.8, indicating 

moderate to severe disease activity. 

Although these comparisons were not randomized for MTX exposure, baseline 

characteristics between MTX and non-MTX groups within each study were generally 

well balanced, reflecting the use of stratification methods in trial design and analysis. 

 Overall, baseline characteristics across the included studies demonstrated 

variability in patient demographics, disease duration, and disease activity. However, 

within each study, the intervention and comparator arms were well balanced, ensuring 

comparability of outcomes. In Group 2, despite the non-randomized nature of MTX 

exposure, stratification approaches contributed to reasonable baseline comparability 

between groups. Detailed baseline characteristics are presented in Table 2&3. 

3.4 Risk of Bias and Certainty of Evidence Assessment 

   3.4.1 Hepatic Safety Outcomes (GRADE Summary of Findings) 

For alanine aminotransferase (ALT) elevation, based on two randomized 

controlled trials with 24-weeks follow-up, the incidence was higher in the methotrexate 

(MTX) combination group (26.7%) compared with the active comparator group 

(16.6%). The pooled effect estimate suggested an increased risk (RR 2.22); however, the 

confidence interval was wide and crossed the line of no effect (95% CI 0.50 to 9.79), 

indicating substantial statistical uncertainty. The corresponding absolute effect was 202 
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more events per 1,000 patients, with a range from 83 fewer to 1,000 more events. The 

certainty of evidence was downgraded to low due to imprecision and indirectness.  

For aspartate aminotransferase (AST) elevation, the incidence was similar 

between groups (17.6% vs 16.0%). The pooled relative risk was 1.14 (95% CI 0.75 to 

1.75), indicating no statistically significant difference. The absolute effect corresponded 

to 22 more events per 1,000 patients, with confidence intervals ranging from 40 fewer to 

120 more events. The certainty of evidence was also rated as low, primarily due to 

imprecision. Results are presented in table 5 . 

3.4.1.1 Overall Interpretation 

There is no conclusive evidence that MTX increases the risk of transaminase 

elevation compared with active comparators. Although a potential increase in ALT 

elevation cannot be excluded, the estimates are imprecise and remain compatible with 

both harm and no effect. Overall, the certainty of evidence is low for group 1 and very 

low for group 2, suggesting that further research is likely to have an important impact 

on confidence in the estimate and may change the conclusions. (refer to tables 5 &6) 

3.4.1.2 Risk of Bias Assessment of Included Studies 

Randomized controlled trials evaluating MTX combination therapy 

demonstrated an overall moderate risk of bias, with the main concerns related to 

blinding and allocation concealment. Refer to figure 2. 

Non-randomized or stratified comparative analyses assessed using the 

Newcastle–Ottawa Scale (NOS) were judged to be of fair quality, primarily due to the 

potential for residual confounding. Refer to figure 3. 
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The MTX-stratified subgroup comparisons derived from the SPIRIT-H2H trial 

were also rated as fair quality using the Newcastle–Ottawa Scale (NOS). Although 

comparability between groups was partially supported by stratification according to 

MTX use and generally balanced baseline characteristics, MTX exposure itself was not 

randomized, introducing potential residual confounding. Furthermore, selection was 

limited, as these comparisons were derived from a trial population rather than a real-

world observational cohort. In addition, hepatic safety outcomes were secondary 

endpoints, and the trial was not specifically powered to detect differences in these 

outcomes, reducing confidence in the adequacy of outcome assessment for the present 

review question. 

The results of the risk-of-bias assessments are presented in Figures 2 and 3, and 

the summary of findings (GRADE evidence profiles) is presented in Tables 5 and 6. 

3.5 Results of Meta-Analysis 

3.5.1 Group 1: Randomized Add-on MTX Comparisons 

Outcome: Any ALT Elevation @ 24 weeks  

Number of studies: n = 2 

Total patients: n = 345 (MTX + active arm: 176; active arm: 169) 

Effect estimate: Risk Ratio (RR): 2.22 (95% CI 0.50–9.79) 

Outcome: Any AST Elevation @ 24 weeks  

Number of studies: n = 2 

Total patients: n = 345 (MTX + active arm: 176; active arm: 169) 

Effect estimate: Risk Ratio (RR): 1.14 (95% CI 0.75–1.75) 
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3.5.1.1 Interpretation 

MTX was associated with a numerically higher risk of ALT elevation; however, 

this difference was not statistically significant, as the confidence interval crossed the 

line of no effect. 

Heterogeneity: I² = 38% → moderate. No significant heterogeneity was 

observed. Refer to: Figure 4.  

No signal of increased AST elevation with MTX at 24 weeks 

AST events were evenly distributed between groups, resulting in a neutral effect 

estimate; however, this difference was not statistically significant, as the confidence 

interval crossed the line of no effect. 

Heterogeneity: I² = 0% →  No heterogeneity was observed. Refer to: Figure 7.  

3.5.1.2 Sensitivity Analysis for Missing Data 

Sensitivity analyses using best- and worst-case scenarios yielded consistent, non-

significant results, indicating robustness of the findings despite wide confidence 

intervals reflecting imprecision.(figure 5&6) 

For ALT: under the worst–case scenario, where all missing participants in the MTX 

group were assumed to have experienced hepatotoxicity and none in the control group, 

the pooled estimate remained non-significant (RR 2.67, 95% CI 0.44–16.36; p = 0.29; I² 

= 51%). Refer to figure 5. Similarly, in the best–case scenario, assuming no events 

among missing participants in the MTX group and all events in the control group, the 
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results were unchanged (RR 2.32, 95% CI 0.47–11.49; p = 0.30; I² = 43%). Refer to 

figure 6.  

For AST: under the worst–case scenario, where all missing participants in the MTX 

group were assumed to have experienced hepatotoxicity and none in the control group, 

the pooled estimate remained non-significant (RR 1.18, 95% CI 0.77–1.80; p = 0.36; I² 

= 0%). Refer to figure 8. Similarly, in the best–case scenario, assuming no events 

among missing participants in the MTX group and all events in the control group, the 

results were unchanged (RR 1.13, 95% CI 0.74–1.73; p = 0.56; I² = 0%). Refer to figure 

9.  

Overall, these findings indicate that the direction and magnitude of the effect 

estimate were consistent across all analyses, suggesting that the results are robust to 

assumptions regarding missing data, although confidence intervals remained wide, 

reflecting imprecision. 

3.5.2 Group 2: Non-randomized (Stratified) Comparisons 

Outcome: ≥3× ULN ALT at 52 weeks ( Complete Case Analysis) 

Number of comparisons: n = 2 , These comparisons were derived from the same 

trial and therefore are not statistically independent.  

Total patients: n = 566 (MTX group: 336; active arm: 230)  

            Effect estimate: Risk Ratio (RR): 2.43 (95% CI 0.68–8.71)  
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3.5.2.1 Interpretation 

MTX use was associated with a numerically higher risk of ALT elevation; 

however, the result was not statistically significant, with wide confidence intervals 

crossing the line of no effect. 

These estimates should be interpreted cautiously, as they are derived from non-

independent comparisons within a single trial and do not represent a true pooled meta-

analysis 

Heterogeneity: 

I² = 0% no observed heterogeneity ; results were consistent across comparisons 

            Refer to: Figure 10 (Forest Plot) 

Outcome ≥3× ULN AST at 52 weeks ( Complete Case Analysis) 

Number of comparisons: n = 2 (derived from the same trial)  

Total patients: n = 566 (MTX group: 336; active arm: 230)  

Effect estimate: Risk Ratio (RR): 2.12 (95% CI 0.40–11.29)  

Interpretation: MTX use showed a numerically increased risk of AST elevation; 

however, this finding was not statistically significant, with very wide confidence intervals 

indicating substantial uncertainty.  

Heterogeneity: I² = 0% → no observed heterogeneity; Results were consistent 

across comparisons. No sensitivity analyses for missing data (best-case or worst-case 

scenarios) were performed for Group 2, as the number of randomized participants was 

equal to the number analyzed, indicating no missing outcome data. Refer to: Figure 11 . 
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3.5.2.2 Sensitivity Analysis for Missing Data 

Not performed, because the number randomized was equal to the number analyzed. 

 

 

3.6 Subgroup Analysis 

 Subgroup analyses were not performed due to the limited number of 

included studies and insufficient statistical power, despite low observed heterogeneity. 

3.7 Narrative Synthesis 

For studies not included in meta-analysis: 

Narrative Synthesis of Non-Pooled Hepatotoxicity Outcomes (Group 1) : 

Hepatotoxicity outcomes from Group 1 studies, in which methotrexate (MTX) was 

evaluated as a primary comparator, demonstrated a consistent pattern across trials. 

While no cases of severe hepatic outcomes such as liver failure or death were reported, 

laboratory abnormalities—particularly transaminase elevations—were more frequently 

observed in patients receiving MTX compared with active comparators or placebo. 

Baseline clinical characteristics, study arms interventions and baseline hepatic 

characteristics are all summarized in Tables 2, 3 and 4. 

3.7.1 APREMEPsA Study (Samanta et al., 2023)(10) 

In this randomized trial comparing apremilast (30 mg twice daily) with MTX 

(up to 25 mg/week), 31 patients were randomized and 26 completed the study over 24 

weeks. Transaminitis, defined as a mild adverse event, occurred in 4/16 patients (25.0%) 

in the MTX group compared with 1/15 (6.7%) in the apremilast group. This difference 

was not statistically significant (p = 0.333). No serious hepatic adverse events or deaths 

were reported. Liver enzyme elevations were transient, resolving after temporary 

treatment interruption, with no recurrence upon re-challenge. Overall, these findings 
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indicate a numerically higher incidence of transaminitis in the MTX arm, without 

evidence of clinically significant hepatotoxicity. 

3.7.2 Willkens et al. (1984)(11) 

This placebo-controlled trial evaluated low-dose pulse MTX (7.5–15 mg/week) 

in 37 patients over 12 weeks. Hepatic safety was assessed through changes in serum 

biochemistry. A statistically significant increase in total bilirubin was observed in the 

MTX group compared with placebo (+0.1 vs. 0.0; p = 0.043). In contrast, changes in 

transaminases were not statistically significant (AST: +1.5 vs. 0.0, p = 0.371; ALT: +3.0 

vs. +2.0, p = 0.404). No patients discontinued treatment due to hepatotoxicity, and no 

deaths were reported. These results suggest a modest biochemical effect of MTX on 

bilirubin, with no clear signal for clinically meaningful transaminase elevation. 

3.7.3 Sharma et al. (2021)(12) 

In this open-label randomized trial comparing tofacitinib (5 mg twice daily) with 

MTX (up to 25 mg/week) over 24 weeks, 61 patients were included. Elevations in ALT 

were more frequent in the MTX group, with 12.5% of patients exhibiting ALT > ULN 

compared with 0% in the tofacitinib group. Elevations exceeding 2× ULN were 

uncommon (3.1% in MTX vs. 0% in comparator). No liver-related discontinuations or 

deaths were reported. These findings indicate a higher incidence of transaminase 

elevations in the MTX group, although clinically significant elevations remained rare.  

3.7.4 Small Pilot Study (Atzeni et al., 2011)(7) 

This pilot study compared etanercept (ETA) combined with MTX versus 

etanercept combined with ciclosporin (CsA) in 41 patients over 24 weeks. No patients 

in the ETA+MTX group developed significant liver enzyme elevations. There were no 
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MTX-related discontinuations or deaths. These findings suggest a neutral hepatic safety 

profile for MTX in this specific combination setting, although interpretation is limited 

by the small sample size. 

3.7.5 Synthesis of Group 1 Findings 

Across Group 1 studies, a consistent trend of increased laboratory hepatotoxicity 

markers in MTX-treated patients was observed. Transaminase elevations were more 

frequent in MTX arms compared with active comparators or placebo, although these 

differences were generally not statistically significant, likely reflecting limited sample 

sizes and low event rates. A statistically significant increase in bilirubin was observed in 

the placebo-controlled study, but this finding was modest and not associated with 

clinical sequelae. 

The magnitude of effect for “any increase” in liver enzymes ranged from 

approximately 12.5% to 25%, while elevations exceeding clinically relevant thresholds 

(e.g., >2× ULN) were infrequent (approximately 3%). Importantly, no cases of severe 

hepatotoxicity—including liver failure, cirrhosis, or death—were reported across studies 

with follow-up durations ranging from 24 to 52 weeks. 

From a methodological perspective, the risk of bias was moderate. While some 

studies employed blinding (e.g., Willkens et al.), others were open-label (e.g., Sharma et 

al.), which may influence the reporting of subjective adverse events. However, the 

primary outcomes assessed (laboratory-based liver function tests) are objective, 

reducing the likelihood of significant measurement bias. 

To summarize, these findings suggest that MTX is associated with a higher 

frequency of mild, transient liver enzyme elevations, but not with clinically significant 
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hepatotoxicity in the short to medium term. The absence of serious hepatic events and 

the reversibility of abnormalities support a generally acceptable hepatic safety profile, 

although careful monitoring remains warranted. 

3.7.6 Rationale for Exclusion from Meta-Analysis 

3.7.6.1 Group 1 

Several studies in Group 1 were not included in the quantitative synthesis due to 

substantial heterogeneity in outcome definitions, comparator profiles, and reporting 

methods, which precluded meaningful pooling. 

In the APREMEPsA trial (Samanta et al.), hepatic outcomes were reported as 

“transaminitis” at 24 weeks, defined as a mild adverse event without specification of 

alanine aminotransferase (ALT) and/or aspartate aminotransferase (AST) levels or 

thresholds. This lack of standardized biochemical definition limited comparability with 

studies reporting explicit transaminase elevations. 

In the study by Willkens et al., hepatic outcomes were assessed as changes in 

liver enzymes, including elevations above 2× the upper limit of normal (ULN) at 12 

weeks. However, results were presented as median changes from baseline rather than 

discrete event counts, and the shorter follow-up duration further limited comparability 

with trials reporting categorical outcomes at longer time points. 

In the Sharma et al. trial, conducted over 24 weeks, hepatic outcomes were 

reported as ALT elevations exceeding >1× and >2× ULN. Although event rates were 

available, this study compared methotrexate with tofacitinib, a drug known to 

potentially affect liver enzymes. Inclusion of this comparison alongside trials using 
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placebo or biologic agents (e.g., OPAL Balance and MUST) would introduce clinical 

heterogeneity and confound interpretation of methotrexate-specific hepatotoxicity. 

Finally, in the study by Atzeni et al., which compared etanercept combined with 

methotrexate versus etanercept combined with ciclosporin, the comparator arm included 

ciclosporin, a drug with known hepatotoxic potential. In addition, hepatic outcomes 

were reported as “significant increases” in liver enzymes without quantitative thresholds 

or standardized definitions. These factors rendered the comparison unsuitable for 

inclusion in the pooled analysis. 

3.7.6.2 Group 2 

Several Group 2 trials were also excluded from the quantitative synthesis due to 

important differences in outcome definitions, reporting methods, and study design, 

resulting in substantial clinical and methodological heterogeneity. 

In the IMPACT 2 trial (infliximab), hepatic outcomes were defined broadly as 

shifts from normal baseline values to any elevation above the upper limit of normal 

(ULN). Using this definition, a high proportion of patients were reported to have ALT 

and AST elevations (42.4% and 26.7%, respectively). This differs significantly from 

other studies that used stricter and clinically meaningful thresholds (e.g., ≥3× ULN). 

Additionally, the study incorporated an early escape at week 16 and crossover of 

placebo patients to infliximab at week 24, resulting in near-universal biologic exposure 

by one year and limiting the validity of between-group comparisons. 

In the GO-VIBRANT trial (intravenous golimumab), hepatic outcomes were not 

reported according to methotrexate (MTX) exposure status. Approximately 70% of 

patients received background MTX, and the authors acknowledged that this made it 
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difficult to distinguish the independent effects of golimumab on liver enzymes. 

Furthermore, elevations in ALT and AST (e.g., >3× ULN) were reported only for the 

overall safety population rather than stratified by treatment arms, preventing extraction 

of comparable arm-level data. 

Similarly, in the post hoc analysis of the SELECT-PsA 1 and 2 trials 

(upadacitinib), hepatic outcomes were reported as a composite endpoint (“hepatic 

disorders”), encompassing mostly non-serious transaminase elevations. Although 

subgroup frequencies were provided, outcomes were not reported using standardized 

laboratory thresholds (e.g., ≥3× ULN) in an arm-by-arm format consistent with other 

included studies. While higher-grade laboratory abnormalities (>5× ULN) were reported 

separately, these thresholds were not directly comparable to those used in the present 

meta-analysis. 

3.7.6.3 Overall Justification 

These differences in outcome definitions, comparator profiles, and reporting 

formats introduce substantial clinical and methodological heterogeneity. Inclusion of 

these studies would have compromised the validity and interpretability of the pooled 

estimates. Therefore, these trials were excluded from meta-analysis and their findings 

were synthesized narratively. 

3.8 Heterogeneity and Outcome Variability 

Despite the absence of significant statistical heterogeneity, there was notable 

clinical and methodological heterogeneity across studies, particularly in the definitions, 

thresholds, and reporting of hepatotoxicity outcomes. 
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3.9 Publication Bias 

Funnel plot analysis was not performed due to the small number of included 

studies (<10), which limits the reliability of such assessments. 

 

 

 

  



75 

 

 

CHAPTER 4 

 

DISCUSSION 
 

4.1 Principal Findings 

This systematic review and meta-analysis evaluated the hepatotoxicity of 

methotrexate (MTX) in patients with psoriatic arthritis across randomized and non-

randomized evidence. 

The main findings suggest that MTX is associated with a higher frequency of 

mild elevations in liver enzymes, particularly alanine aminotransferase (ALT), 

compared with active comparators. In Group 1 randomized controlled trials, MTX 

combination therapy demonstrated a numerically higher incidence of ALT elevation 

(26.7% vs 16.6%), with a pooled relative risk of 2.22; however, this estimate was 

imprecise, with wide confidence intervals crossing the line of no effect . A similar 

pattern was observed for aspartate aminotransferase (AST), although the magnitude of 

effect was smaller and not statistically significant (RR 1.14). 

In Group 2 analyses, where MTX exposure was not randomized but stratified, 

MTX-containing regimens were associated with numerically higher rates of clinically 

significant transaminase elevations (≥3× ULN), with relative risks of 2.43 for ALT and 

2.12 for AST. However, the certainty of evidence was very low due to serious risk of 

bias and imprecision. 

Importantly, across all included studies, hepatotoxicity was limited to 

biochemical abnormalities, with no reported cases of liver failure, cirrhosis, or death. 

Furthermore, treatment discontinuation due to hepatotoxicity was  rare or absent, 
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suggesting that these laboratory abnormalities were generally mild and clinically 

manageable. 

Overall, while MTX appears to be associated with an increased frequency of 

mild transaminase elevations, there is no conclusive evidence of clinically significant 

hepatotoxicity in the short to medium term. 

4.2 Interpretation of Hepatic Safety Findings 

The observed pattern of hepatotoxicity in this review highlights an important 

distinction between biochemical abnormalities and clinically meaningful liver injury. 

While elevations in liver enzymes were more frequently reported in methotrexate 

(MTX)-containing regimens, these findings should be interpreted within the broader 

clinical context. Transaminase elevations in this setting are typically mild and reversible 

and are often influenced by factors beyond drug exposure alone. 

In patients with psoriatic arthritis, underlying metabolic risk factors—such as 

obesity, insulin resistance, and diabetes—are highly prevalent and may independently 

contribute to liver enzyme abnormalities. The baseline characteristics of the included 

trials reflect this, with several studies reporting elevated body mass index and metabolic 

comorbidities. As such, the attribution of hepatotoxicity solely to MTX should be 

approached with caution, particularly in the absence of patient-level data. 

The higher frequency of hepatic events observed in the OPAL Balance trial 

compared with the MUST trial may be explained by differences in patient 

characteristics and treatment-related factors. Patients in OPAL Balance had a 

substantially longer disease duration (mean 11.2–11.3 years vs 1.3–1.4 years in MUST), 

higher body mass index (30.0–30.5 kg/m² vs 28.1–28.8 kg/m²), and slightly older age 
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(51.8–53.1 vs approximately 48 years), all of which are associated with increased 

baseline risk of hepatotoxicity. In addition, OPAL Balance evaluated tofacitinib, a JAK 

inhibitor known to be associated with liver enzyme elevations, particularly when 

combined with methotrexate, whereas ustekinumab in the MUST trial has a lower 

hepatic signal. Differences in prior methotrexate exposure and study design may have 

further contributed to this variability. Collectively, these factors suggest that the higher 

hepatic event rate in OPAL Balance likely reflects a combination of patient-related 

metabolic risk and drug-specific effects rather than methotrexate alone. 

In addition, the short- to medium-term duration of follow-up across trials limits 

the ability to detect long-term hepatic complications. However, the absence of clinically 

significant liver outcomes across studies suggests that early biochemical changes do not 

necessarily translate into progressive liver injury within the observed time frame. This is 

consistent with the known pharmacological profile of MTX, where transient 

transaminase elevations are relatively common but rarely associated with severe 

hepatotoxicity when appropriate monitoring is implemented. 

These findings underscore the importance of contextualizing laboratory 

abnormalities within clinical practice. Rather than indicating a need to avoid MTX, mild 

elevations in liver enzymes should prompt careful monitoring and individualized risk 

assessment. This includes consideration of modifiable risk factors, such as metabolic 

syndrome and alcohol intake, as well as adherence to recommended monitoring 

protocols. 

To conclude, the interpretation of hepatic safety in this analysis supports a 

balanced clinical approach: acknowledging the increased likelihood of mild biochemical 
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abnormalities while recognizing their limited clinical impact in the context of 

appropriate patient selection and monitoring 

4.3 Comparison with Existing Literature 

Despite the widespread use of methotrexate in inflammatory arthritis, evidence 

specifically addressing MTX-associated hepatotoxicity in PsA remains limited. Most 

available data are extrapolated from rheumatoid arthritis (RA) populations, where MTX 

has been more extensively studied. An early systematic review of methotrexate toxicity 

across inflammatory arthritis, which included 47 studies, highlighted the scarcity of 

PsA-specific data and concluded that the available evidence was insufficient to draw 

firm conclusions regarding hepatic safety in this population (19). 

In RA cohorts, methotrexate-associated elevations in liver enzymes have been 

reported at a rate of approximately 13 events per 100 patient-years during the first three 

years of therapy, corresponding to a cumulative incidence of around 31%. However, 

serious long-term hepatic complications appear to be uncommon, with cirrhosis 

reported in only 0.5% of patients after approximately four years of treatment (26). 

Similarly, Montaudié et al. (2011) (27) evaluated monitoring strategies for 

methotrexate-associated hepatotoxicity in psoriasis patients. More recent systematic 

reviews by Azzam et al. (2021) (2) and Bichenapally et al. (2022) (2) have examined 

hepatotoxicity across broader clinical contexts; however, none were specifically 

designed to assess hepatic safety in PsA populations. Collectively, these findings 

suggest that while transient liver enzyme abnormalities are relatively frequent, clinically 

significant liver disease remains rare. 

Additional evidence from psoriasis populations further highlights the limitations 

of current knowledge. A systematic review evaluating liver fibrosis in patients receiving 
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methotrexate demonstrated that “any fibrosis” occurred with a pooled risk difference of 

0.22 among 429 patients (2). Notably, no clear association was identified between 

cumulative methotrexate dose and the development of hepatic fibrosis. However, the 

authors emphasized the generally low quality of included studies and the presence of 

substantial selection bias, limiting the generalizability of these findings. 

Taken together, data from RA and psoriasis suggest that while liver enzyme 

elevations are relatively common, progression to advanced liver disease is rare, 

reinforcing the distinction between biochemical and clinically meaningful 

hepatotoxicity. 

More recent systematic reviews evaluating hepatotoxicity across inflammatory 

conditions have reached similar conclusions but were not specifically designed to assess 

MTX safety in PsA populations. This highlights a persistent gap in literature, as PsA 

patients often present with distinct clinical and metabolic profiles that may influence 

hepatic risk. In particular, the higher prevalence of metabolic syndrome in PsA may 

contribute to an increased baseline risk of liver enzyme abnormalities, independent of 

MTX exposure. 

An additional challenge in interpreting the existing literature relates to the 

design of modern randomized controlled trials (RCTs) in PsA. Many trials evaluating 

biologic and targeted synthetic therapies permit background MTX use; however, hepatic 

safety outcomes are rarely stratified according to MTX exposure. This limits the ability 

to isolate the independent effect of MTX on liver toxicity and introduces potential 

confounding. The present study addresses this limitation by specifically focusing on 
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comparisons where MTX exposure could be evaluated, either as a primary intervention 

or within stratified analyses. 

From a guideline perspective, definitions of MTX-related hepatotoxicity in PsA 

remain inconsistent. Recommendations from major societies, including the American 

College of Rheumatology (ACR), the European Alliance of Associations for 

Rheumatology (EULAR), and the Group for Research and Assessment of Psoriasis and 

Psoriatic Arthritis (GRAPPA), largely rely on evidence derived from RA or psoriasis 

rather than PsA-specific data particularly regarding hepatotoxicity definitions and 

monitoring strategies(6, 8, 13). While ACR provides more operational monitoring 

strategies based on persistent transaminase abnormalities, GRAPPA emphasizes the 

limited evidence base and does not support routine invasive monitoring. This variability 

reflects the broader uncertainty in defining clinically meaningful hepatotoxicity in PsA 

and underscores the need for standardized outcome definitions in future research. 

Overall, the findings of this study are consistent with the broader literature, 

demonstrating that MTX is associated with an increased frequency of mild liver enzyme 

abnormalities but not with clinically significant hepatotoxicity. Importantly, this review 

contributes to the existing body of evidence by providing a focused evaluation of MTX-

related hepatic safety specifically in PsA, addressing a key gap in the literature. 

4.4 Methodological Strengths of the Study 

 This systematic review and meta-analysis has several methodological 

strengths that enhance the validity and reliability of its findings. First, the review was 

restricted to randomized controlled trials (RCTs), which represent the highest level of 

evidence for evaluating treatment effects and minimize the risk of confounding and 

selection bias. This is particularly important in the assessment of adverse events such as 
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hepatotoxicity, where observational data may be influenced by underlying patient 

characteristics. 

Second, a comprehensive and systematic search strategy was employed across 

multiple databases, ensuring broad identification of relevant studies. The study selection 

and data extraction processes were conducted in a structured and reproducible manner, 

reducing the risk of selection and extraction bias. 

Third, risk of bias was assessed using a structured and contemporary framework 

based on the ROBUST tool, allowing for a detailed evaluation of key methodological 

domains, including randomization, allocation concealment, and blinding. This provided 

a transparent assessment of study quality and facilitated interpretation of the pooled 

results in light of potential biases. 

Fourth, the use of the GRADE approach to assess the certainty of evidence adds 

further strength to this review. By systematically evaluating domains such as risk of 

bias, inconsistency, indirectness, and imprecision, the study provides a clear and 

standardized appraisal of the confidence in the effect estimates, enhancing the clinical 

interpretability of the findings. 

In addition, sensitivity analyses were conducted to explore the impact of missing 

outcome data on the robustness of the results. The consistency of findings across 

complete-case, best-case, and worst-case scenarios supports the stability of the observed 

effect estimates, despite the presence of imprecision. 

Finally, this review is strengthened by its focused clinical question and the 

distinction between different study designs. By separating randomized comparisons 

(Group 1) from stratified or non-randomized analyses (Group 2), the study avoids 
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inappropriate pooling of heterogeneous evidence and allows for a more nuanced 

interpretation of methotrexate-associated hepatotoxicity. 

Collectively, these methodological strengths support the credibility of the 

findings and provide a robust framework for interpreting the hepatic safety of 

methotrexate in psoriatic arthritis. 

4.5 Limitations of the Study 

 This study has several limitations that should be considered when 

interpreting the findings. 

First, the number of studies included in the quantitative synthesis was limited, 

and the total sample size was relatively small. As a result, the pooled estimates were 

characterized by wide confidence intervals, reflecting substantial imprecision. This 

limits the ability to draw definitive conclusions regarding the magnitude of hepatotoxic 

risk associated with methotrexate (MTX). 

Second, there was important clinical and methodological heterogeneity across 

included studies. In particular, definitions of hepatotoxicity varied considerably, ranging 

from non-specific reporting of “transaminitis” to standardized thresholds such as ≥3× 

the upper limit of normal (ULN). Differences in outcome definitions, follow-up 

duration, and reporting methods limited comparability between studies and necessitated 

the exclusion of several trials from meta-analysis. 

Third, in Group 2 analyses, MTX exposure was not randomized but rather 

stratified within trials evaluating biologic or targeted synthetic therapies. This 

introduces the potential for residual confounding, as treatment allocation to MTX may 
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have been influenced by clinical factors not fully accounted for in the original study 

designs. Consequently, the certainty of evidence for these analyses was low to very low. 

Fourth, hepatic safety outcomes were frequently reported as secondary endpoints 

in the included trials, and most studies were not powered to detect differences in adverse 

events such as hepatotoxicity. This increases the risk of type II error and may 

underestimate the true incidence of liver-related adverse events. 

In addition, the duration of follow-up across studies was relatively short (24–52 

weeks), limiting the ability to assess long-term hepatic outcomes such as fibrosis or 

cirrhosis. Methotrexate-associated hepatotoxicity is often cumulative and may not be 

fully captured within the time frame of randomized trials. 

Another limitation relates to incomplete reporting of important baseline risk 

factors for hepatotoxicity, including alcohol consumption, metabolic syndrome, and 

folic acid supplementation. The lack of consistent reporting across trials limits the 

ability to adjust for these confounders and may affect the interpretation of observed liver 

enzyme abnormalities. 

Finally, although efforts were made to ensure methodological rigor, publication 

bias could not be formally assessed due to the small number of studies included. As 

such, the potential influence of unpublished data or selective reporting cannot be 

excluded. 

Taken together, these limitations highlight the need for cautious interpretation of 

the findings and underscore the importance of further high-quality studies with 

standardized outcome definitions and longer follow-up durations. 
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4.6 Clinical Implications 

 

The findings of this review have important implications for clinical practice in 

the management of psoriatic arthritis. Methotrexate (MTX) remains a cornerstone 

therapy, and concerns regarding hepatotoxicity often influence prescribing decisions and 

monitoring strategies. The results of this study support the continued use of MTX, 

demonstrating that while mild elevations in liver enzymes may occur more frequently, 

these abnormalities are not associated with clinically significant hepatic outcomes 

within the observed follow-up period. 

From a practical standpoint, these findings reinforce the importance of routine 

laboratory monitoring rather than avoidance of MTX therapy. Regular assessment of 

liver enzymes allows early detection of abnormalities and facilitates timely dose 

adjustment or temporary interruption when necessary. This approach aligns with current 

clinical practice, where monitoring serves as a key strategy to mitigate potential 

hepatotoxicity. 

In addition, the results highlight the need for individualized risk assessment. 

Patients with psoriatic arthritis frequently present with metabolic comorbidities such as 

obesity, diabetes, and non-alcoholic fatty liver disease, which may independently 

increase the risk of liver enzyme abnormalities. Clinicians should therefore consider 

baseline risk factors when initiating MTX and adopt a tailored monitoring approach in 

higher-risk patients. 

The findings are also relevant in the context of combination therapy, where 

MTX is commonly used alongside biologic or targeted synthetic agents. The absence of 

a clear increase in clinically significant hepatotoxicity suggests that MTX can be safely 
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continued as part of combination regimens, provided appropriate monitoring is 

maintained. 

Overall, this study supports a balanced clinical approach in which methotrexate 

is neither over-restricted due to concerns about hepatotoxicity nor used without 

appropriate monitoring. Instead, careful patient selection, risk stratification, and 

adherence to monitoring protocols remain essential to optimizing both safety and 

therapeutic benefit. 

4.7 Implications for Future Research 

The findings of this review highlight several important directions for future 

research. First, there is a clear need for adequately powered randomized controlled trials 

specifically designed to evaluate hepatotoxicity as a primary outcome in patients with 

psoriatic arthritis. Most existing trials report hepatic safety as a secondary endpoint, 

limiting the ability to detect meaningful differences in liver-related adverse events. 

Second, future studies should adopt standardized and clinically relevant 

definitions of hepatotoxicity, particularly with respect to transaminase thresholds (e.g., 

≥3× the upper limit of normal). The heterogeneity in outcome definitions across current 

studies significantly limits comparability and reduces the strength of pooled analyses. 

Third, longer-term follow-up is essential to better understand the cumulative 

hepatic effects of methotrexate, including the risk of fibrosis and cirrhosis, which may 

not be captured within the relatively short duration of randomized trials. 

In addition, future research should aim to better characterize the interaction 

between methotrexate and concomitant therapies, particularly biologic and targeted 

synthetic agents, as well as the role of patient-specific factors such as metabolic 
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syndrome, obesity, and alcohol use. Individual patient-level data analyses may be 

particularly valuable in this context to disentangle the relative contributions of these 

factors. 

Finally, improved reporting of hepatic safety outcomes, including stratification 

by methotrexate exposure and comprehensive documentation of baseline risk factors, is 

essential to enhance the interpretability and clinical applicability of future studies. 

Addressing these gaps will contribute to a more precise understanding of 

methotrexate-associated hepatotoxicity and support evidence-based decision-making in 

the management of psoriatic arthritis. 
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CHAPTER 5 
 

 

CONCLUSION 
 

 

This systematic review and meta-analysis evaluated the hepatotoxicity of 

methotrexate (MTX) in patients with psoriatic arthritis. The findings indicate that MTX 

is associated with a higher frequency of mild elevations in liver enzymes, particularly 

alanine aminotransferase and aspartate aminotransferase. However, these abnormalities 

were generally transient and not associated with clinically significant hepatic outcomes, 

such as liver failure, cirrhosis, or treatment discontinuation. 

The overall certainty of evidence ranged from moderate in randomized 

comparisons to very low in non-randomized analyses, primarily due to imprecision, 

heterogeneity in outcome definitions, and potential confounding. These limitations 

underscore the need for cautious interpretation of the findings. 

Importantly, the results support the continued use of methotrexate in clinical 

practice, provided that appropriate monitoring strategies are followed and individual 

patient risk factors are considered. Methotrexate remains a cornerstone therapy in 

psoriatic arthritis, and concerns regarding hepatotoxicity should be balanced against its 

established efficacy. 

Future research should focus on well-designed, adequately powered studies with 

standardized definitions of hepatotoxicity and longer follow-up durations to better 

characterize long-term hepatic safety. 
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In conclusion, while methotrexate may increase the frequency of mild 

biochemical liver abnormalities, there is no conclusive evidence of clinically significant 

hepatotoxicity in the short to medium term. 
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APPENDIX I 
 

 

Table 1. Checklist of PRISMA 2020 

Section/Topic 
Item 

# 
Checklist Item 

Location in 

Manuscript 

TITLE 1 
Identify the report as a systematic 

review. 
Title page / Abstract 

ABSTRACT 2 
See PRISMA 2020 for Abstracts 

checklist. 
Abstract 

INTRODUCTION 3 
Describe the rationale for the review 

in the context of existing knowledge. 
Introduction 

 4 

Provide an explicit statement of the 

objectives or questions the review 

addresses. 

Introduction 

METHODS 5 

Specify inclusion and exclusion 

criteria and how studies were 

grouped for syntheses. 

Methods 

 6 

Specify all databases, registers, 

websites, organizations, reference 

lists and other sources searched or 

consulted. Provide the date last 

searched. 

Methods 

 7 

Present full search strategies for all 

databases, registers, and websites, 

including any filters or limits used. 

Methods / Appendix 

 8 

Specify methods used to decide 

whether a study met inclusion 

criteria, including number of 

reviewers and use of automation 

tools. 

Methods 

 9 

Specify methods used to collect data 

from reports, number of reviewers, 

processes for obtaining or 

confirming data from study 

investigators, and any automation 

tools used. 

Methods 

 10a 
List and define all outcomes for 

which data were sought. 

Methods / Data 

Extraction 
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Section/Topic 
Item 

# 
Checklist Item 

Location in 

Manuscript 

 10b 

List and define all other variables for 

which data were sought (e.g., 

participant characteristics, funding 

sources), and assumptions made 

about missing or unclear 

information. 

Methods / Data 

Extraction 

 11 
Specify methods used to assess risk 

of bias in included studies. 
Methods 

 12 

Specify for each outcome the effect 

measure(s) used (e.g., risk ratio, 

mean difference). 

Methods / Statistical 

Analysis 

 13a 

Describe processes used to decide 

which studies were eligible for each 

synthesis. 

Methods 

 13b 

Methods to prepare data for 

presentation or synthesis, including 

handling of missing summary 

statistics or data conversions. 

Methods 

 13c 
Methods used to tabulate or visually 

display results. 
Methods / Figures 

 13d 
Methods used to synthesize results 

and rationale for chosen methods. 

Methods / Statistical 

Analysis 

 13e 

Methods used to explore possible 

causes of heterogeneity (e.g., 

subgroup analyses, meta-regression). 

Methods 

 13f 
Sensitivity analyses conducted to 

assess robustness of results. 
Methods 

 14 
Methods used to assess risk of bias 

due to missing results. 
Methods 

 15 
Methods used to assess certainty (or 

confidence) in the body of evidence. 
Methods / GRADE 

RESULTS 16a 

Describe results of the search and 

selection process, ideally using a 

flow diagram. 

Results / Figure 

 16b 

Cite studies that appeared to meet 

inclusion criteria but were excluded, 

and explain why. 

Results / Table 

 17 
Cite each included study and present 

key characteristics. 
Results / Table 

 18 
Present assessments of risk of bias 

for each included study. 

Results / Table or 

Figure 



91 

 

Section/Topic 
Item 

# 
Checklist Item 

Location in 

Manuscript 

 19 
Present summary statistics and effect 

estimates for all outcomes. 
Results / Tables 

 20a 
Summarize characteristics and risk 

of bias among contributing studies. 
Results 

 20b 

Present results of statistical 

syntheses, including measures of 

heterogeneity. 

Results / Meta-

analysis Tables 

 20c 
Present results of investigations of 

heterogeneity. 

Results / Subgroup 

Analysis 

 20d 
Present results of sensitivity 

analyses. 

Results / Sensitivity 

Analysis 

 21 
Present assessments of risk of bias 

due to missing results. 
Results 

 22 
Present assessments of certainty (or 

confidence) for each outcome. 

Results / GRADE 

Table 

DISCUSSION 23a 
General interpretation of results in 

context of other evidence. 
Discussion 

 23b 
Discuss limitations of the evidence 

included in the review. 
Discussion 

 23c 
Discuss limitations of the review 

process itself. 
Discussion 

 23d 
Implications of results for practice, 

policy, and future research. 
Discussion 

OTHER 

INFORMATION 
24a 

Provide registration information, 

including register name and 

registration number. 

Methods / Appendix 

 24b 
Indicate where the protocol can be 

accessed, if available. 
Methods / Appendix 

 24c 
Describe and explain amendments to 

registered information or protocol. 
Methods / Appendix 

 25 
Describe sources of financial or non-

financial support and role of funders. 
Acknowledgements 

 26 
Declare any conflicts of interest of 

review authors. 
Conflicts of Interest 

 27 
Availability of data, code, and other 

materials used in the review. 
Methods / Appendix 
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Table 2. Baseline Clinical Characteristics across all the included trials 

Study ID 

(Author/Yea

r) 

Trial Name Sample 

Size: 

Randomiz

ed / 

Analyzed 

per Arm (I 

vs C) 

Mean/Medi

an Age ±SD 

or IQR (I vs 

C) 

Sex 

Femal

e (%) 

(I vs 

C) 

Mean 

Disease 

Duratio

n (yrs) 

(I vs C) 

Mean 

TJC 

68 (I 

vs C) 

Mean 

SJC 

66 (I 

vs C) 

Mean 

CRP 

(mg/d

L) (I 

vs C) 

Mean 

PASI 

Score 

(I vs 

C) 

Mean 

BMI 

(kg/m²) 

(I vs 

C) 

Samanta 

2023 

APREMEPs

A 

16 / 13 (I) 

vs 15 / 13 

(C) 

39 (14.7) (I) 

vs 38 (15.5) 

(C)† 

43.8% 

(I) vs 

46.7% 

(C) 

3 (4.2) 

(I) vs 1 

(1.5) 

(C)† 

4.5 

(14.5) 

(I) vs 

3 (4) 

(C)† 

2.5 

(4) (I) 

vs 2 

(1) 

(C)† 

NR 1.2 

(5.6) 

(I) vs 

3.6 

(5.7) 

(C)† 

NR 

Koehm 2023 MUST 88 / 87 (I) 

vs 85 / 79 

(C) 

51 (38–61) 

(I) vs 48 

(35–58) (C)† 

42.5% 

(I) vs 

40.5% 

(C) 

1.4 

(0.2–

5.8) (I) 

vs 1.3 

(0.3–

4.9) 

(C)† 

12 

(8–

18) 

(I) vs 

12 

(8–

17) 

(C)† 

8 (6–

11) 

(I) vs 

8 (5–

10) 

(C)† 

0.6 

(0.1) 

(I) vs 

0.39 

(0.1) 

(C)† 

2.8 

(5.6) 

(I) vs 

2.4 

(6.0) 

(C)† 

28.8 

(6.6) 

(I) vs 

28.1 

(5.4) 

(C)† 

Nash 2021 OPAL 

Balance 

89 / 89 (I) 

vs 90 / 90 

(C) 

51.8 (11.4) 

(I) vs 53.1 

(11.0) (C) 

55% 

(I) vs 

52% 

(C) 

11.2 

(7.4) (I) 

vs 11.3 

(8.2) 

(C) 

2.9 

(3.6) 

(I) vs 

2.8 

(4.3) 

(C) 

0.8 

(1.5) 

(I) vs 

0.5 

(1.2) 

(C) 

0.33 

(0.42) 

(I) vs 

0.50 

(1.22) 

(C) 

NR 30.0 

(5.4) 

(I) vs 

30.5 

(5.4) 

(C) 

Sharma 

2021 

Sharma 32 / 27 (I) 

vs 29 / 26 

(C) 

39.06 

(12.57) (I) 

vs 40.1 

(12.45) (C) 

40.6% 

(I) vs 

48.3% 

(C) 

3.21 

(1.75) 

(I) vs 

3.79 

(1.33) 

(C) 

19.06 

(12.7) 

(I) vs 

25.14 

(16.7

3) (C) 

13.22 

(10.0

3) (I) 

vs 

17.93 

(13.6

3) (C) 

1.67 

(2.31) 

(I) vs 

2.20 

(2.01) 

(C) 

5.55 

(5.1) 

(I) vs 

3.49 

(3.33) 

(C) 

23.32 

(3.02) 

(I) vs 

22.17 

(3.52) 

(C) 

Atzeni 2011 Pilot Study 22 / 22 (I) 

vs 19 / 17 

(C) 

50.1 (12.7) 

(I) vs 55.4 

(10.8) (C) 

59% 

(I) vs 

47% 

(C) 

9.6 (7.2) 

(I) vs 

9.05 

(6.35) 

(C) 

11.9 

(4.4) 

(I) vs 

11.3 

(3.3) 

(C) 

8.5 

(2.8) 

(I) vs 

8.5 

(2.6) 

(C) 

1.03 

(1.51) 

(I) vs 

0.98 

(1.31) 

(C) 

14.6 

(12.6) 

(I) vs 

21.3 

(13.8) 

(C) 

NR 

Willkens 

1984 

Willkens 16 / 14 (I) 

v 

s 21 / 19 

(C) 

47 (I) vs 44 

(C) 

56% 

(I) vs 

62% 

(C) 

~8.6 (I) 

vs 

~13.3 

(C) 

NR NR NR NR NR 

Kavanaugh 

2007 

IMPACT 2 47 / 47 (I)* 

vs 53 / 53 

(C)* 

47.1 (12.8) 

(Total) 

29.0% 

(Total

) 

8.4 (7.2) 

(Total) 

24.6 

(14.1) 

(Total

) 

13.9 

(7.9) 

(Total

) 

1.9 

(2.1) 

(Total) 

11.4 

(12.7) 

(Total

) 

NR 

(Weigh

t: 87.9 

kg) 
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Nash 2021 OPAL 

Balance 

89 / 89 (I) 

vs 90 / 90 

(C) 

51.8 (11.4) 

(I) / 53.1 

(11.0) (C) 

55.0% 

(I) / 

52.0% 

(C) 

11.2 

(7.4) (I) 

/ 11.3 

(8.2) 

(C) 

2.9 

(3.6) 

(I) / 

2.8 

(4.3) 

(C) 

0.8 

(1.5) 

(I) / 

0.5 

(1.2) 

(C) 

0.33 

(0.42) 

(I) / 

0.50 

(1.22) 

(C) 

NR 30.0 

(5.4) 

(I) / 

30.5 

(5.4) 

(C) 

Nash 2021 SELECT-

PsA 1 & 2 

1036 / 

1036 (I) vs 

574 / 574 

(C) 

51.4 (12.0) 

(I)† / 52.2 

(12.8) (C)† 

55.2% 

(I)† / 

55.6% 

(C)† 

6.5 (7.3) 

(I)† / 

8.6 (8.4) 

(C)† 

21.0 

(14.7) 

(I)† / 

23.4 

(17.0) 

(C)† 

11.5 

(9.0) 

(I)† / 

11.7 

(9.1) 

(C)† 

NR 9.5 

(9.5) 

(I)† / 

11.8 

(10.8) 

(C)† 

NR 

Smolen 2020 SPIRIT-

H2H 

167 / 167 

(I) vs 116 / 

116 (C) 

47.7 (11.9) 

(I) / 47.3 

(12.2) (C) 

41.9% 

(I) / 

44.0% 

(C) 

6.2 (7.3) 

(I) / 7.1 

( 

19.0 

(12.1) 

(I) / 

19.2 

(13.5) 

(C) 

10.1 

(7.6) 

(I) / 

10.1 

(7.4) 

(C) 

1.08 

(1.39) 

(I) / 

0.85 

(1.32) 

(C) 

7.6 

(9.1) 

(I) / 

8.3 

(8.3) 

(C) 

30.2 

(7.3) 

(I) / 

29.8 

(6.2) 

(C) 

 

 

Key and Table Notes: 

• NR: Not Reported in the specific baseline data tables of the provided sources. 

• † Data Format: Values presented as Median (IQR); all other values are Mean (SD). 

• CRP: All values have been standardized to mg/dL 

• Intervention (I) Arms: 

o Samanta: Methotrexate monotherapy. 

o Koehm: Ustekinumab + Methotrexate combination. 

o Nash: Tofacitinib + Methotrexate (continued). 

o Sharma: Methotrexate monotherapy. 

o Atzeni: Etanercept + Methotrexate combination. 
o Willkens: Methotrexate monotherapy. 

o Husni: Golimumab +Methotrexate (stratified at randomization)) 

o Kavanaugh: Infliximab + Methotrexate (stratified at randomization) 

o Nash: Upadacitinib 15 or 30mg + Methotrexate (stratified at randomization) 

o Smolen: Ixekizumab + Methotrexate & Adalimumab +  Methotrexate (stratified at 

randomization) 

 

Table 3. Study arm details across all the included trials 

Study ID Group Comparator 

Drug 

Dose (I 

vs C) 

Route 

(MTX / 

Study 

Drug) 

Mono vs 

Combo (I vs 

C) 

MTX 

Exposure  

 

Mean 

duration of 

MTX 

Exposure in 

weeks 

Samanta 

2023 

I: MTX C: 

APR 

Apremilast MTX: 

15–25 

mg/wk 

APR: 30 

mg BID 

Oral / 

Oral 

I: Mono C: 

Mono 

Naive  NA 

Koehm 

2023 

(MUST) 

I: UST+MTX 

C: UST+PBO 

Placebo MTX: 

15 

mg/wk 

Oral / SC I: Combo C: 

Mono 

Mixed  

n (naive vs 

exp)= 

NR 
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UST: 

45/90 

mg 

Q12W 

51.4% vs 

48.6% 

Nash 2021 

(OPAL) 

I: Tofa+MTX 

C: Tofa+PBO 

Placebo MTX: 

7.5–20 

mg/wk 

Tofa: 5 

mg BID 

Oral / 

Oral 

I: Combo C: 

Mono 

Experienced NR 

Sharma 

2021 

I: MTX C: 

Tofa 

Tofacitinib MTX: 

15–25 

mg/wk 

Tofa: 5 

mg BID 

Oral / 

Oral 

I: Mono C: 

Mono 

Naive  NA 

Atzeni 2011 I: ETN+MTX 

C: ETN+CsA 

Ciclosporin MTX: 

10–15 

mg/wk 

ETN: 50 

mg 

weekly 

Oral / SC I: Combo C: 

Combo 

Experienced NR 

Willkens 

1984 

I: MTX C: 

PBO 

Placebo MTX: 

7.5–15 

mg/wk 

(pulse) 

Oral / 

Oral 

I: Mono C: 

NA 

Naive  NA 

Husni 2020 

(GO-

VIBRANT) 

I: Goli+MTX 

C: Goli Mono 

Goli 

Monotherapy 

MTX: 

≤25 

mg/wk 

Goli: 2 

mg/kg 

Q8W 

Oral† / IV I: Combo C: 

Mono 

Mixed  

30 %vs 70% 

≥ 12 w 

Kavanaugh 

2007 

(IMPACT 

2) 

I: IFX+MTX 

C: IFX Mono 

IFX 

Monotherapy 

MTX: 

≤25 

mg/wk 

IFX: 5 

mg/kg 

Q8W 

Oral† / IV I: Combo C: 

Mono 

Mixed  

54 % vs 46% 

≥ 12 w 

Nash 2021 

(SELECT 

1&2) 

I: UPA+MTX 

C: UPA  

Mono 

UPA 

Monotherapy 
MTX: 

≤25 

mg/wk 

UPA: 

15/30 

mg QD 

Oral† / 

Oral 
I: Combo C: 

Mono 

Experienced NR 

Smolen 

2020 

(SPIRIT-

H2H) 

I: IXE+MTX 

or ADA + 

MTX C: IXE 

Mono OR 

ADA Mono 

IXE 

Monotherapy 

MTX: 

10–25 

mg/wk 

IXE: 80 

mg Q4W 

Oral or 

Parenteral 

/ SC 

I: Combo C: 

Mono 

Experienced NR 
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Table 4. Baseline Hepatic Risk Factors across All The Trials  

Study ID Trial Name BMI (kg/m²) 

(I vs C) 

Obesity / 

BMI ≥25 

(%) (I vs C) 

Diabetes 

Mellitus (%) 

(I vs C) 

Smoking / 

Tobacco (%) 

(I vs C) 

Alcohol / Prior 

Liver Disease 

Samanta 

2023 

APREMEPsA NR NR 18.7% vs 

26.7% 

NR Exclusion: Liver 

dysfunction 

Koehm 2023 MUST 28.8 vs 28.1 NR NR NR NR 

Nash 2021 OPAL 

Balance 

30.0 vs 30.5 NR NR 10% vs 12% 

(Current) 

NR 

Sharma 

2021 

Sharma 23.3 vs 22.2 NR 18.8% vs 

24.1%† 

15.6% vs 

13.8% 

NR 

Atzeni 2011 Pilot Study NR NR NR NR NR 

Willkens 

1984 

Willkens NR NR* NR* NR Exclusion: 

Alcohol >14 

oz/week 

Husni 2020 GO-

VIBRANT 

NR NR NR NR 70% used 

background MTX 

Kavanaugh 

2007 

IMPACT 2 NR (Weight: 

87.9 vs 84.5 

kg) 

NR NR NR Baseline 

ALT/AST within 

normal limits 

Nash 2021 SELECT-PsA NR 80.0% vs 

80.4% 

NR NR nbDMARD use 

was primary 

stratifier 

Smolen 

2020 
SPIRIT-H2H 30.2 vs 29.8 NR NR NR Baseline 

ALT/AST well 

balanced 

 

Key and Table Notes: 

NR: Not Reported in the specific baseline clinical tables of the provided sources. 

† Data Note: For Sharma 2021, the percentage represents a combined category of "Diabetes or 

Hypertension." 

* Willkens 1984: Although not tabulated, the study excluded patients with "overt obesity," insulin-

dependent diabetes, and "clinically detectable liver disease" at baseline to minimize toxicity risks 

To note folic acid intake was not documented across all the trials except for Wilkens where ait was 

prohibited . 

Significance for Hepatotoxicity: 

Obesity: The majority of modern trials (MUST, OPAL Balance, SELECT, SPIRIT) enrolled populations 

with a mean BMI ≥28 or a high prevalence of BMI ≥25, which is a significant risk factor for hepatic 

steatosis. 

Diabetes: Reported in APREMEPsA and Sharma, further increasing the baseline metabolic risk in these 

cohorts. 

Alcohol: Explicitly controlled for only in the Willkens trial, where intake of more than 14 oz per week 

was an exclusion criterion 

 

Key and Table Notes: 

Abbreviations: APR: Apremilast; UST: Ustekinumab; Tofa: Tofacitinib; ETN: Etanercept; CsA: 

Ciclosporin; Goli: Golimumab; IFX: Infliximab; UPA: Upadacitinib; IXE: Ixekizumab; ADA: 

Adalimumab; SC: Subcutaneous; IV: Intravenous; Mono: Monotherapy; Combo: Combination 

therapy; NR: Not Reported; NA: not applicable  

† Route Assumption: While not explicitly detailed in every excerpt for modern trials, background 

MTX in these PsA protocols is standardly administered orally unless otherwise specified. 
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Table 5. GRADE Summary of Findings table showing certainty of evidence for 

included randomized controlled trials of Group 1, with assessment of risk of bias, 

inconsistency, indirectness, imprecision, and other domains contributing to evidence 

grading. 

 
 

 

Table 6. GRADE Summary of Findings table showing certainty of evidence for 

included randomized controlled trials of Group 2, with assessment of risk of bias, 

inconsistency, indirectness, imprecision, and other domains contributing to evidence 

grading. 

Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies 
Study 
design 

Risk 
of 

bias 
Inconsistency Indirectness Imprecision 

Other 
considerations 

MTX + 
ACTIVE 

ARM 

ACTIVE 
ARM 

Relative 
(95% 
CI) 

Absolute 
(95% CI) 

ALT ≥ 3 UNL (follow-up: 52 weeks) 

2 non-
randomised 

studies 

seriousa not serious not serious seriousb none 11/336 
(3.3%)  

3/230 
(1.3%)  

RR 2.43 
(0.68 to 

8.71) 

19 more 
per 1,000 

(from 4 
fewer to 

101 more) 

⨁◯◯◯ 

Very lowa,b 

 

AST ≥ 3 ULN (follow-up: 52 weeks) 

2 non-
randomised 

studies 

seriousa not serious not serious seriousb none 7/336 
(2.1%)  

2/230 
(0.9%)  

RR 2.12 
(0.40 to 
11.29) 

10 more 
per 1,000 

(from 5 
fewer to 
89 more) 

⨁◯◯◯ 

Very lowa,b 
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Figure 2. Risk of bias assessment for group 1 (Traffic Light Plot) 

 

 
 

 

Figure 3. Risk of Bias Assessment using NCO scale for group 2 

 

 

 
Figure 4. Forest plot of risk ratios for any ALT elevation at 24 weeks (Group 1), 

comparing MTX combination therapy versus active therapy alone. No significant 

difference was observed (RR 2.22, 95% CI 0.50–9.79; I² = 38%) 

 

Any Increase in ALT @ 24 weeks/ (G1); Complete Case Analysis  

Any Increase in ALT @ 24 weeks/ (G1) assuming worst case scenario 
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Figure 5. Forest plot of risk ratios for any ALT elevation at 24 weeks (Group 1) 

assuming worst case scenario, comparing MTX combination therapy versus active 

therapy alone. A statistically significant increase in risk was observed with MTX 

combination therapy (RR 2.67, 95% CI 0.44–16.36; I² = 51%). 

 

 

 

Figure 6. Forest plot of risk ratios for any ALT elevation at 24 weeks (Group 1), 

comparing MTX combination therapy versus active therapy alone. No significant 

difference was observed (RR 2.32, 95% CI 0.47–11.49; I² = 43%) 

 
 

Figure 7. Forest plot of risk ratios for any aspartate aminotransferase (AST) elevation at 

24 weeks (Group 1), comparing MTX combination therapy versus active therapy alone. 

No statistically significant difference was observed between groups (RR 1.14, 95% CI 0 

 

Any Increase in ALT @ 24 weeks/ (G1) assuming best case scenario 

Any increase in AST @ 24 weeks/ G1 
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Figure 8. Forest plot of risk ratios for any elevation in liver enzymes at 24 weeks 

(Group 1), comparing methotrexate (MTX) combination therapy versus active therapy 

alone. No statistically significant difference was observed between groups (RR 1.18, 

95% CI 0.77 

 

 

 

 

 
Figure 9. Forest plot of risk ratios for any elevation in liver enzymes at 24 weeks 

(Group 1), comparing methotrexate (MTX) combination therapy versus active therapy 

alone. No statistically significant difference was observed between groups (RR 1.13, 9 

 

 
        

       

Any Increase in AST @ 24 weeks/ (G1) assuming worst case scenario 

Any Increase in AST @ 24 weeks/ (G1) assuming best case scenario 

ALT ≥ 3 UNL (MTX + ACTIVE ARM VS ACTIVE ARM ) 52 W; G2 
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Figure 10. Forest plot of risk ratios for any elevation in liver enzymes at 52 weeks 

(Group 2), comparing methotrexate (MTX) combination therapy versus active therapy 

alone. No statistically significant difference was observed between groups (RR 2.43, 

95% CI 0.68 

 

Figure 11. Forest plot of risk ratios for any elevation in liver enzymes at 52 weeks 

(Group 2), comparing methotrexate (MTX) combination therapy versus active therapy 

alone. No statistically significant difference was observed between groups (RR 2.12, 9. 

Forest Plot for worst case/best case scenario was not conducted for both ALT & AST ≥ 

3 UNL since the number randomized was equal to the number analyzed for both. 

 

 

 

 

 

 

 

AST ≥ 3 UNL (MTX + ACTIVE ARM VS ACTIVE ARM ) 52 W; G2  
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APPENDIX II 
 

Search Strategy – PubMed 

A comprehensive search was conducted in PubMed to identify randomized controlled 

trials (RCTs) assessing the efficacy and safety of methotrexate (MTX) in patients with 

psoriatic arthritis (PsA). The search was performed on 5 January 2026. Both MeSH 

terms and free-text keywords were used to maximize sensitivity. No language or 

publication date restrictions were applied. The full search strategy is detailed below: 

Search 

# 
Query Results 

1 
"spondylarthropathies"[MeSH Terms] OR "arthritis, 

psoriatic"[MeSH Terms] 
30,185 

2 
psoriatic arthri*[tw] OR psoriatic arthropath*[tw] OR psoriatic 

arthro-path*[tw] 
13,936 

3 

psoriatic spondylarth*[tw] OR psoriatic monoarthri*[tw] OR 

psoriatic rheumat*[tw] OR psoriatic oligoarthri*[tw] OR psoriatic 

polyarthri*[tw] 

137 

4 #1 OR #2 OR #3 35,977 

5 "methotrexate"[MeSH Terms] 42,831 

6 
methotrexat*[tw] OR mexate[tw] OR amethopterin[tw] OR 

ebetrexat[tw] 
64,236 

7 #5 OR #6 64,236 

8 

("randomized controlled trial"[Publication Type] OR "controlled 

clinical trial"[Publication Type] OR randomized[Title/Abstract] OR 

placebo[Title/Abstract] OR "drug therapy"[MeSH Subheading] OR 

randomly[Title/Abstract] OR trial[Title/Abstract] OR 

groups[Title/Abstract]) NOT ("animals"[MeSH Terms] NOT 

"humans"[MeSH Terms]) 

5,600,513 

9 #4 AND #7 AND #8 1,366 
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Final search set: #9 — 1,366 records retrieved. 

 
Key features of this search: 

• Both MeSH terms and text words were used to capture indexed and non-

indexed articles. 

• The Boolean operators OR and AND combined synonyms and concepts 

logically. 

• The RCT filter in line #8 follows the Cochrane highly sensitive search strategy 

for randomized trials. 

• Animal-only studies were excluded. 

• All records were exported for screening in a reference manager (EndNote) 

 

Search Strategy – Ovid MEDLINE 

A systematic search was conducted in Ovid MEDLINE® and Epub Ahead of Print, In-

Process, In-Data-Review & Other Non-Indexed Citations and Daily (1946 to January 5, 

2026) to identify studies evaluating methotrexate (MTX) in psoriatic arthritis (PsA). 

Both MeSH subject headings and free-text terms were used to capture the most 

comprehensive set of results. No language or publication date restrictions were applied. 

The detailed search strategy is shown below: 

Search # Query Results 

1 spondylarthropathies/ OR arthritis, psoriatic/ 9,109 

2 (psoria* adj3 (arthri* OR arthropath* OR arthro-path* OR spondyloarth* OR 

monoarthri* OR oligoarthri* OR polyarthri*)).mp. [mp=title, book title, abstract, 

original title, name of substance word, subject heading word, floating sub-heading 

word, keyword heading word, organism supplementary concept word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms, population supplementary concept word, anatomy supplementary 

concept word] 14,619 

3 1 OR 2 15,752 

4 Methotrexate/ 40,952 

5 (methotrexate OR mexate OR amethopterin).mp. [mp=title, book title, abstract, 

original title, name of substance word, subject heading word, floating sub-heading 

word, keyword heading word, organism supplementary concept word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 
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identifier, synonyms, population supplementary concept word, anatomy supplementary 

concept word] 59,811 

6 4 OR 5 59,811 

7 3 AND 6 1,632 

Final search set: #7 — 1,632 records retrieved 

________________________________________ 

Notes on the search: 

• Both MeSH terms (e.g., spondylarthropathies/, Methotrexate/) and free-text 

terms (e.g., psoria* adj3 arthri*) were used to capture indexed and non-indexed articles. 

• The proximity operator adj3 ensured retrieval of terms appearing within three 

words of “psoria*.” 

• Boolean operators OR and AND were applied to combine synonyms and 

intersect concepts logically. 

• No restrictions were placed on language or publication year at the search stage. 

• All identified records were exported to a reference manager for deduplication 

and screening. 

 

Search Strategy – EMBASE 

A systematic search was conducted in Embase (Elsevier) to identify randomized 

controlled trials (RCTs) assessing the efficacy and safety of methotrexate (MTX) in 

psoriatic arthritis (PsA). The search was run on 5 January, 2026. Both Emtree terms and 

free-text keywords were used, and proximity operators were applied to maximize 

sensitivity. No language or date restrictions were applied. The detailed search strategy is 

shown below: 

Search # 

1 'psoriatic arthritis'/exp 29,674  

2 2 'spondyloarthropathy'/exp 64,231  

3 'methotrexate'/exp 208,193 4 (psoria* NEAR/4 (arthri* OR 

arthropath* OR 'arthro path*' OR spondyloarth* OR monoarthri* OR rheumat* OR 

oligoarthri* OR polyarthri*)):ab,ti 27,562  

4 5 'methotrexate'/exp 218,009  

5 methotrexate OR mexate OR amethopterin 224,600  
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6 7 'methotrexate'/exp OR (methotrexate OR mexate OR amethopterin)

 224,600  

7 (psoria* NEAR/3 (arthri* OR arthropath* OR 'arthro path*' OR spondyloarth* 

OR monoarthri* OR oligoarthri* OR polyarthri*)):ti,ab 28,618  

8 9 'psoriatic arthritis'/de 31,928  

10 (psoria* NEAR/3 (arthri* OR arthropath* OR 'arthro path*' OR spondyloarth* 

OR monoarthri* OR oligoarthri* OR polyarthri*)):ti,ab OR 'psoriatic arthritis'/de

 36,934  

11 'crossover procedure':de OR 'double-blind procedure':de OR 'randomized 

controlled trial':de OR 'single-blind procedure':de OR random*:de,ab,ti OR 

factorial*:de,ab,ti OR crossover*:de,ab,ti OR ((cross NEXT/1 over*):de,ab,ti) OR 

placebo*:de,ab,ti OR ((doubl* NEAR/1 blind*):de,ab,ti) OR ((singl* NEAR/1 

blind*):de,ab,ti) OR assign*:de,ab,ti OR allocat*:de,ab,ti OR volunteer*:de,ab,ti

 3,273,506  

12 ('methotrexate'/exp OR (methotrexate OR mexate OR amethopterin)) AND 

((psoria* NEAR/3 (arthri* OR arthropath* OR 'arthro path*' OR spondyloarth* OR 

monoarthri* OR oligoarthri* OR polyarthri*)):ti,ab OR 'psoriatic arthritis'/de) AND 

('crossover procedure':de OR 'double-blind procedure':de OR 'randomized controlled 

trial':de OR 'single-blind procedure':de OR random*:de,ab,ti OR factorial*:de,ab,ti OR 

crossover*:de,ab,ti OR ((cross NEXT/1 over*):de,ab,ti) OR placebo*:de,ab,ti OR 

((doubl* NEAR/1 blind*):de,ab,ti) OR ((singl* NEAR/1 blind*):de,ab,ti) OR 

assign*:de,ab,ti OR allocat*:de,ab,ti OR volunteer*:de,ab,ti) 2,051  

Final search set: #12 — 2,051 records retrieved. 

________________________________________ 

Key features of this search: 

• Both Emtree subject headings (/exp, /de) and free-text terms were used. 

• Proximity operators (NEAR/3, NEAR/4) ensured inclusion of relevant word 

combinations. 

• A validated Embase RCT filter was applied to identify randomized controlled 

trials. 

• No language, date, or publication status restrictions were applied. 

• All records were exported into a reference manager for screening and 

deduplication. 

Search Strategy ( Cochrane Library) 
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A comprehensive literature search was conducted in the Cochrane Library to identify 

randomized controlled trials evaluating methotrexate (MTX) in patients with psoriatic 

arthritis (PsA). The search was run on 15 November 2025. The following search 

strategy was used: 

ID Search terms Hits 

#1 MeSH descriptor: [Spondylarthropathies], explode all trees 1817 

#2 MeSH descriptor: [Arthritis, Psoriatic], explode all trees 769 

#3 (psoria* near/4 (arthri* OR arthropath* OR arthro-path* OR spondylarth* OR 

monoarthri* OR oligoarthri* OR polyarthri* OR rheumat*)) 3538 

#4 #1 OR #2 OR #3 4563 

#5 MeSH descriptor: [Methotrexate], explode all trees 5085 

#6 methotrexat* OR Ebetrexat OR mexate OR amethopterin 13656 

#7 #5 OR #6 13656 

#8 #4 AND #7 629 

Final search set: #8 — 629 records retrieved. 

________________________________________ 

Notes: 

• Truncation (*) was used to capture word variations (e.g., psoria → psoriasis, 

psoriatic). 

• The proximity operator near/4 ensured that “psoria*” appeared within four 

words of arthritis-related terms to maximize sensitivity. 

• Both MeSH descriptors and free-text terms were used to increase retrieval of 

relevant studies. 

• No language or publication date restrictions were applied at the search stage. 

 

 

Search Strategy – ClinicalTrials.gov 

A complementary search was conducted in ClinicalTrials.gov to identify registered 

randomized controlled trials (RCTs) evaluating methotrexate (MTX) in patients with 

psoriatic arthritis (PsA). The search was performed on 5 January 2026 and yielded 32 

clinical trials. 
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The following search terms and strategy were used: 

• Condition/Disease: psoriatic arthritis OR psoriatic arthropathy OR 

spondylarthritis 

• Intervention/Treatment: methotrexate OR Ebetrexat OR mexate OR 

amethopterin 

• Other terms: psoria* AND (arthri* OR arthropath* OR spondylarth*) 

• Study type: Interventional (Clinical Trial) 

• Status: All (Recruiting, Active, Completed, etc.) 

• Age: Adults (≥18 years) 

• Language: No language restrictions 

• Date of search: 5 January 2026 

Search string example: 

Condition or disease: (psoriatic arthritis OR psoriatic arthropathy OR spondylarthritis)  

AND  

Intervention: (methotrexate OR Ebetrexat OR mexate OR amethopterin) 

• Total number of records retrieved: 32 trials 

• Filters applied: Interventional studies in adults with PsA using methotrexate as 

an intervention, with or without comparator arms. 

• All trial statuses (completed, active, recruiting, terminated) were included to 

ensure comprehensive capture of relevant evidence. 

“This search was conducted as part of a broader systematic review strategy, and all 

identified trials were screened according to the predefined inclusion and exclusion 

criteria described below.” 

 

For SCOPUS & Web of Science database: 

Search date : January 5, 2026 
MTX and PsA 

(TITLE-ABS-KEY("randomised controlled trial" OR "randomized controlled trial" OR 

"RCT") AND TITLE-ABS-KEY(methotrexate) AND TITLE-ABS-KEY("psoriatic 

arthritis" OR "psoriatic spondyloarthritis")) 
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Appendix 2: 

TITLE AND ABSTRACT SCREENING FORM 

Methotrexate and Liver Toxicity in Psoriatic Arthritis Patients 

 

1. Is study design: RCT ? 

NO → Exclude (code 1: not RCT) 

Yes/Uncertain → go to the next question 

 

2. Does the study population primarily include adults (age ≥18 years) with psoriatic 

arthritis fulfilling CASPAR criteria? 

NO → Exclude (code 2: age <18; code 3: not psoriasis) 

Yes/Uncertain → go to the next question 

 

3. Is the study intervention MTX? 

NO → Exclude (code 4: Intervention not MTX) 

Yes/Uncertain → go to the next question 

 

4.Do the psoriatic arthritis patients have a comparator group on treatment other than 

methotrexate? 

NO → Exclude (code 5: no comparator, or comparator not ….) 

Yes/Uncertain → get full text 

REASON FOR EXCLUSION  

 Design not case-control or cohort studies 

 Population not psoriatic arthritis  

 Comparison not psoriatic arthritis  

 Liver toxicity of medications not reported 

 Outcomes not of interest 

 Other:   

 

Appendix 3: 

FULL TEXT SCREENING GUIDE 

1. Study Design 

Is the study a randomized controlled trial (RCT)? 

• ☐ Yes 

• ☐ No → Exclude (E1) 

2. Population 

Does the study include adult psoriatic arthritis (PsA) patients (≥18 yrs)? 
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Criterion Yes No 

Adults ≥18 years ☐ ☐   

Diagnosis confirmed as PsA ☐ ☐ 

CASPAR criteria used or implied ☐ ☐ 

 

If any NO then Exclude (E2) a, b or c depending on the above respectively 

3. Intervention 

Is Methotrexate (MTX) used as the intervention in at least one arm? 

☐ Yes 

☐ No → Exclude (E3) 

4. Comparator 

Does the comparator/control  arm NOT contain MTX? 

☐ Yes — comparator acceptable (placebo, biologic, csDMARD or tsDMARD) 

☐ No — comparator includes MTX → Exclude (E4) 

5. Outcomes 

Does the study report ANY hepatotoxicity-related outcomes? 

(At least one must be YES to include) 

Outcome Type Yes No 

ALT or AST levels (number and percentage at baseline/change/absolute) ☐ ☐ 

Liver enzyme abnormalities (e.g., > ULN, >2× ULN) ☐ ☐ 

Hepatic adverse events ☐ ☐ 

Discontinuation due to elevated LFTs ☐ ☐ 

Liver imaging (US, CT, MRI, FibroScan) ☐ ☐ 

Liver biopsy findings ☐ ☐ 

Mortality (all-cause or liver-related) ☐ ☐ 
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 If all are No then exclude E5 

FINAL DECISION 

☐ INCLUDE (meets all inclusion criteria) 

☐ EXCLUDE 
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