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DIAGNOSIS AND TREATMENT OF ARTHRITIC CONDITIONS

FIELD OF THE INVENTION

The present invention provides a method of determining the likelihood that a patient, with a
disorder treatable with a TNF antagonist, will respond to administration of a TNF-antagonist,

and methods of treatment and kits for use in said methods.

BACKGROUND TO THE INVENTION

The introduction of anti-TNFa treatment has revolutionised the management of Rheumatoid
Arthritis RA (1-4). Several agents are available within this class but response rates are
imperfect: only 26-42% of patients achieve a good EULAR response within 6 months {5-7).
Given the high cost of these therapies, and implications for disease progression in non-
responders waiting for 3 to 6 months for clinical reassessment, the ability to predict

treatment responses at baseling is an important goal.

The aetiology of RA Is not fully understood but involves both genetic and environmental
factors. In addition to synovitis there are widespread systemic effects mediated by
proinflamimatory cytokines that impact upon metabolism. Surprisingly, we have found that
metabolic profiling predicts the response to anti-TNFa therapy in patients with rheumatoid
arthritis. There were clear differences in the metabolic profiles of baseline urine samples of
patients with RA who responded well to anti-TNF therapy compared with those who did not.
This difference may be important as a novel predictor of responses to TNF antagonists. ltis
envisaged that this approach can also be applied to a range of similar conditions as well,
including and Psoriatic Arthritis (PsA), Lupus and AS (Ankylosing spondylitis).

SUMMARY OF THE INVENTION

Thus, in a first aspect, the present invention provides a method of determining the fikelihood
that a patient, with a disorder treatable with a TNF antagonist, will respond to administration
of a TNF-antagonist, the method comprising determining the likelihood of the patient’'s
response to said antagonist based on a metabolic profile of a biological fiuid sample from
said patient.
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The metabolic profile may be determined by assaying for the presence of one of more
metabolites in the sample from the patient. The sample is ideally a baseline sample, i.e.
taken before treatment has been initiated, especially if said treatment is with a TNE
antagonist. The sample is a biological fluid. In some embodiments, this may be serum. In
some embodiments, this may be urine. For the sake of simplicity, reference herein is
predominantly made to urine as the sample, but this may also include serum or other
biological fluids unless otherwise apparent.

The metabolites may be any metabolites found in the sample and associated with
responsiveness of the patient {o a TNF antagonist. In some embodiments, the metabolits is
a melabolite associated with tissue degradation or a catabolic process. In some
embodiments, the metabolite to be profiled is histamine. In some embodiments, the
metabolites to be profiled are any one, and ideally all, of: histamine, glitamine, xanthurenic
acid and/or ethanolamine. In some embadiments, the metabolites to be profiled are any
one, and ideally all, of: p-hydroxyphenylpyruvic acid, phosphocreating, thymine, creatinine,
phenylacetic acid and/or xanthine may also be assayed/profiled. This may be in addition or

in place of histamine, giutamine, xanthurenic acid and/or ethanolamine.

The metabolic profile {or fingerprint or metabolomic data) may comprise of merely the
presence or absence of a particular metabolite, but may also be formed from the presence
or absence of several metabolites. Furthermore, the levels of a certain metabolite or certain
metabolites may be determined and this may be indicative of responsiveness to a TNF
antagonist. For example, certain metabolites may be upregulated, whilst other may be
downregulated in responsive patients. Upregulation or downregulation may be compared to
a reference or threshold value. The profile may, therefore consist of one or more piece of
data for each metabolite. These may be, for instance: presence/absence; level: and/or level
above/below a threshold value. Thus, a profile can be built up based on the presence,
absence or levels of a certain metabolite or mixtures of two or more metabolites. In some
embodiments, the profile may be a mixture of upregulated metabolites: a mixture of
downregulated metabolites; or a mixture of upregulated metabolites and downreguiated
metabolites.  Suitable assays for determining the presence, absence or levels of a
metabolite in Urine are well known in the art, but may include HPLG, for instance. In patients
with RA, for example, who are likely to respond to TNF antagonists, there may high levels of
glutamine; phenylacetic acid and/or histamine. This is typically in the bassline urine
samples. Higher levels of methylamine andfor creatinine in the urine post anti-TNF therapy

may also be seen, so these may be determined separately post-treatment. Similar changes
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in metabolites may also be seen in the urine samples of patients with PsA who are likely to

respond to TNF antagonists,

in any patient, threshold levels of the metabolite may be outside the normal 95% reference

interval for that metabolite, indicating a higher or lower level of that metaboiite.

Thus, a suitable data set can be built up (as a fingerprint). This may then be overlaid
matched or compared with a reference fingerprint to thereby determine the likelihood that the
patient is a responder or non=responder to TNF antagonists. The reference fingerprint may
have the same or more data points (i.e. metabolites) compared to the patient’s fingerprint, |t
is also envisaged that a fingerprint for @ patient may be built up as part of the present
methods. # may continue to be developed over time. This may be compared to a reference
fingerprint or may compared against previous fingerprints from the same patient to

determine changes over time and thus allow the progression of the disease to be iracked.

In RA patients, threshold levels of phenylacetic acid would typically be above the normal
95% reference interval of 0.364 ugimg (micrograms per milligram) creatinine. It RA
patients levels of xanthurenic acid would typically be above the normal 95% reference
interval of 1.18 pg/mg (micrograms per milligram) creatinine. These figures come from
Biomedical chromatography (2008) v22 pp1346-1353.

We have measured (using classical biochemistry approaches) both glutamine and
xanthurenic acid. These correlated with the peaks in the NMR spectra. As an example, the
mean xanthurenic acid concentration was 2.53 micro molar in urine of responding patients
and 2.15 micro molar in nen-responding patients (so 18% more in responders). The

respective values for giutamine were 336 pM and 290 uM (16% more).

Responsiveness as referred to herein relates to the clinical outcome of administering a TNF
antagonist. This may be whether or not the patient, if prescribed or administered a TNF
antagonist would benefit, for instance at least in the sense of an amelioration of symptoms or
slowing of the progression of the disorder. Side effects may be discounted in the
assessment of responsiveness. Criteria for assessing this are known in the art and
examples are also mentioned herein. Non responsiveness may be considered to be the

oppesite or responsiveness — i.e. no change or even a worsening of symptoms.

Disorders that may be treated using a TNF inhibitor include rheumatoid arthritis (RA),
ankylosing spondylitis (AS), Crohn's disease, psoriasis and its associated arthritis (PsA),

hidradenitis suppurativa and/or refractory asthma. In some embodiments the disorder may
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be RA. In other embodiments, the disorder may be AS or psoriasis (and PsA). In some

embodiments, Behcets Disease may also be included.

The TNF antagonist may be considered to be a TNF inhibifor and may include anti-TNE
antibodies, especially monoclonal antibodies. Examples of these are known in the art and
approved products include etanercept (Enbrel), infliximab {Remicade), adalimumab
{Humira), certolizimumab pegol (Cimzia)} and golimumab {Simponi). Etanercept andfor
infliximab are preferred. The TNF antagonist for treating the disorder may not necessarily be
the same as the TNF antagonist that may be used to treat the patient. if the use of a TNF
antagonist is appropriate, but in general the two are interchangeable. Reference herein to a
single TNF antagonist may be considered to relate to one or more TNF antagonists unless

otherwise apparent. The TNF is ideally TNF-alpha.

It will be appreciated that definitive answers, although ideal, may not always be possible,
hence the likelihood referred to herein. Generally, the best that can be done is that a
percentage range is provided: say there is at least a 50-70% or 60-80% or at least 70-80%
or at least 75-85% or at least 80-90% or at least 85-95% or at least 90-85% or more chance
that the patient will be responsive o a TNF antagonist,

In a turther aspect, the invention provides a method of determining whether a patient with
RA will respond to administration of a TNF inhibitor, comprising assaying metabolites in a
biological filid sample from the patient and correlating changes in metabolite levels with a

likelihood of a positive response to said inhibitor.

In a still further aspect, the invention provides a screening method comgprising delermining
the likelihood that twe: or more patients, with a disorder treatable with a2 TNF antagonist, will
respond {c administration of a TNF-antagonist, the method further comprising determining
the likelihood of the patients’ response to said antagonist based on a metaboiic profile -of
biological fluid samples from each patient. This may also be considered to be a method of
identifying patients, for instance in a certain population, that have the disorder and may
respond to a TNF antagonist.

In a further aspect, the invention provides a method for the treatment or prophylaxis of g
disorder treatable with a TNF antagonist, comprising: identifying that the patient will respond
to administration of a TNF-antagonist by determining the likelihood of the patient’s response
to said antagonist based on a metabolic profile of a biological fluid sample from said patient;
and administering a suitable treatment to said patient. The suitable treatment may comprise
a TNF antagonist if the patient is determined to be likely to respond to a TNF antagonist.

4
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Alternatively, it may not comprise a TNF antagonist if the patient is determined to be untikely
to respond to a TNF antagonisl. Treatments other than TNF antagonists are well known for
the disorder. For instance, they may include NSAIDs for RA,

Infliximab and etanercept were found to alter metabolites in the urine differently. For
instance, there were clear differences in the metabolites at 12 weeks post treatment.
increases in the metabolites hippuric acid, citrate and/or lactic acid, and ideally all of them,
may be associated with infliximab treatment. Increases in the metabolites choline,
phenylacetic acid, urea, creatine and/or methylamine, and ideally all of them, were
associated with efanercept freatment. Also provided is 2 method for determining the
likellhood that a patient has been freated with Infiiximab or etanercept. the method
comprising determining the likelihood based on a metabolic profile of a urine sample from
said patient, wherein increases in the metabolites hippuric acid, citrate and/or lactic acid, and
ideally all of them, may be associated with infliximab freatment and increases in the
metabolites choline, phenylacetic acid, urea, creatine and/or methylamine, and ideally ail of
them, were associated with etanercept treatment. The increases may be compared against

a baseline, i.e. pre-treatment.

For RA, infliximab and/or etanercept are particularly preferred as the TNF antagonist. For
Crohn’s disease, infliximab is particularly preferred as the TNF antagonist. Infliximab and
etanercept currently are both used in treafing RA, but only infliximab is used in treating

Crohn’s disease. So analysis of urines of Crohn’s disease may show differences with RA.

In a further aspect, the invention provides a kit for determining the metabolic profile of a
biological fluid sample. The kit is suitable for use in the present methods, It may comprise:
a set of at least one control metabolite, but preferably two, thres, four or more control
metabolites; and means for collecting and/or testing samples and the metabolites therein.
Suitable means for collecting serum are known as those for collecting urine, which may
include pots or vials, for instance. The control metabolites correspond to the metabolites

being tested (assayed) for in the sample from the patient.

Provides is, therefore, a kit for determining the metabolic profile of a biological fluid sample
comptising: means for collecting and/or testing samples and the metabolites therein: and a
set of at least one control metabolite corresponding to the metabolites being tested for in the

sample from a patient.

Thus, the control metabolites may include histamine and so forth as described herein. In

other words, a kit might include a set of standard metabolites which can be used to confirm

5



19

15

20

25

30

WO 2014/140509 PCT/GB2013/051122

the presence of the key metabolites. These may be also present at a range of
concentrations for use i Mass spectrometric (MS) on NMR analysis of urines. Such
standards would also be useful in ELISA (enzyme linked immune sorbent assays) in which
antibodies specific to each of the metabolites could be used to assess the concentration of
the individual metabolites and so derive the overall metabolite fingerprint. Indeed, the kit
itself may also comprise an ELISA kit (sub-kit) comprising one or antibodies specific each
metabolite o be delected. The ELISA kit would also comprise means for detecting said

antibodies when bound to the metabolite, as known in the art.

Other antibody-based assays could be used, in which the individual antibodies are linked to
differently fluorescent beads (e.g. Luminex technology) and so muitiplexed assessment of
the range of metabolites could be done. Since metabolites are the targets or products of
metabolic enzymes, such enzymes may be added to urine samples and the level of activity
of the enzyme against the metabolite could be used to quantitate the metabolite. An example
of this might be lactate dehydrogenase for the assessment of lactate.

It is envisaged that the present metabolomic approach could be combined with any of the
following: CRP: eytokine; and/or autoantibody analyses in tests to predict response. This
may be used as part of an individually-tailored therapy, i.e. in personalised medicine. As
such, the invention may also provide a method of determining andior providing a
personalised treatment regime to or for a patient, comprising determining the likelihood that
the patient, with a disorder treatable with a TNF antagonist, will respond to administration of
a TNF-antagonist, the method comprising determining the likelihood of the patient's
response to said antagonist based on a metabolic profile of a urine sample from said patient,
and including a TNF antagonist in the treatment regime if a sufficiently positive likelihood for
a response is determined.

A sufficiently positive likelihood may be 50% or more, but it could be less depending on
clinical circumstances, for instance a lower threshold may be acceptable in cases where no

other treatments are sucgessiul,

In some embodiments, the relationship between baseline metabolite profiles and the change
in DAS28 over time (for instance every 3, 6 8 or 12 manths} may be assessed to allow
progression of the disorder, which is RA, and/or effectiveness of a treatment to be assessed.
The assessment may be by known methods such as using PLS-R.
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BRIEF DESCRIPTION OF THE FIGURES
The present inventikon will now be described with reference to the accompanying figures.

Figure 1:Metabolic fingerprinting distinguishes between baseline urine samples from

RA patients who go on to have good response or not at 12 months.

A. 1D "H NMR spectra of baseline urine samples from RA patients who go on to have a
good response (o) or not (o) to TNF antagonists at 12 months were subjected to
supervised analysis (PLS-DA). The values on the axis labels indicate the proportion
of the variance captured by sach latent variable.

B. Weightings plot of the PLS-DA model of spectral data from baseline urine samples of
the RA patients who go on fo have good response or not at 12 monihs highlight
major regions of the spectra that distinguish between the sample groups. The
values on the x axis indicate chemical shift (ppm) and the values on the y axis

indicate the proportian of the variance captured by each latent variable.

C. 1D 'H NMR spectra of baseiine urine from RA patients who go on to have a good
response (e) or not (o) to TNF antagonists at 12 months were subjected to PCA
using GALGO. The values on the axis labels indicate the proportion of the variance
captured by each principal component.

Figure 2 Metabolic fingerprinting enables identification of metabaolites that alter post
treatment with TNF antagonists in patients that have a good response.

A. 1D 'H NMR spectra of urine samples from RA patients at baseline (o) and 12 weeks
(e}who go on to have a good response to TNF antagonists at 12 months were
subjected to supervised analysis (PLS-DA). The values on the axis labels indicate

the proportion of the variance captured by each latent variable.

B. Weightings plot of the PL8-DA model of spectral data from urine samples of the
patients with RA who responded to TNF antagonists highlights major regions of the
spectra that distinguish between the baseline and 12 week samples. The vaiues on
the x axis indicate chemical shift {(ppm) and the valuss on the ¥ axis indicate the

proportion of the variance captured by each latent variable.
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C. 1D "M NMR spectra of urine samples from PsA patients at baseline (o) and 12
weeks (e)who go on to have a good response to TNF antagonists at 12 months were
subjected to supervised analysis (PLS-DA). The values on the axis fabels indicate

the proportion of the variance captured by each latent variable.

D. Weightings plot of the PLS-DA mode! of spectral data from urine samples of the
patients with PsA who responded to TNF antagonists highlights major regions of the
spectra that distinguish between the baseline and 12 week samples. The values on
the x axis indicate chemical shift (ppm) and the values on the y axis indicate the

proportion of the variance captured by each latent variable.
Figure 3 Metabolic fingerprinting of urines from RA and PsA patients.

A. 1D 'H NMR spectra of urine samples from RA and PsA patients 12 weeks post
treatment with infliximab (o) and etanercept (e)who had a good response 1o
treatment were subjected to supervised analysis (PLS-DA). The values on the axis
labels indicate the proportion of the variance captured by each latent variable.

B. Weightings plot of the PLS-DA model of spectral data from urine samples of the RA
and PsA patients post treatment with infliximab and etanercept who go on to have
good response at 12 months highlight major regions of the spectra that distinguish
between the sample groups. The values on the x axis indicate chemical shift (ppm)
and the values on the y axis indicate the proportion of the variance captured by each

latent variable.

DETAILED DESCRIPTION OF THE INVENTION

Muscle wasting is a common feature of RA and its extent is associated with RA disease
activity (8) but low BMI is uncommon, as fat mass is preserved or even increased {9). The
extent of the metabolic changes and the types of metabolites seen may therefore be good
markers of cytokine mediated inflammatory processes in RA. Several studies have used
metabolomic analysis in patients and anima! models of inflammatory disease (10-14). Given
the integrated nature of systemic metabolism, the analysis of muitiple metabolites may
provide a better understanding of the disease associated changes. Metabolomic analysis,

based on nuclear magnetic resonance (NMR) spectroscopy of bioftuids, can be used to
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identify a broad range of melabolites simultaneously. Using this approach, the identification
of several metabolites in cancer and cardiovascular disease has provided insights into
disease mechanisms and has highlighted their potential as biomarkers of disease activity
and response o therapy (15-17). Systemic changes in many low molecular weight
metabolites are reflected by their Jevels in urine and, indeed, metabolomic analysis of uring
samples has been used in inflammatory conditions such as inflammatory bowel disease
(IBD) (18-20), to successtully distinguish different types of IBD, and to identify the presence
of ongoing intestinal inflammation. Metabolomic profiles have also been shown to alter
during therapy (21). However, no one has yet thought to assess whether metabolomic
profiles in the urine may have a role in predicting responses to TNF antagonists in patients
with RA and PsA.

Anti-TNF therapies are highly effective in rheumatoid (RA) and psoriatic (PsA) arthritis but a
significant number of patients exhibit partial or no therapeutic response. Inflammation alters
local and systernic metabolism and TNF plays a role in this. We sought to determine if the
patient’s metabolic fingerprint prior to therapy could predict responses to anti-TNF agents.
Urine was collected from 16 RA and 20 PsA patients before and during therapy with
infliximab or etanercept. Urine metabolic profiles were assessed using NMR speciroscopy.
Discriminating metabolites were identified, and the relationship between metabaoiic profiles
and clinical oulcomes was assessed. Baseline urine metabolic profies discriminated
between RA patients who did or did not have a good response to anti-TNF therapy,
according to EULAR criteria, with a sensitivity of 88.9% and specificity of 85.7%, with several
metabolites (in particular histamine, glutamine, xanthurenic acid and ethanolamine)
contributing. There was a correlation between baseline metabolic profiles and the
magnitude of change in DAS 28 from baseline to 12 months in RA patients (p=0.04). In both
RA and PsA urinary metabolic profiles changed between baseline and 12 weeks of anti-TNF
therapy and within the responders, urinary metabelite changes distinguished between
etanercept and infliximab treatment. The clear relationship betwsen urine metabolic profiles
of RA patients at baseline and their response to anti-TNF therapy may allow development of
novel approaches to the optimisation of therapy. Differences in metabolic profiles during
treatment with infliximab and etanercept in RA and PsA may reflect distinct mechanisms of

action.

In some embodiments, the TNF antagonist is an anti-TNF treatment. This may be Infliximab.
In some embodiments, the anti- TNF treatment is Etanercept. In some embodiments, the

anti- TNF treatment is Infliximab and/or Etanercept. Drugs in this class include etanercept
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{Enbrel), infliximab (Remicade), adalimumab (Humira), and golimumab {Simiponi). Any of
these are preferred.

Classification of patients as having a disorder may be by known methads. For example, RA
patients may be said to have RA if they meet the criteria of the 1987 American College of
Rheumatology classification criteria (22).. They may also be positive for rheumatoid factor
(RF} and/or anti-CCP antibodies. They may have a disease duration > 6 months. They also
have a DAS28 score > 4.0,

PsA patients may have psoriasis at screening. They may have >3 swollen. They may also
have >3 tender peripheral joints. The may have negativity for RF and anti-CCP antibodies
and/or a disease duration > 6 months. Although this is not believed to be necessary, the
patients may have failed treatment with at least one DMARD and may also have been
treated with methotrexate. Said freatment with methotrexate may have been at a dose of at
least 7.5mg weekly and this may have been stable for at least 4 weeks prior to commencing
anti-TNFa therapy. In some embodiments, no other DMARDs may be allowed within the 4
weeks prior to commencing treatment. In some embodiments, prednisolone may be allowed

provided the dose remained stable and did not exceed 10mg daily.

Treatment regimes will be well known to the skilled person and can in any case be
determined according to the standard protocols advised for over the counter or preseription
treatments. In some embodiments, these may include infliximab at 3mgikg at weeks 0, 2
and 6 and then every 8 weeks until week 46; or etanercept 25mg twice weekly for 52 weeks.
A physician will be able to determine the correct dose based on the latest guidelines for the
TNF antagonist. Therapy may be kept stable for the first 3 months. After 3 months, therapy

could be changed as required, including escalation of methotrexate therapy to 20mg weekly.

The conditions in respect of which the present invention may be used in treatment or
prophylaxis may be any of the following, which are not mutually exclusive: autoimmune
disease associated with joint inflammation; arthritic diseases: and chronic inflammatory
diseases, including chronic inflammatory arthritis. Lupus, AS, and/or PsA (Psoriatic arthritis)
are preferred and the treatment or prophylaxis of RA is particularly preferred. RA is well-
known and described herein, but may be determined according to the 1987 criteria
mentioned herein, for instance. Ankylosing spondylitis (AS) is a chronic inflammatory
disease and is a form of spondylearthritis, a chronic, inflammatory arthritis. Psoriatic arthritis

is a type of inflammatory arthritis. It develops in up to 30 percent of people who have the
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chronic skin condition, psariasis. The condition may also be any condition for which a TNF

antagonist may be prescribed, i.e. a condition that responds to a TNF antagonist.

With respect to responsiveness, a good clinical response is of course preferred. This may
be defined as a DAS 28< 3.2 and/or a DAS 28 improvement> 1.2 after therapy (23) in RA. A
goad response in PsA may be defined as an improvement in 2 factors {with at least one
being a joint score) with worsening in none of the following four factors: patient and
physician global assessments, tender and swollen joint scores {24). The EULAR criteria

mentioned herein are well known and may be used to determine responsiveness if required.

Conditions {disorders) that may be diagnosed may include chronic inflammatory diseases,
such as ankylosing spondylitis (AS), RA and/or PsA. RA or PsA are preferred. RA is
particularly preferred in some embodiments.

Conditions (disorders) that may be treated may include chronic inflammatory diseases . such
as ankylosing spondylitis (AS), RA and/or PsA. RA or PsA are preferred. RA is particularly
preferred in some embadiments.

With respect to RA, the urine markers we have found may be indicators of either joint
specific degradation processes, or may result from the systemic muscle and tissue changes

associated with chronic disease, many of which are mediated through TNFa,

The sample is a urine sample. The urine sample may be collected from a patient, preferably
in the morning, and may be snap frozen. It should ideally be stored at -80°C. The sample is
preferably collected at baseline, L.e. as scon as the patient presents him or herself, thus
creating the initial time point if monitoring is to be conducted. Further samples for monitoring
may be collected in the same way every 10-15, ideally 12, weeks. Preferably, monitoring
should occur al 3 month, 8 month andfor 12 month intervals (from the initial baseline

measurement). Re-assessment after 12 months is particularly preferred,

Measurement of the metabolites may be by standard methods, including HPLC (high
performance lon-exchange chromatography), especially for glutamine, andfor fluorometric

methods, especially for xanthurenic acid levels.

In some embodiments, the metabolite is histamine. In some embaodiments, the metabolites
are any one, and ideally all, of: histamine, glutamine, xanthurenic acid and/or ethanolamine.
These were identified by all three analytical methods. Furthermore, several metabolites
were identified by at least two of the three different methods, including p-
hydroxyphenylpyruvic acid, phosphaocreatine, thymine, creatinine, phenylacetlic acid and

11
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xanthine. These findings cross-validate the analyses used. While these individual
metabolites (glutamine and xanthurenic acid) contribute strongly to the discrimination, the
whole set of metabolites present in the fingerprints is preferred to fully separate the
responders from non-responders. Thus, any one, and ideally all, of p-
hydroxyphenylpyruvic acid, phosphocreatine, thymine, creatinine, phenylacetic acid and/or
xanthine may also be assayed/profiled. This may be in addition or in place of histamine,

glutamine, xanthurenic acid and/or ethanolamine.

In patients with RA who responded to TNF antagonists, there were high levels of glutamine,
phenylacetic acid and histamine in the baseline urine samples and higher levels of
methylamine and creatinine in the urine post ant-TNF therapy. Similar changes in
metabolites were aiso seen in the urine samples of the patients with PsA who responded to
TNF antagonists (Figure 2). We also found that increases in hippuric acid, citrate and lactic
acid were seen with infliximab treatment and increases in choline, phenviacelic acid, uwres,
creatine and methylamine were seen with etanercept treatment. All three methods identified
histamine, glutamine, xanthurenic acid and ethanolamine, while both PLS-DA and PLSR
identified creatinine, p-hydroxyphenylpyruvic acid and phosphocreatine and both PLS-DA
and GALGO identified phenylacetic acid and xanthine. Histamine, glutamine, phenylacetic
acid, xanthine, xanthurenic acid and creatinine were up regulated in the urine samples of the
patients that had a good response to therapy whilst ethanclamine, p-hydroxyphenyipyruvic
acid and phosphocreatine were down regulated. One metabolite we identified as a strong
discriminator in baseline urinary metabolites was histamine. Several of the other metabolites
that we have observed were also associated with catabolic processes and tissue
degradation for example, glutamine, xanthurenic acid and ethanclamine, can result from

tryptophan and other amino acid degradation pathways.

Baseline levels of TNFa may predict the dose of infliximab needed for optimal response {43)
and other work has demonstrated that a combination of hlood cytokines and autoantibodies
can predict responses fo stanercept (44). Infliximab and etanercept alter metabolites in the
urine differently as there are clear differences in the metabolites at 12 weeks post treatment.
Increases in the metabolites hippuric acid, citrate and lactic acid were associated with
infliximab treatment and increases in the metabolites choline, phenviacetic acid, urea,
creatine and methylamine were associated with stanercept treatment. The presence of

choline suggests that efanercept may alter lipid metabolism,
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We have also shown that the same metabolites alter in the urines of patients with RA and
PsA that responded to TNF antagonists. It may therefore be that chronic inflammatory

diseases respond by a common mechanism to TNF antagonists.

EXAMPLES
PATIENTS AND METHODS
Patients

Patients were part of a multicentre study (Glasgow Royal Infirmary (PsA patients only},
Queen Elizabeth Hospital, Birmingham (PsA patients only), and Charing Cross Hospital,
London (RA patients only)) comparing responses fo infliximab and etanercept. All patients
were aged 18 or over. RA patients were required to fulfii 1987 American College of
Rheumatology classification criteria {22), to be positive for rheumatoid factar (RF) andfar
anti-CCP antibodies, have a disease duration > 6 months and a DAS28 score > 4.0. The
PsA patients were required to have psoriasis at sereening, >3 swollen and >3 tender
peripheral joints, negativity for RF and anti-CCP antibodies and a disease duration > 6
months. All patients had failed treatment with at feast one DMARD and were treated with
methotrexate at a dose of at least 7.5mg weekly, stable for at ieast 4 weeks prior to
commencing anti-TNFa therapy. No other DMARDs were allowed within the 4 weeks prior
to commencing treatment but prednisolone was allowed provided the dose remained stable

and did not exceed 10mg daily.

Participants were randomised fo either infliximab 3mg/kg at weeks 0, 2 and 6 and then every
8 weeks until week 48, or etanercept 25mg twice weekly for 52 weeks. Therapy was kept
stable for the first 3 months. After 3 months, therapy could be changed as required,
including escalation of methotrexate therapy to 20mg weekly in apparent non-responders.
Clinical data, including ESR, DAS28 and HAQ scores, were collected at baseline and
monthly up to week 52. A good clinical response was defined as a DAS 28< 3.2 and a DAS
28 improvement> 1.2 after therapy (23) in RA. A good response in PsA was defined as an
improvement in 2 factors (with at least one being a joint score) with worsening in none of the

following four factors: patient and physician global assessments, tender and swollen foint
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scores {24). Random utine samiples were collected from the patients at baseline and at 12
weeks and were snap frozen and stored at -80°C. The study was conducted in compliance
with the Helsinki declaration and ethical approval was obtained from the West Glasgow

Ethics Commitiee. All subjects gave written informed consent.

Metabolomic analysis

After thawing, urine samples {(1ml) were centrifuged at 13000xg for Smins and samples
prepared using a standard protocol (25). Briefly, urine was buffered with phosphate buffer
(100mM), made 10% with D0 and 0.5mM with TMSP and the pH adjusted (twice over
30mins) to pH 7.0. The sample was then centrifuged and loaded into a standard 5mm NMR
tube for spectroscopy.

One-dimensional 'H spectra were acquired at 300K using a standard spin-echo pulse
sequence with water suppression using excitation sculpting on a Bruker DRX 500MHz NMR
spectrometer equipped with a cryoprobe. Samples were processed and data calibrated with
respect to the TMSP signal. Spectra were read into Prometab (26) (custom writien software
in Matlab (version 7, The Math Works, Natick, MA)), and were truncated to a 0.8-10.0 ppm
{parts per million) range. Spectra were segmented into 0.005 ppm (2.5Hz) chemical shift
‘bins’ and the spectral areas within each bin were integrated. Spectra were corrected for
baseline offsel and then normalised to a total spectral area of unity and a generalised log
transformation was applied {26). Binned data were then compiled into a matrix, with each

row representing an individual sample.
Statistical analyses

The data bins from groups of specira were mean centred and then assessed using the
following techniques: (1) Partial least square discriminant analysis (PLS-DA) was used to
perform supervised clustering of samples using PLS_Toolbox (version 5.8) {Eigenvector
Research, Wenatchee, WA, USA) in Matlab (release 2009a). PLS-DA was cross-validated
using Venetian blinds (27), a method which re-assigns randomly selected blocks of data to
the PLS-DA meodel to determine the accuracy of the model in correctly assigning class
membership. (2) GALGO, a package available in the statistical environment R, was used to
further model the relationship between good responders and those that did not respond welt
using a genetic algorithm search procedure coupled to statistical modelling methods for

supervised classification (28). The results of GALGO analyses are presented as principle
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component analysis (PCA) plots where the X and Y axes represent first and second principle
components providing the greatest variation between samples, and the next largest
unrelated variation respectively. GALGO analysis was cross validated using K-fold cross
validation where the original sample is randomly partitioned into subsamples and each
observation is used for both training and validation. (3) PLS-R, a regression method that
identifies which metabolites can predict a continuous variable, was also used. This analysis
yields r#, a measure of the goodness-of fit of the linear regression, while permutation testing
assessed the significance of this prediction.

Lists of metabolites providing the greatest discrimination between groups were then
identified for each technique. Using multivariate analyses, peaks with large weightings were
identified from the PLS-DA weightings plot. Metabolites were identified using these peaks.
GALGO analysis produces a list of "hins” of ranked importance which contribute to the
separation between the groups. The PLS-R model represents the 80 “bins” or regions of the
spectra: which had the greatest influence on the correlation with the change in DAS28.
These bins were used to identify the discriminatory metabolites. NMR databases (Human
Metabolome Database version 2.5) and Chenomx NMR suite {Chenomx, Alberta, Canada)
were used to identity the metabolites.

Medsurement of metabolites

Glutamine levels were measured in the urine samples using high performance lon-exchange
chromatography and xanthurenic acid levels were measured using a fiuorometric method
{29).

RESULTS
Prediction of response to anti-TNF therapy

After 12 months of anti-TNF therapy RA patients were divided into two groups according to
their response, as determined by EULAR criteria (Table 1). Response to anti-TNF therapy
was alsc assessed al 3 months but only four patients had a good response (as determined
by EULAR criteria) at this stage. For PsA patienis only one patient did not respond to
treatment with @ TNF antagonist according to the predefined response criteria; it was

therefore not possible to look at prediction of response in PsA using this particular data set.
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NMR spectra of stored baseline urine samples were acquired and analysed in order to

identify differences between the two groups as follows:

Supervised PLS-DA analysis (Figure 1A) showed a clear distinction between patient groups
segregated according to clinical response. This model distinguished samples with or without
a good response with a sensitivity of 66.7% and a specificity of 57.1%. A weightings plot,
which indicates regions of the NMR spectra which contribute to this separation (Figure 1B),
was used to identify the discriminatory metabolites responsible for the difference in response

and these are shown in Table 2.

The PLS-R model represents the 80 “bins” or regions of the spectra which had the greatest
influence on the correlation with the change in DAS28. The GALGO mode! identifies the
bins which have the greatest influence on the sepatation. For the PLS-DA model the
metabolites were identified from the weightings plot, which indicates regions of the NMR
spectra which contribute io the separation. The top 20 bins were identified using GALGO
and PLS-R and the metabolites identified from these 20 bins. From the PLS-DA weightings
piot the top 20 peaks were identified and the metabolites identified from these.

GALGO analysis was then used to reanalyse the data, firstly in order to verify the results
obtained using a further supervised analysis technique, and secondly to utilise the superior
modeiling power of the GALGO genetic algorithm, which more effectively removes irrelevant
variables. The PCA plof yielded by GALGO analysis shows a clear distinction between RA
patients segregated according to clinical response (Figure 1C). The cross validation of this
model was shown to distinguish samples from patients who would not have a good response
and samples from patients who would have a good response with a greatly improved
sensitivity of 88.9% and specificity of 85.7%. GALGO analysis was further used to identify
the discriminatory metabolites responsible for the difference in response as shown in Table
2,

Finally, the relationship between baseline metabolite profiles and the change in DAS28 over
12 months was assessed using PL8-R. This analysis was repeated 100 times with and
without randomisation of the NMR bin data. There was a significant association between the
change in DAS28 and baseline RA metabolites (p=0.04). Permutation testing with 90 NMR
bins inciuded (as optimised by forward selection) demonstrated that the regression madel
was statistically valid (p<0.01). As the National Rheumatoid Arthritis Society of the UK

reports, the Disease Activity Score (or DAS 28 assessment) is now recommended at every

clinic visit by the British Society for Rheumatology. This measurement is regarded as crucial
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to guide decigions on starting or altering treatments. DAS 28 as a score is derived from 4
different measurements; the ESR or CRP blood fest within the previous 2 weeks, a careful
examination of 28 joints for swelling and tendemess and the patients’ own assessment of
their disease activity and its impact on their health using a visual analogue score. The
erythrocyte sedimentation rate (ESR), is the rate at which red blood cells sediment in a
pericd of one hour,

There was a significant difference belween the CRP level (C-reactive protein (CRP) is
typically found in blood and its levels rise in response fo inflammation) of those patients that
responded to TNF antagonists compared to those that did not respond (p=0.03). We
therefore used PLS-R to further analyse the relationship between CRP and baseline
metabolites in order to investigate potential confounding variables; this did not reveai any
significant association (p=0.52), suggesting that the difference we have found is independent
of the inflammatory processes reflected in the CRP levels. Grouping the metabolite data into
quartifes according to the CRP values also failed to separate patient groups on PCA or PLS-
DA {data not shown). Previous studies have shown that patients with RA have subclinical
nephropathy (30;31) and that the urinary albumin to creatinine ratio (ACR} is a sensitive
marker of disease activity in RA (30). We measured the ACR in the urine samples and there
was no significant difference between the ACR of those patients that responded to TNF
antagonists compared to those that did not respond (p=0.17) (Table 1). We also performed
regression analysis for metabolic profiles at baseline against ACR and this was not
significant {p= 0.31) suggesting that the relationship we have found between bassiine
urinary metabolic profiles and DAS28 is independent of micro-albuminuria.

Comparison of metabolites predicting response to therapy in RA

Metabolites that associated with a change in DAS28 are shown in Table 2. The metabolites
histamine, glutamine, xanthurenic acid and ethanolamine were identified by all three
analytical methods. Furthermore, several metabolites were identified by at least two of the
three different methods, including p-hydroxyphenylpyruvic acid, phosphocreatine, thymine,
creatinine, phenylacetic acid and xanthine. These findings cross-validate the analyses used.
We were also able to identify glutamine and xanthurenic acid in the urine samples that were
used for NMR analysis using ion-exchange chromatography and a fluorometric method
respectively. There was a good correlation between the NMR peaks heights and the

assayed levels of xanthurenic acid (p=0.001, r=0.73 using the Spearman correlation test)
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and a sfrong trend in the results for the glutamine (p=0.07, r=0.46 using the Spearman
correlation test), which help validate our interpretation of the NMR data. However, the
assayed levels of glutamine and xanthurenic acid were not significantly higher in the urine
samples of the patients who had a good response, which suggests that while these
individual metabolites contribute strongly to the discrimination, the whole set of metabolites

present in the fingerprints is needed to fully separate the groups.
Effect of TNFalpha antagonisis on metabolite profiles

The details of the patients on etanercept and infliximab are shown in Table 3. We
investigated the effect of anti-TNF therapy on metabolic profiles longitudinally, comparing
baseline and 12 week (during therapy) urine samples using supervised PLS-DA analysis
(sensitivity 71.4% and specificity 57.1% in RA and sensitivity and specificity of 61.1% in PsA)
and GALGO (sensitivity 100% and specificity 82.9% in RA and sensitivity 71.8% and
specificity 69.5% in PsA). Using the weightings plot we identified that in patients with RA
who responded to TNF antagonists, there were high levels of glutamine, phenylacetic acid
and histamine in the baseline urine samples and higher levels of methylamine and creatinine
in the urine post anti-TNF therapy. Similar changes in metabolites were also seen in the

urine samples of the patients with PsA who responded to TNF antagonists {Figure 2).

Combining RA and PsA patients with a good response, we assessed which urinary
metabolites changed after 12 weeks treatment with infliximab and with etanercept using
supervised PLS-DA analysis (sensitivity 84.6% and specificity 55.6%) (Figure 3) and
GALGO (sensitivity 86.2% and specificity 100%). Using the weightings plot we found that
increases in hippuric acid, citrate and lactic acid were seen with infliximab treatment and
increases in choline, phenylacetic acid, urea, creatine and methylamine were seen with
etanercept treatment. Due to the small patient numbers, we could not investigate the effects

of etanercept and infliximab in RA and PsA separately.

DISCUSSION

There were clear differences in the metabolic profiles of baseline urine samples of patients
with RA who responded well to anti-TNF therapy compared with those who did not. This
difference may be important as a novel predictor of responses to TNF antagonists. We have
used 3 different data analysis methods to predict response and each found that similar
metabolites contributed. We have used GALGO as well as PLS-DA as it has been shown
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that genetic algorithms optimise the results by removing irrelevant variables and dramatically
improve the classification ability of models (32). All three methods identified histamine,
glutamine, xanthurenic acid and ethanolamine, while both PLS-DA and PLSR identified
creatinine, p-hydroxyphenylpyruvic acid and phosphocreatine and both PLS-DA and GALGO
identified phenylacetic acid and xanthine. Histamine, glutamine, phenylacstic acid, xanthine,
xanthurenic acid and creatinine were up regulated in the urine samples of the patients that
had a good response to therapy whilst ethanolamine, p-hydroxyphenylpyruvic acid and
phosphocreatine were down regulated.

One metabolite we identified as a strong discriminator in baseline urinary metabolites was
histamine, Urinary histamine metabolites have also been suggested as a marker of disease
activity in inflammatory bowel disease (33) suggesting it may be a generic marker of
inflammatory processes. Histamine is most obviously associated with mast cell dependent
processes such as allergy, and hislamine has been identified as a constituent of synovial
fluid in arthritis (34). Histological examination of synovial infiltrates in early rheumatoid
arthritis has shown mast cells to be present (35), suggesting that these celis could be the
source of the discriminating histamine. However, an alternative but significant route for
histamine generation is vig histidine degradation. Histamine arises in many tissues by the
decarboxylation of histidine (38). It has long been known that TNF o promotes cachexia
associated with chronic inflammatory disease and this cytokine is known to have direct
effects in accelerating muscle breakdown leading to the release of free amino acids
including histidine {37). Consistent with this, levels of histidine have been shown to be
considerably higher in patients with RA and systemic lupus erythematosus (38) compared to
controls. Several of the other metabolites that we have observed were also associated with
catabolic processes and tissue degradation for example, giutamine, xanthurenic acid and
ethanolamine, can result from tryptophan and other amino acid degradation pathways.
Tryptophan has been shown fo be down-regulated in plasma of patients with ankylosing
spondylitis (AS) compared with to controls (38). The release of tryptophan from its binding
serum profein has been shown te correlate with improvement in disease activity in AS (39)
and this may be the same in RA. This explains the presence of histamine in general, but
what was nevertheless surprising was that the presence of histamine pricr to treatment was

able to ditfferentiate between responders and non-responders.

A previous metabolomic study has suggested that alterations in serum levels of amino acids
may be a useful marker of the presence and severity of osteoarthritis in the knee {40), and

the urine markers we have found may be Indicators of either joint specific degradation
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processes, ar may result from the systemic muscle and tissue changes associated with

chronic disease, many of which are mediated through TNFaq.

Previous work has investigated predictors of response to TNFa antagonists. Analysis of
patients in the British Society for Rheumatology Biologics Register found that treatment with
methotrexate or NSAIDs predicted response to TNF antagonists (41). All the patients in our
study were on methotrexate and there were an equal number of patients on NSAIDs who
had a good response compared to those who did not. Smoking has been associated with a
poor response to infliimab (41) but only one of our patients smoked. Another group has
found that the presence of RF or anti-CCP antibodies is associated with a reduced response
to TNF antagonists (42) but all of our RA patients were positive for RF and/or anti-CCP
antibodies. Baseline levels of TNFa may predict the dose of infliximab needed for optimal
response (43) and other work has demonstrated that a combination of blood cytokines and
autoantibodies can predict responses to etanercept (44). In our cohort there was a
significant difference between the CRP levels in the patients that responded to TNF
artagonists compared to those that did not. However, the PLSR analysis failed to find an
association between CRP and baseline metabolites suggesting that the association between

baseline metabolites and response is independent of CRP.

Infliximab and etanercept aiter metabolites in the urine differently as there are clear
differences in the metabolites at 12 weeks post treatment. increases in the metabolites
hippuric acid, cilrate and lactic acid were associated with infliximab treatment and increases
in the metabolites choline, phenyiacetic acid, urea, creatine and methylamine were
associated with etanercept treatment. The presence of choline suggests that etanercept

may alter lipid metabolism.

We have also shown that the same metabolites alter in the urines of patients with RA and
PsA that responded to TNF anfagonists. 1t may therefore be that chronic inflammatory

diseases respond by a common mechanism to TNF antagonists.

This is the first demonstration that metabolomic techniques using 1D NMR spectra can
predict outcome to TNF therapy in patients with severe RA providing a sensitivity and
specificily for response that has potential clinical utility. OQur present results are robust as
they were verified by repeat analysis using alternative statistical techniques. Therefore,
although a small initial cohort of patients was used, larger studies should validate these
findings.
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Detailed Figure Legends

Figure 1. Metabolic fingerprinting distinguishes between baseline urine samples from RA
patients who go on to have good response or not at 12 months. A, 1D 1H NMR spectra of
baseline urine samples from RA patients who go on to have a good response (&) or not (=)
to TNF antagonists at 12 months were subjected to supervised analysis (PLS-DA). The
values on the axis labels indicate the proportion of the variance captured by each latent
variable. 8. Weightings plot of the PLS-DA medel of spectral data from baseline urine
samples of the RA patients who go on to have good response or not at 12 months highlight
major regions of the spectra that distinguish between the sample groups. The values on the
x axis indicate chemical shift (ppm} and the values on the y axis indicate the proportion of
the variance captured by each latent variable. C. 1D 1H NMR spectra of baseline urine
from RA patients who go on to have a good response (s) or not (o) to TNF antagonists at 12
months were subjected to PCA using GALGQO. The values on the axis labels indicate the

proportion of the variance captured by each principal component,

Figure 2. Metabolic fingerprinting enables identification of metabolites that alter post
treatment with TNF antagonists in patients that have a good response. A. 1D 1H NMR
specira of urine samples from RA patients at baseline (o) and 12 weeks () who go on to
have a good response to TNF antagonists at 12 months were subjected to supervised
analysis (PLS-DA). The values on the axis labels indicate the proportion of the variance
captured by each latent variable. B. Weightings plot of the PLS-DA model of spectral data
from urine samples of the patients with RA who responded to TNF antagonists highlights
major regions of the spectra that distinguish between the baseline and 12 week samples.
The values on the x axis indicate chemical shift {ppm) and the values on the y axis indicate
the proportion of the variance captured by each latent variable. C. 1D 1H NMR spectra of
urine samples from PsA patients at baseline (¢} and 12 weeks (#) who go on to have a good
response to TNF antagonisis at 12 months were subjected to supervised analysis (PLS-DA).
The values on the axis labels indicate the proportion of the variance captured by each latent
variable. D, Weightings plot of the PLS-DA model of spectral data from urine samples of
the patients with PsA who responded to TNF antagonists highlights major regions of the
spectra that distinguish between the baseline and 12 week samples. The values on the x
axis indicate chemical shift {(ppm) and the values on the y axis indicate the proportion of the

variance captured by each latent variable.
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Figure 3. Metabolic fingerprinting of urines from RA and PsA patients.. A. 1D 1H NMR

spectra of baseline urine samples from RA and PsA patients 12 weeks post treatment with

infliximab (<) and etanercept {¢) who had a good response to treatment were subjected o

supervised analysis (PLS-DA). The values on the axis labels indicate the proportion of the

variance capfured by each latent variable, B. Weightings plot of the PLS-DA mode! of

spectral data from uring samples of the RA and PsA patients post treatment with infliimab

and etanercept who go on fo have good response at 12 months highlight major regions of

the spectra that distinguish between the sample groups. The values on the x axis indicate

chemical shift {ppm) and the values on the y axis indicate the proportion of the variance

captured by each latent variable.
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CLAIMS:

1.

10.

1.

12.

A method of determining the likelihood that a patient, with a disorder freatable with a
TNF antagonist, will respond to administration of a TNF antagonist, the method
comprising determining the likelihood of the patient's response to said antagonist based
on a metabolic profile of a biological fluid sample from said patient.

The method of claim 1, wherein the metabolic profile is determined by assaying for the

presence of one or more metabolites in the sample from the patient.

The method of claim 1 or claim 2, wherein the sample is a baseline sample taken before
treatment with a TNF antagonist has been initiated.

The method of any one of claims 1 to 3, wherein the sample is serum or urine.

The method of any one of claims 2 to 4, wherein the metabolite is any metabolite found

in the sample and associated with responsiveness of the patientto a TNF antagonist.

The method of any one of claims 2 to 5, wherein the metabolite is 3 metabolite

associated with tissue degradation or a catabolic process.

The method of any one of claims 2 to 6, wherein the metabolite is any one or all of the

group comprising: histamine; glutamine; xanthurenic acid; and/or sthanolamine.
The method of claim 7, wherein the metabolite is histamine.

The method of any one of claims 2 to 8, wherein the metabolite is any one or all of the
group comprising: p-hydroxyphenylpyruvic acid, phosphocreatine, thymine, creatinine,
phenylacetic acid and/or xanthine,

The method of any preceding claim, wherein the metaholic profile comprises the
presence of absence of the metabolite and it may, optionally, also comptise the levels
the metabolite or an indication of whether the metabolite is upregulated or

downregulated compared to a reference or threshoid value.

The method of any preceding claim, wherein the disorder treatable with a TNF inhibitor is
rheurnatoid arthritis (RA).

The method of any preceding cliaim, wherein the disorder treatable with a TNF inhibitor is

any one or ail of the group comprising: ankylosing spondylitis {AS); Crohn's disease;
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13.

14.

15,

-
18,

17.

18.

psoriasis and its associated arthritis (PsA); hidradenitis suppurativa; Behoets Disease:

and/or refractory asthma,

The method of any preceding claim, wherein the TNF antagonist is an anti-TNF antibody,
including  etanercept (Enbrel), infliximab (Remicade), adalimumab (Humira),

certolizimumab pegol (Cimzia) and golimumab {Simponi).

The method of claim 11, wherein the metabolites are histamine, glutamine, phenylacetic
acid, xanthine, xanthurenic acid and creatinine and are upregulated indicating a patient
likely to respond to the TNF antagonist.

The method of claim 11, wherein the metabolites are ethanolamine, p-
hydroxyphenylpyruvic acid and phosphocreatine and are downregulated indicating a
patient likely to respond to the TNF antagonist.

A screening method comprising determining the likelihood that two or more patients, with
a disorder treatable with @ TNF antagenist, will respond to administration of a TNF-
antagonist, the method further comprising determining the likelihood of the patients’
response to said antagonist based on a metabolic profile of biclogical fluid samples from

each patient.

A method for the treatment or prophylaxis of a disorder treatable with a TNF antagonist,
comprising: identifying that the patient will respond to administration of a TNF-antagonist
by determining the likelihood of the patient's response to said antagonist based on a
metabolic profile of a biolegical fluid sample from said patient: and administering a

suitable treatment to said patient.

A kit for determining the metabolic profile of a biological fluid sample comprising: means
for collecting and/or testing samples and the melabolites therein; and a set of at least
one control metabolite corresponding to the metabolites being tested for in the sampie

from a patient.

28
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