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ABSTRACT

Biologics have transformed management of inflamnyaticseaseslo optimize outcomes
and reduce costs, dose adjustment informed bylatiog drug levels has been proposed. We
aimed to determine the real-world clinical utildftherapeutic drug monitoring in psoriasis.
Within a multicenter (n=60) prospective observagilorpohort, 544 psoriasis patients were
included who were on adalimumab monotherapy, witkast one serum sample and PASI
(Psoriasis Area and Severity Index) score availaliiein the first year. We present models
giving individualized probabilities of response #ory given drug level: a minimally effective
drug level of 3.2 pg/ml discriminates responde®&3H5: 75% improvement in baseline
PASI) from non-responders and gives an estimate8lPAprobability of 65% (95% CI 60-
71%). At 7ug/ml, PASI75 probability is 81% (95% @-86%); beyond 7ug/ml, the drug
level/response curve plateaus. Crucially, druglteaee predictive of response 6 months
later, whether sampled early or at steady statecOdérm serum drug level to be the most
important factor determining treatment responsghlighting the need to take drug levels

into account when searching for biomarkers of raspo

This real-world study with pragmatic drug level sdimg provides evidence to support the
proactive measurement of adalimumab levels in psito direct treatment strategy, and is

relevant to other inflammatory diseases.
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INTRODUCTION

Biologic therapies have transformed the treatmeradygm in immune-mediated
inflammatory diseases (IMID). Complete disease ssin is now achievable in people with
psoriasis, rheumatoid arthritis (RA) and inflammutibowel disease (IBD), where inhibition

of the inflammatory cytokine tumour necrosis fadtpha (TNF-alpha) remains the first-line
biologic strategy. However, there are wide variaio response, with a significant number

of patients not responding (primary treatment fajjwor losing response over time (secondary
treatment failure) (Garces et al., 2013, Yanaildadauer, 2011). Some of this heterogeneity
may be explained by differences in the amount ofdivailable at the target tissue, which in
turn is influenced by adherence and pharmacokimetiariates such as weight and drug
immunogenicity (formation of anti-drug antibodigsjA]). Therapeutic drug monitoring

using measurement of serum drug levels (a proxtigsue levels) and/or ADA thus holds
potential to optimize management, and a strongetairon between TNF inhibitor serum
trough levels, ADA and treatment response has bescrithed in IBD, RA and psoriasis
(Baert et al., 2003, Chen et al., 2015, Leclusé.e2@10). Indeed, a recent study using
adalimumab clinical trial data in 1212 psoriasiigrgs reported that responders at 16 weeks
had higher adalimumab concentrations than non-refgre (6.3 vs. 2.2 pg/mL). Bodyweight
was a significant covariate in the pharmacokinetadlel, and the presence of ADA resulted

in lower adalimumab exposure and efficacy (Mostdfal., 2017).

Effective therapeutic drug monitoring requires dedinition of a therapeutic range, and
although parameters for serum adalimumab levels bega proposed in the context of
several IMID (Menting et al., 2015, Pouw et al.120Roblin et al., 2014, Yarur et al., 2016),
these have not yet been validated in psoriasiemati Further, the utility of drug level as a
predictor of subsequent response has not beertigatesl in psoriasis other than in a

previous preliminary study by our group (Mahil &t 2013). Defining clinical outcomes in
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IBD and RA is inherently challenging — often relgion composite indices comprising
patient-reported criteria and non-specific biochehmarkers. Psoriasis provides a disease
model less encumbered by such issues, since treatesponse can be visually observed and
easily quantified. Furthermore, biologics are galtguused as monotherapy (whereas
patients with IBD and RA are often co-prescribednumosuppressants such as methotrexate,
known to reduce the formation of ADA). Here, weitalize on a real-world bioresource

from a large multicenter cohort study BSTOP (Biokeas of Systemic Treatment Outcomes
in Psoriasis) within the UK pharmacovigilance régi8ADBIR (British Association of
Dermatologists Biologic Interventions Registry)nwestigate the clinical utility of

therapeutic drug monitoring as applied to the exampNF inhibitor adalimumab. This work
is particularly timely with the imminent releaseaxfalimumab biosimilars to market, as
optimizing outcomes may deliver comparable efficexpewer biologics, but at significantly
lower cost. We explore the relationship betweemgdevels and treatment response,
accounting for individual patient characteristiocgletermine (i) the adalimumab therapeutic
range ie. both the minimal effective drug level &meldrug level beyond which response
plateaus (ii) whether drug level predicts longemteesponse. Given the nature of this real-

world dataset, findings are generalizable to chhpractice.

RESULTS

Description of the cohort and patient char acteristics

At the time of the data cut in April 2017, 2019ipats were currently or previously on
adalimumab monotherapy within the BSTOP cohort21@4these consented to give
longitudinal serum samples; within this, serum slasipvere actually collected from 833
patients. Baseline characteristics were similawbenh those providing and not providing
samples (Table 1, eTable 7). Of the 833 patierusiging serum samples, 544 patients also
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had PASI data within 12 months of starting adalimbn(Figure 1). These 544 patients were

included in the analysis (Table 1), and of thesé, (§B%) were biologic-naive.

The demographics and clinical characteristics otctiteort were consistent with severe
disease (predominantly male, with an elevated Bl mean baseline PASI 13.5 (sd: 6.7)
(Table 1). Drug levels were sampled accordingdadard clinical care (median time from
last dose 7 days, IQR 6 to10 days, range 0 to 4, diata available on n=349 samples),

giving a mean drug level of 5.88/ml (sd: 3.86, range 0.01 to 2g/ml).

Figure 1: Flow diagram of patients and samples

Flow diagram showing the rules applied to derive the three datasets.

As Figures 1 and 2 show, three datasets were dervnerapeutic range dataset to
investigate the relationship between drug levetssame-day response; an early dataset to
investigate the relationship between drug levedsnigbefore 12 weeks and 6-month response;
and a steady state dataset to investigate theéoredaip between drug levels taken any time

after 9 weeks and response 6 months later.

Figure 2: Timeline of drug levels and response in each dataset

Timeline showing when drug level and response was measured in each of the three datasets. In the
therapeutic range dataset, response was measured on the same day as drug level. The other two
datasets were derived to investigate use of drug levels to predict response 6 months later: in the
early dataset, response was measured at 6 months after start of treatment; in the steady state
dataset, response was measured 6 months after drug level. Statistical analyses conducted using each
dataset are also shown.

Defining the ther apeutic range

(i) Drug level discriminates responders from non-responders
Using the therapeutic range dataset (drug levels RASI recorded on the same day),

empirical ROC curves (Menting et al., 2015) wereegated for all three outcomes. For
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PASI75, drug level discriminated responders from-responders with an AUC of 0.74
(95% CI1 0.68 to 0.79) (Figure 3a, Table 2). A lowenit of 3.2 ug/ml identified patients
achieving PASI75 with our pre-set minimum sendiivaf 80% (red dot on Figure 3a;
specificity 58%; overall classification accuracy 73%his drug level showed comparable
sensitivity for the secondary outcomes PASI90 (82%g PASE1.5 (85%), but specificity

and overall classification accuracy were lower (@&d).

(i) Likelihood of response increases with increasing drug level, and then plateaus

Using the therapeutic range dataset (drug levels RASI recorded on the same day), a
descriptive concentration effect curve (Mentinglet2015) was next generated to confirm
that clinical response increases with increasing devel, then plateaus for groups with
median drug levet4.6 ug/ml (red dot on Figure 3b), corresponding to aeetage PASI
change of 90.7% (IQR 83.7 to 99.4%, range 16.2%0@0). However, the interquartile
ranges on this curve show variability in respotikely caused by other clinical and
confounding factors including ADA, time from lasisk, sex, age and disease duration.
Figure 3: (a) Empirical ROC curve (b) Concentration effect curve

(a) Empirical ROC curve for PASI75 response. Cutpoint (red dot) chosen to provide a minimum
sensitivity of 80%. (b) Concentration effect curve of median percentage change in PASI against
median drug level. These summaries are calculated for approximately equally sized groups of
observations (between 23 and 52) having similar drug levels. Vertical bars: interquartile range (IQR);

grey horizontal lines: indicators of PASI75 and PASI90 response; red dot: drug level beyond which
clinical response plateaus.

(i) Selecting an upper limit of the therapeutic range taking other covariatesinto

account

To take clinical and confounding covariates intoamt, multivariable mixed effects logistic
regression modelling was carried out using theageutic range dataset. The results were

consistent with the empirical analysis: for theymary outcome of PASI75, the best-fitting
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model included (transformed) drug level and ethypias covariates (Table 3, eTable 2) and
the probability of PASI75 response plateaued witlteasing drug level, supporting the
concept of an upper-bounded therapeutic range I(Eu We selected 7 pg/ml as the upper
limit of the therapeutic range since this achiem@sminimum stipulated 80% probability of
response (81%, 95% CI 76% to 86%) (Figure 4), wdmethe drug level at which the
concentration effect curve appeared to plateaui(d/fl) has a lower probability of response

(73%, 95% CI 68% to 77%).

For the PASI90 and PASL.5 outcomes, drug level remained the most impodatgrminant
of response. Additional covariates appear signitidar PASI90 (baseline PASI, treatment
duration and biologic naive status) and PAISH (gender and biologic naive status).
However, this should be treated with caution gittesmall number of patients achieving

PASI90 and PASI1.5 (eTable 2, eTable 5, eFigure 1).

Figure 4:

Probability of PASI75 based on same-day drug level (therapeutic range dataset)

Probability of response is split by ethnicity (red is white ethnicity; dark blue is all other ethnicities).
The grey vertical line is at a drug level of 7 ug/ml, where there is at least 80% probability of response
on average for all patients. This line crosses the red curve for patients of white ethnicity at a
probability of response >80%, but the probability is lower for the non-white group (dark blue
line).The green dots indicate the proportion of patients per group achieving PASI75. Note that the
groups are calculated in the same way as for the concentration effect curve in Figure 2b, and that
they are not split by other covariates. The probabilities are marginal predicted means due to the
inclusion of a random effect in the model.

Similar curves are seen for probability of PASI75 in the other datasets (early and steady state).

Using drug level to predict subseguent response

i) Early drug levels predict response at 6 months

To determine whether drug levels indicate respstesteis at later time points, multivariable
logistic regression modelling was carried out usheyearly dataset (drug levels taken

between 1-12 weeks with PASI recorded at 6 monBEw)the primary outcome of PASI75,
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independent predictors were (transformed) drugl lane ethnicity (Table 3, eTable 3). These
same covariates were included in the final PASI®@@eh and drug level and baseline PASI
were included in the PASL.5 model (eTable 5). Similar to the analysis ushregtherapeutic
range dataset (exploring the relationship betweag kkvels and response on the same day),
the probability of response at 6 months increastsincreasing early drug level (PASI75
Table 3, eFigure 2a; PASI90 and PASHE eTable 5, eFigures 2b and 2c). The upper bimit

7 ug/ml (defined in the therapeutic range datdsgtre 4) corresponds to a 78% (95% CI
71% to 85%) probability of 6-month response usiadyedrug levels (Table 2, eFigure 2a).
We also performed a sensitivity analysis by fittthg model to very early samples (4 weeks
+/- 1 week after treatment initiation) given oulopidata showing that higher adalimumab
levels in responders versus non-responders weeetdbte at 4 weeks, and acknowledging
the overlap between our early dataset and steatly dataset. We found a similar

relationship between drug levels and PASI75 resp@asable 6).
i) Steady state drug levels predict response 6 months later

Finally, we explored whether steady state druglgevepatients established on therapy could
predict treatment outcomes 6 months later. Mulialde mixed effects logistic regression
modelling was carried out using the steady statasea (drug levels taken >9 weeks after
treatment start with PASI recorded 6 months IgfEaple 3, eTable 4). Again, for the
primary outcome of PASI75, (transformed) drug levak the single most important
predictor of response (OR[(sqrt) drug level] 2.98%CI 1.83 to 4.24, P<.001) (Table 3),
with increasing probability of response with ingeg drug level (Figure 4c). This
relationship between drug level and response vessaen using the PASI90 and PABH
outcomes (eFigures 3a and 3b, eTable 5); the @iearpalm psoriasis and biologic naive

status were also significant for these outcomgsaas/ely.

Clinical utility of the ther apeutic range
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Table 2 gives the standard estimates of cliniaatyutor our therapeutic range for PASI75
(3.2 to 7 pg/ml). Notably, this has comparable daggic accuracy whether used to determine
response on the same day as the drug level, conss® months later. Bearing our
therapeutic range in mind, 72/125 (57.60%) of samplith a corresponding response less
than PASI75 had a drug level below 3.2 pg/ml, a8@d 51 (40.35%) of samples with a
corresponding PASI90 response had a drug levetagrdean or equal to 7 pg/ml. This
suggests that a significant proportion of the colvauld benefit from treatment

modification.

DISCUSSION

Key results

In the largest real-world multicenter cohort acrasg IMID to date, we have determined the
therapeutic range for adalimumab in moderate toreqy®oriasis and calculate probabilities
of response for any given drug level, for multiplgcomes (PASI75, PASI90 and absolute
PASK1.5). We also show that drug levels can be usedetiqgi response at later time points,
whether taken early in the treatment course oteaidy state. A minimal effective circulating
drug level of 3.2 pg/ml distinguishes PASI75 respers from non-responders, and a target
drug level of 7 pg/ml provides an 80% probabilifyachieving a PASI75 response. As
expected, there is a lower probability (51%) ofiaeimg higher disease clearance (PASI90)
at the same target drug level. Notably, measurewfeDA provides no additional clinical
utility - presumably due to the correlation betweleng levels and ADA. These key findings
support the practical utility of measuring drugdéssat routine clinical visits (irrespective of
timing in relation to drug administration, and déspiot being trough levels), and provide

drug level thresholds at which to consider chamgesialimumab treatment.

Clinical implications

Paged of 24



Our findings are consistent with the only othedstaonducted in psoriasis, which was dual-
center and reported a therapeutic range of 3.310@ pug/ml (Menting et al., 2015), but did
not take into account clinical or other covariagash as ADA, nor comment on clinical
utility. This work builds on our previous pilot @atshowing that adalimumab levels at 4
weeks were significantly higher in responders than-responders (Mahil et al., 2013). Very
few studies across any IMID have paid attentioaady drug levels, and to our knowledge,
only one small study in IBD (Baert et al., 2014} haoked at early adalimumab levels as a
predictor of subsequent treatment response. Thysap@n up a powerful clinical opportunity
to optimize therapy before drug levels have readteddy state, well ahead of clinical
relapse. However, it is significant that drug leaebteady state-® weeks) is also associated
with response 6 months later, suggesting that tisgretential to optimize therapy even once
patients are established on treatment. Our reswudisbe generalizable across other IMID,
given comparable therapeutic ranges for adalimur@pbrted in RA (5-8 pg/ml) (Pouw et
al., 2015) and IBD (5.0 to 5.9 pg/mL or 4.9 to dgmL (Roblin et al., 2014, Yarur et al.,

2016)); and comparable mean levels in ankylosingdydis (Kobayashi et al., 2012).

A minimal effective drug level indicates the threkhbelow which treatment should be
modified (dose escalation or treatment switch).hSarc approach has been tested in IBD,
with the TAXIT trial demonstrating similar remissioates in IBD patients on adjusted
infliximab dosing based on drug-level, but with gavilares than the conventional approach
(Vande Casteele et al., 2015). An upper limithaf therapeutic range identifies a patient
population that might benefit from dose minimizatidhis has been simulated in an RA
cohort and whilst cost-effective, led to a reduciioguality-adjusted life years for at least a
quarter of patients (Krieckaert et al., 2015). Bynparison, our modelling approach may
have an advantage in allowing for individualizeddgction of response. Indeed, our data

indicate that both the stringency of the outconoe ékample PASI75 or PASI90), and the
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threshold set for the probability of response, nedak considered when defining the upper
limit of the therapeutic range (and therefore thegdevel chosen to implement dose
minimization). This will help optimize cost-effeeéness and minimize the proportion of

patients subjected to inappropriate dose reduction.

From a biological perspective, the finding thahidal response rate plateaus beyond a certain
drug level likely reflects the point at which maétthe TNF in psoriatic skin is neutralized by
adalimumab. In turn, this may indicate that in @ats for whom clinical response plateaus at
a lower drug level, alternative non-TNF pathwaysgdloly play a greater role in driving their
psoriasis.

The finding that biologic naive status and ethgionay predict longer-term response requires
further validation, as these covariates were nosistent across outcomes. Our data suggest
that although biologic naive status does not apjeelae important for achieving PASI75, it
does appear to be influential for achieving cleeeafiP ASI90 or PASI<1.5). This is

consistent with existing evidence that biologicveastatus may influence outcome
(nice.org.uk/guidance/cg153).

Our findings related to ethnicity should be treatgith particular caution, because very few
patients within the study cohort were of non-wlgtknicity. Intriguingly, across the

BADBIR cohort as a whole, we found non-white etltyito be associated with a reduced

likelihood of response to biologics up to one y@aarren R.B. et al., in press).

Finally, we have confirmed serum drug level to e $ingle most important factor
determining treatment response - whether sampled aveeks after treatment initiation, or
at steady state. This underpins the importancakafig drug levels into account when
searching for biomarkers and mechanisms of treatnespbnse such as genetic factors.
Indeed, the need to incorporate a richer set oifaal information, such as seropositivity and

disease duration, was recently highlighted in aowative crowdsourced assessment of the
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common genetic contribution to predicting TNF-awotaigt treatment response in RA

(Sieberts et al., 2016).

Strengths and limitations

A key strength of this study is high external vajidsince more than 50% of all UK psoriasis
patients on biologics are registered on BADBIR, 8&#&0 of UK dermatology centers
prescribing biologics for psoriasis contribute dat®&ADBIR. In order to maximize
inclusivity, generalizability and sample size, weeleped a prespecified research protocol
with inclusion criteria designed to capture a tmdpresentative patient sample. This
approach, together with the real-world nature ef¢bhort necessitating pragmatic sampling,
introduces heterogeneity into our dataset. Thisrbgeneity reflects our strategy to

maximize inclusivity and minimize selection bias.

In terms of potential limitations, the validity tife therapeutic range is limited to within one
year of start of treatment, since this was thecsetecohort duration. Most patients in the UK
receive the licensed dose for adalimumab (40 mgifghtly), so whilst dose escalation
would be a logical clinical strategy for individgakith subtherapeutic drug levels, this
requires confirmation in a clinical trial settingdawould have pharmacoeconomic
implications. On the other hand, the advent ofiatdahab biosimilars at a fraction of the
cost of the original drug means that dose optinonagtrategies remain highly relevant.
Another potential limitation is use of pragmaticusa sampling at routine clinic visits; to
account for the timing of samples we included tinoen last dose as a covariate, and
although this was not significant at the univariatesl, we only had this data available on
around a third of samples. Nevertheless, we idedtd comparable range to Menting et al
(Menting et al., 2015) who reported on trough deagels, suggesting that limiting sampling
to trough levels may not be an absolute requirent@nally, covariates are not always
consistent across outcomes or datasets, due igtistdtartefacts when using different
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subsets of patients - thus our findings requireicapbn. Indeed, the model fit as measured
by pseudo Rindicates that although drug level is importahis model could potentially be

improved using covariates that have not been coresida this study.
Conclusions

We provide evidence to support the proactive megsant of drug levels in the management
of psoriasis with adalimumab therapy. Drug levakeh both early and at steady state during
the treatment course could be used to predictlam@fiore optimize clinical outcome. These

findings are of potential relevance to other IMID.

MATERIALS & METHODS

Ethics approval

The study was conducted in the spirit of the 1986rhational Conference on Harmonisation
in Good Clinical Practice (ICH-GCP) 1996, and ic@cdance with the 2008 Declaration of
Helsinki. The study protocol was approved by ThatBd&ast London REC 2 Ethics
Committee (11/H0802/7). Written informed conseaswbtained from all subjects prior to

enrolment.

Patients and Setting

BSTOP is a prospective, multicenter (n=60) obseéraat study to establish clinically
relevant markers of outcomes to systemic therapipsople with severe psoriasis. All
adults in the UK fulfilling the BSTOP inclusion aeaclusion criteria (BSTOP protocol at
https://bit.do/BSTOPDOCS) and enrolled onto BADEH&p://www.badbir.org/) were
invited to participate. BADBIR has recruited >1@)Qpsoriasis patients since 2007, and is
unique worldwide in terms of size and depth of ghgping. Inclusion criteria include:

dermatologist’s diagnosis of psoriasis; age >16gjeand started on, or switched to a
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conventional systemic therapy or a biological thgraithin the previous 6 months. Detailed
information is recorded, including demographics, odndities, treatments and adverse
effects. Clinical response is assessed longitulginging the gold standard assessment tool

PASI.

Phar macokinetic M easur ements

Venous blood samples were collected between Jud@ &0d December 2016 during routine
clinic reviews, without reference to treatment awistration (ie. trough/non-trough not
specified), immediately centrifuged at 2000 g fomiidutes and serum aliquots frozen at -80
°C. In this pragmatic study, samples were not ctélé from every patient at every time

point. Samples within the first year of treatmemt461, maximum 4 samples/patient) were
selected and sent in batches to Sanquin for measuateof adalimumab concentration
(enzyme-linked immunosorbent assay, ELISA, pg/méiiiihg et al., 2015)) and ADA
(radioimmunoassay, RIA, ADA positive cutoff: >12drary units/ml (Menting et al.,

2015)).

Outcome M easur es

Primary treatment response was defined as achieviti$b6 reduction in PASI from baseline
(PASI75); secondary outcomes were (i) 90% reduahdPASI from baseline (PASI90) and
(i) an absolute measure of response, PASI105 (results in Supplementary Material).
Baseline PASI was defined as the most recent P&®rded prior to the date of the first

drug dose within the preceding 6 months (Iskantat.£2015, Warren et al., 2015).

Statistical M ethods

Analyses for PASI75 and PASIO0 responses werecetstrto patients with baseline PASI

>10 as an accepted criterion for severe disease.@ng.uk/guidance/cg153) and to minimize

Pagel4 of 24



confounding due to pre-biologic treatments — otipalar relevance in this real-world

dataset.
| dentification of therapeutic range

The therapeutic range dataset (Figure 1, Figunech)ded samples that were taken at steady
state £9 weeks (Awni et al., 2003)), with PASI scores releal on the same day. Empirical
Receiver Operating Characteristic (ROC) curve aslfMenting et al., 2015) was used to
identify the lower limit of the therapeutic rangepecifically, the drug level at which

responders are detected with a minimum sensitofi§0%.

A descriptive concentration effect curve (Mentingle, 2015) was generated to confirm that
clinical response plateaus beyond a certain dreg.Idultivariable mixed effects logistic
regression was then used to identify an upper kg, and to explore the relationship
between drug level and treatment response in #epce of other relevant covariates. A
random intercept term was used to account for [@iroa between repeated samples on the
same patient. Univariate mixed effects logistic esgion models explored the relationship
between treatment response and i) drug levelh@rotonfounding covariates including

ADA, time from last dose, sex, age and diseasetidarad=or continuous covariates, the best-
fitting simple non-linear transformation was chobased on reduction in the Akaike
Information Criterion (AIC). Covariates associateith response at significance level p<0.1
were taken forward to the multivariable modellingge. Forward selection techniques were
then used, with covariate inclusion based on sicarite level p<0.05. Pseudd R
(McFadden's for fixed effect models, conditionadl amarginal for mixed models (Nakagawa
and Schielzeth, 2013)) and AIC were calculatedsteas model fit. Finally, an upper limit of
the therapeutic range was defined based on thisvawiable model for PASI75, with the

target probability of response set at 80%.
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Using drug level to predict subsequent response

To investigate whether drug level predicts subsetjoetcome, two further datasets were
derived: an early dataset comprising samples takémeen 1 and 12 weeks with a
corresponding PASI 6 months (122 to 243 days) attat of treatment and a steady state
dataset comprising samples taken at steady statedeks (Awni et al., 2003)) with a
corresponding PASI 6 months (122 to 243 days) #ftesample date. Multivariable mixed
effects logistic regression models were considerezkplore the relationship between drug
level and other covariates with patient respons®fths later. For the early dataset a random
effect was not included, due to the small numbgratients with multiple samples. All

analyses were carried out using Stata version tedgSorp, 2015) on a complete case basis.
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Table 1: Summary statisticsfor the full cohort, therapeutic range dataset, early dataset
and steady state dataset

Full cohort Therapeutic range Early dataset Steady state dataset
dataset
(n=544 patients with (n= 303 patients with (n=120 patients with (n=244 patients with
961 samples) 409 samples) 159 samples) 322 samples)
Covariate Mean Complete Mean Complete Mean Complete Mean Complete
(sd) data n (sd) data n (sd) data n (sd) datan
(%) (%) (%) (%)
Baseline 135 495 15.9 303 16.2 120 15.9 244
PASI (6.7) (91.0) (5.6) (100.0) (6.4) (100.0) (5.6) (100.0)
Height (cm) 172.3 520 172.0 295 172.4 114 172.3 239
(10.3) (95.6) (10.1) (97.4) (9.3) (95.0) (10.3) (98.0)
Weight (kg) 90.9 471 92.3 277 92.3 106 92.9 223
(20.4) (86.6) (20.7) (91.4) (22.2) (88.3) (21.1) (91.4)
Waist (cm) 102.1 443 103.0 266 103.2 103 103.8 214
(15.6) (81.4) (16.0) (87.8) (16.9) (85.8) (15.7) (87.7)
BMI (kg/m?) 30.8 465 31.3 274 31.2 106 31.3 221
(6.7) (85.5) (7.2) (90.4) (7.3) (88.3) (7.0) (90.6)
Age (years) 44.3 544 44.0 303 43.8 120 44.1 244
(12.2) (100.0) (12.3) (100.0) (12.4) (100.0) (12.2) (100.0)
Disease
duration 22.0 498 215 282 20.8 104 21.1 233
(years) (12.0) (91.5) (12.4) (93.1) (11.5) (86.7) (11.8) (95.5)
n (%) n (%) n (%) n (%)
Ethnicity - 484 544 272 303 103 120 216 244
white (89.0%) (100.0) (89.8) (100.0) (85.8) (100.0) (88.5) (100.0)
Gender — 338 544 191 303 80 120 161 244
male (62.1) (100.0) (63.0) (100.0) (66.7) (100.0) (66.0) (100.0)
Inflammatory | 4 gq 464 62 274 27 103 54 224
arthritis (23.5) (85.3) (22.6) (90.4) (26.2) (85.8) (24.1) (91.8)
Ever 298 526 172 297 66 114 141 241
smoked (56.7) (96.7) (57.9) (98.0) (57.9) (95.0) (58.5) (98.8)
Palm 87 515 46 288 21 108 38 232
psoriasis (16.9) (94.7) (16.0) (95.0) (19.4) (90.0) (16.4) (95.1)
Biologic 375 544 237 303 97 120 189 244
naive (68.9) (100.0) (78.2) (100.0) (80.8) (100.0) (77.5) (100.0)

Summaries for the therapeutic range, early sample and steady state datasets are restricted to patients with baseline PASI >

10. Height, waist and BMI measurements provided for information only; weight used in modelling.

Page?1 of 24




Table2:

Diagnostic accuracy of the therapeutic range for PASI 75 response

Drug levels and response
(same-day)

Drug levels as a predictor of subsequent response

(6 months)

early

steady state

Cutpoint *
(Hg/ml)

3.2

7

3.2

7

3.2

7

Sensitivity

80.28%

38.38%

86.61%

40.18%

77.46%

39.44%

Specificity

57.60%

84.80%

44.68%

74.47%

55.96%

84.40%

Overall
classification
accuracy

73.35%

52.57%

74.21%

50.31%

70.19%

54.66%

Positive
Predictive Value

81.14%

85.16%

78.86%

78.95%

77.46%

83.17%

Negative
Predictive Value

56.25%

37.72%

58.33%

34.31%

55.96%

41.63%

AUC
(95% CI)

0.74
(0.68,0.79)

(0.59,0.80)

0.70

0.72

(0.66,0.78)

Response rate:
all samples

69.44%

70.44%

66.15%

Response rate:
samples with
drug level <
cutpoint *

43.75%

62.28%

41.67%

65.69%

44.04%

58.37%

Response rate:
samples with
drug level 2
cutpoint *

81.14%

85.16%

78.86%

78.95%

77.46%

83.17%

Probability of
response **
(95% ClI)

65%

(60,71%)

81%
(76,86%)

61%
(51,70%)

78%
(71,85%)

7%
(71,83%)

64%
(58,70%)

Note: analyses are based on 409 samples from 303 patients for the therapeutic range, on 159 samples from 120 patients
for the early samples and 322 samples on 244 patients for the steady state dataset.
* A cutpoint of 3.2 indicates that samples with a drug level >3.2 are predicted to correspond with response.
* Response rates for samples above and below cutpoints are equivalent to positive predictive value and (1 — negative
predictive value) respectively.
** Derived from the final multivariable models given in Table 3.
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Table 3: Final multivariable modelsfor PASI 75 response based on drug level and additional covariates (ther apeutic range dataset) and
predicting PASI 75 response 6 months later (early dataset, steady state dataset)

Therapeutic range (Mixed effects logistic regression model)
Covariate Coefficient P value 95% ClI OR (95% ClI) Marginal/ Number of Number of
(s.e) . samples responders (%
Conditional of samples)
Pseudo R °
PASI75 Sart(drug level) 1.10 (0.20) <.001 (0.69,1.50) 2.99 (2.00,4.46)
Ethnicity — 1.15 (0.46) .013 (0.24,2.06) 3.17 (1.28,7.85) 0.25/0.38 409 samples on 284 (69.44)
. 303 patients
white
Early samples (Logistic regression model)
Covariate Coefficient P value 95% ClI OR (95% CI) Pseudo R 2 Number of Number of
(s.e) samples responders (%
of samples)
PASI75 Sqrt(drug level) 1.00 (0.26) <.001 (0.49,1.52) 2.73 (1.63,4.57) 0.10 159 samples on 112 (70.44)
- 120 patients
Ethnicity — 1.05 (0.51) .039 (0.06,2.04) 2.86 (1.06,7.72)
white
Steady state (Mixed effects logistic regression model)
Covariate Coefficient P value 95% ClI OR (95% CI) Marginal/ Number of Number of
(s.e) . samples responders (%
Conditional of samples)
Pseudo R?
PASI75 Sqrt(drug level) 1.02 (0.21) <.001 (0.60,1.44) 2.78 (1.83,4.24) 0.16/0.50 322 samples on 213 (66.15)
244 patients
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Figure Legends

Figure 1: Flow diagram of patients and samples

Flow diagram showing the rules applied to derive the three datasets.

Figure 2: Timeline of drug levels and response in each dataset

Timeline showing when drug level and response was measured in each of the three datasets. In the therapeutic range dataset, response was measured on
the same day as drug level. The other two datasets were derived to investigate use of drug levels to predict response 6 months later: in the early dataset,
response was measured at 6 months after start of treatment; in the steady state dataset, response was measured 6 months after drug level. Statistical
analyses conducted using each dataset are also shown.

Figure 3: (a) Empirical ROC curve (b) Concentration effect curve

(a) Empirical ROC curve for PASI75 response. Cutpoint (red dot) chosen to provide a minimum sensitivity of 80%.

(b) Concentration effect curve of median percentage change in PASI against median drug level. These summaries are calculated for approximately equally
sized groups of observations (between 23 and 52) having similar drug levels. Vertical bars: interquartile range (IQR); grey horizontal lines: indicators of
PASI75 and PASI90 response; red dot: drug level beyond which clinical response plateaus.

Figure 4:

Probability of PASI75 based on same-day drug level (therapeutic range dataset)

Probability of response is split by ethnicity (red is white ethnicity; dark blue is all other ethnicities). The grey vertical line is at a drug level of 7 pg/ml, where
there is at least 80% probability of response on average for all patients. This line crosses the red curve for patients of white ethnicity at a probability of
response >80%, but the probability is lower for the non-white group (dark blue line).The green dots indicate the proportion of patients per group achieving
PASI75. Note that the groups are calculated in the same way as for the concentration effect curve in Figure 2b, and that they are not split by other
covariates. The probabilities are marginal predicted means due to the inclusion of a random effect in the model.

Similar curves are seen for probability of PASI75 in the other datasets (early and steady state).
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