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CHAPTER 1: ABSTRACT

Methotrexate is a highly efficacious and frequently utilised disease-modifying
medication. Concern regarding methotrexate-related hepatotoxicity has impeded the
widespread application of the drug, despite a lack of high-quality evidence demonstrating

a causal relationship.

Methotrexate monitoring guidelines differ across various specialities. A single centre
audit (n=150) demonstrated monitoring guidelines are not adhered to in over 2/3rds of
patients evaluated, and hepatological concern was a significant cause of methotrexate
cessation. Risk factors for alternative causes of liver disease such as Non-alcoholic fatty

liver disease were commonplace, and alcohol intake was poorly documented.

A large cross-sectional study of 600 individuals attending outpatient rheumatology and
dermatology secondary care demonstrated a prevalence of liver fibrosis of 17.5%. There
was no significant difference in prevalence between those taking methotrexate, and those
who had never been exposed to it. Markers of adiposity; body mass index, waist
circumference and fat mass were associated with an elevated FibroScan® score. Multiple
linear regression demonstrated neither methotrexate prescription nor cumulative dose of

methotrexate were significant predictors of liver fibrosis.

To our knowledge, this is the largest cohort study evaluating methotrexate use with liver
fibrosis. There was no demonstrable relationship between the two. Although at odds with
historically published reports, our findings are in keeping with the contemporaneous
evidence. It seems likely that hepatotoxicity related to non-alcoholic fatty liver disease

was incorrectly attributed to methotrexate.

A survey of 300 patients taking methotrexate reinforced the positive effect it had had on
individuals’ lives; 41% of respondents citing it’s advantageous consequences. Four in ten
participants reported concerns regarding potential side-effects of methotrexate,
demonstrating an apprehension about potential consequences, including hepatotoxicity.
This survey suggests that the out-dated concerns relating to methotrexate-related

hepatotoxicity are still negatively impacting patients to this day.
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CHAPTER 6: INTRODUCTION

6.1 Methotrexate
6.1.1 The history of a steroid sparing agent

Low-dose Methotrexate (MTX) is an effective treatment for a variety of immune
mediated diseases; the clinical significance of which is reflected by its inclusion within
WHO’s list of essential medications(1). Low-dose MTX is defined as a dose ranging
between 5 to 30mg of MTX given weekly(2, 3).

MTXs use dates back to 1948, when it was first reported by Farber and colleagues, to
have induced remission in five children with acute leukaemia. Sidney Farber was a
pathologist working in Boston’s Children’s Hospital. His breakthrough was a result of a
disastrous clinical trial in New York, where children with advanced cancer and leukaemia
were unknowingly given a folic acid agonist, rather than antagonist. Rather than curing
the children, it stimulated rapid tumour growth, an ‘acceleration phenomenon’, with
devastating consequences(4). Recognising folic acid is key to tumour replication
Subbarow, a biochemist, formulated some of the early versions of MTX, aiming to
competitively inhibit folic acid synthesis (5, 6). Initial formulations of the drug included
4-amino-10-methylfolic acid, 4-aminopteroylglutamic acid, aminopterin and finally
amethopterin(7). The molecular structure of amethopterin, later termed MTX, is

demonstrated in Figure-6-1.

Whilst Aminopterin was initially used within oncology(7, 8), Gubner (a cardiologist
based in New York) and colleagues, were first to publish its steroid-sparing effects in
patients with rheumatoid arthritis (RA), psoriasis, lupus and dermatitis(9). These early
studies described a striking improvement in psoriatic lesions in four subjects with
“psoriasis and rheumatoid arthritis”, (most likely psoriatic arthritis), and amelioration of
arthritic symptoms in three out of the four participants(10). However, the group cautioned
against the side effects of the agent: “The toxic effects of sodium aminopterin place

practical limitation on its use as a therapeutic agent”(9).
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Figure-6-1 Molecular structure of MTX. Adapted from Bleyer 1978 (11)
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Progress within the dermatology community outstripped that of rheumatology. In 1958,
Edmundson and Guy demonstrated improved symptoms following the use of folic acid
antagonists in 62 participants with psoriasis(12). O’Brien et al. replicated those findings
in participants with psoriatic arthropathy (PsA), but similar improvement was not seen
in their cohort of five patients with RA(13). This small, preliminary report had a big
impact — shifting the focus away from RA, and firmly onto psoriasis and PsA. This study
was expanded and modified, with the inclusion of MTX, rather than aminopterin, given
its reported side-effects, and difficulty manufacturing the drug. In 1964 the group
published the results of a double-blind cross over study in which 21 participants with PSA
received MTX and placebo. Both cohorts demonstrated biochemical and clinical

improvement following MTX exposure(14).

Animal studies demonstrating the immunomodulating properties of MTX (15, 16) were
followed by comparator studies. Rees and Bennett’s was first in patients with psoriasis (n
= 37)(17), followed by Skrakosch et al. (n = 127) reviewing efficacy and toxicity in PSA.
Both found aminopterin was clinically superior to MTX, but was associated with poorly
tolerated side-effects — largely gastrointestinal in nature. This settled the debate;
aminopterin’s adverse side-effects rendered it a clear second place to MTX, and research

focussed on the latter from here onwards(18).

The 1960s saw dermatologists gradually adopt MTX predominantly for use in psoriasis.
Treatment regimens varied; orally — up to 5 times per week (2.5mg to 5mg each day) —
or weekly either orally or intramuscularly at 25 to 50mg were commonplace(19, 20). Now
referred to as ‘low-dose’, these were significantly smaller doses than oncological
regimens, where higher doses were typically given intravenous or intrathecally(21).
Weinstein and Frost published a new dosing regime in 1971 which became standard
practice — 3 doses within 24 hours over a one week period(22). The following ten years
saw this gradually replaced with the once weekly prescribing schedule still used to this

day.

MTXs investigation and implementation within the rheumatology community was
significantly more cautious than their dermatology colleagues. It’s use as a chemotherapy

agent afforded it an apparent ‘drug of last resort’ reputation. Furthermore, the discovery



and utilisation of ‘compound E’, later known as corticosteroids, for which Philip Hence
and colleagues were awarded the Nobel Prize in 1950 (23), dominated. MTX was thought

to be inferior to corticosteroids, and toxic in comparison (24).

It took until the mid 1960s for MTX’s potential as a steroid-sparing agent to be revisited
by rheumatologists, even then progress was slow. Miescher and Riethmdller considered
MTX in the treatment of systemic lupus erythematosus (SLE) after exhaustion of
azathioprine, prednisolone and 6 mercaptopurine. Weekly doses of 50 to 100mg

intravenous were used with good effect(25).

The late 1960s and 1970s witnessed numerous studies considering and comparing the
newly-termed disease modifying anti-rheumatic drugs (DMARDS) in the treatment of RA
including d-penicillamine (26, 27), azathioprine (28, 29), cyclophosphamide (30), and
chlorambucil (27). There was a resurgence of interest in MTX in the 1980s; case reports
were published (31-33), leading to the first randomised controlled trials of MTX
compared to placebo for RA; Thompson et al. (n = 48) 1984(34), Anderson et al. (n =12)
1985(35), Weinblatt et al. (n = 28) 1985(36) and Williams et al. (n = 189) 1985(37).
Three years later the United States Food and Drug Administration (FDA) approved the
use of MTX in RA, 40 years following its discovery.

Head-to-head comparator studies, published in the late 1980s and early 1990s, followed.
These initially compared MTX with the then standard of care for RA, gold, demonstrating
equal efficacy and reduced adverse effects (38, 39). Studies comparing MTX with other
DMARDs were also published, again demonstrating the superiority of MTX (40). By the
early 1990’s, MTX was established as standard of care for RA(24).

The rheumatology communities use of low-dose MTX (10 to 25mg/week) became
increasingly prevalent, as evidence for its ability to modify disease-related damage in RA
accumulated and the anticipated MTX-toxicity failed to materialise. In RA, MTX has
since been shown to reduce disease-related damage, morbidity and mortality (41), and is
now considered the first-line DMARD for RA treatment across continents (42) (43) (44).



6.1.2 Method of action

Absorption of MTX, when taken orally, is via the protein coupled folate transporter(45)
within the small intestine and varies amongst individuals(46). Low-dose MTX reaches
peak plasma concentrations 1-2 hours following ingestion, and is largely undetectable at
24 hours(47). Intracellular concentrations of MTX builds up over a period of weeks,
explaining the delay in efficacy seen in clinical practice(48). Excretion is predominantly
renal — via glomerular filtration and active secretion from the tubule. A smaller proportion

of MTX, around 10% is also metabolised within the liver and excreted within the bile(49).

The method of action of low-dose MTX is incompletely understood. MTX has a similar
structure to folic acid, essential for cell proliferation, and acts as a folic acid antagonist.
Specifically, the production of thymidine monophosphate, an essential element of
deoxyribonucleic acid (DNA), requires folate cofactors. Thus, MTX, when given in high
doses, competitively inhibits dihydrofolate reductase, reducing the availability of folate
co-factors, and thereby decreasing both DNA synthesis and cell division(50). This, in
turn, has been demonstrated to reduce de novo production of nucleotides and total purine

pools within human T lymphocytes(51).

Oncological regimes of MTX require significantly higher doses than those commonly
used for immunomodulation, when folic acid is routinely co-prescribed. Indeed, MTX
activity is most visible in actively dividing cells, which explains why highly proliferating
cancer cells are so susceptible to the cytotoxic effect of MTX and emphasises the role of
folate antagonism as critical to its anti-tumour action. However, folate antagonism only
applies with high doses of MTX and does not explain the immunomodulating properties

seen with low-dose MTX, where an alternative mode of action is required.

One possible hypothesis suggests that low-dose MTX exhibits anti-inflammatory
properties by altering adenosine pathways, thus preventing inflammation and oedema.
Adenosine is an important signalling molecule and endogenous anti-inflammatory agent.
MTX has been shown to increase local adenosine release by both fibroblasts and
endothelial cells(52). Adenosine regulates inflammation by promoting anti-inflammatory
macrophages(53) and inhibiting cytokine and osteoclast formation(54, 55). MTX has also

been shown to reduce T lymphocyte levels of adenosine triphosphate (ATP) and
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Guanosine-5-triphosphate (GTP) and increase levels of uridine triphosphate (UTP), in
turn, decreasing cell proliferation(56).

Furthermore, MTX has been shown to suppress human Janus Kinases/Signal Transducers
and Activators of Transcription (JAK/STAT) signalling, which also play an important

role in inflammatory and immune pathways(57).

Despite the above hypotheses, the method of action of low-dose MTX is not completely

understood.
6.1.3 The divergence of methotrexate related guidelines

Low-dose MTX is prescribed by a range of specialities for a large number of indications,
as per Table 6-1. A lack of consensus regarding MTX monitoring has been present since
it’s advent, and divergent guidelines persist to this day (58-60). Much of this variation is

across specialities, however it has also been demonstrated within specialities (61-64).

A multitude of guidelines has been published over the past 50 years, as show in Table 6-
2. Dermatologists were first to print formal guidelines in 1972. As reports of liver
cirrhosis secondary to MTX were published and medico-legal suits ensued, it was hoped
that the writing of an unambiguous guideline would put a stop to this: “Medicolegal
situations soon developed with the potential that large sums might be awarded. It became

clear that the situation was getting out of hand at a rapidly accelerating pace.” (65)

Dermatological guidelines (1972 — 88) allowed the use of MTX only in those with “severe
psoriasis” defined as “life-ruining physically, emotionally or economically” (65-69). A
liver biopsy was mandatory pre-MTX initiation (1972 and 73); and thereafter every
1.5grams of cumulative MTX given, or every 1gram if there were co-existent risk factors
(67). This equated to a liver biopsy every 12.5 or 10 months for individuals taking 20mg
or 25mg once weekly respectively; publications detail examples of patients having over

10 precautionary biopsies to ensure fibrosis had not occurred.



Clinical uses of MTX

Rheumatology

Rheumatoid arthritis

Juvenile idiopathic arthritis

Psoriatic arthritis

Systemic lupus erythematosus

Connective tissue disease

Polymyalgia rheumatica

Felty’s syndrome Vasculitis
Early undifferentiated arthritis Osteosarcoma
Spondyloarthropathies Myositis

Mixed connective tissue disease

Scleroderma

Oncology

Gestational choriocarcinoma

Gestational trophoblastic neoplasia

Bladder cancer

Chorioadenoma destruens

Hydatidiform mole

Epidermoid cancers of head and neck

Breast cancer

Lung cancer

Haematology

Cutaneous T cell lymphoma

Non-Hodgkin’s lymphoma

Acute lymphoblastic leukaemia

Acute promyelocytic leukaemia

Dermatology

Psoriasis

Atopic eczema

Mycoses fungoides

Lymphomatoid papulosis

Pityriasis lichenoides

Cutaneous polyarteritis nodosa

Behcet’s disease

Erythema elevatum diutinum

Systemic sclerosis

Lupus erythematosus

Pyoderma gangrenosum

Cutaneous Langerhans cell histiocytosis

Dermatomyositis

Alopecia areata

Bullous Pemphigus

Bullous Pemphigoid

Necrobiosis lipoidica

Granuloma annulare

Linear IgA disease

Epidermolysis bullosa acquisita

Chronic idiopathic urticaria

Hailey-Hailey disease

Lichen planus

Extragenital lichen sclerosis

Morphea

Palmoplantar pompholyx

Gastroenterology

Crohns

Ulcerative colitis

Neurology

Inflammatory myopathies and
neuropathies

Immune-mediated central and peripheral
nervous system diseases

Myasthenia gravis

Multiple sclerosis

Gynaecology

Ectopic pregnancy

Respirator Sarcoidosis Asthma
P y Interstitial lung disease Pulmonary vasculitis
Scleritis Vasculitis

Ophthalmology

Mixed connective tissue disease

Table 6-1 Clinical indications for MTX(58-60, 70)




Year

Speciality published Title

Dermatology 1972 Use of MTX in psoriasis (65)

Dermatology 1973 Methotrexate guidelines - revised (66)

Dermatology 1982 Methotrexate guidelines - revised (71)

Rheumatology 1987 Methot_rexate in rheumatoid arthritis. I—_Ieglth and Public Policy
Committee, American College of Physicians (72)

Rheumatology 1988 Methotrexate in rheumatoid arthritis (73)
Methotrexate-induced chronic liver injury: guidelines for

Gastroenterology 1988 detection and prevention(74)

Dermatology 1988 Methotrexate in psoriasis — revised guidelines (68)

Rheumatology 1994 Methotrexate for rheumatoid arthritis (75)

Dermatology 1998 Methotrexate in psoriasis: consensus conference (69)

Gastroenterology 2004 _Guidelines for the management of inflammatory bowel disease
in adults(76)
Methotrexate Therapy for Rheumatoid Arthritis: Clinical

Rheumatology 2006 Practice Guidelines Based on Published Evidence and Expert
Opinion (77)

Gastroenterology 2006 European evidence-based_ consensus on the diagnosis and
management of Crohn’s disease: current management(78)
American College of Rheumatology 2008 Recommendations

Rheumatology 2008 for the use of Non biologic and biologic disease-modifying
antirheumatic drugs in Rheumatoid Arthritis (79)
Multinational evidence-based recommendations for the use of
methotrexate for rheumatic disorders with a focus on

Rheumatology 2009 rheumatoid arthritis: integrating systematic literature research
and expert opinion of a broad international panel of
rheumatologists in the 3E Initiative (80)

Dermatology 2009 Methotr_exate and Psoriasis: 2009 National Psoriasis
Foundation Consensus Conference (81)

Dermatology 2010 Guidelines on the use of methotrexate in psoriasis (82)

Gastroenterology 2011 _Guidelines for the management of inflammatory bowel disease
in adults(83)

Dermatology 2016 British As_sociation _of Dermatologists’ guidelir}es _for the safe
and effective prescribing of methotrexate for skin disease (58)
BSR and BHPR guideline for the prescription and monitoring

Rheumatology 2017 of non-biologic disease-modifying anti-rheumatic drugs (84)

Dermatology 2017 Methotrexate use and monitoring in patients W?th psoriasis: a
consensus report based on a Danish expert meeting (85)
Safety of treatments for inflammatory bowel disease: Clinical

Gastroenterology 2017 practice guidelines of the Italian Group for the Study of
Inflammatory Bowel Disease(86)
Japan College of Rheumatology Guideline for the use of

Rheumatology 2019 Methotrexate in patients with Rheumatoid Arthritis (42)
British Society of Gastroenterologists consensus guidelines on

Gastroenterology 2019 the management of Inflammatory Bowel Disease in adults(60)
Joint American Academy of Dermatology — National Psoriasis

Dermatology 2020 Foundation guidelines of care for the management of psoriasis

with systemic non biologic therapies(87).

Table 6-2 Published guidelines regarding the use and monitoring of MTX
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Divergence began in 1987 when the American College of Physicians published what were
the first of the rheumatology-centred guidelines (72). Studies demonstrating an increased
prevalence of liver disease in those with psoriasis, had not been replicated in individuals
with RA (32, 88). A pre-treatment liver biopsy was not mandatory. Furthermore, ongoing
monitoring differed too, in the frequency and range of blood tests recommended, once
MTX was established.

The following year, Furst and Kremer published their approach when treating RA with
MTX. Contrary to the dermatological guidelines, they proposed that obesity and diabetes
mellitus should not be contraindications for MTX treatment, rather advising use with
appropriate caution. They did not recommend supplementary folate in those taking MTX,
supporting consideration of leucovorin rescue therapy in cases of life-threatening toxicity
(73). In addition, these authors recognised the significant morbidity and mortality
associated with liver biopsies, questioning the risk benefit ratio. In 1994 the same authors
went further, revising the previous guidance including a recommendation limiting the
requirement for a pre-treatment liver biopsy to high-risk patients only, rather than a
biopsy being mandatory for all potential recipients (75). By contrast, the dermatological
guidelines continued to mandate pre-treatment liver biopsy, at or near the beginning of
MTX therapy, until as recently as 2009 (81).

Guidelines were updated relatively frequently within rheumatology and dermatology
specialities, however the same experts featured recurrently as authors. Roenigk, Maibach
and Weinstein authored five sets of dermatological guidance from 1972 to 1998, likely
explaining the lack of significant variation. Conversely, no specific monitoring guidelines

have been published within other specialities, such as respiratory or ophthalmology.

The divergence between the two main MTX-using specialities continued for decades.
Rheumatologists became increasingly relaxed regarding apparent MTX-related
hepatotoxicity; successive guidelines were each less prescriptive than the last. Increasing
evidence of MTXs safety in long-term cohort studies were published(89) and the
predicted tide of MTX-related liver injury never arrived. There are several likely reasons
for this. Firstly, the appropriate screening of patients prior to MTX initiation allowed for

identification of co-existing liver disease such as hepatitis B, hepatitis C and alcohol



excess. Secondly, the discovery of non-alcoholic fatty liver disease (NAFLD) of as a
potential cause of liver disease, and thirdly, a change in prescribing habits, as

recommended doses and frequency of MTX, reduced.

Consensus for the relaxation of guidelines appeared to be led by clinicians themselves(90,
91). In 2003, Yazici et al. surveyed American rheumatologists regarding adherence to,
and opinion on, the American College of Rheumatologists 1994 monitoring guidelines
for MTX in RA (75). 123 rheumatologists responded, with 41% of rheumatologists
agreeing that liver monitoring guidance should be changed. 59% advocated to reduce
liver blood test (LBT) monitoring to 3-4 monthly, rather than every 4-8 weeks (92). This
paper prompted much discussion. Whilst the authors defended the robust nature of their
initial 1994 guideline(93, 94), others felt sufficient evidence had come to light in the
intervening nine years to warrant updating and easing the guidance(95).

Similarly, dermatologists, whose guidelines continued to advocate for liver biopsy in
certain circumstances until 2016(81), were beginning to move towards the use of
procollagen type 111 N-terminal peptide (PIIINP), a serological marker, as an alternative
to repeated liver biopsies(96, 97). A questionnaire surveying 376 British dermatologists’
prescribing practices with MTX in 2008, revealed significant variation regarding the use
of liver biopsy and the criteria justifying it. This survey also reported four deaths as a
direct result of liver biopsy, in comparison with two deaths from liver failure (without

specified alcohol excess) and two from hepatorenal failure(98).

Consensus statements were increasingly incorporated in guidelines from the late 1990°s
(69, 77, 80, 81, 85, 99) in an effort to reduce discordance in the face of disagreement (88,
100-102). Current guidance, as detailed in Table 6-3, are the most concordant to date.
Gastroenterological guidance(86) has incorporated a recognition that MTX causes a
seemingly harmless elevation of transaminases, which doesn’t require action.
Recommendations for liver biopsies have been almost entirely replaced with referral to a
specialist, particularly important following the advent of many non-invasive methods for
assessing liver fibrosis and cirrhosis. All guidelines advise folic acid supplementation and
repeated measurements of FBC, renal function and liver transaminases, although

frequencies do still vary.
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British Society of
Rheumatologists 2017

British Association of
Dermatologists 2016

British Society of
Gastroenterologists

(84) (58) 2019(60)
FBC FBC FBC
GFR U&Es U&Es
ALT and/or AST and albumin | LFTs LFTs
Baseline Height and weight HBV, HCV and HIV HBV, HCV and HIV
. . Blood pressure Vzv \V/AY)
Investigations Comorbidity assessment PHINP (psoriasis) CXR

+/- CXR & exam

TB screening

+/-TB Immunisation status
Folic acid Minimum 5mg once weekly Between 5mg OD to once Advise 1mg OD or 5mg
weekly once weekly
Every 2 weeks until stable Every 1-2 weeks until At 2, 4, 8 and 12 weeks:
dose for 6 weeks: stable dose:
Immediate FBC FBC FBC
monitoring Creatinine / GFR U&Es U&Es
ALT and/or AST and albumin | LFTs LFTs
Every 3 months: Every 2-3 months: Every 3 months:
FBC FBC FBC
3/12. a_lfter dose Creatinine / GFR U&Es U&Es
stabilised ALT / AST LFTs LFTs
PIIINP (psoriasis only)
Every 2 weeks until stable Not stated Not stated
dose for 6 weeks:
Dose increases FBC
ALT/AST
Creatinine / GFR
Serious Temporarily discontinue until | Not stated Not stated
infection the patient has recovered
Not stated “Well below national Not stated
Alcohol guidelines”
ALT /AST > 100 U/I ALT/AST < 2 fold rise — ALT/AST > 2 times normal:
Unexplained albumin < 30g/L | repeat in 2-4 weeks withhold MTX
Platelets < 140 x 10°/L ALT/AST > 2-3 times
WCC < 3.5x 10%L normal - withhold/decrease
o Neuts < 1.6 x10%/L MTX, consider other risk
Action if MCV > 105 fL factors and d/w

abnormal LBTs

Creat increase > 30% over 12
months and/or GFR <
60ml/min

Unexplained eosinophilia
>0.5 x 10%/L

gastroenterologist
Platelets < 100 x 10%/L
WCC < 3 x 10%L
Neuts < 1 x 10%/L
MCV > 105 fL

FBC: Full blood count, GFR: Glomerular filtration rate, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, WCC:

White cell count, Neuts: Neutrophils, MCV: Mean cell volume, Creat: Creatinine, U&Es: Urea and electrolytes, LFTs: Liver function

tests, HBV: Hepatitis B virus, HCV: Hepatitis C virus, HIV: Human immunodeficiency virus, VZV: Varicella zoster virus, PIIINP:

Procollagen 111 n-terminal peptide, CXR: Chest Xray, TB: Tuberculosis, OD: once daily, MTX: Methotrexate

Table 6-3 Summary of MTX monitoring guidelines
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In summary, decades of conflicting guidelines, a reflection of the sparsity of high-quality
evidence, has resulted in varied practices both within and between specialities(103).
Clarity regarding presumed MTX related hepatotoxicity is required.

6.2 Hepatotoxicity
6.1.2 The pathogenesis of liver injury

The pathology of most liver disease is a spectrum spanning from inflammation, through
various staging of fibrosis, to cirrhosis, and sometimes progressing further, to
malignancy. This liver inflammation can be initiated by a number of potential insults,
including infections (HBV, HCV), the immune system itself (AIH, PBC, PSC) and fat
deposition (NAFLD, alcoholic hepatitis). The cycle of cellular inflammation causing
injury, with consequential fibrosis causes progressive liver disease. Cirrhosis is the end-
product of all chronic liver disease, occurring when repair and regeneration, are

overwhelmed by the ongoing inflammatory insult.

Macrovesicular hepatic steatosis — where fat vacuoles can be observed within
hepatocytes, is the first stage of liver injury observed in fatty liver disease. Fat vacuoles
are made up of triglycerides, phospholipids and cholesterol esters (104). Fat accumulation
is reversible should the causal insult be removed, e.g., alcohol or excess weight. Fat
accumulation is mediated by fatty acid synthesis induction and fatty acid R-oxidation
inhibition. Increased sterol regulatory element-binding protein ¢ (SREBP-c) expression
and reduced peroxisome proliferator-activated receptor alpha (PPARa) expression both
play a role in altering the genetic transcription of free fatty acid transportation and
oxidation(104). Certain genes have been cited as potentially responsible for increased fat
deposition within the liver; PNPLA3(105), MTP G allele (106), and microsomal
triglyceride transfer protein 493 GT polymorphism (107).

The molecular mechanism transforming simple steatosis to steatohepatitis is not entirely
understood, but is optimally explained by a ‘multi-hit hypothesis’ involving lipotoxicity,
mitochondrial dysfunction and ATP synthesis. Fat accumulation itself is thought to be
noxious to hepatocytes; lipotoxicity - causing altered lysosomal metabolism (108) and

endoplasmic reticular stress (109). As a result of this lipotoxicity, the likelihood of cell
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apoptosis is significantly increased. In addition, mitochondrial dysfunction has been
shown to play a critical role, culminating in the inability to maintain sufficient ATP levels
(110). The metabolite of alcohol, acetaldehyde, damages hepatic mitochondria and the
microtubules of hepatocytes (111). Increased hydrogen ion transfer across mitochondrial
membranes, reduces the membrane potential, and therefore the amount of ATP
synthesised(112). All these mechanisms together play a role in promoting liver injury,
hence termed the ‘multi-hit hypothesis’ (113).

Cellular inflammation is regulated by cytokines — molecular mediators which play a key
role directing the inflammatory cascade and ultimately fibrogenesis. Platelet derived
growth factor (PDGF) (114), transforming growth factor (TGF)-3 (115), tumour necrosis
factor (TNF)-a(116), and interleukin (IL) (117) all demonstrate increased expression in
liver fibrosis. Inflammatory cytokines lead to polymorph infiltration, reactive oxygen
species and consequential hepatocyte damage. The damaged proteins are degraded, but
promote hepatocyte injury and cytokeratin aggregates lead to the development of
intracytoplasmic hyaline bodies and Mallory-Denk bodies (118). Cytokines are
ubiquitous regardless of hepatic disease aetiology. The following pro-inflammatory
cytokines have been demonstrated to be upregulated; IL-2, IL-8 and TNFa in PBC (119),
IL-2, IL-6 and IL-8 in autoimmune hepatitis (120), IL-2, and T helper-1 in HCV (121)
TNFa, and IL-6 in NAFLD (122, 123), and TNFa in alcoholic hepatitis (124).

Oxidative stress is another crucial step in hepatotoxicity and subsequent fibrogenesis.
Increasing levels of oxidative stress correlate with non-alcoholic steatohepatitis (NASH)
severity in animal (125) and human (126) studies. Oxidative stress arises from the
breakdown of free fatty acids within hepatocytes, a process which relies upon PPARa,
and has been shown to be present at higher levels in those with NAFLD (127). An increase
in reactive oxygen species impacts upon protein and nucleotide synthesis, which in turn

leads to inflammation, and the development of liver fibrosis (128).

What is still not entirely clear, is which of the above mechanisms are a consequence of
liver dysfunction, or mediators playing a causal role in inducing it. Regardless, they effect
changes to the normal hepatic infrastructure.
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Hepatic stellate cells (HSC) are the main source of excess collagen synthesis and other
extracellular matrix proteins resulting in hepatic fibrosis and cirrhosis (129). They are
found in the gap between the sinusoids, where blood flows through the liver, and the
hepatocytes themselves. In their quiescent state, HSCs act as a storage facility for vitamin
A amongst other things, but under certain conditions, including oxidative stress described
above, as well as numerous other novel pathways and mediators, they transition from a
quiescent to activated state. Activation transforms the essentially innocuous HSC into a
proliferative, fibrogenic myofibroblast (130). Such activated HSCs secrete an arsenal of
extracellular matrix proteins including collagens, glycoproteins and proteoglycans. If the
insult is chronic and the HSC remains activated, the normal extracellular matrix of the
liver is damaged, followed by deposition of collagen types I, 111 and IV with consequential
liver fibrosis (131).

Liver sinusoidal endothelial cells, normally acting as a sieve between the components
within sinusoidal blood and parenchymal hepatocytes, become defenestrated in liver
cirrhosis, and develop a basement membrane (132). This membrane prevents adequate

substrate exchange and further interferes with hepatocyte dysfunction.

Kupffer cells are the resident macrophage within the liver, where they reside within the
sinusoidal lining picking up pathogens entering from the portal or arterial circulation.
Kupffer cells, once activated, have been shown to produce harmful mediators to destroy
hepatocytes as well as act as antigen-presenting cells (133). They also play a key role in
cascading the inflammatory response by recruiting and activating other immune cells
such as T lymphocytes, natural Killer cells, neutrophils (134, 135) and hepatic stellate
cells (136, 137) by way of pro-inflammatory cytokines (138).

Hepatocytes, the primary liver parenchymal cell, are a target for most liver pathogens. In
addition, hepatocyte apoptosis can be initiated by a wide range of factors, including
oxidative stress, TNF FAS ligand, as well as several other stressors. Promoted hepatocyte
apoptosis itself, releases reactive oxygen species and fibrogenic mediators (139, 140).
Hepatocytes have been demonstrated to be a major source of matrix metalloproteinases
and tissue inhibitors of matrix metalloproteinases (141), resulting in extracellular matrix

modulation, fibrosis and ultimately cirrhosis.
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The culmination of these steps — basement membrane development, collagen synthesis,
and myofibroblast transformation, result in distortion of the architecture of the liver. This
distortion of the liver architecture, combined with regenerative nodules and endogenous
vasoconstrictors, results in increased intrahepatic portal pressure and explains many of

the clinical features associated with chronic liver disease such as ascites or varices.

In summary, the spectrum of liver pathology is broad and is likely to be heavily influenced
by genotype. Steatohepatitis is mediated by numerous cytokines causing an inflammatory
cascade resulting in an altered extracellular matrix. Mitochondrial injury, oxidative stress,
increased collagen deposition and cellular apoptosis are all key features in the

development of fibrosis and cirrhosis.
6.1.3 The clinical consequences of progressive liver fibrosis

As fibrosis in the liver advances to cirrhosis, a series of serious clinical consequences are
unleashed, impacting upon morbidity and mortality(142). Deaths from liver disease are
increasing; premature mortality (death under the age of 75) due to liver disease was 18.5
per 100,000 population between 2015 and 2017, compared with 15.8 per 100,000 in 2001
to 2003(143). The following section details the clinical consequences and sequelae of

liver fibrosis.

Portal hypertension is the clinical syndrome that develops as a result of an increase in
vascular resistance at any level within the portal venous vasculature. It is measured as the
pressure gradient between the portal vein and hepatic veins and under physiological
conditions, should be under 5mmHg. Portal hypertension, a pressure gradient above
5mm.Hg, may be due to pre-hepatic, intrahepatic or post-hepatic causes, but the most
common is the intrahepatic condition of liver cirrhosis (approximately 90%)(144).
Increased resistance seen in liver cirrhosis is secondary to the sinusoidal architectural
variations of fibrosis, regenerative nodules, vasoconstriction within the distorted liver
structure coupled with increased portal inflow from splenic vasodilatation(145).
Mounting resistance within the portal system promotes the development of portosystemic
collaterals and the resulting varices can rupture (see below). Portal hypertension has been

demonstrated to predict clinical consequences, such as hepatocellular cancer (HCC)(146)
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and decompensation of patients with liver cirrhosis(147), underlining it’s critical

significance in the development of clinical consequences.

Ascites is the most common complication of liver cirrhosis and frequently results in
hospitalisation. In the context of portal hypertension, ascites describes the accumulation
of low-protein fluid within the peritoneal cavity(148). The key event of portal
hypertension, is the development of splanchnic vasodilatation (149) secondary to local
vasodilators such as nitric oxide, increasing capillary permeability, resulting in lymph
formation accumulating within the splanchnic organs(150). Splanchnic vasodilatation
also leads to a decrease in central arterial pressure; baroreceptors prompt activation of the
renin-angiotensin system, causing anti-diuretic hormone (ADH) and sodium and water
retention as the kidneys attempt to compensate(151). Fluid retention, coupled with
relative hypoalbuminaemia, and splanchnic changes within the microcirculation, results
in fluid leaking into the peritoneal cavity(152). Ascites has a significant impact upon
quality of life (153), it increases risk of infection, hepatorenal syndrome (HRS) (154) and
is associated with a poor prognosis; mortality is approximately 40% at 1 year and 50% at
2(155).

Spontaneous bacterial peritonitis (SBP), defined by an ascitic fluid neutrophil count >
250 cells/mm?, was first described in 1963(156). Studies to demonstrate the prevalence
of SBP in a population with cirrhotic ascites have varied between 3.5 - 12%(157-159),
higher in decompensated hospital inpatients as compared with asymptomatic outpatients.
Risk factors for developing SBP include a lower ascites protein concentration(148) and
abnormalities within the innate immune system(160, 161) which has been demonstrated
in patients with liver cirrhosis. Genetic predisposition may also play a role in
susceptibility of developing SBP and influence mortality, once acquired(162, 163). SBP
is generally thought due to bacterial translocation from the bowel lumen, facilitated by
the loss of gut mucosal integrity in those with cirrhosis whose liver disease has
advanced(164). Escherichia coli is the commonest causal bacteria, however non-enteric
bacteria have also been found to cause SBP suggesting alternative mechanisms of

pathological contamination are yet to be identified(165).
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Hepatorenal syndrome (HRS), is characterised by a reduced glomerular filtration rate
(GFR) secondary to renal vasoconstriction with sodium and water retention, in the setting
of liver disease with portal hypertension(166). Unlike acute kidney injury of other causes,
the condition is not responsive to cessation of diuretic therapy or rehydration, and does
not feature typical markers of parenchymal renal disease, such as proteinuria or
haematuria(167). Depending on rapidity of onset, HRS can be subdivided into types 1
and 2. HRS can be precipitated by further flares of hepatitis — prompted by toxins such
as alcohol or drugs, or bacterial infections. Clinically, it poses a challenge to treat and is

associated with a very high mortality, approximately 50% at 30 days(168, 169).

Hepatopulmonary syndrome (HPS) is seen in individuals with portal hypertension,
hypoxia, and intra-pulmonary vascular dilation in the absence of significant other
pulmonary disease(170). The dilatation of pulmonary vessels results in impaired oxygen
transfer and shunting away from ventilated areas of the lungs, leading to a ventilation-
perfusion mismatch. The main symptom of dyspnoea, typically worsens in an upright
position. HPS prevalence ranges between 4 and 47% (171, 172) in those with liver
disease, but up to 80% in those undergoing liver transplantation assessment(173).
Morbidity and mortality is significantly increased in those with HPS (23% 5 year
survival) compared to individuals without it (63% 5 year survival), as demonstrated by

Swanson et al.(174). Liver transplantation is the only cure for HPS.

Portal vein thrombosis (PVT) was first described in a 20 year-old tailor from Glasgow in
1868 (175), who presented with abdominal pain, ascites, splenomegaly and oesophageal
varices. PVT prevalence is significantly higher in individuals with liver cirrhosis,
particularly when cirrhosis is severe and associated with liver failure (176). Rudolf
Virchow was first to explain this phenomena as a result of endothelial damage, stasis and
hypercoagulability (177), (178). The relative stiffening of the liver architecture which
occurs in cirrhosis, slows portal flow velocity and thus increases the likelihood of
thrombosis. PVT, in addition to being more likely in the setting of portal hypertension,
also causes a consequential increase in portal hypertension itself, increasing mortality and

morbidity in patients with liver cirrhosis (179).
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Gastroesophageal varices develop as a result of increased portal pressure, causing
collateral vessels to dilate and enlarge over time. Varices have been demonstrated to be
present in approximately 52% of patients with liver cirrhosis(180) with increasing
prevalence as severity of liver disease escalates. Variceal haemorrhage occurs more
frequently in larger varices, in those with more advanced liver disease (Childs C) and
where stigmata are evident, such as red wale marks(181). The development, monitoring
and treatment of oesophageal varices is imperative, as the 30-day mortality of variceal
haemorrhage is 15%(182, 183).

Hepatic encephalopathy (HE) refers to the neurological consequences seen secondary to
liver impairment; manifesting as spectrum from mildly impaired concentration, disrupted
sleep-wake cycle, altered mental status through to coma(184). HE results from changes
in the metabolism of urea secondary to hepatocyte dysfunction; an increase in ammonia
and pro-inflammatory cytokines are seen. Astrocytes swell due to increased oncotic
pressure, resulting in cerebral oedema and microglia further activate immune pathways
causing oxidative stress and neuroinflammation(185). HE has been shown to have a
significant impact upon quality of life for patients and their relatives(186), whilst 12-
month survival rates as low as 42% are reported(187).

Hepatocellular carcinoma (HCC) is a highly prevalent cancer world-wide; significantly
more prevalent, but not exclusive to, those with liver cirrhosis(188). HCC develops as a
result of sustained inflammation; necrosis, increased hepatocyte cell turnover, local
toxins and regenerative proliferation all increase the risk of DNA mutation (189). Cancer
is the leading cause of death, and liver cancer is the fourth most common cause of cancer
death worldwide(190, 191).

In summary, liver disease is highly prevalent and it’s sequalae are clinically significant,

being a leading cause of morbidity and mortality world-wide.

6.2 Diagnosing liver fibrosis

The accurate and timely assessment of liver fibrosis is critical to establishing the
diagnosis, the prognosis and the likelihood of developing complications, in patients with

chronic liver disease. Liver biopsy, for many years considered the gold standard test for
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establishing presence and magnitude of fibrosis, has some limitations, hence the
emergence of non-invasive tests including serum markers and imaging techniques. The
ideal test would have the following characteristics: inexpensive, reliable, easy to perform,
accurate with a high specificity and sensitivity, liver specific, and consistently
reproducible. This section explores the range of available tests, identifying their strengths

and weaknesses.

6.2.1 Liver biopsy

The accurate evaluation of the extent and degree of liver fibrosis is integral to clinical
decision-making, prognostication and appropriate treatment. Liver biopsy is widely
considered to be the gold standard investigation for detection of liver fibrosis, however
its invasive nature is associated with both morbidity and mortality(192, 193). However,
a liver biopsy can only be considered truly representative of the entire liver, and thus earn
it’s moniker of gold standard, if it is of sufficient size. Guidelines specifying what
constitutes an appropriate sample size vary between 10mm (194) and 30mm (195) length
with agreement that a minimum of 11 complete portal tracts are required for accurate
staging and grading of disease. In practice, these criteria are rarely met; with a meta-
analysis demonstrating mean length and number of portal tracts as 1.8cm and 7.5 tracts
respectively(196). Furthermore, samples can be confounded by biopsy location, as an
adult biopsy sample corresponds to around 1/50,000% of the total liver volume(197, 198).
Despite the widespread use of staging scores, inter-observer variation continues to reduce
the reliability of biopsy interpretation(199), with pathologist experience also having an
impact (200).

6.2.2 Serological markers of liver fibrosis

A blood test to gauge the presence and/or severity of liver disease has long been the holy
grail of physicians interested in liver disease. Standard liver blood tests (alanine
transferase, bilirubin, alkaline phosphatase and albumin), are poor at detecting liver
fibrosis, and cannot be relied upon as a marker of liver function, fibrosis or cirrhosis(201).
Indeed, the National Institute for Health and Care Excellence (NICE) guidelines reflect

this, suggesting liver blood tests should not be used to rule out liver disease(202, 203).
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Whilst standard liver blood tests can demonstrate advanced liver disease once established,
a more useful blood test would be one that gave warning at a much earlier stage, when

intervention may be effective at altering the outcome.

Serological tests of fibrosis are less-invasive, less expensive, easily reproducible and do
not require specialist interpretive skills, as compared to other test modalities, such as a
liver biopsy. However, they are rarely organ specific, relying upon clearance and
excretion rates, and they lack a high degree of accuracy(204). Serological tests can be
divided into direct and indirect markers, where direct markers generally correlate with
the deposition of excess extracellular matrix (including collagen subtypes especially
types | and 1ll, glycoproteins & elastin) and indirect markers are biomarkers that are
altered as a consequence of liver parenchymal distortion and associated fibrosis (e.g. AST

to platelet count ratio (APRI), see below).

One such direct serological marker is Procollagen 111 amino peptide (PIIINP), the amino
terminal peptide of type 111 procollagen, released from the precursor peptide during the
synthesis and deposition of type Il collagen. Widely utilised by dermatologists in the
setting of PsSA and MTX, it has been shown to increase in the presence of hepatic
fibrosis(205). However, it’s sensitivity and specificity for detecting liver fibrosis are
reported as 74% and 77%, respectively(206), making it sufficiently unreliable for current
authors to conclude that it is unhelpful in PsA and frequently elevated, despite normal
liver histology(207). Recent evidence demonstrating alternative serological markers may

be more sensitive, may bring about a change in guidelines over the coming years(208).

Compilation markers, frequently patented, use a combination of tests to increase their
diagnostic accuracy. Table 2 details the diagnostic accuracy of the most commonly
utilised compilation markers and algorithms in detecting significant liver fibrosis (stage
3-4). Aspartate aminotransferase (AST) to platelet index ratio (APRI), initially appeared
promising in detecting fibrosis in those with chronic HCV; this was not replicated in other
disease aetiologies including alcohol-related fibrosis(209) and autoimmune
hepatitis(210). The Enhanced Liver Fibrosis (ELF) test is a direct marker of fibrosis
measuring Hyaluronic acid, PIIINP and Tissue inhibitor of metalloproteinase 1 (TIMP-

1). ELF has one the highest sensitivities in detecting liver fibrosis (83%), and hence is
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recommended as the biochemical marker of choice to assess NAFLD in the NICE
guidelines(203), and has also been shown to be useful in screening for fibrosis in alcohol-
related liver disease (ArLD)(211).

Composite markers, like all tests, have to balance sensitivity and specificity when
defining a cut-off value(212); the NAFLD fibrosis score is an exception, reporting an
‘indeterminate’ result (between < -1.455 and >0.676), in addition to negative (>0.676)
and positive (< -1.455)(213) values. This ‘grey area’ acknowledges uncertainty and
allows the clinician a degree of flexibility in interpretation, depending on the clinical
circumstances. Perhaps this explains why the NAFLD fibrosis score is one of the most

widely adopted scores in clinical practice.
6.2.3 Radiological techniques for detecting liver fibrosis

Ultrasonography is low cost, painless, radiation-free and historically a commonly utilised
modality, however, its diagnostic accuracy for detection of liver fibrosis is poor —
sensitivity and specificity 57% and 88% respectively(214). A higher body mass index has
been demonstrated to reduce sensitivity further(215), particularly relevant given that
obesity and associated NAFLD is a leading cause of liver disease within the United
Kingdom (UK).
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Diagnostic accuracy

Serological composite Sensitivity Specificity
AST to platelet ratio index _ AST AST Platelet count 0
(APRI)(210) APRI = Platelet count 100 75% 68%
European Liver Fibrosis _ _ HA PIHINP 0 0
(ELF®)(216) ELF = 2.278 + 0.851 1n(HA) + 0.751 In(PIIINP) + 0.394 1n(TIMP — 1) TIMP-I 83% 73%
Fibrometer = 0.418xglucose + 0.070xAST + 0.0008xferritin Platelet count HA
Fibrometer®(217) + 0.010xplatelets — 0.026xALT + 0.0459xweight Prothrombin index ~ Urea 80% 84%
+ 0.084xage + 11.623 AST a2macroglobulin
. HA TIMP-II
Fibrospect®(218) . 72% 74%
o-2-macroglobulin
FibroTest = 4.467xlog10[alph2macroglobulin] Age Total bilirubin
Fibrotest® — 1.357xlog10[haptoglobin] + 1.017xlog10[yGT] Gender Haptoglobin
(Fibrosure® in USA)(219) + 0.0281x[age] + 1.737xlog10[bilirubin] yGT Apolipoprotein-A 61% 80%
! u ! — 1.184x[apolipoproteinAl] o-2-macroglobulin
+ 0.301xsex[female = 0,male = 1] — 5.54
Forns = 7.811 — 3.131. In[platelets] + 0.781In[yGT] + 3.467In[age] Platelet count Age 0 0
Forns Index(220) — 0.014. [cholesterol] «GT Cholesterol 30% 9%
. . . . Agex AST Age Platelet count
Fibrosis-4 (Fib-4)(221) Fib4 = Platelets * VALT AST ALT 54% 88%
HepaScore = exp [—4.186 — (0.025xage) + (0.746xsex) «GT HA
HepaScore®(222) + (1.004xa'211nac7'"oglobulin) + (0.030xhyaluronic acid) Age Total bilirubin 70% 79%
+ (0.069xbilirubin) — (0.001xyGT)] Gender :2- macroglobulin
For NAFLD only
AST BMI T2DM
BARD score(223) BARD = (BMI>28=1) + (m >08 = 2) + (DM yes = 1) AST / ALT ratio 74% 66%
I total score 2 — 4 then BARD score positive
NAFLD Fibrosis Score NFS = —-1.675+ 0.037 xagez-s(;;ogélx BMI +1.13 x IGF (yes = 1,n0 = 0) QI%/TI A;Ztél):\tL;Lﬁttlo - 1%
+0.99 x —— — 0.013xplatelet — 0.66 x albumin
(NFS)(@213) ALT P m IFG / Diabetes Albumin

AST: Aspartate aminotransferase, HA: Hyaluronic Acid, TIMP-1: Tissue inhibitor of metalloproteinase I, PIIINP: Procollagen 111 aminopeptide, TIMP-11: Tissue inhibitor of metalloproteinase I, ««GT: gamma glutamyl

transferase, BMI: Body mass index, ALT: Alanine aminotransferase, T2DM: Type 2 Diabetes Mellitus, IFG: impaired fasting glucose

Table 6-4 Sensitivity and specificity of non-invasive diagnostic markers in detecting liver fibrosis (223, 224)
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Transient elastography (TE) — FibroScan® — was introduced to the European market in
2003 by the French company, EchoSens®. This ultrasound-based technology utilises
sound waves to calculate liver fibrosis, specifically, the velocity of the reflected shear
wave correlates with liver stiffness(225). TE is quick (less than five minutes), painless
and reproducible(226); although the requirement of expensive equipment (£30,000 to
£70,000 per unit(227)) is a significant drawback. Undertaking the examination requires
an individual to lay supine with their right arm elevated, as demonstrated in Figure 6-2.
The probe is then placed overlying the intercostal space (9t to 11th) and 10 measurements

are taken.

Following its introduction, TE has rapidly gained popularity as a reliable non-invasive
method of assessing liver fibrosis across a broad variety of disease modalities. This is
demonstrated by the incorporation of TE into national(228) (229, 230) and
international(231) guidelines. It was approved for use by the US FDA in April 2013 and
has been extensively adopted both in UK-based hospitals and developed countries across

the world.

The sensitivity and specificity of TE, for detecting significant fibrosis, is 70-79% and 78-
84% respectively and for cirrhosis 81-89% and 88-95% respectively (232) (233-237).
Obesity, ascites, high ALT, alcoholic hepatitis and food consumption within the
preceding 4 hours have all been shown to reduce the sensitivity of the test(238). TE is
highly reproducible, and has been demonstrated to be more accurate in diagnosing liver
fibrosis in a general population than ALT, NAFLD Fibrosis score, or Fib-4(239). Initial
concerns centred on meeting manufacturers requirements (requiring >10 valid readings,
interquartile range <30% of the median liver stiffness measurements) and one study
suggested results may be invalid in up to 20% of cases(240). However, as users have

become increasingly familiar with the technology this concern has largely been allayed.
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Figure 6-2 Position required to undertake Transient Elastography(241)
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TE has also been evaluated in a population of patients taking MTX both in those with
RA(242, 243) and psoriasis(244, 245) showing similar efficacy, and superior
performance to APRI, HepaScore, Fib-4, ELF and PIIINP. Initial studies were small
(n<100 participants) and didn’t compare TE to the gold standard of liver histology. In
time, larger review articles were published directly comparing TE to liver biopsy in a
population of individuals taking MTX for a variety of benign inflammatory
conditions(246-248). Marsh et al. reported on 1536 participants across 15 studies,
concluding TE was 50-100% sensitive and 50-88% specific in detecting liver fibrosis as

compared with liver biopsy(249), similar figures were reported by Rongngern et al.(250).

TE has undoubtedly transformed hepatological practice over the past 15 years. It has been
demonstrated to be a reliable non-invasive tool for assessing liver fibrosis regardless of
aetiology. One example being the inclusion of TE in the most recent American
Dermatology guidelines for use of MTX in psoriasis, instead of liver biopsy,

demonstrating how integral it has become(87).

Acoustic radiation force imaging (ARFI) utilises conventional ultrasound imaging and
then additionally generates a shear wave within a region of interest in the liver tissue,
calculating liver stiffness too. The region of interest being directly within the liver,
reduces interference from ascites, but is over a smaller area than with TE (1-2cm versus
5cm) and is therefore vulnerable to variation within the liver(251-253). Meta-analyses
reviewing detection of significant fibrosis in a range of aetiologies demonstrated a
sensitivity of between 74-92% and a specificity of 83-85% (254, 255). ARFI has been
most extensively evaluated in those with viral hepatitis, particularly HCV (256, 257).
However, studies have explored its reproducibility in NAFLD with similar, if not better,
results(258, 259).

Computed tomography (CT) is considered to be inferior in detection of liver fibrosis
(sensitivity and specificity 83-84% and 76-81% respectively(260, 261)) when compared
to the alternatives. Furthermore, the associated radiation exposure to the patient has meant

it has not been widely adopted as a first-line method of diagnosis.

Magnetic resonance elastography (MRE) combines MR and mechanical waves to give a

highly accurate assessment of fibrosis across a range of aetiologies, boasting 100%
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sensitivity and specificity of 91%(262). There is no consensus, as yet, over variables such
as scanner technique or wave software and this is likely to cause a degree of disparity.
Time to acquire the images is significantly greater than all of the alternative technologies.
In addition to this, computational time prior to required analysis of the images is typically
measured in hours, ruling out the option of an immediate result(263). Finally, the cost of
MRE is significantly greater than that of the alternatives, and it is not yet widely available
in the UK. These limitations mean the widespread adoption of MRE has not yet taken
place, further research is required and standardisation of techniques will be necessary,

before this method can be embraced.

6.3 Clinical evidence of liver fibrosis with methotrexate

The discovery of MTX and its subsequent utilisation across a variety of clinical
conditions has been outlined in section 7.1. Once efficacy was broadly accepted, the
emergence of side-effects, particularly affecting the liver, inevitably dampened
enthusiasm for its use. This section explores the origins of MTX-related hepatotoxicity
and evaluates the supporting evidence within the context of specific diseases where pre-

existing liver disease and/or disease-related hepatotoxicity have emerged.
6.3.1 Historical case reports

O’Rourke and Eckerk’s landmark publication in 1964 was the first to postulate a
relationship between MTX, as an immunomodulator, and hepatotoxicity. The authors
detailed the case of a 62-year-old lady found to have liver fibrosis on biopsy following
three years of MTX treatment(264). A steady stream of case reports and later, case-
control series, were published during the 1970’s and 1980’s describing MTX as causal
for liver fibrosis, some suggesting a prevalence as high as 27%(265-268). Table 6-5
details studies published with histological liver assessment following treatment with
MTX prior to 2000.
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Cumulativ

) Post-MTX biopsy Risk factors assessed? Female . elea:jigzeshi
Authors Type of study Pﬁ =il n= Disease LIPS p?
ed biopsy?
Fi?o;;))sis Cir(r‘;)c))sis BMI EToH Og:gg;is\éer Meds

Colsky et al.(269) Case Series 1955 5 Leukaemia No 100% 0% n/a n/a N 20% N/a
Hutter et al.(270) Case Series 1960 72 Leukaemia No 35% -- n/a n/a N Y -- N/a
O’Rourke and Eckert(264) Case Report 1964 1 PsA No n/a n/a N Y Y N 100% N/a
Taft(271) Case Series 1965 7 Leukaemia No n/a n/a N N N Y -- N/a
Hersh et al.(272) Case Series 1966 10 Leukaemia No 10% 0% N Y Y N - N/a
Coe and Bull(265) Case Series 1968 3 Psoriasis No n/a n/a N N N N 33% N/a
Epstein and Croft(273) Case Report 1969 1 Psoriasis No n/a nla N Y N Y 0% N/a
Muller et al.(266) Case Series 1969 7 Psoriasis No n/a n/a N N N N 33% N/a
Sharp et al.(274) Cross Sectional 1969 10 Leukaemia No unclear unclear n/a n/a N N -- N/a
Dubin and Harrell(275) Case Series 1970 3 Psoriasis No n/a n/a N Y Y Y 0% N/a
Weinstein et al.(276) Case-Control 1970 21 Psoriasis No 10% 5% N Y N N 43% N/a
Berge et al.(277) Cross Sectional 1970 3 Psoriasis No 0% 0% Y Y N Y 0% N/a
Dahl et al.(267) Case-Control 1971 37 Psoriasis No 27% 19% N Y Y N -- Yes
Roenigk et al.(278) Case-Control 1971 37 Psoriasis No 5% 16% Y Y N N 44% No
Almeyda et al.(279) Cross Sectional 1971 39 Psoriasis No 31% 8% N Y N N -- Yes
Filip et al.(280) Case Report 1971 1 Psoriasis No n/a n/a N Y N N 0% N/a
Zachariae and Schiodt(281) Case-Control 1971 36 Psoriasis Some Not stated 0% Y Y Y N 49% No
Almeyda et al.(282) Cohort 1972 42 Psoriasis Some 29% 7% N Y N N -- Yes
Dahl et al.(268) Cohort 1972 44 Psoriasis/PsA No 25% 14% N Y N N 45.5% --
Hoffmeister et al.(283) Cross-sectional 1972 29 RA No 22% 0% N N N N -- N/a
Ryan et al. (284) Case Series 1972 4 Psoriasis No 0% 50% N Y N N -- --
Weinstein et al.(20) Cross Sectional 1973 550 | Psoriasis No 13% 3% Y Y N N 42% Yes
Podurgiel et al.(285) Cross Sectional 1973 35 Psoriasis No 11% 14% N Y Y Y 51% No
Palmer(286) Cross Sectional 1973 23 Psoriasis No 17% 13% N Y N N -- No
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Tobias and Auerbach(287) Cross Sectional 1973 69 Psoriasis No 6% 7% N Y N N 55% Yes
Pai et al.(288) Case Report 1973 1 Psoriasis No 100% 0% Y Y N Y 0% N/a
Coughlin et al.(289) Case Report 1973 1 Psoriasis No 0% 100% N Y N N 100% N/a
l'\?";gr‘:zggdd)sad'er and Cross Sectional | 1974 | 19 | Psoriasis No 11% 16% N N N N 58% Not stated
Reese et al.(91) Case-Control 1974 35 Psoriasis No 6% 3% N Y N N Not stated No
Warin et al.(291) Cross Sectional 1975 25 Psoriasis Yes 4% 0% Y Y N Y Not stated No
Nyfors and Poulsen(292) Cohort 1976 88 Psoriasis Yes 6% 7% Y Y N Y 52% No
Nyfors and Hopwood(293) Cross Sectional 1977 24 Psoriasis Yes -- -- N N N N 67% No
Mclintosh et al.(21) Cohort 1977 8 Leukaemia No 63% 0% N N N N Not stated No
Nyfors(294) Cohort 1977 160 | Psoriasis Some 7% 1% Y Y N N 50% No
Horvath et al.(295) Cross Sectional 1978 52 Psoriasis No 10% 2% N Y Y Y 40% No
Zachariae et al.(296) Cross Sectional 1980 183 Psoriasis Some Not stated 10% Y Y Y Y Not stated Yes
Parker et al.(297) Case Series 1980 8 t}e/#(;ﬁgnr:]z/ No 13% 13% n/a n/a N N Not stated n/a
Robinson et al.(298) Cross Sectional 1980 43 Psoriasis Yes 26% 0% Y Y Y Y Not stated No
Willkens et al.(32) Cohort 1980 5 RA No 0% 0% N N N N Not stated No
Asthon et al.(299) Cross Sectional 1982 38 Psoriasis Yes 24% 5% N Y Y N 55% No
Groff et al.(300) Case Series 1983 5 RA No 0% 0% N N N Y Not stated No
Hoffmeister (33) Cohort 1983 34 RA Some 21% 0% N N N N Not stated Not stated
Lance et al.(301) Cross Sectional 1985 30 Numerous Yes 13% 0% N Y N N 57% Not stated
Mackenzie(302) Cohort 1985 60 RA No 0% 0% N Y N N 64% No
Weinstein et al.(303) Cross Sectional 1985 17 RA No 35% 0% N Y N N 67% No
Tolman et al.(304) Corss Sectional 1985 29 RA No 3% 0% N Y N N 41% No
Van de Kerkhof(305) Cohort 1985 44 Psoriasis No 16% 5% N Y N Y 41% No
Boh et al.(306) Cohort 1986 | 21 ;rr‘tfr'ﬁir;rsnatory Some 0% 0% N N N N 54% No
Reynolds and Lee(307) Cross Sectional 1986 14 Variety No 27% 7% Y Y N N Not stated No
Kremer and Lee(308) Cohort 1986 29 RA Yes 0% 0% N N N Y 76% No
Szanto et al. (309) Cross Sectional 1987 17 RA No 6% 0% N N N N 53% No
Weinblatt et al.(310) Cohort 1988 17 RA No 0% 0% N Y N Y 62% No
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Shergy et al.(311) Cohort 1988 399 | Variety No 2% 0.4% Y Y Y Y Not stated No
Bjorkman et al.(312) Cohort 1988 26 RA/psoriasis No 15% 0% N Y N Y 81% No
Aponte and Petrelli(313) Cross Sectional 1988 23 RA No 24% 0% Y Y N Y 57% Not stated
Rau et al. (314) Cross Sectional 1989 30 RA Yes 3% 0% Y Y N N 80% No
Brick et al. (315) Case Series 1989 88 RA Yes 11% 2% Y Y Y Y 68% No
O’connor et al.(316) Cohort 1989 78 Psoriasis Some 24% 0% Y Y N N Not stated No
Kremer et al.(89) Cohort 1989 27 RA Yes 52% 0% Y Y N Y 74% Yes
Mitchell et al.(317) Cohort 1990 51 Psoriasis No 20% 6% N N N N Not stated Not stated
Keim et al.(318) Case Report 1990 1 RA Yes n/a n/a N N N Y 100% N/a
Drosos et al.(319) Cohort 1990 41 RA No 15% 0% N N N Y Not stated N/a
Willkens et al.(320) Cross Sectional 1990 52 RA No 29% 0% N Y N N 55.7% No
Scully et al.(321) Cohort 1991 40 RA No 30% 0% Y Y N N Not stated No
Weinblatt et al.(322) Cohort 1992 10 RA No 10% 0% N Y N N Not stated No
Tishler et al.(323) Cohort 1992 10 RA Yes 10% 0% N N N N 100% No
Graham et al.(324) Cross Sectional 1992 12 RA No 0% 0% n/a n/a Y Y Not stated No
Phillips et al.(325) Case Series 1992 43 RA No 1% 1% Y Y N Y 74% No
Themido et al.(326) Cross Sectional 1992 30 Psoriasis Yes 23% 10% Y Y Y Y Not stated No
Minocha et al.(327) Cross Sectional 1993 24 RA No 4% 8% Y Y Y Y 67% Not stated
Arias et al.(328) Cohort 1993 16 RA No 6% 0% N N N N Not stated No
Bjorkman et al.(329) Cohort 1993 15 RA No unclear 0% Y Y N N 20% No
Chandran et al.(330) Case Series 1994 3 RA Some N/a N/a Y Y Y Y 0% N/a
Van Dooren-Greebe et al.(331) | Cross Sectional 1994 55 Psoriasis Yes 13% 4% N Y Y Y Not stated No
Boffa et al.(332) Cross Sectional 1995 49 Psoriasis No 22% 0% N Y N N 39% No
Lower and Baughman(333) Cross Sectional 1995 33 Sarcoidosis No 15% -- N N N N 86% Not stated
Malatjalian et al.(334) Cross Sectional 1996 104 Psoriasis Yes 20% 3% N Y Y Y 43% Not stated
Boffa et al.(335) Cohort 1996 87 Psoriasis Some 21% 3% N N N N Not stated Not stated
Kremer et al.(336) Cross Sectional 1996 94 RA No 0% 0% N N N N 64% Not stated
ter Borj(337) Case Report 1996 1 RA Yes n/a n/a Y Y Y Y 100% N/a
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Kugathasan et al.(338) Cohort 1996 9 Juvenile RA No 0% 0% N Y Y Y 100% No
Jaskiewicz et al.(339) Cohort 1996 20 Psoriasis Some 0% 0% N Y Y N 53% No
Beyeler et al.(340) Cohort 1997 16 RA No 13% 0% N N N N 81% Not stated
Hashkes et al.(341) Cross Sectional 1997 14 Juvenile RA No 0% 0% Y Y Y Y Not stated No
Richard et al. (342) Cohort 2000 57 RA Yes 0% 0% N N N N 81% No
Lemann et al. (343) Case Series 2000 11 Crohns No 9% 0% N N N N Not stated Not stated
Teetal. (344) Cross Sectional 2000 20 IBD No 5% 0% Y Y Y Y 60% Yes

PsA: Psoriatic arthritis, RA: Rheumatoid arthritis, IBD: Inflammatory Bowel Disease, RCT: Randomised control trial

Table 6-5 A summary of historical studies published investigating MTX hepatotoxicity evaluated by liver biopsy until 2000
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A handful of further publications, prior to O’Rourke(269, 345), reported the presence of
liver fibrosis, predominantly detected at autopsy, in children treated with higher doses of
MTX for malignancy. These findings were given relatively little attention, largely
because the interpretation of histopathological changes in the context of multiple
cytotoxic agents, varying degrees of leukaemic infiltration and terminal infection, was

near impossible(271).

Over-estimation of the prevalence of liver fibrosis in these early publications is likely to
be multifactorial. Studies were small, rarely including more than 40 participants(281,
291) and took place over relatively short periods of time. Selection bias is evident,
particularly within earlier publications, where patients who demonstrated hepatotoxic
phenomena, such as persistently abnormal liver blood tests or clinical signs of liver
disease, were far more likely to undergo biopsy(299). As clinicians were aware of the
risks associated with liver biopsy, there had to be significant concern to justify this
invasive test. Dahl et al.’s study in 1971, published in the British Medical Journal
provides an example. Of the 37 participants, the authors state 9 were selected for further
investigations due to clinical concern of liver damage, a further 5 patients had abnormal
liver blood tests prior to initiation of MTX. Their final, selected cohort demonstrated a
prevalence of liver fibrosis or cirrhosis in 46% of MTX-treated patients(267), a startling
figure when not interpreted in context. In fact, as they only biopsied 14 of the total 37
patients they have found fibrosis or cirrhosis in 16% of the total cohort, rather than 46%.
This degree of selection bias is widespread throughout the published literature, and
explains some of flawed conclusions, particularly in studies published prior to the

publication of guidelines recommending routine biopsy.

Historically, strict, inflexible dose regimens of MTX were prescribed. Daily dosing(346),
intravenous routes(347), higher doses(348) and variable co-prescription of folic acid(349)
are in contrast to 21% century dosing regimens of weekly doses administered either orally
or subcutaneously(350). There is some evidence to suggest these former dosing regimens

did adversely influence histological findings(20).

Ashton et al.’s case series of 38 patients in 1982 is an example of one of the more detailed

retrospective series published in the period. Participants underwent liver biopsy pre- and
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post- MTX treatment for psoriatic arthritis. The study details 9 of the 38 patients (24%)
who developed fibrosis following 28 months of MTX prescription. However, the authors
concede one (of the nine) patients had a pre-existing diagnosis of alcoholic liver disease,
4 (of the nine) patients admitted to heavy alcohol consumption, a further one to
‘moderate’ intake. In keeping with this, 3 of the 9 biopsies demonstrated “classical
features of alcoholic hepatitis”, and a further patient was found to have alpha 1 antitrypsin
deficiency(299). Other risk factors for liver disease, such as weight or BMI are not
reported. Furthermore, the cohort initially included 56 patients, however only 38 had
repeat liver biopsies. The reason for this variance is not detailed — presumably these
individuals had no evidence of liver dysfunction and were therefore spared a second
biopsy. Accounting for these two confounding diagnoses reduces the proportion of
patients with fibrosis of an unclear cause from 24% to 9%. It is not clear whether other
causes of liver disease were ruled out. The authors, as with many others in the period,
assumed MTX to be causal for all changes within the liver, despite no relationship
between cumulative dose of MTX and the incidence of liver fibrosis(291, 298, 299).

Ashton et al.’s study demonstrates the most significant confounding factor of the period,
specifically, the failure to rule out other causes of liver disease (265, 266). The presence
or absence of viral hepatitis, serological markers for genetic and immune-related
conditions (e.g. AIH, PBC and haemochromatosis) and particularly alcohol intake were
not documented in many of the studies, making retrospective interpretation of the data
challenging. This is particularly relevant for NAFLD, which prior to 1980 was an
unknown phenomena(351). Gastroenterologists previously referred to the condition —
with the same histopathological changes as ‘MTX-related” hepatotoxicity, as cryptogenic.
With hindsight, it is easy to see how MTX may have been blamed for this common,

unknown but significant cause of liver disease.

NAFLD is particularly relevant in a cohort of rheumatological and dermatological
patients. Reduced mobility secondary to joint pathology and frequent co-prescription of
corticosteroids increases the likelihood of an elevated BMI and the presence of metabolic
syndrome within this cohort. Furthermore, patients with psoriatic arthritis are known to
have an increased prevalence of metabolic syndrome, significantly increasing the
likelihood of having co-existing NAFLD (352-354).
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Numerous studies caused alarm by reporting cohorts of patients whose liver biopsy after
only a few months of MTX treatment, demonstrated fibrosis or cirrhosis. Minocha et al.
is an example of such a study, reporting liver biopsies from 25 patients with RA taking
MTX, that identified 2 (8%) with cirrhosis. However, despite both individuals in question
being reported as obese and diabetic, the authors ascribed their cirrhosis to MTX-induced
hepatotoxicity(327). This study was published in 1993, 13 years after the discovery of
NAFLD. Even so, both dermatologists and rheumatologists appeared to be relatively
dogmatic in attributing all abnormal liver biopsy findings to MTX whilst remaining
poorly informed on the emerging concerns of metabolic syndrome, and the associated,

very identical, histological anomalies.

The dissemination of increasingly stringent guidelines throughout the 1980°s necessitated
a liver biopsy prior to initiation of MTX, as well as during treatment. This heralded a
landmark in clinicians’ perspectives, as those with RA(89, 315, 355) and PsA(291, 356)
were found to have significant liver disease on pre-MTX liver biopsies, which could not,
therefore, be ascribed to the drug. Clearly there are numerous reasons as to why patients
may have liver disease; patients deemed appropriate for treatment with MTX were those
with severe debilitating disease — having exhausted trials of multiple other potentially
hepatotoxic medications including gold, non-steroidal anti-inflammatory drugs
(NSAIDs), prednisolone, arsenic and vitamin A(357). However, this did appear to prompt
a shift in opinion, and heralded an era of improved appreciation that alternative causes

for histological findings should be considered(314, 327).

Studies began to emerge detailing alcohol misuse in patients with psoriasis(358-360),
with some authors suggesting alcohol excess may explain, or at the very least contribute
to, the hepatotoxicity seen with therapies such as MTX(361, 362). By contrast, there is

little published regarding alcohol misuse in the rheumatological population.

A small number of historical studies do demonstrate the acquisition or progression of
liver fibrosis whilst on MTX treatment(89, 296). Putting aside the limitations of liver
biopsy, and that not all studies have replicated these findings(363), there may be
alternative explanations for this apparent correlation. MTX was often co-prescribed with
other hepatotoxic medications, such as NSAIDs, prednisolone and other DMARDs(309).
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Reactivation of viral hepatitis, particularly HBV, may also account for new fibrosis in the
context of immunosuppression. Historically screening for HBV and HCV was not
mandatory prior to initiation of MTX, and HBV reactivation has been demonstrated in
cases of acquired fibrosis (305, 364). Finally, although cumulative dose of MTX was not
commonly associated with liver damage, age(294, 298) and duration of disease(365) was.
It is therefore possible other confounding factors may have contributed to the observed

changes.

A causal relationship between MTX and liver fibrosis is impossible to determine from
the current evidence. Histopathological changes noted secondary to apparent MTX-
induced hepatotoxicity are indistinguishable from those seen with alternative liver
aetiologies(293), and similar to other liver disease aetiologies including NASH(366) and
alcohol excess(367). The lack of pathognomonic histopathological changes, including
those features typically seen with drug induced liver injury, casts yet further doubt on this
hypothesised relationship. Quintin et al. analysed liver histology on 41 individuals with
abnormal liver blood tests taking MTX, these revealing histology in keeping with AIH
41%, NAFLD 32%, and PBC 5%(368). Thus demonstrating the pitfalls of attributing all
liver disease in this population to MTX.

Meta-analyses have helped to shed light on this complex, multifactorial topic. MTX is
undoubtedly associated with an increased risk of transaminase elevation, however, as
with almost every other liver condition, the clinical significance of this change is
unclear(41). Visser and van der Heijde reviewed 34 studies containing data on liver
biopsies performed in 2179 patients with RA. Pre-treatment biopsies on 372 patients
demonstrated mild fibrosis in 9.1%, severe fibrosis 0% and cirrhosis in 0.3% of patients.
Of those participants who had serial liver biopsies (689), only 43 patients (6.2%)
demonstrated progression from a normal liver architecture to mild fibrosis following
MTX. Indeed, risk factors for hepatotoxicity were documented in only 4 of the 34 studies,
seriously undermining any meaningful conclusions with respect to causation. However,
multivariate analysis on those 4 studies did suggest that alcohol, duration of RA, age and
albumin were associated with Roenigk score, a histological measure of liver
damage(365).
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Meta-analyses are clearly only as dependable as the evidence upon which they are based.
The absence of a control cohort, selection bias, and failure to attain pre-treatment liver
biopsies for comparison, are examples of the multiple design flaws within the existing,
historic, literature. Failure to demonstrate a cumulative dose relationship (as detailed in
Table 6-5), means evidence demonstrating a causal link between MTX and liver fibrosis
is weak and circumstantial at best(41). Conway et al.’s meta-analysis was confined to
double-blind randomised controlled trial data, overcoming some of the above limitations.
Only studies with greater than 100 participants, studies with a control cohort and those
featuring a minimum of 24 weeks exposure to MTX were included. The authors analysed
32 studies, including 13,177 participants, and demonstrated no increased risk of liver
fibrosis compared to controls. Control cohorts were a combination of placebo and active
comparators (other DMARDSs or biological therapies) to MTX for RA, psoriasis, PSA,
and IBD(369). A key limitation of the meta-analysis, however, is that it relies upon liver
blood tests to evaluate liver fibrosis rather than liver biopsy, which was not performed

routinely.

In summary, despite significant historical concerns it remains unclear and unproven, as
to whether patients receiving MTX are at an increased risk of developing liver fibrosis.
Meaningful stratified analysis of the existing evidence-base is thwarted by pervasive,
flawed study-design that generally exclude established liver risk factors and liver
histology. With hindsight, attributing all liver disease in those taking MTX to the drug
itself appears naive, at best. A cohort of patients, such as those requiring MTX, have
increased risk factors for liver disease, increased risk of metabolic syndrome (in those
with psoriasis) and NAFLD was ignored. In an era where NAFLD was poorly defined, it
seems that MTX was ‘blamed’ for liver disease more likely attributable to NAFLD.

Correlation does not imply causation.
6.3.2 Risk factors for fibrosis progression in those taking Methotrexate

Over the past twenty years the obesity epidemic has become increasingly relevant to
clinical practice. In 2018, 60% of women and 67% of men in England were overweight
or obese(370). Described for the first time in the 1970s, NAFLD is highly prevalent; the
global prevalence now thought to be around 24%(371).
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Psoriasis, whilst best-known for its skin and joint manifestations, is now widely
acknowledged as causing systemic inflammation. Hence patients with psoriasis are more
likely to develop liver fibrosis when compared to many other inflammatory conditions
requiring MTX treatment(365). A population-based study in Rotterdam (n = 1535)
demonstrated the prevalence of liver fibrosis in patients with psoriasis as 8.1%, compared
with 3.6% in those without psoriasis(354). Such systemic inflammation in individuals
with psoriasis is thought to lead to insulin resistance, endothelial cell dysfunction and
consequent metabolic syndrome and cardiovascular disease(372). Thus, patients with
psoriasis have a 40% increased risk of metabolic syndrome as compared with the general
population(372). Risk factors for NAFLD, such as diabetes and being overweight (BMI
> 25kg/m?), are the same risk factors that promote liver fibrosis in psoriatic patients;

suggesting that NAFLD may be the underlying aetiology, rather than the MTX(373).

Unsurprisingly, other recognised causes of liver disease, such as high alcohol
consumption(363, 373), chronic viral hepatitis(69), diabetes(374, 375), elevated BMI(41,
327) and hyperlipidaemia(374) have all been shown to be risk factors for liver fibrosis
development in the MTX cohort, as well as the non-MTX cohort. What remains
unresolved is whether the acquired liver fibrosis is related solely to the risk factor or

whether MTX plays a causal role, a synergistic role or is just an innocent bystander.

No review of the relationship between MTX and liver fibrosis is complete without
exploring the potential role of cumulative dose. Indeed, some smaller studies (89, 376)
do suggest a relationship, but the majority(207, 373, 377), along with several systematic
reviews(375, 378), have failed to demonstrate any relationship between cumulative dose
of MTX and liver fibrosis. This discrepancy within the literature is most likely attributable
to the relative poor quality of the existing publications in this field, where risk factors and
other confounding factors are often under-reported and there is a paucity of biopsy-based
studies. The absence of a correlation between liver fibrosis and cumulative dose in the
majority of studies suggests MTX could be an innocent bystander, rather than a risk factor

for liver fibrosis itself.

6.4 Body Mass Composite
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6.4.1 The Body Composition Analyser

Overweight or obesity is defined as abnormal or excessive fat accumulation that may
impair health; the World Health Organisation (WHO) describes this as one of today’s
most neglected health problems(379). Health Survey for England data suggest that 64%
of adults in England are overweight or obese(380). Precise quantification is important
given the associated health risks (diabetes(381), cardiovascular disease(382) and
NAFLD(383)) and increased mortality associated with excess adipose tissue(384). BMI
(weight in kilograms divided by height in metres, squared) is most commonly used as a
practical assessment of adiposity. It is simple to measure, low cost and has been shown
to correlate with mortality(385). However, BMI fails to differentiate between tissue type
(muscle and adipose) or distribution (visceral and subcutaneous) which can lead to
incorrect classification(386, 387). Ethnicity causes disparity in height, fat distribution,
and risk of metabolic syndrome, which leads to varying reliability of BMI to correlate

with significant morbidity(388).

Alternative anthropometric parameters that correlate with morbidity and mortality
include waist circumference(384), waist to hip ratio(389), waist to height ratio(390), and
composite scores such as A Body Shape Index (ABSI)(391, 392). NICE guidance
recommends considering the use of waist circumference in conjunction with BMI1(393).
However, all anthropometric measures are vulnerable to the same inconsistencies as
BMI(389).

Bioelectrical impedance analysis (BIA) to assess body composition was described by
Thomasset(394) and then Hoffer(395) throughout the 1960°s and became commercially
available to assess human body composition in the 1990’s(396). The technique measures
the impedance of an electrical current through body fluid. Demographic and
anthropometric information including gender, ethnicity, age, level of physical activity,
height, weight and waist circumference are then utilised to calculate free fat mass (FFM),
total body water (TBW), skeletal muscle mass (SMM) and visceral adipose tissue (VAT)
amongst others parameters(397). BIA is non-invasive(398) and safe(399, 400); it
provides more information than anthropometric tests in isolation(401, 402). The
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equipment required is costly at the outset and reproducibility across different companies’

products is inconsistent(403).

6.5 Summary

MTX is an highly effective therapy, widely utilised across a broad range of specialities
since the 1960’s. However, concern regarding potential MTX-related hepatoxicity has
damaged its reputation caused much consternation, even though high-quality evidence
demonstrating a causal relationship is lacking. The absence of a robust, consistent,
validated clinical pathway to assess the risk of liver fibrosis development in patients
receiving MTX, has led to erratic clinical monitoring and the inappropriate continuation

and discontinuation of MTX in many recipients.

Fatty liver disease is increasingly prevalent and relevant given the burgeoning obesity
epidemic. Liver fibrosis cannot be detected by standard liver blood tests alone, but novel,
non-invasive measures, such as transient elastography, provide an exciting opportunity to

detect and monitor liver disease.
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CHAPTER7: AIMS AND HYPOTHESIS

The aims of this study were to:

1)
2)
3)
4)

5)

6)

7)
8)

To assess compliance with MTX monitoring guidelines locally

To ascertain consideration given to alcohol intake when prescribing MTX

To assess response in the face of abnormal LBTs in patients prescribed MTX

To establish the prevalence of liver fibrosis and cirrhosis (by way of FibroScan®)
in a population of patients who take low-dose MTX, compared with those who
have never taken this medication

To establish risk factors for liver disease in this population, including age, alcohol,
BMI and physical activity levels.

To establish patients awareness of serological monitoring when taking MTX

To quantify how much alcohol patients were drinking whilst taking MTX

To establish patient’s opinions regarding MTX

The hypothesis of the study were:

Low-dose MTX does not cause liver fibrosis
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CHAPTER 8: METHODS

8.1 Electronic record-based audit
8.1.1 Audit design

An IT search identified patients prescribed MTX at YTHT over a 4 year period (n=3409).
Retrospective electronic note review was performed on a random sample (n=150)
establishing demographic details, blood tests, interventions following MTX prescription

and consequential actions.
8.1.2 Regulatory considerations and approvals

The audit design, objectives and proposed outcomes were approved by YTHT clinical

effectiveness team following appropriate committee review.

8.2 Assessing liver fibrosis in an outpatient population
8.2.1 Study design

A cross-sectional study was adopted; evaluating a group of participants who had received
MTX, for at least 6 months, and a cohort who had never taken MTX. The study design is
illustrated in Figure 8-1. Rheumatology and dermatology outpatient clinics were
identified in advance, based on equipment availability, appropriate workspace, and
personnel. An Invite Letter (Appendix E) and Participant Information Sheet (Appendix
F) were sent to all patients over 18 years of age, prior to attendance. The study was
advertised in the outpatient department by way of display posters (detailed in Appendix

K) and clinicians were encouraged to offer participation to patients.
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+Patients attending specified rheumatology and

dermatology outpatient clinics in York Hospital recieve an

Invite letter (Appendix E) and Participant Information

Sheet (Appendix F) regarding the study prior to their
appointment.

— >

« Participants who wish to partake are identified at their clinic
appointment and discuss the risks and benefits of the study
with a member of the research team.

« Appropriate consent taken, after eligibility is confirmed.

—

«Participants are allocated a study 1D number, which is used
on study documentation.

—

* Participants complete a MTX questionnaire (Appendix J)
(only if in the MTX cohort) and the IPAQ questionnaire
(Appendix 1) with appropriate support as required.
+ A clinical proforma (Appendix H) is completed by a
member of the research group.
»Measurements including height, weight, a liver FibroScan®
and body mass composite score are performed.

-

» Manual transfer of the written information gathered is
recorded on an EXCEL spreasheet on a trust encrypted,
secure, information technology system.

« Data is sense checked at this time to ensure no obvious errors
or missing data.

——

+Data analysis is performed to establish risk factors of liver
disease - by way of multiple regression analysis - and to
evaluate whether patients taking MTX have a higher
prevalence of liver disease. Findings will then be presented
regionally, nationally and internationaly with results published
in peer reviewed journals.

=/

1 £ €€ € € ¢

ID: Identification, MTX: Methotrexate, IPAQ: International physical activity questionnaire

Figure 8-1 Flowchart of study design
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Recruitment was similar in both arms of the study. Recruiting both cohorts from the same
outpatient setting increased the probability that the cohorts would share similar attributes
such as prevalence of immune-related illnesses, exposure to similar medications
(prednisolone and other DMARDS), and limitations on physical activity. Modelling was
performed to ensure sufficient eligible participants within the targeted population, see
Recruitment. A research team member (with the appropriate space and equipment) was
also in attendance at the identified clinics, allowing study enrolment and participation at
a single consultation. Some participants chose to contact the research team in advance to
make a mutually agreeable time to meet and participate in the study outside of their
scheduled outpatient attendance. A member of the research team consented participants
into the study, gathered the appropriate information from their medical history,

participant questionnaires, and specialist tests.
8.2.2 Rationale for adopting current study design

The central question running through this thesis is whether MTX causes liver fibrosis.
The optimal study design to address this central question, was carefully considered.
Alternative study designs were contemplated; RCTs are gold standard in demonstrating
causal relationships(404). Indeed the efficacy of MTX in treating many inflammatory
conditions is well-established using just such a trial design, however, an RCT to establish
efficacy is conceptually rather different to an RCT to evaluate a potential side-effect. The
breadth of the underlying diseases present within our target cohort makes randomisation
to suitable alternatives problematic. Equally, MTX is established as superior compared
with other treatment options in certain diseases(43); depriving participants of one of the
most effective treatments with either a comparison drug or a placebo would be unethical.
The interventional nature of an RCT makes the study design inappropriate and alternative

approach needed to be considered.

A prospective cohort study has the benefit of assessing liver health specifically, in a
stipulated group before and after they have received MTX. However, the lengthy study
design is significantly more resource-heavy, costly and leads to issues with loss of follow-
up. Optimal methods of assessment of diagnosing liver fibrosis and cirrhosis would likely

change over the decades required for this study design, and this would cause difficulties
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in comparing methods of detection of disease. The combination of these factors would

have made a prospective cohort study impractical in our setting.

A cross-sectional study would aim to examine liver health in a population either receiving
or not receiving MTX, at a specific point in time. Such an approach has several
limitations, for example it ignores liver status prior to exposure to MTX. However, a clear
strength of the study design is the ability to incorporate multiple underlying diagnoses
within the study population, as the same study population incorporates both the MTX-
recipient arm and the non-MTX or control arm. A cross sectional study is relatively quick
to undertake, does not suffer from a loss of follow-up and is economical(405). The key
deficiencies of cross-sectional methodology centre around potential for recall bias and
unreliable timing of events; however, MTX use is well-documented meaning these

weaknesses could be overcome in our cohort.

8.2.3 Study setting

The study was conducted at York Teaching Hospitals Trust (YTHT) and coordinated
from an office within the Hepatology Department, at York Hospital. Adopting a multi-
centre approach was considered, however due to the specialist equipment required (body
mass composite), this was not feasible. A contingency plan of widening participation to
other hospitals should recruitment be insufficient was considered, including Scarborough

Hospital and Harrogate and District NHS Foundation Trust; this was not required.

Participants of the study were met and assessed in the Outpatient Department of York
Hospital. This area facilitated safe and confidential working spaces and allowed access
to the specialist equipment required including the FibroScan® and body mass composite

machine.

8.2.4 Data collection — participant history

A history was taken from the participant acquiring details of past medical history, drug
history, current and historical alcohol history as per the proforma (Appendix H). This

information was corroborated by checking the patient’s electronic record. Rarely, where
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information could not be recalled and was not available electronically, a patient’s

historical medical notes were reviewed.

8.2.5 Data collection — electronic record

Data from the patient’s electronic record; including blood test results, duration and
cumulative dose of MTX prescribed, historical weights and postcode were collected. The
electronic record was also used to corroborate information as stated in the above section,

‘Data collection — participant history”.
8.2.6 Data collection — questionnaires

Participants within the MTX arm of the study were asked to complete an anonymous
questionnaire focusing on their thoughts and opinions regarding MTX (Appendix J).
Participants were given adequate time and assisted with any special needs as appropriate.
The questionnaire included six questions based around a participants’ experience,

concerns and monitoring whilst taking MTX.

All participants were also asked to complete the International Physical Activity
Questionnaire (IPAQ) - short version (Appendix ). The IPAQ is short and easy to execute
for participants. It’s a validated tool available in multiple different languages and is easily
scored. Appropriate time and assistance were provided for participants to complete the

seven questions.
8.2.7 Data collection — special tests

A liver FibroScan® and body composition analysis were performed on all subjects. If a
participant’s FibroScan® was greater than 7kPa they were informed of the result, the
implications and the planned next steps including a further appointment for a repeat scan
and an hepatologist’s review. FibroScan® acquisition required participants to lie down
flat. Body mass composite analysis required participants to stand, bare-footed and
maintain a grip onto handles. In some instances, participants could not adopt or maintain
these positions e.g., due to limb loss or reluctance to remove footwear, these participants

were excluded. No undue pressure was applied on potential participants to take part.
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8.2.8 Eligibility criteria
Inclusion criteria for the study were as follows:

- Participants must be greater than 18 years-old

- MTX cohort: must have been prescribed and currently taking either oral or
subcutaneous preparations of MTX for a minimum of 6 months prior to inclusion

- Control cohort: participants have never been prescribed or taken MTX

- Capable of giving informed consent
Exclusion criteria were as follows:

- Participants less than 18 years
- Pregnant females
- Individuals who had a history of MTX exposure but who were no longer taking

the medication
8.2.9 Sample size

Evidence regarding the prevalence of liver fibrosis in patients receiving MTX is variable,
and reported in between 5-10% of patients who are prescribed MTX (244, 406), in contrast
to 1.3% in a UK population not taking MTX(371, 376).

Dr Mona Kanaan, an Associate Professor, based at the Hull and York Medical School
(HYMS), helped to advise regarding an appropriate sample size given the above
presumed prevalence. Using a case control ratio of 1:1 and significance level of 0.05, the

total number of participants within the study would need to be at least 698.

Preliminary analysis of the first 219 participants was performed to assess accuracy of
sample size, by Professor Martin Bland, a professor of statistics at HYMS. Using
FibroScan® as a quantitative outcome, a case-control ratio of 1:1 and a power of 90%, a
sample size of 600 participants was deemed statistically sufficient. If FibroScan® is
utilised as a dichotomous outcome - fibrosis (>7kPa) or no fibrosis (<7Pa), with a

detectable odds ratio of 1.55 a sample size of 2000 participants would be required. Based
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on this further calculation the study recruitment target was 600 participants — with

FibroScan® used as a quantative outcome, rather than qualitative.
8.2.10 Recruitment

Patients attending specific rheumatology and dermatology clinics received an Invitation
Letter (Appendix E) and Participant Information Sheet (Appendix F) prior to their
outpatient appointment. This allowed participants to read and consider the information in
their own time, prior to their appointments, and discuss partaking in the study, with others,
should they so wish. Contact details of the research team were included within the
literature, enabling individuals to seek further information or an alternative time to meet

the research team in advance of their appointment.

Appropriate clinics were identified following discussion with relevant specialities
including drug monitoring clinics in dermatology and connective tissue disease clinics in
rheumatology. Modelling was performed to ensure the designated clinics would include
a sufficient number of eligible patients each week (Figure 8-2) to ensure recruiting the
total number of participants required was feasible. These clinics were appropriately
manned with a member of the research team, an allocated room and access to the
equipment required.

Healthcare professions running the relevant clinics were encouraged to mention the study
to eligible candidates. When potential participants expressed interest in the study, they
were directed to a member of the research team who could provide them with further

information, and recruit them into the study if eligible, should an individual wish.

Prior to recruitment, the participant would be taken through a series of short questions to
ensure they were eligible to take part in the study (Figure 8-2). The process in which
participants were recruited was similar for both arms of the study. Both cohorts were

identified from rheumatology and dermatology clinics.
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A

208 patients meet eligibility
criteria within the 26 clinics below

26 Appropriate rheumatology clinics with necessary

equipment where research staff were also available to
recruit potential participants

30 Rheumatology clinics scheduled per week at York Hospital

Figure 8-2 Modelling potential recruitment

Calculations were performed based on the total number of clinics (30) within the relevant speciality in a typical week
at York Hospital. Clinics where appropriate equipment or research staff were not available were excluded (4), leaving
26 clinics from which to potentially recruit participants. Patient records were then scrutinised to assess whether they
would be eligible to take part in the study, should they so wish. This resulted in 208 potential participants each week

being eligible for recruitment to the study, should the patients be willing.
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The Principal Investigator (Pl) monitored recruitment throughout the study period, to
ensure it was sufficient and approximately equal numbers of each cohort were enrolled.
Alternative processes were considered should recruitment be poor; a pharmacy-based
search detailing those who have been prescribed MTX, speciality-specific databases of
patients prescribed MTX and widening recruitment to involve other hospitals. However,
none of these additional measures proved necessary, as although initial recruitment was

slow, once the study was established, recruitment proved to be better than forecast.

Websites were not used to recruit participants, and there was no payment or
reimbursement provided to participants. Every effort was made to conduct the sole
meeting required for the study at the same time as an existing hospital appointment, so as

to minimise the inconvenience to the study participant.
8.2.11 Consent

All members of the research team are Good Clinical Practice (GCP) trained and aware of
the principles of informed consent. Receiving study information prior to their clinic
attendance meant individuals had time to consider participation and discuss this with
others, including the research team, prior to attendance. If participants expressed interest
in the study, they were shown into an appropriate quiet area within the department, with
a member of the research team. The participant information leaflet (Appendix E) and
consent form (Appendix G) were both outlined verbally, including the procedure and time
requirement for participation. Confirmation of eligibility was undertaken with a series of

short questions prior to consent being taken, as demonstrated in Figure 8-3.

Informed consent was only taken by appropriately trained personnel, only adults who had
capacity were recruited into the study. Those with additional requirements were
facilitated in any way appropriate; largely this was making accommodation for mobility
issues such as wheelchair access and increased time in those with mobility disorders. All
participants had the opportunity to ask questions at all stages of the process. Participants

were never coerced into enrolling into the study.
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Figure 8-3 Eligibility flowchart
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8.3 Patient and public involvement
8.3.1 The process

A service user team reviewed the patient-facing documents adopted within the study; the
Participant Invite Letter (Appendix E), Participant Information Sheet (Appendix F),
Participant Consent form (Appendix G), and non-validated MTX Questionnaire
(Appendix J).

Feedback from members was written and anonymised. This feedback was largely

positive, such as the example below:

“It’s a polite, comprehensive sheet which covers all aspects which could be asked or
worried about from a patient’s point of view. It reads well and the methodology is

explained well.”
The complete feedback is detailed in Appendix D.
8.3.2 Syntax and grammar

Much of the feedback centred around grammatical amendments and sentence structure.

The alterations predominantly reduced sentence size to make them easier to comprehend.
8.3.3 Negative connotations

Feedback emphasised the importance of removing negative words or phrases; ‘problem’
was replaced with ‘issue’ and other more benign synonyms. The advice suggested the
content left the reader with a negative view of both MTX and taking part in the study. For
example, in explaining the possible benefits of taking part, the Participant Information
Sheet stated the following:

“It is possible that the health checks carried out during the study could show up a problem
that you didn’t know about. If this happens, you will be referred for suitable assessment

and investigations and your General Practitioner (GP) will also be informed”.

Advice following review suggested the following addition to the sentence:
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“This referral may be to your advantage”.

Well-meaning efforts to not coerce individuals to take part in the study or falsely overstate
the benefit of partaking, had resulted in the risks being over-stated. Careful review was

undertaken to remove bias that may have led to this.
8.3.4 Impact upon the participant

Feedback encouraged the research team to consider the study from a patient perspective.
Recruitment of the control cohort was an example of this; the proposed Invite Letter
discussed MTX in some detail with only brief mention about a control cohort being
required. It was observed that this could be confusing and daunting to half our intended

cohort, who were not taking MTX. The invite letter was altered accordingly.

Overall, the acceptability of the research from the service user team, was reported as

good.

8.4 Assessment and management of risk
8.4.1 Informed consent

The consent process was only undertaken by appropriately trained research practitioners,
all of whom are GCP accredited. The provision of written information being disseminated
prior to a participant’s clinic attendance afforded individuals time to consider the study
and discuss it with others, should they wish. By way of reinforcement, a member of the
research team outlined the study verbally with participants, reviewed the Participant
Information Sheet and detailed the practicalities of study involvement prior to
commencing consent. Opportunity for questions was provided and time taken to reiterate
that a decision to decline to take part, would not have any adverse consequences for the

patient.

Individuals who lacked capacity were not included in the study, given its voluntary nature

and being additional to standard care.
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8.4.2 Request to withdraw

A participants’ right to withdraw from the study was highlighted to them during the
consent process, prior to enrolment. Participation in the study involved one meeting, with
no planned follow-up, therefore requests for withdrawal from the study were thought to
be relatively unlikely but planned for, regardless. Where participants chose to withdraw

prematurely, a reason (if volunteered) was documented, and the P1 was notified.
8.4.3 RIisk to participants

This study was observational in nature — acquiring information, rather than intervening,
trialling or altering treatments. The main risk would be unmasking previously
undiagnosed liver fibrosis or cirrhosis following the FibroScan®. Should a FibroScan®
score be abnormal (> 7kPa) the participant was informed that their result was outside of
the ‘low risk’ category, by appropriately trained personnel (Figure 8-4). Participants were
informed of the ongoing plan - referral to the hepatology team, and were reminded of the
research teams’ contact details, prior to departure, should they have concerns. All datasets

were reviewed by the Pl and GPs were informed as a courtesy.
8.4.4 Risk to researchers

The research study was compiled with the guidance and support of individuals who are
highly experienced in both hepatology and research methodology. Contact with abusive
individuals was deemed unlikely to occur, given the voluntary nature, but if this were to
happen, YTHT Trust Policy would have been followed at all times. The working
environment was familiar to the research personnel, helping to reduce risk and ensure

team cohesiveness.

The supervision of the Research and Development team at YTHT was a necessary
safeguarding mechanism to ensure ongoing adherence to regulations throughout the

timespan of the project.
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FibroScan® performed

/N

FibroScan® <7 kPa FibroScan® > 7 kPa
No additional action Inform participant FibroScan®
result suggests above ‘low risk’

category for liver fibrosis

—

Participant already aware of Participant not already
potential liver problem and aware of a potential liver
known to liver team problem

l |

Ensure existing liver Explain next steps to participant

outpatient review, if not in including offering a hepatology

place, email P1 to arrange appointment where the FibroScan®

will be repeated following fasting

Figure 8-4 Action required dependent upon FibroScan® result
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8.4.5 Risk to reliability of results

Appropriate powering of the study helps to ensure study results are sufficient to draw
meaningful conclusions, without unnecessarily involving too many participants.
Statisticians were involved during the powering of this research study and interim
analysis was planned to ensure this could be revised if necessary, as detailed in Section
8.2.9.

Given the study was sponsored by YTHT, the research and development team performed
serial exercises, as per Trust guidelines. The team were vigilant for deviations from the
protocol or fraud. All research members, being GCP trained, are aware of the absolute

requirement of adherence to the protocol, at all times.

Information acquired throughout the study was verified using an alternative source.
Hence, participant history was confirmed with electronic patient records, and when this
was not possible, historical notes were used. This improved the accuracy of data collected.

All datasets were then reviewed by the PI, where incongruous results were checked again.
8.4.6 Risk to organisation

Funding of the research teams’ time was comprehensively assessed prior to management
approval within YTHT. The equipment used (FibroScan® and body composite analyser)

were already owned by the Trust and thus incurred no additional monetary cost.
Indemnity arrangements have been considered in section Indemnity below.

In assessing 600 individuals’ liver health, the study anticipated finding new cases of liver
fibrosis or cirrhosis, prompting referral into local hepatology services. Capacity was
considered; in the unlikely event of the service being overwhelmed a reserve plan was

put in place to increase capacity in the short-term until resolution.

Although unlikely, a research member may be made aware of a potential risk to a
participant, or another individual e.g., a safeguarding concern. Team members would act
in accordance with YTHT guidance at all times, and therefore inform the safe-guarding

team, as per mandatory training within the Trust.
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8.5 Ethical and regulatory considerations
8.5.1 Sponsorship

Sponsorship was awarded from YTHT following application, and committee scrutiny, as
detailed in Appendix A. Prior to approval, the research group were required to

demonstrate the following steps had been undertaken:

- Aclear protocol with scientific peer review and statistical review as necessary

- Appropriate funding be sourced as necessary

- Drafts of all patient-facing documentation including advertisements, invite letter,
patient information sheet and consent form

- Drafts of all communication with patients, GPs, or recruitment advertisements

- Astudy risk assessment

- Curriculum Vitaes for all investigators within the team (407)

Necessary applications were made for full sponsorship review at YTHT in early
November 2018 and granted in April 2019.

8.5.2 Research Ethics Committee

The study team applied for the relevant ethical approval via the national Integrated
Research Application System (IRAS) to achieve Health Regulation Approval (HRA),
prior to commencing recruitment. This was awarded on the 17" June and 18™ June 2019

respectively, as detailed in Appendices B and C.

All correspondence with the Research Ethics Committee (REC) has been retained. The
P1 will notify the REC at the end of the study, or sooner if the study is ended prematurely,
including reasons for termination. Currently the study is still ongoing. An annual progress
report is submitted to the REC within 30 days of the anniversary date on which the
favourable opinion was given, and annually until the study is declared ended. Within one
year from the end of the study, the P1 will submit a final report with the results, including

any publications and abstracts, to the REC.
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Minor amendments to the study were made throughout the recruitment process, to alter
the wording of the Patient Information Sheet and later to amend the total recruitment
target; approvals were issued in both cases. The YTHT research and development
department worked in conjunction with the team to coordinate amendments and to
confirm their ongoing support for the study. No substantial amendments were undertaken.
Protocol and associated document amendments were tracked using different versions of

the documents.
8.5.3 Data management plan

Microsoft Excel was used to construct and hold all study results. This database was
password-protected on an National Health Service (NHS) Trust encrypted IT system.
Only members of the research team had access to the database. Saved data is backed up

every 24 hours, as part of the York NHS Trust standard IT operating procedures.

Data transfer, from paper datasets onto the electronic database, was undertaken on NHS
property; all paper datasets are stored in a locked cupboard within the R&D department.
Data held on the database are anonymised, using an allocated participant study
identification (ID) number. Statistical analysis has been performed intermittently
throughout data collection (interim analyses) and will be repeated once data collection is
complete. All data are archived as per the YTHT Trust policy and supervised by the York
NHS Trust R&D team.

8.5.4 Data protection and patient confidentiality

All participants were issued with a study ID number at recruitment, to ensure data were
anonymised. The study number was used on all documents, rather than identifiable
information, meaning if and when data are shared with co-investigators or sponsors, it
will already be anonymised. Any identifiable data were stored in a site file held in a locked
room on NHS premises. Non identifiable data were held on YTHT trust, password-
protected computers. Full medical confidentiality is upheld; the P1 acted as data custodian
for the study. All research members complied with the Data Protection Act 2018 with
regards to data collection, storage, processing and disclosure of personal information. The

Act’s core principles were upheld at all times.
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Data are to be stored for the minimum time necessary so that adequate work may be
performed enabling meaningful conclusions to be reached. This will be for the two-year
timespan of the Medical Doctorate (M.D.) and should continue until at least one year

following completion of recruitment, allowing for analysis and publishing.
8.5.5 Indemnity

Insurance and indemnity are in keeping with YTHT protocol, and the NHS indemnity
scheme. Investigators and collaborators will ensure their activity is covered on their own
professional indemnity; however, they will also be covered by YTHT overarching

insurance and indemnity.

Equipment used throughout including computers, networks and specialist machines
(FibroScan® and body composition analyser) will be appropriately maintained and
calibrated. This equipment is covered as the property of York Teaching Hospitals NHS

Foundation Trust.
8.5.6 Protocol compliance

Rigorous training of all team members was undertaken prior to joining the delegation log
in an effort to reduce protocol deviations or breaches. If protocol deviations did occur
they were documented and reported to the sponsor, Pl immediately. This prompted

reiteration of training if required and review to ensure repeated deviations were not likely.

8.6 Statistical analysis
8.6.1 Summary statistics

SPSS 17.0 was used for statistical analyses. Descriptive statistics for both the MTX and
control cohorts were calculated, including gender, age, BMI, waist circumference,
proportion of cohort overweight (BMI > 25kg.m?), self-reported alcohol intake, weekly
physical activity levels, prescribing speciality and presence or absence of diabetes
mellitus, hypercholesterolaemia, hypertension and psoriasis. Mean was calculated for
continuous variables with independent two tailed t-test for statistical significance.

Categorical or nominal data were represented using frequencies and percentages. Chi-
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squared was used for statistical significance, or Fisher’s Exact test when assumptions
were not met (in the case of gender, ethnicity and prescribing speciality). A p-value of <

0.05 was deemed as significant.

Odds ratios were used to calculate likelihood of liver fibrosis within the cohorts.
Pearson’s correlation coefficient was used to assess correlation between continuous
variables. Where data was not normally distributed, appropriate adjustments were made

such as the reciprocal used.
8.6.2 Multiple regression analysis

Multiple regression analysis was used to adjust for confounding variables, to assess the
relationship between cumulative dose of MTX and liver fibrosis. Independent variables
included gender, age, BMI, waist circumference, fat mass (%), self-reported Alcohol Use
Disorder Identification Test (AUDIT- C) score, average alcohol intake, ALT, cumulative
MTX dose and physical activity levels.
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CHAPTER 9: PRESCRIBING METHOTREXATE — REAL
WORLD EXPERIENCE

9.1 Introduction

Low-dose MTX’s versatility as an immune modulator explains why it is widely used as
an effective treatment for a variety of conditions across several specialities, including
rheumatology, dermatology, and gastroenterology, amongst others. Monitoring
guidelines differ across these diverse specialities, as discussed in Chapter 8. Many of
these guidelines incorrectly infer, overtly or inadvertently, that a normal LBT excludes
significant liver disease, that changes in LBT’s correlate with liver damage and that

medications for which liver monitoring are not required, are not hepatotoxic.

In practice, adherence to guidelines is suboptimal(408-411). Escalas et al. demonstrated
a 52% adherence to DMARD monitoring guidelines in a French cohort of 782 patients
with RA. A lack of robust evidence behind guidelines has been postulated as a cause for
deviation, implying clinician scepticism(412). However, regardless of high levels of
agreement with guidelines, clinician adherence has still been demonstrated to lag behind
self-reported rates of compliance(413). This phenomenon is multifactorial. Logistics and
impracticalities of ‘real-life’ patient care play a role, for instance, patient non-attendance.
Personal preference from both prescribers and patients, with hesitation regarding
perceived side-effects and adverse reactions, is also likely to impact practice(98, 99).
Economic considerations are less relevant within the UK, but provider hesitation

regarding intensification of therapy are pertinent(414) (415).

A scoping audit was undertaken to evaluate local practice regarding MTX prescriptions.
A retrospective electronic note review of 150 patients was performed consisting of a
random selection of those prescribed MTX at YTHT identified in an IT search, as per
Figure 9-1. Demographic details, medication history, blood tests, interventions and
actions following MTX prescription were detailed. Relevant guidelines were cross

referenced dependent upon prescribing speciality and prescription date (58, 59, 84, 98).
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IT search of patients
prescribed MTX in YTHT

n = 3409

Random selection
n =150

Records incomplete
n =50

IT: Information technology, MTX: Methotrexate, YTHT: York Teaching Hospitals Trust

Figure 9-1 Patient selection for methotrexate prescribing audit
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Aims included:

- To assess compliance with MTX monitoring guidelines
- Toreview risk factors for NAFLD in a cohort of individuals prescribed MTX
- To ascertain consideration given to alcohol intake when prescribing MTX

- To assess response in the face of abnormal LBTSs in patients prescribed MTX

9.2  Results
9.2.1 Risk factors for liver disease are commonplace

Rheumatologists instigated the majority of prescriptions (88%) with RA (44%) the most
prevalent indication, followed by PsA (27%), as demonstrated in Figure 9-2. The average
age of patients being commenced on MTX was 51 years (range 4 - 81), 69% of whom
were female, as per Table 9-1. Risk factors for NAFLD were present in the cohort as
follows: hypertension (31%), co-prescription of statin (20%) and diabetes (8%), as
illustrated in Table 9-2. Mean BMI was 28.6 kg/m? (range 17.8 — 44.1), and 64% of
participants were overweight (BMI > 25kg.m?) prior to initiation of MTX.

A lack of documentation of alcohol intake in the cohort made interpretation of drinking
habits problematic, as per Table 9-3. Where appropriate documentation was recorded,
mean intake was 7.4 and 11.3 units/week (p=0.197) in the rheumatology and dermatology
population respectively (Table 9-1).
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e connective Tissue Henoch-Schonlein 1 (1%) Scleroderma 1 (1%)
(J
Sjogrens 1 (0%) Disease 1 (1%) k
I— Vasculitis 1 (1%)

Inflammatory bowel disease 2 (1%) E—
Psoriasis 3 (2%)

Juvenile Ideopathic
Rheumatoid arthritis

arthritis 4 (2%)
66 (44%)

Eczema 5 (3%)

Inflammatory
arthropathy 24 (16%)

Psoriatic arthritis 40
(27%)

Figure 9-2 Proportion of indications for MTX prescription (%)
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Rheumatologists n (%)

Dermatologists n (%)

Paediatrics n (%0)

Gastroenterology n (%)

Total cohort n (%)

Total cohort (n, %) 132 (88.0%) 13 (8.7%) 3 (2.0%) 2 (1.3%) 150 (100%)
Mean age (years) 54.4 41.6 11.7 57 51
Mean BMI (kg/m?) 28.7 27.7 n/a Not stated 28.6
Female (n, %) 95 (72.0%) 5 (38.5%) 2 (66.7%) 1 (50%) 103 (68.7%)
Alcohol (units/week) 7.4 11.3 0 Not stated 7.8
Table 9-1 Summary statistics of the included population
Rheumatology Dermatology Paediatrics Gastroenterology Total cohort
Diabetes 11 (8.3%) 1(7.7%) 0 (0%) 0 (0%) 12/150 (8.0%)
Hypertension 43 (32.3%) 3(23.1%) 0 (0%) 1 (50%) 47/150 (31.3%)
Co-prescription of a statin 28 (21.2%) 2 (15.4%) 0 (0%) 0 (0%) 30/150 (20.0%)
Overweight (BMI > 25 kg/m?) 36/56 (64.3%) 2/4 (50.0%) n/a Not stated 38/59 (64.4%)
Co-prescription of prednisolone 41/132 (31.1%) 0/13 (0%) 2/3 (66.7%) 1/2 (50%) 44/150 (29.3%)

Table 9-2 Risk factors for NAFLD within the cohort
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Rheumatology Dermatology Paediatrics Gastroenterology Total cohort
Alcohol intake not documented 41/104 (39.4%) 7/12 (58.3%) n/a 1/2 (50%) 49/118 (41.5%)
Units/week not documented 64/104 (66.3%) 7/12 (58.3%) n/a 2/2 (100%) 73/118 (61.9%)

Table 9-3 Documentation of alcohol history prior to prescription of MTX
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9.2.2 Adherence to rheumatological guidelines

Of those patients prescribed MTX by rheumatology; 23% did not have a baseline CXR
and 17% did not have baseline blood tests prior to MTX initiation. 69% failed to have
ongoing blood tests as per monitoring guidelines, as demonstrated by Figure 9-3. A
significantly smaller proportion of patients (n = 12) were prescribed MTX by
dermatology team members. Within the cohort 33% did not have a baseline CXR, 46%
did not have adequate baseline bloods and 80% did not have PIIINP testing, as
represented in Figure 9-4.
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90%
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Adherance to rheumatology guidelines for MTX monitoring

Baseline CXR Baseline bloods 2 weekly bloods Monthly Reduced
frequency if
appropriate

Performed W Not performed B No records available

MTX: Methotrexate, CXR: Chest Xray

Figure 9-3 Adherence to rheumatological guidelines for MTX monitoring
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Adherence to dermatology guidelines for MTX monitoring

Baseline CXR Baseline bloods Weekly bloods  2-3 monthly bloods PIIINP as
appropriate

Performed M Not peformed

MTX: Methotrexate, CXR: Chest Xray, PIIINP: Procollagen type I11 N-terminal peptide

Figure 9-4 Adherence to dermatology guidelines for MTX monitoring
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9.2.3 Abnormal LBTs — worth worrying about?

In our cohort 41% of patients had abnormal LBTs prior to MTX initiation and 61% had
abnormal LBTSs during treatment. Action taken in response to abnormal LBTs differed,
as demonstrated in Figure 9-5. Of those with abnormal LBTSs; a non-invasive liver screen
was sent in 1%, imaging of the liver was obtained in 21% and an hepatology referral
requested in 4%, as per Figure 9-6. Figure 9-7 demonstrates causes for MTX cessation;
hepatological concern was responsible for 13%. Of the entire cohort 27% went onto start
biological therapy (n=40), 45% of whom had had to stop MTX.
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Abnormal LBTs throughout treatment

n=91
\_/
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77N
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LBTs: Liver blood tests, MTX: Methotrexate

Figure 9-5 Action when LBTs abnormal during MTX treatment
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LBTSs: Liver blood tests

Figure 9-6 Actions following abnormal LBTs whilst prescribed MTX
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*Intolerance equated to hair loss, low mood and patient concern causing Peyronies disease

GI: Gastrointestinal

Gl
intolerance
n=21
Pulmonary
concern

n=2

Ineffective
n=8

No longer Causes Hepatological
required for MTX concern

n=2 cessation n=7

Lost to
follow-up

n=2

Intolerance*
n=7

Infection
n=4

*Intolerance equated to hair loss, low mood and patient concern causing Peyronies disease

GI: Gastrointestinal

Figure 9-7 Causes for MTX cessation
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9.3 Discussion

This audit aimed to compare national recommendations with a real-life cohort to assess
adherence and risk factors for liver disease within the local population. The demographic
for our cohort, with a female predominance, is not unlike the published literature(410,

416). A lower mean age is a reflection of the incorporation of the paediatric population.

Risk factors for NAFLD, such as metabolic syndrome and a high BMI, were
commonplace in patients being commenced on MTX. Rheumatology, the most frequent
prescribers, have a patient cohort likely to have mobility issues (hindered physical
activity) and exposure to corticosteroids (associated weight gain). PsA, the second most
common indication for commencing MTX, is associated with a higher prevalence of
metabolic syndrome(417) (418). The prevalence of NAFLD within the UK has been
postulated to be around 24%(371); it is likely this cohort will be at higher risk of NAFLD,

given these factors.

Published audits have demonstrated that adherence to national MTX monitoring
guidelines is initially variable (419-421), our study has demonstrated that ongoing
monitoring was also poor. Compliance with necessary blood monitoring fell from 83%
to 31%, as treatment duration increased. Studies have demonstrated that the incidence of
side-effects with DMARDs are relatively low, with speciality interventions and
admissions due to complications, rare(422). These results may reflect a reduction in
vigilance from both clinician and patient, behaviour potentially based on previous
reassuring experience(92, 95). Our results are in keeping with the published
literature(410, 423). Lack of confidence regarding safe DMARD prescribing in general
practitioners has also been demonstrated and may play a role in reduced adherence to

serial monitoring, once responsibility falls to the community-based team(424, 425).

Alcohol intake was poorly documented, suggesting thorough alcohol history was not

recorded and appropriate advice regarding alcohol intake, therefore not given to patients.

MTX cessation due to concerns about liver damage was surprisingly common, this rarely
involved hepatology input or further investigation. This project provides evidence that

clinicians are stopping MTX and switching to biological therapies because of concerns
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around hepatotoxicity, which has significant cost implications, as demonstrated

elsewhere in the literature(426).

Audit, as aresearch tool, relies upon effective documentation of events from which results
and conclusions may be drawn, retrospectively(427). The quality of the documentation is
a potential weakness which should be taken into account when evaluating these results.
An example of this is patient’s weight, often not recorded on clinic letters, but is
documented at every clinic attendance. A further example is units of alcohol ingested.
The authors have made the assumption that if alcohol units were not documented in the
clinical notes then it was not discussed. It is possible that alcohol units may have been

discussed and simply not recorded.

It was not possible to retrieve the 150 written medical notes for this scoping audit. As a
consequence, there was a reliance on the electronic records for information gathered.
Although note-keeping within the hospital is almost entirely electronic now, this was not
the case for historical records and some historical blood tests were not available to review

electronically and could not be captured in the data collection.

Finally, audit is a blunt instrument, which may be insufficient to capture what are often
complex, multifactorial decision-making processes. Recording data on why patients may
have commenced biological therapies following MTX is an example of this. It may be
that there were minor adverse effects brought on by MTX which weren’t documented or
perhaps a sub-optimal therapeutic response, however the documented trigger which
prompted stopping MTX was an elevated ALT. Decisions within clinical medicine are
often complicated, may have multiple influences and rely upon both clinician and patient
agreement. They are rarely one dimensional or binary, as can be captured and recorded

in an audit.

In summary, this single-centre audit demonstrated that MTX-monitoring guidelines were
not adhered to in over 2/3rds of recipients, suggesting a degree of apathy or perhaps
disregard towards the requirement of repeated, long-term blood monitoring in this cohort.
Although this is not out of keeping with the published data, it suggests the problem is
more significant than previously documented. Furthermore, risk factors for NAFLD were

72



commonplace in the population, and alcohol intake was poorly documented,

demonstrating ample risk factors for liver disease related to other causes.
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CHAPTER 10: RISK FACTORS FOR LIVER FIBROSIS IN AN
OUTPATIENT POPULATION

10.1 Introduction

Low-dose MTX, a highly effective treatment for many immune-related diseases, has been
over-shadowed by concerns regarding hepatotoxicity for many decades. Evidence
demonstrating MTX-related hepatotoxicity is weak, circumstantial and does not
demonstrate causality, as discussed in Section 6.3.1. Despite significant historical
concerns it remains unclear, and unproven, as to whether patients taking MTX are at an
increased risk of developing liver fibrosis. Meaningful stratified analysis of the existing
evidence-base is thwarted by a lack of documented risk factors. With hindsight, it appears
rather coincidental that both NAFLD and MTX-related liver injury share very similar
histological findings and both are significantly more common in individuals with
psoriatic arthritis. In an era when NAFLD was an unknown disease, it seems likely that

liver disease secondary to NAFLD was incorrectly attributed to MTX?

The advent of novel non-invasive measures to assess liver fibrosis allows large scale
assessment of liver disease using techniques that are risk-free in comparison to liver
biopsy. Transient elastography is a reliable measure of liver fibrosis and has been widely
adopted within the UK.

We undertook a large cross-sectional study to assess the prevalence of liver fibrosis in an

outpatient population of patients who may be prescribed low-dose MTX.
Aims were as follows:

- To establish the prevalence of liver fibrosis, including cirrhosis, using
FibroScan® in a population of patients who take low-dose MTX, compared with
those with similar diseases but who have never taken this medication

- Toestablishrisk factors for liver disease in this population, including age, alcohol,

BMI and physical activity levels.
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10.2 Results
10.2.1 Summary statistics

Descriptive statistics to compare the MTX and control cohorts are demonstrated in Table
10-1. The two groups were similar in characteristics. The cohort was predominantly
Caucasian, as per Table 10-2. Age and BMI distribution were similar in both populations,
as demonstrated in Figure 10-1. The only statistically significant differences between the
MTX and control cohorts were mean age (62.2 and 59.6 years), co-prescription of
biological therapy (26% and 4%) and average physical activity undertaken per week
(4034 and 5202 Multiple Energy Expenditure (MET)/week) respectively. The underlying
medical condition being treated spanned a wide range, most common of which was RA
(52%), psoriatic arthropathy (22%) and undifferentiated inflammatory arthropathy
(20%), as demonstrated in Figure 10-2 and Figure 10-3. Risk factors for metabolic
syndrome were commonplace in both cohorts; 71% had a BMI greater than 25kg/m?, 25%
had hypertension, 21% were prescribed a statin, and 12% were taking prednisolone. They

were not statistically different between the two cohorts.

The cumulative dose of those individuals who had taken MTX (n = 300) ranged from
200mg to 120.5g. The mean cumulative dose was 6949.25mg and the median dose was
20mg per week, as detailed in Table 10-3. The distribution of doses is demonstrated in
Figure 10-4.

10.2.2 Prevalence of liver fibrosis

Of the total cohort, 17.5% had a FibroScan® result above 7kPa. This equates to a

prevalence of liver fibrosis of 17,500 per 100,000 in our population.
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MTX Control P value
Female 204 (68%) 211 (70%) 0.32
Mean age (years) 62.2 59.6 0.02
Mean BMI (kg/m?) 28.3 28.4 0.77
Caucasian 295 (98%) 296 (99%) 1.00
Co-existing HTN 83 (28%) 69 (23%) 0.19
Co-existing DM 24 (8%) 20 (7%) 0.53
Co-prescription of a statin 63 (21%) 60 (20%) 0.76
Co-prescription of prednisolone 33 (11%) 39 (13%) 0.45
Co-prescription of biological therapy 77 (26%) 12 (4%) <0.01
Waist circumference (m) 0.92 0.91 0.37
Overweight (BMI > 25 kg.m?) 213 (71%) 212 (71%) 0.93
Prevalence of psoriasis 68 (23%) 33 (11%) <0.01
Prescribed by rheumatology 292 (97%) 283 (94%) 0.11
Self-reported mean AUDIT-C score 3.9 3.6 0.28
Mean physical activity (MET/week) 4034 5202 0.03

BMI: Body mass index, HTN: Hypertension, DM: Diabetes mellitus, AUDIT-C: Alcohol Use Disorder Identification Test, MET:
Multiple energy expenditure

Table 10-1 Summary statistics of the MTX and control cohorts, statistical significance measured by the
independent 2-tailed t test, Chi squared or Fisher’s Exact test as appropriate.

Ethnicity MTX Control
Caucasian 295 (98.3%) 296 (98.7%)
Asian 2 (0.7%) 2 (0.7%)
Black African 3 (1%) 2 (0.7%)

Table 10-2 A table to show the ethnicity of the population
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Figure 10-1 Histograms to show the distribution of age and BMI within the MTX and control cohort
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Figure 10-2 A Graph showing the range of underlying diagnoses for which the patients were attending the
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Figure 10-3 A graph showing the range of underlying diagnoses for which patients were receiving low dose
MTX
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Methotrexate dose range (mg/week)

Median methotrexate dose (mg/week) 20

Oral preparations 63%
Methotrexate cumulative dose (mg) 200 — 120,500
Mean cumulative dose (mg) 6949

Table 10-3 The range of doses of MTX in those prescribed it

A graph showing the number of participants taking
specific doses of Methotrexate (mg/week)

Frequency

5.0 7.5 10.0 12.5 15.0
Methotrexate dose (mg/week)

Figure 10-4 Histogram to show the distribution of doses of methotrexate

80

22.5 25.0 30.0




10.2.3 Methotrexate as a cause of liver fibrosis

The range of FibroScan® results in both the MTX cohorts, and the control cohorts are
demonstrated in Table 10-4 and Table 10-5 respectively. The prevalence of liver fibrosis
in our population did not differ significantly, regardless of whether participants had taken
MTX or not (X2(df=1)=0.31, p=0.578). Similarly, the odds ratio of having an abnormal
FibroScan® following MTX, compared with the control cohort, was 1.127 (95% CI 0.75
— 1.72). Given the confidence interval crosses 0, this is not a meaningful relationship.
Considering FibroScan® score as a quantative, rather than as a dichotomous outcome
(fibrosis versus no fibrosis) there was still no statistical difference between the MTX
group (5.9kPa, 95% CI 5.3 - 6.5) and controls (6.5kPa, 95% CI 5.6 - 7.2) (p = 0.28).

10.2.4 Risk factors for liver fibrosis

Correlation between known risk factors for liver disease and FibroScan® result was
calculated, as per Table 10-6. A positive correlation was demonstrated with
measurements related to weight; BMI (0.48, p<0.01), waist circumference (0.41,
p<0.001) and fat mass (0.42, p<0.01). There was no significant correlation between
cumulative dose of MTX and FibroScan® score (-0.042, p=0.31).

Multiple regression analysis was undertaken to predict whether MTX affects liver
fibrosis, whilst adjusting for known risk factors of liver disease. Quantitative FibroScan®
score was the outcome variable (logged to improve the model fit), with explanatory
variables including age, ALT, AUDIT-C score, average alcohol intake, BMI, co-
prescription of statin, diabetes, gender, hypertension, MTX use and physical activity.
Results are demonstrated in Table 10-7. MTX use was not a significant predictor of liver
fibrosis (p=0.798). Positive predictors for liver fibrosis were ALT (p=0.001), BMI
(p=<0.001) and diabetes (p=0.029).
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Table 10-4 Histogram demonstrating FibroScan result distribution in the MTX cohort

Histogram to demonstrate the distribution of FibroScan results in
the control cohort
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Table 10-5 Histogram demonstrating FibroScan result distribution in the control cohort
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Correlation with FibroScan Correlation coefficient P value
Age -0.020 0.632
AUDIT-C 0.03 0.941
Average alcohol intake -0.008 0.846
Bilirubin 0.036 0.399
BMI 0.482 <0.001
Cumulative MTX dose -0.042 0.311
Fat Mass (kg) 0.423 <0.001
Physical activity levels (MET/week) -0.049 0.239
Waist circumference 0.406 <0.001

AUDIT-C: Alcohol Use Disorder Identification Test, BMI: Body mass index, MTX: Methotrexate, MET: Multiple energy expenditure

Table 10-6 Correlation of risk factors for liver disease measured against FibroScan® result. Pearson's
correlation

Co-efficient (B) Standard error P value
Constant 0.496 0.149 0.001
Age 0.002 0.002 0.179
ALT 0.005 0.002 0.001
AUDIT-C score -0.008 0.006 0.207
Average alcohol intake -3.771E-5 0.000 0.054
BMI 0.033 0.003 <0.001
Co-prescription of statin 0.044 0.048 0.366
Diabetes 0.156 0.071 0.029
Gender 0.042 0.040 0.301
Hypertension -0.014 0.046 0.766
Methotrexate use -0.009 0.36 0.798
Physical activity (MET/week) -3.493E-6 0.000 0.205

ALT: Alanine aminotransferase, AUDIT-C: Alcohol Use Disorder Identification Test, BMI: Body mass index, MET: Multiple energy
expenditure

Table 10-7 Multiple regression analysis demonstrated predictors for liver fibrosis, of which MTX was not.
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10.3 Discussion

Despite its use as a highly efficacious immunomodulator for many decades, concerns
regarding MTX-related hepatotoxicity has hindered it’s use since the 1960s. However, on
closer scrutiny, it’s tarnished reputation is predicated almost entirely on data that ignored
other hepatotoxins such as alcohol or obesity, and did not include liver biopsy. Whilst the
rather basic error of ignoring co-morbidity is perplexing to modern observers, the option
of employing relatively novel, non-invasive methods of assessing liver fibrosis (such as
TE) allow new insight into this much debated topic, where the risks of liver biopsy can

no longer be justified(376).

This large cross-sectional study of 600 participants has demonstrated no increased
prevalence of liver fibrosis (by way of FibroScan®) in patients taking MTX, compared
with those who have not. Multiple regression analysis, performed to adjust for recognised
risk factors for liver disease, demonstrated neither MTX prescription nor cumulative dose
of MTX were significant predictors of liver fibrosis. However, risk factors for NAFLD

were significant predictors of liver pathology in this cohort.

These results, although in stark contrast to the historical claims regarding the
hepatotoxicity of MTX(279, 282, 288), are not out of keeping with more recent
publications(377),(428, 429),(430). Berends et al. is one such example. They performed
a retrospective review of 278 liver biopsies, from 125 patients. They found no association
between cumulative dose of MTX, weekly dose, age or duration of treatment with MTX
on liver injury. Similar to our cohort, risk factors for NAFLD, such as obesity and

diabetes, were significant risk factors for liver injury(377).

They are a minority of studies, published recently, which have demonstrated a
relationship between cumulative dose of MTX and liver fibrosis(431, 432) . These data
are based on much smaller cohorts, and of note both studies fail to include a control
cohort. Previous data have demonstrated that patients with psoriasis(433) and
rheumatological conditions such as RA(428, 434) have an increased risk of liver fibrosis,
even if MTX-naive, compared with matched healthy controls. As previously discussed,

this is likely to be attributable to co-prescription of other medication (such as
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corticosteroids), reduced ability to undertake physical activity with potential weight gain
and increased risk of co-existent autoimmune pathology. Therefore, a higher FibroScan®
score may well be seen in a cohort who have taken MTX for a longer period of time - but
this may be attributable to other factors; presumably those individuals are older, and have
had an underlying immune-mediated disease for longer too? Without a control cohort it
is not clear what has caused the increased liver fibrosis and confounding factors risk

thwarting any meaningful interpretation of the data.

Risk factors for metabolic syndrome; an elevated BMI, hypertension,
hypercholesterolaemia, use of corticosteroids and diabetes were commonplace within our
population. This finding is mirrored in other studies (433, 435). These factors, in
conjunction with mobility issues potentially reducing physical activity levels, conspire to
increase the risk and prevalence of NAFLD in a population of patients with
rheumatological conditions(434). The increased risk of those with psoriasis to develop
metabolic syndrome has also been well documented. Numerus published data have
demonstrated histological features of NASH in liver biopsies of this patient cohort,
regardless of whether they are taking MTX or not (366) (436, 437). This is in keeping
with the author’s theory that perhaps a significant proportion of historic, so-called, MTX-

related hepatotoxicity was mis-labelled NAFLD.

The prevalence of liver fibrosis (taken as a FibroScan® > 7kPa) within our study
population was 17.5%. This is similar to other studies where prevalence of liver fibrosis
is reported between 3-23% in those with RA and between 14-17% in those with psoriasis
or PsA(438, 439). This high figure demonstrates the importance of diagnosing and
actively treating the commonest risk factors for liver disease in the cohort, which in the

UK remain metabolic syndrome and alcohol.

This study was a single-institution, cross-sectional, cohort study. In order to draw
meaningful conclusions from cross-sectional studies we must assume that the sample
population is representative and can be generalised to the population of interest.
Numerous measures were taken to reduce selection bias within our cohort, including the
provision of mobility aids and additional time as required, adaptations to study material

(e.g. large-format text for those with visual impairment), and the provision of research
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clinics every weekday from 0700 to 1900 as required for those who were in full-time
employment. These efforts were made to ensure that the study was as inclusive as possible

and didn’t inadvertently exclude any part of the population.

Cross-sectional studies are vulnerable to recall bias and factors changing over time(440).
Information acquired from participants was cross-checked with secondary sources where
possible, usually their electronic patient records (e.g. medication history and past medical
history) was sufficient, but also historical case notes, as required. Variables most
vulnerable to bias include historical alcohol intake and the duration or frequency of breaks
off MTX, due to social desirability bias and the recall period respectively. These were
also the most challenging variables to cross-reference, as were not always documented in

electronic or paper records.

In our study, self-reported alcohol consumption, recorded using the AUDIT-C
questionnaire, was not a positive predictor of liver fibrosis. This is not what you may
expect from alcohol, given it’s well known relationship with liver fibrosis(441) despite
the known inconsistency in whom and to what degree, it causes liver injury(442). This is
noted in other studies within the field(433, 439). Possible reasons for this discrepancy
may include participant reluctance to reveal accurate historic amounts of alcohol. Those
taking MTX are likely to be aware of the risks of liver injury and presumably warned
regarding alcohol consumption by healthcare professionals previously, making social
desirability bias even more marked in this cohort. Members of the research team do not
have the foundation of relationship, trust, and loyalty which patients afford to their
clinicians, as part of the doctor-patient relationship(443) which may exacerbate reporting
bias. Finally, it could be a reflection of the bluntness of the data collection tool. AUDIT-
C, consisting of only 3 questions, is brief and it will fail to identify some hazardous and
harmful alcohol consumption(444). Despite these limitations it is surprising that alcohol
was not identified to correlate with liver fibrosis in our cohort and this is a limitation of

the study.

This study was reliant upon Transient Elastography (FibroScan®) to accurately measure
liver fibrosis, which was not confirmed histologically. As previously discussed, in

Section 6.2.1, the gold standard assessment of liver fibrosis is liver biopsy. The authors
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did not feel the risks of acquiring liver histology was appropriate or ethical given the
reliability and availability of non-invasive methods of assessment of liver fibrosis(236).
FibroScan® is one such way of undertaking this(445), with reproducible accuracy,
simplicity and ease of incorporation into the outpatient setting(446). FibroScan® does
have its limitations; it cannot be used in ascites(447), lean patients with narrower
intercostal spaces increase the risk of failure as does obesity(446) and liver stiffness
values are likely to be higher in the setting of acute inflammation or transaminitis(448).
On balance it was felt that FibroScan® was still the better modality in this setting, as
patients in our cohort were highly unlikely to have ascites, failure rate proved not to be
an issue and a known acute inflammation of the liver or transaminitis would hopefully be
revealed when evaluating past medical history with the participant. Overwhelmingly
though, FibroScan® is safe, a characteristic that fundamentally cannot be stated of the
acquisition of liver histology. Reassuringly, our results have been replicated in other
studies when alternative methods to assess liver fibrosis are utilized such as ARF1(449)
and MRI(450).

The manufacturers of FibroScan®, Echosens®, recommend only undertaking a
FibroScan® reading if fasted by at least 2 hours, on the grounds that this improves the
reliability of the test(447). Limiting the recruitment of potential participants to those who
had fasted prior to attendance was liable to significantly impact on recruitment figures
within the time available, and therefore was not considered to be feasible within this
study. Unfasted FibroScan® results have still been demonstrated to be of good reliability,

particularly in those without underlying liver disease(451).

Summary statistics reveal differences in the baseline characteristics of the two cohorts —
those who had never been exposed to MTX, and those who had taken it for more than 6
months. The MTX group were older, more likely to be taking biological therapies, had a
higher prevalence of psoriasis and lower levels of physical activity as compared with the
control cohort. These factors are all likely to increase the risk of liver fibrosis in the MTX
group, rather than reduce it, and therefore we do not feel this has significantly impacted

upon our study results.
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Our cohort included 300 participants who had taken MTX for at least six months. Of
those who had been exposed to MTX the mean cumulative dose was 6949mg and the
median was 20mg per week, closely followed by 25mg per week. The mean cumulative
dose is equivalent to an uninterrupted prescription of MTX at 20mg/week for over 6.6
years, or 25mg/week for 5.3 years. Given patients in real-world cohorts are prescribed
MTX for decades, an ideal study may include participants who had received MTX for a
minimum of 10-20 years. However, limiting the pool of patients from which to recruit
participants to 1 or 2 decades would have extended the period of recruitment to many
years. The MTX cumulative doses within our data are larger than other published studies
(449) (428), and notably more than that of the studies reporting a relationship between
liver fibrosis and cumulative dose(431, 432), refuting the notion that an insufficient

cumulative dose in our population was responsible for a conflicting finding.

In conclusion we report a large cohort study evaluating MTX use and liver fibrosis and
have been unable to identify any association. We conclude the phenomenon of MTX-
related hepatotoxicity is likely to have been historically over-estimated, if it exists at all.
Markers of adiposity (BMI, fat mass and waste circumference) correlated with
FibroScan® score. Cumulative MTX dose was not correlated with FibroScan score. These

results suggest that this cohort had NAFLD as the underlying cause of liver fibrosis.

88



CHAPTER 11: METHOTREXATE - PATIENTS’ PERCEPTIONS

11.1 Introduction

Patient acceptability is a major aspect of any medication’s efficacy and uptake(452, 453).
Patient’s perceptions of both their disease, and medications prescribed, have an important
role in how prescribers manage disease(454), and patient adherence to recommended
treatment(455).

A large survey including 1313 patients with rheumatoid arthritis in Australia suggested
most patients had a positive perception of MTX. 82% considered it important, and 60%
preferred to continue taking MTX. However, reported adverse effects were relatively
commonplace — occurring in 38% of the population(456). A scoping audit performed
locally (as detailed in CHAPTER 9:) demonstrated that adverse events were the
commonest cause for MTX cessation, occurring in 64%. The most frequent of these were
Gl intolerance (40%) and hepatological concerns (13%). Furthermore, it demonstrated
long-term compliance to monitoring guidelines was relatively low, with 69% and 80% of
rheumatology and dermatology patients evaluated not having appropriate blood
monitoring, respectively. Patient cooperation is an essential element of adequate blood

monitoring.

Hazardous alcohol intake is commonplace within the UK, with 21% of adults drinking
more than 14 units of alcohol per week in England(457). Alcohol is also the leading cause
of advanced liver disease within Europe(458). Given the long-standing concern regarding
potential hepatotoxicity with MTX, it is important to understand alcohol intake in those

being prescribed MTX, as a potential confounding risk factor.

A questionnaire was designed and given to the 300 participants within our cohort of

patients who were prescribed MTX (see Appendix J).
Aims were as follows:

- To establish patients’ awareness of serological monitoring when taking MTX

- To quantify how much alcohol patients were drinking, whilst taking MTX
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- To establish patient’s opinions regarding MTX

11.2 Results
11.2.1 Alcohol — how much is too much?

Of our cohort of patients (n=300), 51% felt it was safe to drink alcohol whilst taking
MTX, compared with 24% who felt it wasn’t, as in Figure 11-1. Of those who felt it was
safe to drink alcohol whilst taking MTX; we asked them to quantify how many units per
week was acceptable. The range of responses was between 0 and 76 units/week, as
demonstrated in Figure 11-2. The mean response was 7.6units/week and the median
5units/week. Of those that responded (n=205) only 6% felt it was safe to drink more than
14 units per week, whilst taking MTX. Men reported it was safer to drink higher amounts
of alcohol compared with women, reporting a mean 9.8units/week and median

10units/week in comparison to women mean 6.4units/week and median 4units/week.
11.2.2 Prescription and monitoring

The majority of participants, 90%, recalled being given an information leaflet prior to
being prescribed MTX, as opposed to 5% who reported not being given one,

demonstrated in Figure 11-3.

With regard to the frequency of required blood tests whilst taking MTX, 73% reported
having blood tests every 3 months. Only 5% of participants reported having blood tests
either less frequently than this, not at all (neither in line with national guidelines), or that

they weren’t sure, as in Figure 11-4.

When questioned about who was responsible for acting on the blood tests, the majority
of the cohort were aware it was partially the responsibility of the GP (77%) and 76 people
gave multiple answers to this question. Just under half (48%) felt it was the responsibility
of either the hospital doctor or nurse to act on these results. The remaining results are

demonstrated in Figure 11-5.
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Participant responses when asked whether it was safe to drink
alcohol, whilst taking MTX

Blank 5 (2%)

Not sure 71 (24%)

W Yes
B No
™ Not sure

I Blank

No 72 (24%) Yes 152 (50%)

Figure 11-1 The proportions of participants who felt it was safe to drink alcohol whilst taking MTX
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A histogram showing responses when asked how much alcohol is safe with MTX
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B0

Frequency

40
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0
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How much alcohol is safe to drink whilst taking MTX? (units/week)

Figure 11-2 A graph showing the quantity of alcohol (units/week) that participants felt was safe to drink whilst
taking MTX
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A Graph to demonstrate the proportion of
participants given an information leaflet prior
to starting MTX

Blank 7

(2%

Not sure 7
(3%)

No 15
(5%)

HYes
B No
B Not sure

Blank

Yes 271
(90%)

Figure 11-3 A pie chart demonstrating the proportion of participants who were given an information leaflet prior to starting MTX.
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Survey responses regarding the time inteval
between blood tests required whilst taking MTX
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Figure 11-4 Survey responses when asking about the frequency of blood tests required whilst taking MTX

Opinions of cohort when asked 'Who is resposible for
acting on monitoring bloods?"
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Figure 11-5 Responses to survey question "Who is responsible for acting on monitoring blood tests taken?* Some

respondents choose multiple responses.
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11.2.3 Methotrexate — a toxic medication?

Participants were asked about their experience of taking MTX. When analysing the
responses, three themes were apparent. The first was that MTX had had a positive impact
on individual’s lives. 41% of the comments referenced MTX’s advantageous effect,

examples of which are below:

"Methotrexate has changed my life for the better, minimal side ef fects"
"It has been beneficial, despite the the days of tiredness"
"It has helped with my RA.I do not have the pain I used to have"
"Excellent,no problems, a life changer"
"Very good, I couldn't do basic activities before starting, it had a massive

improvement"

Positive comments (41%) were significantly more common than negative comments

(2%), which were relatively rare in this cohort.

Adverse effects (AE) were the second common theme which was mentioned within the
participant’s responses. Nausea was the most commonly reported AE (15%), followed by
increased frequency of infections (2%), headaches (2%), fatigue (2%) and other digestive

complaints (2%). Some individuals remarked on how these AEs settled with time:

"Nausea initially, then fine"
"At first felt very poorly, sickly and lightheaded. This settled after a few

months."
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"Slow start feeling sick,now happy with the medication"
"Ok, seemed to cause fatigue. Initally it caused nausea, but that wore of f after

a few months"

The third theme related to switching from an oral preparation of MTX to subcutaneous

injection, with participants largely reporting feeling better as a consequence.

"The drug has been ef fective.Tablets caused nausea, injection much better"
"Wasn't good in the beginning, but much improved now as on the injection"
"Tablets caused vomiting and nausea. Quickly adapted to injection. More
satisfactory"

"I didn't feel well on oral methotrexate, but I'm fine now I inject"

In a further free-text question, participants were asked whether they had any concerns
about taking MTX. The majority, 59%, reported no concerns, however, 41% did report
concerns. Of those with concerns, the vast majority referenced potential side effects
which MTX may induce (95%). Some detailed the potential side effects that could be
experienced including concern regarding liver damage (25%), immunosuppression
causing infections (9%) and hair loss (7%). The majority of concerns focused on the
potential for MTX cause harm, even if the absence of current side-effects (37%).

Examples of this include:

"Just reading all the side ef fects"
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"It has potentially very high risk of side ef fects impacting

/ ef fecting your other organs"
"What long term taking of methotrexate can have"

"Knowing that it can cause organ damage to internal organs"

11.3 Discussion

Our results suggest the majority of patients prescribed MTX in our cohort were offered
an information leaflet prior to prescription and had a good understanding of the frequency
of blood tests required, as per the national guidelines. There was some confusion as to
who was responsible for acting on those blood tests, with many participants believing this
was shared across the hospital and GPs simultaneously. In fact, shared care guidelines
suggest that this is the responsibility of the GPs once patients are on a stable dose (detailed
in Appendix L). This finding is not out of keeping with the existing literature,
demonstrating a deficit in patient(459) and nurse specialist(460) education regarding the
correct monitoring guidelines. This misunderstanding may come about as a consequence
of the inevitable increase in Clinical Nurse Specialist supervision that occurs around the
time of starting MTX, contrasting with the relative paucity of input from their primary

care team.

Opinions regarding the ingestion of alcohol varied considerably within our cohort and
this is likely reflects the historically ambiguous guidance from national bodies regarding
safe alcohol intake during MTX therapy, as detailed in Section 6.2.1. One quarter of
patients felt no amount of alcohol was safe whilst taking MTX. Of those who thought

alcohol was safe, most stated less than 14 units was appropriate.

These results are in keeping with the existing literature. Humphrey’s et al. reviewed
11,839 patients with RA on MTX reporting 33% didn’t drink any alcohol(461). Eight
percent of their cohort drank over 14 units/week, corresponding closely to our results
reporting only 6% of the group felt it was safe to drink more than 14 units/week. However,

it is well documented that individuals with psoriasis consume more alcohol than the
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general population, with some data suggesting between 13% and 30% of patients with
psoriasis found drink harmfully(359, 362, 462). Drinking alcohol in moderation (less than
14 units/week) is in keeping with advice from wider rheumatology and dermatology
communities within the UK(463-466). The relaxation of guidelines regarding alcohol
intake in those taking MTX has occurred over decades and has followed the publication
of large, long-term, cross-sectional studies demonstrating the apparent safety of smaller
quantities of alcohol with low-dose MTX(467).

Participants reported predominantly positive opinions of MTX. It is worth considering
that the inclusion criteria for this study (participants who had taken MTX for at least 6
months) may have introduced selection bias into this element of the study. Patients who
did not find MTX beneficial, or those who found the AEs too arduous, would likely have
stopped treatment prior to the 6-month milestone upon which inclusion into our study
was dependent. Participants did report frustration with common AEs —nausea, fatigue,
hair loss and infection. These same AEs are reported in other studies(468-470). It is note-
worthy though, that despite the frequently mentioned AEs, participants were still
overwhelming positive towards the medication, suggesting it’s efficacy significantly

outweighs the detrimental consequences.

Perhaps most significantly, our survey has demonstrated an apprehension and pre-
occupation with potential unknown but deleterious consequences of long-term MTX in
our cohort, particularly in relation to hepatotoxicity and nephropathy. This was
commonly cited by MTX-recipients, when asked about concerns over their treatment and
is likely to be related to MTXs much publicised and now questioned association with
lung(471) and liver disease, (detailed in 6.3.2). This study provides evidence that the
much hypothesised and discussed ‘toxicity’ of MTX continues to tarnish its reputation
amongst patients today, despite decades of safe and effective use(41, 369). This is in

keeping with other, similar studies(472).

These data described in this study were acquired via a participant questionnaire. Unlike
other elements of data collection in this thesis, it is not possible to cross-check patient
opinion and unlike medical diagnoses or weight, it is much less likely to be previously

referenced in the medical notes. Care was taken during study design to ensure that
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questions were not leading and were clearly written, so as to reduce the potential risk of
bias or the acquisition of flawed or incorrect data. Participants were asked to complete
this survey following recruitment into the study. Part of the recruitment process explained
the rationale for the study, mentioning the historic concerns regarding MTX and liver
disease. It is, of course, possible that this may have reminded participants, or prompted
them when then asking them whether they had any concerns regarding taking MTX,

leading to an over-reporting of concern regarding hepatotoxicity.

To conclude, patient-related factors (expectations, perception and motivation) all
influence adherence to prescribed treatments. This study has demonstrated four out of ten
of our participants reported concerns about MTX due to potential adverse effects,
including hepatotoxicity and nephrotoxicity. Despite this, participants were

overwhelmingly positive about MTX, which many described as a “life-changer”.
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CHAPTER 12: DISCUSSION

12.1 Introduction

Despite its use over many years, low-dose MTX gained a reputation as a toxic and
potentially dangerous drug, which for decades was only advocated in ‘life-ruining
circumstances’(65-69). More recently, evidence emerged supporting its safety, (369, 406)

contradicting previous suggestions that its use lead, inevitably, to liver disease.

Historically, routine monitoring of MTX-recipients depended on regular blood test
monitoring, ignoring the fact that LBTs are poor markers of liver function and PIIINP has
a low sensitivity and specificity, if used to identify liver damage(206). Whilst MTX is
known to commonly cause a harmless transaminitis, these very same blood tests only
very rarely correlate with histological damage and are too insensitive to differentiate
between aetiology. Hence, reliance upon LBTSs, regardless of their ease of monitoring, is
illogical and potentially misleading. In the absence of highly sensitive and specific
serological tests, an alternative method of assessment prior to and during MTX therapy
should be employed. Liver biopsy, at first sight, fulfils these requirements, but is invasive,
expensive and not without risk, especially in the context of the demonstrated low risk of
hepatotoxicity associated with MTX. A non-invasive alternative, which accurately
identifies liver damage in an at risk population, such as overweight individuals or those
imbibing a harmful amount of alcohol, has proved elusive until recently. There are now
several such tests widely used in general hepatology, which could be used routinely to

monitor patients before and during MTX therapy.

12.2 Methotrexate and liver fibrosis — real world experience

The audit of patients taking MTX in YTHT demonstrated that risk factors for NAFLD
were commonplace, close to one third of patients had co-existing hypertension or were
prescribed corticosteroids, and over two thirds were overweight. This is significant, as
NAFLD is likely one of the historically largest confounding elements of the published
data regarding hepatotoxicity which was assumed to be related to MTX. The prevalence
of NAFLD is thought to be 24% worldwide(371). A population attending rheumatology
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and dermatology outpatient clinics are likely to have an even higher prevalence given the
increased risk in a psoriatic population(354), concomitant medication, such as

corticosteroids and potential mobility problems impacting upon BMI.

Furthermore, our study has demonstrated that alcohol intake was not documented in close
to two thirds of those starting MTX treatment. Over 1 in 5 people in the UK drink over
14 units/week(457). This project provides evidence that alcohol-related liver damage is
likely to also be a confounding diagnosis within our cohort. Thorough historical
evaluation of previously published trials, demonstrated in Table 6-5 reinforces that

alcohol was often not considered as an alternative cause for liver damage in this cohort.

As previously discussed in Section 9.3; audit, as a research tool, does have limitations. A
weakness of this scoping audit was a reliance on data from clinical records, with a paucity
of historical electronic records in some cases and the nuances of multifactorial, complex
decision-making can be lost. Despite these limitations, as an initial method of data
capture, the audit provided an interesting insight into current practice within one teaching
hospital. The audit certainly portrays an inappropriate reliance upon LBTs as a marker

for liver disease within both the rheumatological and dermatological communities.

12.3 Risk factors for liver fibrosis

The large cross-sectional study, set within a population of patients attending outpatient
rheumatology and dermatology clinics, demonstrated no difference in prevalence of liver
fibrosis and no increased risk of developing liver fibrosis, regardless of whether an
individual has taken MTX or not. The presence of liver fibrosis did, however, correlate
with BMI, waist circumference and fat mass percentage, all known risk factors for the
development of NAFLD.

Our results build on similar findings in the existing literature, which challenge the
prevailing dogma that low-dose MTX is hepatotoxic. A multitude of published studies
have failed to demonstrate a relationship between MTX and liver disease when examined
using liver biopsy, including cohort(339, 342) and cross-sectional(334-336) studies,
literature reviews(365, 473) and meta-analyses(369, 474). However, perhaps because of

MTXs common adverse effect of what is considered ‘harmless’ elevation of LBTS(369),
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there appears to have been an understandable reluctance to declare it safe, and particularly
“not hepatotoxic”. This has resulted in uncertainty and limitations in the use of what is
undoubtedly a highly efficacious and remarkably safe medication for a wide range of

immune-related pathologies.

Since 2000 there have been very few studies which evaluate liver disease in those
prescribed MTX by histology, as it became evident that the risks of biopsy frequently
outweighed the benefit of the test(475, 476). The minority of studies which did include
histological analysis, reinforced that MTX was not causing hepatotoxicity (246, 368, 477).
National guidelines for monitoring MTX changed to reflect this across specialities, as
detailed in section 6.1.3. More recently, studies have used alternative methods of non-
invasive assessment. In 2007 Berends et al. used both histological and transient
elastography assessment to demonstrate that FibroScan® was a viable and reliable
alternative to detecting fibrosis in a population of patients taking MTX(246). Further
reports have gone onto demonstrate the use of transient elastography in this setting (248,
478, 479) all of which demonstrate MTX is not associated with liver fibrosis. Lahari et
al. is an example of one of these — including 518 participants with a variety of benign
inflammatory conditions. Both MTX and controls groups were evaluated. Liver fibrosis,
as measured by FibroScan®, was associated with BMI and alcohol use but not MTX(479).
This pattern is replicated in studies based on patients with RA(478), psoriasis(480, 481)
and IBD(248, 482) Attalah et al.’s recently published study included participants with
both RA and psoriasis. FibroScan and ELF were used to evaluate liver fibrosis in this
large prospective study (n=999), which also demonstrated no relationship between MTX

cumulative dose nor duration and liver fibrosis (483).

Our study revealed liver fibrosis in 1 in 6 patients of those attending rheumatological and
dermatology clinics. Importantly there was no increase in liver fibrosis in those taking
MTX. The use of multivariate analysis allows us to account for confounding factors
including weight, alcohol intake and medical comorbidities, a weakness of many other

published studies in the field.

12.4 Patient’s Perceptions of Methotrexate
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The results of the questionnaire of 300 patients who take MTX suggest the majority
received appropriate information regarding the medication prior to its prescription, and
our cohort largely understood the frequency of blood tests required, as per national
guidelines. However, similar to other studies(459, 460) there was confusion as to who
was responsible for acting on abnormal blood results, with a misconception this was the
hospital team, rather than GP. These findings are likely a result of increased Clinical
Nurse Specialist supervision, who are responsible for educating patients prior to MTX

commencement and overseeing the initial serological monitoring.

Opinions regarding the ingestion of alcohol varied within our cohort. Only 6% felt it was
safe to drink more than 14 units/week, in contrast, one quarter felt no amount of alcohol
was safe. These findings mirror the existing literature when evaluating alcohol intake in
MTX-recipients(461), long-term ambiguity from national bodies regarding safe alcohol

intake has most likely played a role in this significant variation(463-466).

Although MTX-recipients reported predominantly positive opinions of MTX, we have
also highlighted significant patient concern regarding both known, but largely unknown,
AEs of MTX. Just under half of participants cited potential organ damage (liver and
kidney), and other serious, unknown, AEs were a source of concern to them even after
years of taking the treatment. This is important as it suggests that out-dated literature
implying MTX causes significant organ damage (such as liver disease) is still widespread
today, and causing apprehension within the patient cohort; the apparent ‘toxicity’ of MTX
continues to tarnish its reputation amongst patients today, despite decades of safe and
effective use(41, 369). Patient-related factors influence adherence to prescribed
treatments, and it is highly likely that this has an impact upon MTX cessation rates,

despite being a highly efficacious, in-expensive, disease-modifying medication.

12.5 Limitations

No study design is perfect and we recognise that both participants and doctors enrolled
into research studies can behave differently in comparison with real world cohorts(484).
Different study designs were utilised to acquire data gathered, the limitations of all are

described in more detail above. Audits risk over-simplifying complex clinical decisions
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and rely upon adequate documentation. Cross sectional studies are subject to recall bias.
Questionnaires are similarly vulnerable to self-reporting bias, although they are suitable
for attaining participant’s opinions and perspectives which was one of the key aims of the
study(485). Participants were asked to complete our survey following recruitment into
the study. This process cited the historical concerns regarding MTX causing liver disease
as rationale for the study — important context to obtain valid consent. However, this may
have led to an over-reporting of potential MTX-related hepatotoxicity when later

questioned.

This study assessed liver fibrosis by way of FibroScan®. FibroScan® provides a
validated, non-invasive method of assessing liver damage and as such has been
commonly adopted across the UK. It could be argued that histological examination would
have provided more robust results, however the risks associated with liver biopsy would
have made the study unethical. FibroScan® measurements within our study were not
undertaken in fasted subjects, as they would have ideally been. This was due to the

practicalities of running the study.

MTX prescription within the UK is subject to national guidance; the British Association
for Dermatologists(58), British Society of Rheumatologists(84) and British Society for
Gastroenterologists(60), as detailed in section 6.1.3. Our results demonstrating no
increased risk of liver fibrosis despite exposure to MTX, could be seen as proof of success
of these guidelines - reinforcing that the requirement for 3 monthly monitoring of LBTs
and/or PIIINP. The authors hope to have demonstrated the poor sensitivity and specificity
of LBTs alone as markers of liver fibrosis, not just unnecessary monitoring and cost for
patients, but also falsely reassuring. Furthermore, the relative ease by which other non-
invasive methods are now available, means there are suitable alternatives to LBTSs.
International studies, where guidelines differ, have also demonstrated no relationship
between MTX use, or cumulative dose, and liver fibrosis, suggesting this is not just
related to the success of the UK guidelines(479, 486).

Self-reported alcohol, measured by way of the CAGE questionnaire, was not associated
with liver fibrosis, which is contrary to what we may expect given the relationship

between alcohol and liver disease. Section 10.3 reviews why this discrepancy may have
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arisen, including participants potential failure to disclose an entirely accurate alcohol
history, particularly historical, to research workers and weaknesses of the AUDIT-C tool

to capture historical excess alcohol.

This study had low levels of missing data, reducing the risk of potential bias and

invalidating the powering of the study.

12.6 Recommendations

This review has highlighted the weakness of existing methods to monitor liver damage
with LBTSs, given their low sensitivity and specificity for liver fibrosis. Guidelines differ
across various countries and specialities, as discussed in Section 6.1.3. The most recent
American guidelines for MTX use in psoriasis have incorporated composite hepatological
scores and non-invasive assessment including transient elastography to reduce reliance
on LBTs alone(87). Evidence has demonstrated that reduced frequency of serological
monitoring for MTX does not increase serious adverse events, arguing against the use of
more frequent and multiple liver enzyme measurement (487). Given the compilation of
evidence the authors believe it is no longer appropriate to rely solely upon LBTs as a
marker for liver fibrosis and would advocate for a monitoring pathway to include
assessment of risk factors and alternative blood tests such as platelet count. A proposed
pathway is demonstrated in Figure 12-1. This proposed flowchart is in keeping with
current UK guidelines from the British Association of Dermatologists(58), British
Society of Rheumatologists(84) and British Society of Gastroenterologists(60) to have at
least quarterly blood tests once maintained on a stable dose of MTX. The addition of
FibroScan® ensures thorough assessment of liver fibrosis, and allows ongoing
monitoring including highlighting significant change and involving hepatology teams
appropriately.
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Patient for Methotrexate
BNF states: FBC, U+E and LBT at baseline and weekly
until dose stabilised & thereafter every 2-3months

/\

Abnormal LBTs ’ Normal LBTs ‘

(persistent) /\

Risk factors ’ No Risk factors ‘
BMI>28, T2DM,
ETOH>14u/week

or Platelet count <150

y

FibroScan®
FibroScan® every 3 years or 3.5g
every year cumulative dose

¢\L>€\¢

v | >7kpa | <7kPa |
Refer Hepatology / ‘1’
* NILS
. USS Continue above
* FibroScan® monitoring strategy

BNF: British National Formulary, FBC: Full blood count, U&E: Urea and electrolytes, LBT: Liver blood tests, BMI: Body mass
index, T2DM:Ttype 2 diabetes mellitus, EToH: Alcohol, NILS: Non-invasive liver screen, USS: Ultrasound

Figure 12-1 A proposed pathway for commencing and monitoring MTX. Amended following personal

communication from Dr Charles Millson
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12.7 Closing Remarks

MTX is an effective, inexpensive, treatment with over 65 clinical indications and
consequently utilised worldwide. For many decades concern regarding MTX-related
hepatotoxicity have curtailed it’s use. This study aimed to evaluate real-world adherence
to the existing guidelines within the UK, establish the prevalence of liver fibrosis within
the population of patients who are prescribed the medication, and finally to establish

MTX-recipients opinion of this medication.

Our study has concluded that adherence to current MTX-monitoring guidelines, although
fair initially, declines over time. Rates of liver fibrosis are not higher in those prescribed
the medication in contrast to controls from the same population, rebuking the long-
suggested relationship, and finally that the ongoing suggestion of potential organ damage

secondary to MTX weighs heavily on those prescribed the medication.

Our proposed MTX monitoring pathway incorporates consideration of risk factors for
liver disease and FibroScan assessment, given its significantly higher sensitivity and
specificity for detecting liver fibrosis than LBTs alone. The proposed pathway also
provides more robust guidance to MTX prescribers as to when to involve hepatologists
who may help to facilitate the ongoing use of MTX with appropriate monitoring.

This work adds to the growing body of evidence demonstrating the safety of MTX with

no discernible evidence found that it attributes or causes liver disease.
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Appendix A

York Teaching Hospital NHS Foundation Trust Sponsorship Documents

Methotrexate Sponsorship application - resubmission

. . Qv
following January 2019 meeting
@ Phillips, Deborah <Deborah.Phillips@York.nhs.uk> @ S & ~

To: Turner, Lucy - Hepatology Research Fellow <Lucy.Turner2@YORK.NF - Fri 05/04/2019 12:26

Cc: Hutchinson John (YORK TEACHING HOSPITAL ... +1 other

Dear Lucy,

I have now discussed your resubmission for the above study with the Chairman of the R&D
Group and I am pleased to be able to confirm that the Trust will act as Sponsor for your
study.

The Chairman has asked for some further consideration about the statistical aspects but we
can perhaps work on this together after Easter — it does not stop you from progressing in the
meantime.

I do have some further additional comments from the Group members that I will compile
into a separate email but they are advisory only.

Congratulations !

Kind regards
Deborah

Kind regards
Deborah

Dr Deborah Phillips

Research Adviser

York Teaching Hospital NHS Foundation Trust
Usual working days are Tuesday - Thursday
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Appendix B

Integrated Research Application System Approval

NHS|

Health Research
Authority

Horth East - York Research Ethics Committee
HHEST Mewrasie Blood Donor Cenfre

Holland Drve

Blesacashe upon Tyme

HEZ 4843

Telephone: 207 1043091

Plegss note: This ks the
favourable opinlon of the
REC only and doss not allow
you fo start your study at NHS
glfes In England untl you
recelva HRA Approval

17 June 2019

D7 Lucy Tumer

Hepatoiogy Fesearch Fellow

¥ork Teaching Hosphais NHS Trust
Wigginton Road

¥ork

Y031 8HE

Dear Dr Tumer

Study fitha: A& Study to Investigate the Liver Function of Patlants:
taking Methotrexate, and risk siratify them accordingty

REC referance: TANENTE

Protocol number: nia

IRAS project ID: 264391

Thank you far your letter of 11 June 2018, responding to the Commithes’s request for further
Information on the abdve research Iﬂ"lﬂ Eul:-rnlﬂlng reyisad H'M-I.I"I'IEI'IHH"I].

The fusther Information has been considersd on behall of the Committ2e by the Chair.

We plan to publish your res2anzh summary wording for the above study on the HRA website,
tngether with your contact detalls. Publication will be no earlier than three manths from the date

df Eap el (it Pt iech G fvsiily
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Appendix C

Health Research Authority Approval

Yemchnevil beschyd

a Gofal Cymru m
Health and Care Health Research
Research Wales Authority

D Lucy Tumer

Hepatology Research Fellow

iork Teaching Hospitals MHS Trust
Wigginton Rioad

Yiork

Y031 8HE

18 June 2010

Dear Or Tumer

HRA and Health and Care
Research Wales (HCH!

Approval Letter

Study title: A Study to Investigate the Liver Function of Patients
taking Methotrexate, and risk stratify them accordingly

IRAS project ID: 264991

Protocol numiser: nia

REC reference: 1WHEDTE

Sponsor Organization not set

| am pleased to confirm that HRA and Health and Care Research Wales (HCRW) Approwval
has been given for the abowe referenced study, on the basis described in the application form,

protocol, supporting documentation and any clarifications received. You should not expect io
receie anything further relating to this application.

Please now work with participating MHS organisations to confirm capacity and capabiity, in
line wath the instruciions provided in the “Infommaiton o support study set up” section fowards
fhe end of this lefer.

How should | work with participating NHS/HSC organisations in Morthern Ireland and
Scotland?

HRA and HCRW Approwal does not apply to NHS/HSC organisations within Northemn Ireland
and Scotand.

i you indicated in your IRAS form that you dio have participating crganisations in either of
these dewolved admnistrations, the final docurnent set and the study wide governance report
(including this letter) have been sent to the coordinating centre of each participating nation.
The relevant national copndinating function's will contact you as appropriate.
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Appendix D

Patient and Public Involvement— Individual 1

CONSENT FORM
Aller AND RISK STRATIFY THEM ACCORDIMNGLY m ixile to &g, Catepanie (bem mio
lowimedivmbigh risk

15 oumber 4 usoal? Consent o use imformaton gaibered 1n any &nd all fulure reseanch sesms
like & bag ask!

Fs

YOU WILL VISIT CLINIC

Thas MAY ... Surely research should be arranged so (bat 18 WILL otherwise exira visls to
chnts will be e consumang &nd casily far particapants.

WHAT ARE POSSIBLE DISADVANTAGES.....

Alter PARTICIPANT 1o YOU as rest of the Domm 18 im0 (Be second person

QUESTIONNAIRE
| asgumme thas 15 not for the people who ame not lakmg the medbotrexate.
Maybe deline a unit of alsohol 1 terms of volume of wine ar beer.

INWITATION LETTER

Huow are the peopls ool taking the metholrexate to be selected?

Thas will need explaining mn the letter alberwise the invalatbon will be @ surprise and potential
WorTy, o & separate lebler woitten [or theses controls?
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Patient and Public Involvement— Individual 2

LESHA STUDY LAY PERSPECTIVE

Consend Form.

Para 3. This waould raad bedter with no commas.
Para &, Delele | & sppropriate). 1t efhar is ar isn'!

Participant Information Shood.

What Is the purpose of this siudy? Immediately you say that ... assoss e hoaith af fair
Iy and check for Beor damage... pofential participants wil think that motholrosats causes Feor
damage. & would read betler with a full stop afler . thair fiver and dalofe the nest.

Why have | baen Inviied? Sugges! insert at the end ...as a control grown.

You wil v1glt elinde. Suwggest “Yaou will visit a alinic” In the last ling, delete “problems” and
inser “intervantions” or some ather less negative torm.

What are the possible beneiils of laking part? Delete “probleém” and inserd a less
negativia word, suoh as issue.

Aaword tha last sentonoe io read *the culmination of this ressarch will hopa fo batter
inform clinicians about the side eflecis on the lver for in those individuals taking
mathofrexata, helping to shape fubire gquidalines.” The original is very negative and ocnly
sarves bo reinfarce tha view thai methofrexate causes liver damage.

What are the possible dizadvantages and risks of taking part? ou say that thera is a

small risk that the health checks performed show up a problem, but you cannot assess the
leved of risk of a health chack o each individual. For some it might turn cut to be a major

risk- Baoltor io delefe “small risk” and insor “possibiliy®.

Partioipant Ouaslionnaine.

| had newer heard of methofranals bedore soeing this quesfionnaire. Howewer, my answaor
fo quesiion 10 would be a resounding WO, aven with nao knowledge of the drug.
mathicirexats can cavse mare than ane of the symploms listed in question 9, then thare
must ba a large gquary as to why il is, or has been, used. The guestionnaine appears 1o be
heavily weighted against mathodrecabs.

Invite Lathar.

The reason for the study is defightfully vague. 'What does “better monitor® mean and
imply?

ILESHA Summary.

In the title, it would look betler 1o use capital first letiers throughouwt.
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Patient and Public Involvement— Individual 3

Feedback / Commenis on the ILESHA stndy

Consent lorm

Cansider remoeving first comma m stalement

Caonsider adding a wilness to the sipnature section

Participant Information Sheet

We “would hke o’ iovile you o take part in the ILESHA rescarch study

When reviewing the pessible benefits of taking part in the stody melude a paragraph such as

‘thas reberral may be o your advantage’

Imvile LIIIEIl

Mo changes advised
Methotrexate Qruestionmaire
Quesizon 5 — use aking” rather than ‘prescnbed” MTX

Quesizon 5 — make 5l clearer that you are refemng o aloohal here
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Patient and Public Involvement— Individual 4

by lay commenis as agreed for the ILESHA siudy

Caonsent Foma

The form is fime bast could the end of the first lime "and risk Stratify them accordingly® be
simplified. Is i necessary?

It eiher seven stolements of sgreement are fine and the consemt form ks very readable.

Participant Informuation Sheet

It's o pedite, comprehensive sheet which covers all aspects which could be asked or worried
ahiost from o patbends point of view.

It rends woell and the metbadobagy is explained well

Participant {uestionnaine

Comgprehensive in fs bay ol and B beo many qoestions.
Thee firs2 lime emphasises “not o return and amend answers™ .. possibly & patient would wans
w0 edd mere or change semething if they rusked the questions

Petient paieiies

Groend but hospiials could be named mstesd of *regiomal®
Summary
| omly changed six words so it resds well overall.

Possibly the questions although in bald tyvpe, which is good but could the font be larger | say
14 I'm thimking of alder patients’ eyesight.

Invitation Letier To Patient

A polite invitation which would be acceptable v all patients,

The anly addition would be to add the mamed hospilals in the second paragraph rather than
“Yaorkshire® reghon to show how vened the sudy will be.

ILESHA Study

Summary

Tkis reads well and 1 caly changed five words in ihe six parsgraphs so the whole susnmary
5 readable and comprebensive.
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Patient and Public Involvement- Individual 5 (page 1)

Comments on ILESHA Study

llesha Summary document

1 am mot sare ot whom the summery is oinsed but f is not cbear 1o me thet it explaing why fibrosis i
bezimg used os o predictor in preference o other indicators. [ refers to “presumed adverse effects,
such as abnormal liver blood fesis, liver fibrosis and cirrhosis™. This suggests that liver fibrosis is
Jjust one of severnl possible adverse effects and the Semmary does not explain whether fibrosis can
b expecied te be present in all foms of bver damage thet might be related to use of methotrexate
or wisether there might be adher farms of damage whick are not accompanied by fibrosis. Further
alomg the Summary, we see “(FibroScan) wses pulse-echo ultrasonography to caboulase liver
stiffness as a surrogate marker of fibrosis. [1 is 2 wovel, quick, non-isvasive metiod of liver
assessment”. Here then, stiffness is a “surrogate marker of fibrosis™ kot @ is got clarified whether it
is & surrogale marker of other liver damage; in particular, whether lack of fibrasis is an indicstor of
gaod liver bealth. Unbess the Sommary is sinsed at liver speciolists, 1 think this relizsce an fibrosis
a5 o sarmogate needs vo be forther explained and pesitfied. Odherwise, there is an obviows question as
o why the study is using FibraScan rather than, for example, & sei of blood tests.

Invite Letter

The Inwite Letier seems fine w0 me.

Consent Form

liam &,

i) [ do not understand what “If appropnate’ means.

(i) “may be used w0 help contact me or provide information sbhout my health siaus™

May be used to help who or what comioo me? My GPF, ather pams of the NHS, third parties?
provide informuation abowt my heahh ststus o whon™ To me, to my GP, 1o other paris of the MHE,

to third pamies? Elsewhere in the Consent Fom, care has been inken bo make very specific

reference to GF, NHS Trust eic. But here, the vagoeness is unseitling

Participant Information Sheet

Purposa of Study
“so that we can assess the health of their liver and check for liver damage®

Here, | thizk it would be beer w0 omit “and check for liver damage™. 18 is fizme fo refer 1o liver
damsage furtber dows the docunsent but putting it right witkin the “parpese”™ mekes it seem that the
rescarcher eapects methotrexate to be ausing liver damage. Checking for liver damage is surely
part of assessing liver health and 1 seems unnecessary to emphasise it in the Purpose heading.
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Patient and Public Involvement- Individual 5 (page 2)

What would taking part imeolve

oy will be given & questionnaire b compleste foomssing on your views of methotrexate and also vour
previous aleohol iniake

Heeds o comma after “complete”. (As it stands, the sentence indicates that the gquestionnaire brings
ahosst the completion of fooessing)

1 des hawe some serious issues with the questionnaire icself and [ explain those under its separate
beradimg, below. Those concens make ponsiderntion of commes somewhat nedesden.

Poszsible benefils, Possible disadvantages and risks

1 feel that these two sections are rather confusing. Largely, they confizse benefits with advaninges
and confuse nsks with disedvantages, and also 1o some extent confuse nsk with probability. Further,
there is overlap betweesn the sdvaniages and dissdvaninges.

*The culmination of this research will hope to better mnform chmicises sbout risk facions for liver injury in
those mdividuals mking methotrexme, helping o shape favare guidelines

That is definitely a petential benafit of the sbady and | sgree with the term “risk™ in thai senience
Depending on the fiming and nsture of the foture guidelines, this benefit might or might not actually
apply to participants in the study. I nvight apply to folure patients some vears hence. This
distinction should be made clear.

“It is possible than the health checks carmied out during the study could show up a problem that yoo ddn't
fniw ghoul” Yes, this is o possible sdvardage, though it only beosmes g benefii if the “problem™ tums oul io
b both significant aed trestable = s occepiable manmer.

*Theere is & small risk that the bealth checks perfonmed show wp o problem.”

{iivem that this kas just beem highlighted as a “benefii” ([ prefer “advantage™), it is confusing to see
il alse as @ risk™ Inany case, it is oot o risk though it may be & disadvantage. The sistement “there
s & small risk tha the health checks performed show up a problem® is. 1 suggest, a confusion
feztween risk amd probability. “Risk” is an adverse event or sdverse effect - examples of “risk™
might be death, or camcer, or liver domage. Rather, here, what is being highlighted i that there s &
amall probekility or smell Hkelibood or smzll chanee thet e tests sbow up a problem. That &
distinet from o risk unless the reseancher is suggesting that the checks might actually caese the
problem, in which case that woeald be o risk. For example, in o study imvolving mvasive tests
{eolomasoopy, cysoscopy sto), there i o risk of cousing damage though that risk might heve o small

probabilizy.

In any case, showing up @ problem i nod & “risk™ (becaose it is nod in fAself harmful). It might be a
disadvantage if it showed wp 2 sitsarion which caused merely worry or unnecessary treatmem which
woiald not hove caused a problem of it hod been lefi undingnosed. There might ke risks (in the
proper sense| associated with the treatmems for sach preblems

1 think that the whale area of showing up problems shoubd he rewritien without classifying it as
cither an advantage or o disadvasinge, and still less as benefii or risk. For example, it could be given
o separase beadimg, such as “What the tests might show™. Then it could be worded along the
following:
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Patient and Public Involvement- Individual 5 (page 3)

Whalt the tests might show

The oulerimation of this researc will hope 1o betier inform clinicians abom nsk factors for liver sy i
those mdividuals taking methotrexme, helping o shape fabare guidelines

Tt is possible that the kealth cheecks wou receive duneg the sudy could show op s condition thet vou didn®y
lmaow ahout. In this circorstance vou and your (P would be infarmed immedaely eed you would be
advised om whether any funher westigaiions, tesis, freamenis or chamges fo medication would be
approprime. We apprecime that dseovery of health related findings can cause worry snd the staff are on heed
to dispess any concenss you mmght have,

‘What will happean if | don't want to canry on with the study?

Yiou com withdrre from the study at any time. I you choose to withdrow we would like to use the dma
oollemied up to the time of your withdrmml

Dees the patient have the optian of alse siopping the use of dea collected up to the dme of

withdrawal? This should be clarified either way. In particular, if dota cansol be withdreen, patients
might he reassared if they know that all data is anonymised

What happans when the research study stops?

Adber the research study is compleied, the results will be szalysed and we kope to publish the fizdings in the
mredical literaturedjoursals.

Agaim here, it needs to make clear that the published fisdings would be ancnymised and not identify
individuals

Participant Questiocnnaire

1 have huge preblems with this Cheesticnmaire. | find it very hard to see the poim of phrasizg the
eestions in this way and even harder 1o see what vou might dedoce from the agwers. [ pomes
wver as really guite aggressive and even as an aitempl to show the panticipant wp for their lack of
correct knowledge (which 1 am sure is not actozlly the researcher’s intention). Masmy of those
eestions have @ nght or wrong asswer. The expen knows and the participanst (possibly) dosss't but
i heing asked o gwess or show their igmonance.

The only occeptably worded questions on the Questionmaire are £ and 10. It is scceptable bo 2k
wiha is doing blood tesis and whether the patient feels safe on metholrexsts.

But all the other geestions are frankly umaceepizble to me. IF ] were presented with this
geestioemuire face to fce, logether with the mstruction that my first (implied uminformed)
impressions were soughs, [ would walk off the sbsdy rather than complete that guestionmaire. | am
somy that this comment fself seems aggressive but | cannot disguise my streng adverse reaction o
the (ruestionmaire

168



Patient and Public Involvement- Individual 5 (page 4)

1f | &m offered & medication that | Bave not investigated, 1 first 22 least ask the specialist whan are
the possible pdverse effects and possible benefits, togetber with their probabdlities. Por “senious”
miedivations, such as methorexstes {or Smercaptoparing or hygyr. both of which [ ake), | would
cenginly first go away and book teem up o the EMC and the BNF. | would probably also book ai
the NICE guidelines on the condition being treated altbough 1 place mere weight on EMC and BNF.
Then | would discuss my concers ghout precamions, contmindications and adverse effects with the
speciabist before moking & decision

What | would definfiely nod do s base my decision or concerns om my mitiz] prejudices in the
ahsence of information from: evher the consubiant or the published referesce sources.

Ohmce on o medication, | might well forget the detils of many of the sdverse effects and then be
wmable 1o recall those details if asked. For example, [ would defy anybady bo be able io recie all tee
possible adverse effects, tingether with their probabilites, of hygjg or other menoclonal antibodies,
for which the list is extremely bong and complex (a5 indeed it is for methotrexate), withou
concurresd referemee to one of the publisted sources. Indeed, it is commaon for dectors 1o refer b
this material whilst discussing it with me, an sction wiich [ respect and which grves me confidence

To return then to the suggested Questionsaire, o patient might alresdy be on methotrexaie but have
fargotien the side effecis because, having agreed to nke it, they ne longer need 1o remember them
all. ©r they might not ke tabcing it and would nog be likely ether to keow them all or to base a futare
decision om their guesses

It wonld be more relevant and much kess provocative, in the Questionnaire, b provide mformation
ol somse specific side effects or costioss which vou believe to be pestinent fo the stody, together
with probabilities, and ask wiether the participant feels:

{n) Mot woatied: {B) Concensed but ned deterred from faking methetrexate; () Detemed from taking
methomexaie and would prefer another option.

For example: vou could state the position om alochol consumpdion (the Sandoz SmPC for 10mg
Methoirexate toblets siotes that aleohol should be avoided or grestly reduced) and 2k the
participest’s reaction to that stotement {1 don't drink abeokaol anyway so compatibility with aleohol
consumpdion would be imelevant to me). Or youw coald state the positica regarding pregmancy and
sk for the participant’s reaction |appropriste for male paticipants, post-menopausal women ¥} Or
wor could siate the recommended frequency of hlood tests (the Sandor SmPC says "every 23
miontks"p and ask the (2} (b} (¢} chodoe as abowe.

But to msk for initial impreszions in the absence of quality informuation s rather demeaning and |
cannot see the point of doing so.

In summary, | would urge a complete rethink and redesign of the guesticamaire, preceded by & re-
evaluaiion of what purpose is intended for if. [ can enderstand why vou would wani to coll=et o
Eastory and faciual informaticn gbout Bow and when the patient i being moniored. Bt the kst of
precawtions, contraindications and adverse effects of methotrexme is very bong and complex. It is
Eard ifor me) to endersiand why the singling out of a few poimis on @ guestionmeire is sppropriake or
Eeelpfial especizlly when based on other thas information.
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Patient and Public Involvement— Individual 6

s & layman, these five documents impress me and |'ve actually little to say abaut them| |
think they're clear and well- en and each document d&ems 1o me o do the job it sets
aut .

Here are the lew camments | would make.

THE COMSENT FORM. -Fine.

THE PARTICIPENT INFORMATION SHEET. -In the section "What are the possible benelits of
taking part?”, it refers gl one paint Lo "risk factoss for liver INJURY "[my capitals]. | wondes
whether it would be better to say “liver DAMAGE"? "damage” rather than “injury” is in fact
used earlier, in the second paragraph ol this shesat. ]

THE F'H.TIEHT QUEETIONMAIRE. -Precumably Lucy wants 1o Endw whal patients teking
oy abaut it If Dwere fillng this in, | think I'd go to the patiant inlormation
beaflet cupplied with the drug, o find the answers ta her guestiond. If she's expecting
i 3 Lo do this, ' unclear why she's aiking these quastians, | not, and she's trdng Lo
discover what patients remember about the drug, I'm not sure of the value of this, Fve been
comparing this with fy own expariance with 8 drug | take 34 3 migraine pravantive-
alal. If | want to check somethang about it, for instance il | can drink aloohol while

using it, I'll go straight ta the patient infarmation leaflel. | don't memarise all the impartant
facts about a drig |'r prescribed, but instead rely on being able to check them when | ||l-=-:|
ta. (I know Lucy has included this : "We would like yous st andwes to each gueition,
dan't return and armend your answers.”, but | don™t think this really invaldates the point I'm
making here.)

Perhaps I'm barking up the wrong tree here and there's
something I'm missing?

THE INVITE LETTER. -Fire.

THE SUBAMARY. - In the first Bne, the apostroghe in "peopla’s® i in the wiang place. It ought
o e where l've just put it {in the summany it $ays : "peoples’ ")

I'm wondering who this summary i2 aimed at? If its for medics, | expect
g fine I it's intended to be aeceisible to bay peaple, M'm fot sure "immune-mediated” in
the first paragraph means a lob. But then , nor does “transient elastography® or & number of
alher medical terma in the summary. 56 although Lecy has inthided ths averview al the
araject which you suggested we lay people might like o read before reviewing the whole
thing in Tact | think it's probably intended for madics.

Ir the fifth paragraph "lver mjury” B used again, 40 the comment | made
Abaat this earlier applies again. (Under "The patient information shast” abasva).

I the sapand line of the wxth paragraph, the "that® B redundant!

| hope this is usedul. As | said at the top, | think Lucy's decurments ane

gosad; | certainly understand in general terms what it's all about!
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Patient and Public Involvement— Individual 7

i1 Lydia,

My lay commienis as agreed lor the ILESHA sludy

Camdenl Fosm

The form 15 hne but could the end of (be frst hoe "and ngk Strabfly them accordmgly™ be
sumphiied. 1s il ne ary?

The olher seven slatements ol agreemenl are {ine and the consent form o8 very readable.
Fariscipant Information Sh

1’8 & pabile, comprehensive sheel which covers all aspects which could be asked or woarned
aboul from a patieat’s point of view.

11 reads well and the methodalogy 15 explamed well.

Fariscipant Dsestionnanme
Campralensive mits lay oul and nol too meny queshons.

The first bne emphasises "nol 1o relurn and amend answers” .. peasibly a patient would want
1o sdd maore or change something ol they rashed Be questions.

Patient In

Cinad bul hospatals coubd be named mstead of "regronal”

Summary

1 oaly chanped gix words so il reads well overall.

Hamil wighes

171



Appendix E

Participant Invite Letter

York Teaching Hospital [Alghk

<Patient Tiie> <Fatlent forenames <Potient sumames
<Fathent Address 1=

<Fothent Address S

<Potlent Tty

<Fathent Postoodes

Dear [Title] |Potient]
You are being inwited to participate in a research study.

The purpase of the study is to establish whether we could betters moenitar individuals

wha are taking the madication methotrexate.

You are receiving this letter as we beleyve you would be suitable to participate in this

skudy if you wauld like to. The study is beang held at kospitals within the Yorkshire
regian,

Enclased i< a participant information leaflat, so that you rmay find aut more

miormation about the study.

If wou wish to be involved please infarm your health care professional at youwr next

autpatient clinic appointrment. If you have any guestions or concerms prior ta this
gleaie contact Dr Lucy Turner, Research Coardinators, on 00904 735467, or ermail
|ty turner@york. aks ok’

Yours Sinceraly,

Doctar Lucy Turres
MBChE B5z {Hons) MRCP Hanorary Lecturer at HYMS
Hegatalagy Research Fellow

York Teaching Hospital NHE Foundation Trust
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Appendix F

Participant Information Sheet (page 1)

STrATIFY Malhofrexats

York Teaching Hospital NHS |

investigating liver fibrosis — STrATIF
Methotrexate

PARTICIPANT INFORMATION SHEET

&n brvilaiion

Wio invila you 1o tako par in the SETrATIFY METHOTREEATE resoarch study. Balone you docids wa
would 1ke you 1o undersiand why e research is boing done and what (D would ireolse for you. Ono of
our beam will go through the infomeation shisst with you and answer any quosions you have. This
shoudd takio atodd 10 rminuies. Talk lo ofwers, Tarmily or fiends, about tho study B you wish.

Wihatis the punppse of the study T

Tree @i of this shudy is b assess T beer health of indviduals taking mathoiresalo, companed with
those who an not. We wodd o o collect infematon on both patients who amn faking methotraoain,
and those who hawe reswer taken ik This is 50 we may assess T haakh of Tl lvor. Longar bams,
this will Fzlp us 1o eslablish wholrer we could botier rmonilor T lvor funcbion of peoaplo who ano
taking metholrexate, companed |o Those peophe who ane nol taking this drug.

Hihy have | boen invited?

Tres study is assessing changes in Iver hoalth. We are hoping to siudy indisiduals who ane laking
mathotrmals, and those who have nesor aken mefholreais as a conirol group.

Do 8 i b0 fpikon Doty

Py, 1 is up 1o you 1o deckde To join tha sy, Wio will descorbo e Study o and go hreowugh this
imormation sheot with you in cinic. ¥ you agree 1o fako par, we will then ask you o sign a consant
forme Yo ane free b withdrasy ab any e, without giving a reason. This would nol afec! e standard
of Darn Yol ik,

Wihat weould Calire Do involve?

Viud will complobe & quastisnnaine:
Wou will ba given & queshionraine fo compleln, focussing on your viees of methotrexate and also
Ifestyle quastons, such & wour akcohol imaki.

Winid willl wisit clinde:

Tao gather infomeation reguined v will reviow wou in @ cinic setling, this may be at the samo Smo as
an exsfing cinic appointment. The consuiation wil involse a study member asking questons aboul
your misdical history, inchuding other medication you are laking and prosious medoal issuns you'we
Faad.

Winid willl hiarwe spacial uets don:

Ais part of the study we wil perfonm vanous tests. These include measuring your heightl, woight and
bady mass omposite. twil also include a moasune of The siifness of your Bver, by way of o ransint
elasiography (FhSoan) This irsokes putling a smal probe om tha night side of your abdomren whist

& soundwave s sont indo your Fver, similar b an uitrasound scan. K is painless and tho procedune
takes about 5 minulos
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Participant Information Sheet (page 2)

STrATIFy Malhoirexals

What are the pessikle advantaces o laking parl?
It is possibbe that tho Fealin checks carmed oul during the shudy oould shoe un an ssss thal you didn'®

know aboul. H this happars, you 'wil ke referred for sultabk assessment and investigations and pour
'GP will also D imonmed; This relomal smay b b0 your advantaga.

Thee culmirabion of this mseanch should botier inform dinidans aboud Ask fackors 1or polential e
Injuny in those rdividuals faking mehoiredoie, and holp io shaps fulure guidelnos

What are the possile disadvantaoes and fske of taking oam?
Trere s & possibilty thal T heakh checks meriormisd Show Up @ problem. In this drcumsianoe you
woul b infonmed mmediately and the nost appropriate steps will be oanised and made dear to

WOl W approciate the dscovery of healh relaled Sndings can cause wory and e S8 are on hard
1 diSCUSE Ny oONCEMS ou might have

e will e gl 00 god vy conlideniial informations

Wi will Moo winical and legal pracios and &l information about you Wil bo Fardked in confidanos.

York Teaching Hospitzl is the speasor for this stedy based in the United Kingdom, We will
b2 using information from you and your medical records inoorder fo undertake this stody and
will act as e data contraller for this sbedy. This means that we are responsible for looking
after your infomuation and using it propery. York Teaching Hospital will keep sdendifiahle
information about you for 12 months after the study has finished.

¥ caar mights 1o access change or move your mformation are lmited, 35 we seed to manage
wour information im specific ways in ender for the research to be reliable and accurate. I you
withdrew from the study, we will keep the infarmation shout you that we have alresdy
cbitgined. To safeguard your nghis, we will use the minimam persozally-identfizhle
informaticn possible,

Yo can fizd out mere gbout Bow we use your imfermation by contacting the R&ED
Department on G504 7285125,

York Hospital will collect imformation from you and your medical reconds for this research
study in secordance with our instnections.

York Teacking Hespital will wse pour mame, kospital maomber, and comtacr defally to confesd
v whout the research study, and make swee thar selevan? infarmotion abour e sredy L
recorded for ponr care, and o overses e quailny of de sy, Tedhvlduads frome Fook
Teacking Haspitals and regelatory arganisafions may deok ar pour medical and research
records fe check the acowracy af the researeh sy, The ondy peaple in ¥ork Terchieg
Heospital who wil! have access to imormation diar ddesnifes pou wit! be peaple wlsa necd ro
comiact pou fe about e stedy or audit e date eolfection process. The peaple wio analyse
the nformarian will sor be wble ro ddesenifi vou aand wil! sor be able o ind our pour same,
kaspital mawher or comtact derails.

York Teacking Hespital will keep identifable information ahout you from hiy eredy for 12
movths affer dhe sy bas faiiked

Farticipant Imlormaton Ehaal
10
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Participant Information Sheet (page 3)

STrATIFy Melhofrazals

Youar data will be colecbed:

I yois join the siudy, some paris of your madical reconds and the data ool lecied for the study will ba
lookod af by authorised porsons from e York Teaching Hosplhials MHES Trosl. Al will havee o duby of
corfidendalty b ywois as @ resoorch participant.

Yoisr madizal riscards will be chischod-

To make sun T inkormaton colectad in the study is accurate, £ wil be reed 1o b ofecioed by shudy
parsonme working in ¥ork Teaohing Hospitals NHS Foundabion Trust Wi ask wous ghee permission for
thiasss authorsed peophs b S wour medical mconds. Thoy il koop e nforrmaticn cordidandal and
WO rkghis 30 privacy will bio prodecioed

Wihat will happan T ) don™ wand 1o carns on with the sjudys
Wou can withd ras from the study ai &y ime. Hyou choose o withdras e will sk your permission

fi usa thin data collecind up o the Gme of your withdrasal This would B2 anorymised, and we would
cnly do This with your permission.

What kaopens wham fhe researoh sludy sheps?
Ao ihe reseanch sludy s completed, the results will be analysed and wa hopo & pubish tho Sndings

in e madical Beratura(oomals. &1 data collected from the study s anonymised, 5o 1 woold not ba
possitie o idunity any individuals.

Eunhar infermation and contect deiils

By quines please contact:

D Lucy Turmer, Chiod Irsnsbigabor “Work Toaching Hosplial HHE Foundabicn Trust

Hepaloloqy Resoarch Falow Email: r
Tedaphora: 0190 T2645T

Fy Rl
Yaork THHHII‘I1
Hospital Charity
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Appendix G

Consent Form

York Teaching Hospital

TrATIFY Ielethobrewate

Caning numibssr Shudy Humber
IRAS ID- 254531

Participant |dendioation Mumbs for this Tal:

CONSENT FORM:

A Btudy to Inwestigate the Liver Funclion of Pationts Taking Methoiracate, and risk Stratity them Sccordingly

Mami of Researchar Lucy Tumar

Ploase inbial box

| ponfiem #hat | have read the inlematon sheol dated 1480318 (version 1.0 for e
aboee sbudy. | have had e cpporiunity o consider tha inflormalion, ask questions and have
had e arawernd salslacionly.

| understand Tt my paricipaion is wolntany aned thal | am fres 1o ethdraw al any e
without giving any reason, without my medical cane o kgal righls being affected.

| undersiand That relirsant secions of my medical notes and dala collected duning

thi sfudy meay b leokod at by individuals Trom York Teaching Hospital BHS Foundation Trus
by resgralaiony authoefies. or fnom tha MHE Trusl whon & is relevant 1o mey taking part in this
ressarch. | gase pamession for thisa individuals [ have B00ESS 10 My FeConds.

| unedersiand et tho information oollecled aboui me may ba used 1o suppord
othir research in thi fulues, it may be shared anongmously with other researchors

| agren to my General Pracitioner being irvoked in the sludy, inchading any recessary
exchange of inflormation aboul re bebsoon my GP and tho reseanch foam.

| understand Tat the infomaticn held and srad niained By Yok Teaching Hospital MHS
Foundation Trust may e used o help contact me or previde infomation about my healh stadss,

| agren 1o ke part in T above Sy,

Mama of Participant

Mama of Parson
faking consent
Cormert] Farmn

amsion 1.0

176



Appendix H

Data Collection Proforma (page 1)

Diemographics

Height (m]

welght (kg)

BRI { kg Body Mass Composite Soare

Ethinlcity

Ender

Comarbdditios icrcls an reirasnai]

T208 chol | MM | Psoriatic a
All others:

Medications (pls detail allj

Methoiresate FibroScan Results

Darte

Result [kRa)

Dose (mgh

Freguency of
admidnistratian

IR

Rowte

CAP

Spodality
overseeing

RA ) Psoratic artheitls §
Prescribed for... | Inflammatory arthiropathy § &

f first prescribed = 1 gr ago
Welght when
first prescribed:
arl when first
arescribed:

When first
prescribed? {manthfyear)

By breakis?
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Data Collection Proforma (page 2)

York Teaching Hospital

What does 1 unit of alcohol look like?

o @H@&@

Dandas Slandae WVardat Tasdae \l-oh‘-l "l-
A SV e 1V wirw AT Wiy 0% haer
14
Sty wsed ' wery drinkaware
Age Average unit Intake / week
16 - 30 years
30~ 40 years
40 - 50 years
50 - 60 years
60 - 70 years
70 - 280 years
80 +
Audit C completed? Yes - Complete
If Audit C score > 4 Yes - Complete [/ Not
perform AUDIT appicable
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Appendix |

International Physical Activity Questionnaire (page 1)

York Teaching Hospital NHS |

STraTIFy Methotrexabe

Physical Activity Related Questions:

b ana imeresled n Tnding our sboot tha ke of péwsical etsiti that poogle e as partof thir isarpsiany
Ires. Tha qusastisns will aik yeu abaoul tha tme you et Bang shyscaly aotrei i tha kol ? diss. Plase
afgwir aich guaslion dvas ¥ you do not conmide r yoursall o b an et peresn. Pladse thisk sbout the
ek yorw &5 G0 wodk, ak part el goor hoose and vasd waorkl, 1o gal Irem placi 1o plage, and n poui spans

Earvvin Tod finir e Bon, el s OF Sporl.

Think about all te vigonous actkities that yvou did in the last 7 days. Vigorous physical actiities refer
o activitkes trat take hard physical effort and ralke you breathe much Farder tham normal. Think
oy about those prasical activities that youw did for at least 10 minutes at a time.

L Dwring the last 7 days, om how many days did you do wvigorous physical actietties like heawy
iifting, digging. aerobics, or fast bicyding?

days per wosek

Mo vigonous physical activities < Ship to guestion 3

Z How mresch time did you wsually spend doing vigorous physical acthvithes on ome of those days?
hiurs per day
minutes per day

Don't know/Mot sure

Think about all the: moderate ackiities that you did in the last 7 days. Moderate acthdties refer to
actiwities that take moderate physical efor and make vou breathe scemewhat harder than normal
Think cnly about those physical activities that you did for at least 10 minubes at a e

3. During the last 7 days, on how many days did you do moderate physical acthities like carrging
light lcads, bicpcling at a regular pace, or doubles tennis? (Do not include walkingl

days per wotk

Mo moderate physical activities =% Skp to question 5

Farticipant Quesbonnain
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International Physical Activity Questionnaire (page 2)

York Teaching Hospital NHS

STraTIFy Methotrexate 15 Faunc i3
4. How mruch time did you wsually spend doing moderate physical activities on one of those days?

hiours per dary
minubes per day

Ton't know/ Mok sure

Think abaut the time you spent walking in the last 7 days. This includes ot waork and 2t hame,
wealking to bravel from place to place, and any other walking that you Fawe done sabely for
recreation, sport, exercise, or lelsure.

5. During the last 7 days, on how many days did you walk for a2 keast 10 minetes at a time?
days per wesk

Nowvalkng = Skip toquestion 7

&. How mruch time did you wsually spend walideg on one of those days?
hiours per dary
minubes per day

Ton't know/ Mok sure

Thie kst qusestion is aboart the Hime you spent sitting onseckdays during the [t 7 days. Incude
time spent at work, 2t home, while doing course waork and during lkeisure time. This may indude time
speend SRting at a desk, wisiting friends, reading, ar sitting or lying doen to watch televisian.

7. During the last 7 days, ko much time did you spend sitting on a week day?
____ hours per dayy
____ minubes per day
Ton't know/Nok sure

This & the end of the guesticnnaire, thank ywou for participating,
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Appendix J

Methotrexate Questionnaire

York Teaching Hospital [Al/ghk
STraTIFy Methotrexsate 5 Faung i ;
Participant Questionnaire

Methotrexate related guestions:

1] ‘Were you offered an information leafiet before starting methotrexate W Mo
Mot applcable

How kas your experience of taking methotrexate been?

15 it safe to drink alcokeod whilst you are taking methotresate? Fs J Mio F ot sure

If yes, how much akcohal do wou think you can hase in L weel? s units

What does 1 unit of alcohol look like?

H@ QGH@H@ ﬂ@

HEETE] Lewrsiarsd Grarsard e e el it d
TR [ AL i barp i by | PN |

L 14
P ——— 'i' = drinkawara
4] Hawe you had any conoems about taking methotrexate? ¥s f Mo/ Not applcable

If wes phease describe

5] How oftem are your blood tests monitored now you're taking methotresate? Mot applicable

2 weekly f monthly £ 2 monthly f 2 monthly £ 4 monthly /' & monthly J annually [ not menitored

&) Who checks your blood tests for methotrexate Mot applicabie

GP [/ Hospital mrse / Hospital doctor f Other T W T et e st e e s e e
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Appendix K

Advertisement of study

STrATIFy Methotrexate

Would you like to participate in a short research study?

Participation may help identify your health risks

This study involves 3 things:

- Completing a lifestyle questionnaire
- Answering questions about your medical background
Having a liver scan (similar to an ultrasound)

It takes approximately 20 minutes

If you're interested in taking part ask your clinician or
clinic nurse today

Lucy Turner
Tirdsd by

m&anwaw Hepatology Research Fellow

01904 725467
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Appendix L

Yorkshire Rheumatological Shared Care Guidelines, revised 2019

Metholrexale

Treatmren may begin ab & dose of 10-20mg WEEKLY using 2 3mg t2blets and
imreased o 2img after 24 weeks Fodic acid should be cosprescribed, bui
patienis should be advised net to mke it on the day they tzke deir

et hotrene.

The dey of sdminsration plus sirengih of tzblei should be spevified.
Consider changing 1o the subcinaneous route if there is gestnic indolerance ora
lack of efficacy at the bigher end of the dose range.

Mleovirrann revommended dose onl or 5C = 30mg weekly.

PRCUEELFT

Consider pregeancy dest

Al paciems should have o pre-treatmem CXE and comsider FFT (in LA
Whinz TILCT bess than ™% or clinical concern 2 haseline HRCT chest may be

advishle | I%E toxiciy i mmcreased when fibross & .Et-.c.ml:|

FBL an s pvery 2 weeks mnnl om sinble dose for & weeks

Unce o stabde doge, monthly for 3 menths and then every 3 months
Patiznts af risk of rezal impairment may need U Es checked regularly or if

et amnuadly

More frequent monitorieg is spproprizte in patiests o higher risk of 1ooicity,
o when clirdcally mdcated MPEA still recommesd MTX monnoning hooks
for patienis

Duse increases showld be monitoned by FBC and LFTs at 2 aed 6 weeks and
dhen every 3 monites

Indications for Soopping Therepy:

Atnp medication and contact ncal rhesmatology service 11
W <5.5 x 10°L or below lecal normal renge
Meutpopials < 16w 1071 or below local mormal range
Flalets =180 x10°L or below bocal nomal mege
AST or ALT = 5 times nomaal range (i)
UOral ulcerationUnusnal hinising Bz Alopecia
ﬂrg.' B respiralony symoms Eclhuding cough

EL

Conslder the need for Gl ackd reseue = refer te BNF for dosage
recammendntises and discuss with Bheumatology Service

Climical effect uemlly wides 2 o4 months.

Warsings'Cautlon:

Mo i significent Bepatic Enpaimuent

Mot recommended in severe renald impaimeent {oreatinine chearanoe

<1 0nebienim} the dose should be reduced by 5074 i the {pl]is between 10-
Mmlimein, Alks comsider dose redoction iF Cpll-20-30ml/min.

Pre-existing heematelogical condition

Linderhyimg ches diseae

Where hisiory of excessive akohal intake

e internctions:

Concomatam adminisiration of falaie artagomists such as trimeihoprin sed
pitrous ooide should be gvoided. Use of cosmenosasole may oooor in patiens
with (P4, under specizlin supervision

Penigilling may potentizte levels of methotrexate (Patients should stop bong.
ersthotrenmie if they have sy infection'require antibiotics and restan onoe the
antibiotic course is completed and the infecizon has resolbeed)

Aciiretin - severe hepatitis reponted when combined with MTX

Wi lBaiin preparations o folic mcid

Refier o Seciion ¥ {Godance on use o 5 in pregnancy|

_!‘];_Fm}'-& Breastfesding:
i Tefer i licensed dainsheet for more compresnsmve presorbeg informato
bitpe o masdoines. o uk EMC medicine 004 SPC Mo+ Tablets+ 10-mig
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CHAPTER 15: DEFINITIONS

ABSI A Body Shape Index

ADH Anti-diuretic hormone

AE Adverse event

AlH Autoimmune Hepatitis

ALT Alanine aminotransferase

AS Ankylosing Spondylitis

APRI Aspartate aminotransferase to platelet count ratio
ARFI Acoustic Radiation Force Imaging

ArLD Alcohol-related liver disease

AST Aspartate aminotransferase

ATP Adenosine triphosphate

AUDIT-C Alcohol use Disorders Identification Test
CT Computerised Tomography

FDA Food and Drug Administration

BAD British Association of Dermatologists
BIA Bioelectrical Impedance Analysis

BMI Body mass index

CTD Connective tissue disease

CXR Chest Xray

df Degrees of freedom
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DM Diabetes Mellitus

DMARDs Disease modifying anti-rheumatic drugs
DNA Deoxyribonucleic acid

ELF Enhanced Liver Fibrosis

FBC Full blood count

FFM Free Fat Mass

FIB-4 Fibrosis-4

GCA Giant Cell Arteritis

GCP Good Clinical Practice

GFR Glomerular Filtration Rate
GGT Gamma-glutamyl transpeptidase
Gl Gastrointestinal

GP General Practitioner

GTP Guanosine 5-triphosphate

HA Hyaluronic acid

HCC Hepatocellular carcinoma

HE Hepatic encephalopathy

HBV Hepatitis B Virus

HCV Hepatitis C Virus

HIV Human immunodeficiency virus
HSC Hepatic stellate cells

HPS Hepatopulmonary syndrome
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HRA Health Regulation Approval

HRS Hepatorenal syndrome

HTN Hypertension

HYMS Hull and York Medical School

IBD Inflammatory Bowel Disease

IFG Impaired Fasting Glucose

IL Interleukin

IPAQ International Physical Activity Questionnaire
IRAS Integrated Research Application System
IT Information Technology

JAK/STAT Janus Kinases/Signal Transducers and Activators of Transcription
Kg Kilograms

kPa KiloPascals

LBT Liver blood test

LFT Liver function test

M Meter

MCV Mean cell volume

MET Multiple energy expenditure

Mg Milligrams

MRE Magnetic resonance elastography

MTX Methotrexate

NASH Non-alcoholic steatohepatitis
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NAFLD Non-alcoholic fatty liver disease

NICE National Institute for Health and Care Excellence
NIHR National Institute for Health and Care Research
NSAIDs Non-steroidal anti-inflammatory drugs

oD Once daily

PIII3NP Procollagen type Il N-terminal peptide

PBC Primary Biliary Cholangitis

PDGF Platelet derived growth factor

Pl Principal Investigator

PMR Polymyalgia Rheumatica

PPAR« Peroxisome proliferator-activated receptor alpha
PsA Psoriatic arthritis

PSC Primary Sclerosing Cholangitis

PVT Portal vein thrombosis

R&D Research and Development

RA Rheumatoid arthritis

REC Research Ethics Committee

SBP Spontaneous bacterial peritonitis

SLE Systemic lupus erythematosus

SMM Skeletal Muscle Mass

SREBP-c Sterol regulatory element-binding protein C
T2DM Type 2 diabetes mellitus
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TBW

Total Body Water

TE Transcient elastography

TGF Transforming growth factor

TIMP-1 Tissue inhibitor of metalloproteinase 1
TNF Tumour necrosis factor

U&Es Urea and electrolytes

UK United Kingdom

UTP Uridine triphosphate

VAT Visceral Adipose Tissue

VzZVvV Varicella Zoser virus

wWCC White cell count

WHO World Health Organisation

YTHT York Teaching Hospitals NHS Foundation Trust

188




189



	CHAPTER 1: Abstract
	CHAPTER 2: Table of Contents
	CHAPTER 3:  List of tables, illustrations
	CHAPTER 4: Acknowledgements
	CHAPTER 5: Author’s declaration
	CHAPTER 6: Introduction
	6.1 Methotrexate
	6.1.1 The history of a steroid sparing agent
	6.1.2 Method of action
	6.1.3 The divergence of methotrexate related guidelines

	6.2 Hepatotoxicity
	6.1.2 The pathogenesis of liver injury
	6.1.3 The clinical consequences of progressive liver fibrosis

	6.2 Diagnosing liver fibrosis
	6.2.1 Liver biopsy
	6.2.2 Serological markers of liver fibrosis
	6.2.3 Radiological techniques for detecting liver fibrosis

	6.3 Clinical evidence of liver fibrosis with methotrexate
	6.3.1 Historical case reports
	6.3.2 Risk factors for fibrosis progression in those taking Methotrexate

	6.4 Body Mass Composite
	6.4.1 The Body Composition Analyser

	6.5 Summary

	CHAPTER 7: Aims and hypothesis
	CHAPTER 8: Methods
	8.1 Electronic record-based audit
	8.1.1 Audit design
	8.1.2 Regulatory considerations and approvals

	8.2 Assessing liver fibrosis in an outpatient population
	8.2.1 Study design
	8.2.2 Rationale for adopting current study design
	8.2.3 Study setting
	8.2.4 Data collection – participant history
	8.2.5 Data collection – electronic record
	8.2.6 Data collection – questionnaires
	8.2.7 Data collection – special tests
	8.2.8 Eligibility criteria
	8.2.9 Sample size
	8.2.10  Recruitment
	8.2.11 Consent

	8.3 Patient and public involvement
	8.3.1 The process
	8.3.2 Syntax and grammar
	8.3.3 Negative connotations
	8.3.4 Impact upon the participant

	8.4 Assessment and management of risk
	8.4.1 Informed consent
	8.4.2 Request to withdraw
	8.4.3 Risk to participants
	8.4.4 Risk to researchers
	8.4.5 Risk to reliability of results
	8.4.6 Risk to organisation

	8.5 Ethical and regulatory considerations
	8.5.1 Sponsorship
	8.5.2 Research Ethics Committee
	8.5.3 Data management plan
	8.5.4 Data protection and patient confidentiality
	8.5.5 Indemnity
	8.5.6 Protocol compliance

	8.6 Statistical analysis
	8.6.1 Summary statistics
	8.6.2 Multiple regression analysis


	CHAPTER 9: Prescribing methotrexate – real world experience
	9.1 Introduction
	9.2 Results
	9.2.1 Risk factors for liver disease are commonplace
	9.2.2 Adherence to rheumatological guidelines
	9.2.3 Abnormal LBTs – worth worrying about?

	9.3 Discussion

	CHAPTER 10: Risk factors for liver fibrosis in an outpatient population
	10.1 Introduction
	10.2 Results
	10.2.1 Summary statistics
	10.2.2 Prevalence of liver fibrosis
	10.2.3 Methotrexate as a cause of liver fibrosis
	10.2.4 Risk factors for liver fibrosis

	10.3 Discussion

	CHAPTER 11: Methotrexate – patients’ perceptions
	11.1 Introduction
	11.2 Results
	11.2.1 Alcohol – how much is too much?
	11.2.2 Prescription and monitoring
	11.2.3 Methotrexate – a toxic medication?

	11.3 Discussion

	CHAPTER 12: Discussion
	12.1 Introduction
	12.2 Methotrexate and liver fibrosis – real world experience
	12.3 Risk factors for liver fibrosis
	12.4 Patient’s Perceptions of Methotrexate
	12.5 Limitations
	12.6 Recommendations
	12.7 Closing Remarks

	CHAPTER 13: List of references
	CHAPTER 14:  Appendices
	CHAPTER 15: Definitions

