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Abstract: Inflammatory diseases including psoriasis are associated with metabolic and cardiovascular
comorbidities, including obesity and metabolic syndrome. Obesity is associated with greater psoriasis
disease severity and reduced response to treatment. Therefore, targeting metabolic comorbidities
could improve patients’ health status and psoriasis-specific outcomes. METABOLyx is a randomized
controlled trial evaluating the combination of a lifestyle intervention program with secukinumab
treatment in psoriasis. Here, the rationale, methodology and baseline patient characteristics of
METABOLyx are presented. A total of 768 patients with concomitant moderate to severe plaque
psoriasis and metabolic syndrome were randomized to secukinumab 300 mg, or secukinumab 300
mg plus a tailored lifestyle intervention program, over 24 weeks. A substudy of immunologic and
metabolic biomarkers is ongoing. The primary endpoint of METABOLyx is PASI90 response at week
24. Other endpoints include patient-reported outcomes and safety. METABOLyx represents the
first large scale clinical trial of an immunomodulatory biologic in combination with a standardized
lifestyle intervention.

Keywords: psoriasis; obesity; metabolic syndrome; secukinumab; inflammation

1. Introduction

Immunology and metabolism were traditionally regarded as two different physio-
logical entities. However, they are evolutionarily very closely connected, as exemplified
in simpler organisms such as Drosophila melanogaster, where the fat body carries out both
metabolic and immune functions [1]. The role of the human immune system in primarily
non-immune processes such as metabolism is now evident, with inflammation understood
as a key driver of metabolic processes and diseases, giving rise to the new scientific field
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of immunometabolism [2]. Conversely, metabolic factors can significantly impact inflam-
matory processes and diseases. For example, adipose tissue and liver inflammation drive
insulin resistance in type 2 diabetes, and endothelial inflammation drives plaque formation
in coronary artery disease [3,4].

Psoriasis, as an immune-mediated inflammatory disease, is an ideal model for the
study of this interconnection between inflammation and metabolism. As a consequence of
systemic inflammation, psoriasis patients have an elevated risk of metabolic and inflamma-
tory comorbidities including obesity, type 2 diabetes, dyslipidaemia and cardiovascular
disease and metabolic syndrome [5–7]. Metabolic syndrome is defined as a concurrence of
abdominal obesity, dyslipidaemia, hypertension or insulin resistance, which significantly
increases the risk of cardiovascular disease, stroke and type 2 diabetes [8,9]. Insulin resis-
tance, a criterion of the metabolic syndrome, is also observed as a component of psoriasis
pathophysiology (the ‘psoriatic march’ concept) [10,11]. This association can also impact
the clinical management of psoriasis; for example, higher body weight and body mass
index (BMI) are associated with diminished response to biologic treatment and reduced
length of remission [12].

Obesity is known to predispose patients to psoriasis, and to amplify psoriatic inflam-
mation, and conversely, psoriatic inflammation exacerbates the metabolic comorbidities of
obesity [13–16]. In obesity, the expanded adipose tissue, in particular the visceral adipose
tissue, enters a state of low-grade chronic inflammation, termed meta-inflammation [17,18].
During meta-inflammation, adipose tissue becomes infiltrated by activated immune cell
populations, causing the expression of inflammatory cytokines, including TNF-α or IL-
17 [19,20]. The increased expression of pro-inflammatory cytokines in the inflamed adipose
tissue microenvironment leads to higher local and systemic cytokine concentrations, which
can be measured in the serum of obese individuals (Figure 1) [21–23]. Both psoriasis and
obesity are therefore inflammatory diseases that contribute to systemic inflammation.

Figure 1. Pathophysiology of psoriasis and obesity. The pathophysiological processes of systemic
inflammation that underlie psoriasis and obesity/metabolic syndrome are interconnected via the
release of inflammatory mediators from both psoriatic lesions and adipose tissue. IL-17 blockade
with secukinumab inhibits aspects of this inflammatory cycle, but lifestyle interventions aimed at
reducing obesity and associated inflammation may produce synergistic effects.hsCrp, high-sensitivity
C-reactive protein; IL, interleukin; TNF, tumour necrosis factor.
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Systemic inflammatory processes and metabolic status are also closely linked to bone
health. TNFα and IL-17, central to the pathogenesis of psoriasis, are known to impair bone
formation [24]. However, the HUNT3 study found no association between psoriasis and
bone fracture risk, bone mineral density, T-score or higher prevalence of osteoporosis [25].
Low-grade inflammation mediated by these factors may also influence bone metabolism
in obese patients [24]. Procollagen-1 N-terminal peptide (P1NP), a marker of bone and
osteoporosis risk, may also be altered in patients with metabolic syndrome, and also in the
inflammatory context of non-alcoholic fatty liver disease (NAFLD) [26,27]. However, little
is known of the pathophysiological mechanisms and consequences of P1NP dysregulation
in psoriasis. Links between metabolic syndrome and bone metabolism also remain to be
fully explored [28].

Secukinumab is a fully human monoclonal antibody that selectively neutralizes
IL-17A, a cytokine fundamental to the development of psoriasis [29]. Secukinumab has
shown long lasting efficacy and safety in the treatment of moderate to severe plaque
psoriasis [29–31]. Links have been established between obesity and metabolic comorbidi-
ties and the outcomes of psoriasis treatment with secukinumab and other biologics [12].

Obesity and other metabolic comorbidities may be factors characterizing patients with
inadequate responses to psoriasis treatment. A post hoc analysis of pooled secukinumab
phase III trial data revealed that response rates were higher as mean body weight, waist
circumference, and BMI decreased [32]. A separate post hoc analysis showed that psoriatic
arthritis, metabolic syndrome, obesity, impaired glucose metabolism/insulin resistance,
and hyperuricemia were each associated with increased hs-CRP levels at baseline [30].
Metabolic syndrome showed an impact on systemic inflammation similar to psoriatic
arthritis [33]. Secukinumab treatment reduced the levels of hs-CRP; however, concomi-
tant obesity attenuated this decline in hs-CRP under treatment [33]. In a pooled analysis,
increased levels of the anti-inflammatory adipose tissue hormone adiponectin were associ-
ated with metabolic syndrome and obesity; however, psoriasis severity and anti-psoriatic
treatment with secukinumab or etanercept had no relevant impact on adiponectin lev-
els [34]. In addition, systemic inflammation and pro-inflammatory IL-17 signalling were
shown to persist at the end of treatment in psoriasis patients with metabolic syndrome,
reducing the length of remission and resulting in earlier relapse compared to psoriasis
patients without metabolic syndrome [35].

Hyperuricemia is also increasingly understood as a key cardiovascular risk factor
and mediator of endothelial inflammation, and is associated with both psoriasis and
obesity [36]. Secukinumab is shown to reduce systemic inflammation as measured by
hsCRP [33] and was also found to potentially reduce cardiovascular risk, as assessed by
flow-medicated dilation, a measure of endothelial function [37]. However, a study of
treatment with secukinumab showed that hypertriglyceridemia was still present in patients
despite improved psoriatic disease activity after secukinumab treatment [38].

These previous analyses suggest that treating skin inflammation alone is not sufficient
in psoriasis patients with concomitant metabolic syndrome. A treatment approach focused
solely on the skin does not address obesity and metabolic factors as significant sources
of systemic inflammation, with clinical consequences including high levels of systemic
inflammation, lower treatment efficacy for the skin, higher chance of relapse, and higher
cardiometabolic risk [33,34,38]. The evidence indicates an opportunity for a holistic treat-
ment strategy for psoriasis patients with metabolic comorbidities, one that addresses skin
and joint manifestations, but that also targets metabolic diseases and the inflammation
associated with them. Modifiable lifestyle factors, in particular weight reduction strate-
gies, are known to positively impact psoriasis symptoms including reduction in PASI [39].
To date, small studies have shown improvements in response to systemic and biologic
treatments with weight loss [40,41]. A meta-analysis of 10 randomized controlled trials of
lifestyle interventions involving diet and/or exercise and health education in patients with
psoriasis concluded that such interventions may reduce the severity of psoriasis, but the
quality of evidence was low [42].
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The METABOLyx trial (EudraCT no. 2016-001671-79, NCT03440736) was designed
to evaluate the impact of combining a lifestyle intervention program with secukinumab
treatment in patients with moderate to severe plaque psoriasis and metabolic syndrome
in Germany. METABOLyx is the first large scale randomized controlled trial to compare
lifestyle interventions as an addition to biologic therapy and to examine effects on car-
diometabolic outcomes. Given the known association of psoriasis severity with obesity,
the hypothesis of METABOLyx is that the combination of secukinumab with lifestyle in-
tervention would improve both skin symptoms and cardiometabolic status, more than
secukinumab alone, by dual targeting of the shared pathophysiology behind both diseases,
i.e., systemic inflammation. An extensive biomarker substudy will also form an integral
part of the trial, dissecting the mechanisms of inflammation and immune activation and
characterizing the metabolic profiles of patients. Serum levels of markers of bone formation
will also be measured, and will be interpreted in the context of a standard liver function
panel and other biomarkers. The biomarker data will then be correlated with clinical
outcome measures, metabolic disease markers, including free fatty acids and triglycerides,
and the liver function panel.

2. Materials and Methods
2.1. Study Design and Patients

The METABOLyx trial is a randomized, controlled, multicentre study with two open-
label treatment arms. METABOLyx recruited adult (aged ≥ 18 years) patients with moder-
ate to severe plaque psoriasis (PASI > 10) for 6 months or more and concomitant metabolic
syndrome at screening as previously defined by international consensus (Table 1) [8]. Pa-
tients who did not qualify for dietary changes and increased physical activity because
of any medical condition, such as significant cardiac comorbidities or any other medical
conditions that would put them at risk when participating in the lifestyle intervention,
were excluded from the study. A full list of eligibility criteria and concomitant medication
use is given in Appendix A. Written informed consent was obtained from all subjects.
The METABOLyx study is being conducted in line with the principles of the Declaration
of Helsinki and the International Conference on Harmonization Good Clinical Practice
guidelines. The study protocol was approved by the ethical review board of participating
centres.

Table 1. Definition of metabolic syndrome [8].

Patients Meeting 3 Out of the 5 Criteria Meet the Diagnostic Requirements for Metabolic Syndrome

• Fasting (8 h) plasma glucose ≥100 mg/dL or ongoing antidiabetic drug treatment.
• Abdominal obesity defined by elevated waist circumference: Male: ≥94 cm, female: ≥80 cm (except for patients of Asian,

South or Central American ethnicity, for whom the cut off values are: Male: ≥90 cm, female: ≥80 cm).
• Fasting (8 h) triglycerides ≥150 mg/dL or ongoing drug treatment for elevated triglycerides.
• Fasting (8 h) HDL-C < 40 mg/dL in men or <50 mg/dL in women or ongoing drug treatment for reduced HDL-C.
• Resting blood pressure: Systolic blood pressure ≥130 and/ or diastolic blood pressure ≥85 mmHg or ongoing

antihypertensive drug treatment.

Patients were randomized 1:1 to one of two treatment arms in the core study. Patients
in arm A will receive secukinumab 300 mg (approved dose; weekly from weeks 0 to 4 then
at 4-weekly interval) from week 0 until week 24. Patients in arm B will receive secukinumab
300 mg from week 0 until week 24 and, in addition, participate in a concomitant lifestyle
intervention program (Figure 2). Following week 28, there will be an extension period to
week 56 where all patients may participate in the lifestyle intervention program (Figure 2),
in conjunction with any psoriasis therapy as deemed appropriate by the treating physician.
The purpose of this is to collect long-term data up to one year and offer the lifestyle
intervention to all patients.
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Figure 2. METABOLyx study design. METABOLyx is an open-label randomized controlled trial
comparing secukinumab 300 mg (arm A) to secukinumab 300 mg plus a standardized lifestyle
intervention (arm B). Primary endpoint is PASI90 response at week 28; secondary endpoints include
metabolic syndrome components and safety. An exploratory biomarker substudy will also be
conducted to obtain a profile of patients’ metabolic and inflammatory/immune status throughout
treatment. During the extension period, lifestyle intervention can be continued by patients who
have been in arm B during the core study or can be started by patients who have been in arm A.
Participation in the lifestyle intervention during the extension period is not mandatory. Participation
in the extension period itself is mandatory. Psoriasis treatment during the extension period can be
chosen freely by the investigator.

The structured and standardized lifestyle intervention program was designed specif-
ically for the METABOLyx study by an interdisciplinary team, including a nutritionist,
psychologist, sports scientist and specialists in internal medicine, diabetology and derma-
tology, (TUMAINI Institute Dresden, Germany; Department of Internal Medicine, Technical
University Dresden, Germany). The program was developed based on the effectiveness
of lifestyle interventions leading to weight loss in the prevention and treatment of type 2
diabetes and its complications [43]. The program goal is to support psoriasis patients with
concomitant metabolic syndrome to improve their metabolic status, increase their physical
activity level, change their diet and to lose weight. Patients in arm B (or after 24 weeks of
secukinumab treatment in arm A) will be individually and regularly supervised over eight
scheduled 60-min visits by nominated trainers associated with participating study centres.
All trainers receive standardized instruction and work from a manual, covering patient
motivation, action planning, interventions including dietary changes, stress management,
and relapse prevention. Trainers receive their own on-site or telephone supervision sessions
every four weeks. All interventions are evidence-based and tailored to patients’ needs.
Patients will receive written standardized educational material on nutrition, physical activ-
ity and metabolism, including advice on changing their diet and increasing their physical
activity level. Connected digital devices to measure physical activity (Activity SensorAS
80, Beurer or Walking Style VI, Omron) as well as body weight (scale, GS 485, Beurer) are
given to patients. The measurement data can be continuously tracked by patients through
an app (HealthManager app, Beurer). Patients are also instructed to use study workbooks.
Key targets of the lifestyle intervention are given in Table 2. Patient weight, blood pressure,
waist circumference and PASI score will be taken at each visit to monitor progress; in
addition, lipid profile, hsCRP and HbA1c will be measured at the first and final visits.
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Table 2. Lifestyle intervention targets.

Key Components of METABOLyx Lifestyle Intervention Program

• Weight reduction ≥5%.
• Increase in physical activity (to a total of at least 30–60 min of activity day).
• Increasing the proportion of fibre in food intake ≥15 g.
• Reduction in the fat content of daily food intake <30%.
• Reduction of saturated fatty acid intake <10%.

The exploratory biomarker substudy will allow comprehensive characterization of the
patient´s immunologic and metabolic profile from assessment of the markers detailed in
Table 3. Samples for the biomarker substudy will be taken at baseline, week 16 and week
28 from 50 patients in arm A and 50 patients in arm B.

Table 3. Biomarkers assessed in METABOLyx substudy.

Classification Markers Analysed

Inflammation IL-6, TNF-alpha, IL-1 beta, IL-1Ra, IL-18, CD154

Metabolic profile Chromatography based full free fatty acid serum profiles, fasting
insulin, HOMA-IR, proinsulin, adipokine profile (adiponectin, leptin)

Liver status M30 assay

Bone metabolism P1NP, CTX, RANKL, OPG, sclerostin, sThy-1
IL-6, interleukin-6; IL-1 β, interleukin-1 β; IL-18, interleukin-18; CD154, cluster of differentiation 154; HOMA-
IR Homeostasis Model Assessment of Insulin Resistance; M30 assay, enzyme-linked immunosorbent assay
developed for the detection of soluble caspase-cleaved keratin 18; P1NP, Procollagen 1 N Terminal Propeptide;
CTX, C-terminal telopeptide; RANKL, Receptor activator of nuclear factor kappa-B ligand; sThy-1, soluble Thy-1
cell surface antigen.

2.2. Endpoints

The primary endpoint of the study is the percentage of patients achieving PASI90 at
week 28 in each arm (by blinded assessor rating of skin improvement). The hypothesis of
METABOLyx is that secukinumab combined with a lifestyle intervention results in a higher
PASI 90 response rate in psoriasis patients with metabolic syndrome than secukinumab
alone. Secondary endpoints include assessments of absolute reduction in PASI between
arms, measures of systemic inflammation including hs-CRP; cardiometabolic markers
including fasting plasma glucose, HbA1c, HDL, LDL and blood pressure; and weight,
BMI and waist circumference. Steps per day as a measure of physical activity will also be
recorded as a secondary endpoint. Dermatology life quality index (DLQI), WHO-5 and
assessments of itch, pain and scaling will also be recorded. The exploratory endpoints
of the biomarker substudy include levels of selected biomarkers (Table 3) throughout
treatment and any association with clinical response. Safety assessments will be carried
out at each study visit. Adverse events will be reported by investigators and by lifestyle
intervention trainers. The adverse event profile of secukinumab is well established for the
approved dose [30].

2.3. Statistical Analysis

METABOLyx was designed to demonstrate superiority of secukinumab combined
with a lifestyle intervention vs. secukinumab alone in terms of PASI90 response at week 28.
A PASI90 response of 81% at week 28 under secukinumab alone in patients with metabolic
syndrome is assumed based on analysis of previous Phase III trial data [32]. Evidence on the
effect size of lifestyle intervention on PASI response is relatively sparse. Assumptions are
based on clinical studies showing an absolute increase of 6% to 27% in PASI75 response to
biologic treatment in overweight or obese, moderate to severe psoriasis patients undergoing
weight reduction compared to patients not undergoing weight reduction [39,40]. Assuming
an absolute increase of 9% in PASI90 response in arm A compared to arm B, 342 patients
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per arm would provide a power of 90% at a two-sided alpha of 0.05 to demonstrate that
the percentage of PASI90 responders at week 28 is higher in the secukinumab combined
with lifestyle intervention arm compared to the secukinumab alone arm. Superiority will
be tested on an intention to treat (ITT) basis using a logistic regression model with the
factors treatment, centre and covariate baseline PASI. The odds ratio and its 95% confidence
interval (CI) and p-value will be given. To compensate for expected drop-outs and/or
premature discontinuations, recruitment of 380 patients per arm is planned for this trial.
Patients who do not have a valid PASI assessment at week 28 will be regarded as non-
responders for the primary analysis. Non-responder imputation will also be applied to all
secondary response variables.

3. Results
Patient Baseline Characteristics

A total of 768 patients were enrolled in METABOLyx and randomised to secukinumab
300 mg (Arm A, n = 366) or secukinumab 300 mg plus lifestyle intervention (Arm B,
n = 402; difference in numbers due to randomization block size). Baseline characteristics
were balanced between groups, with both groups having a high baseline PASI (19.7) and
reporting significant impact on quality of life by DLQI (Table 4).

Table 4. Baseline characteristics of METABOLyx study population (n = 768).

Baseline Characteristics Secukinumab 300 mg (A)
(n = 366)

Secukinumab 300 mg + Lifestyle Intervention (B)
(n = 402)

Age, years, mean (SD) 50.5 (13.2) 50.1 (12.5)

Gender (Male) n (%) 263 (71.7) 289 (71.7)

Race n (%)
Caucasian 355 (96.7) 391 (97.0)
Other 2 (0.5) 8 (2.0)
Asian 8 (2.2) 1 (0.2)
Black 2 (0.5) 2 (0.5)
Unknown 0 (0.0) 1 (0.2)

Weight kg, mean (SD) 107.13 (22.57) 106.74 (20.58)

BMI kg/m2, mean (SD) 34.82 (6.83) 34.65 (6.45)

Waist circumference cm, mean (SD) 115.54 (15.41) 114.99 (14.06)

Cardiovascular history, n (%)
Hypertension 241 (44.9) 272 (47.3)
Dyslipidaemia/Hyperlipidaemia 146 (27.2) 150 (26.1)
Type 2 diabetes 86 (16.0) 78 (13.6)

Baseline PASI, mean (SD) 19.76 (8.01) 19.72 (7.29)

Baseline DLQI, (0–30) mean (SD) 17.18 (6.39) 16.79 (6.84)

Prior psoriasis treatment, n (%)
Topical 304 (44.6) 330 (46.5)
Non-biologic systemic therapy 176 (25.8) 185 (26.1)
Biologic systemic therapy 26 (3.8) 25 (3.5)

4. Discussion

The METABOLyx trial was designed to assess whether a combination of secukinumab
and a lifestyle intervention improves skin symptoms and cardiometabolic status more
than secukinumab alone in patients with psoriasis and concomitant metabolic syndrome.
METABOLyx aims to provide a proof-of-concept for the integrated treatment of both
psoriasis and metabolic disease. Previous small-scale studies have shown a positive
impact of weight loss and lifestyle interventions on psoriasis treatment outcomes and
cardiometabolic parameters [39–41]. To the authors’ knowledge, this is the first time an
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immunomodulatory biologic is combined with a lifestyle intervention in a large scale,
randomized and controlled clinical trial of novel design.

Secukinumab is effective in treating psoriatic skin lesions and psoriatic arthritis [30,43].
However, to optimally treat patients with psoriasis and concomitant metabolic syndrome,
given the close interconnection of both conditions, an integrated treatment approach
addressing all sources of inflammation is needed [12,21,32]. Given the overlapping inflam-
matory pathophysiology behind psoriasis and cardiometabolic disease, it is hypothesized
that secukinumab and lifestyle intervention would act synergistically, improving both
conditions to a greater extent than each treatment alone. PASI90 was therefore chosen
as the primary clinical endpoint to assess the effectiveness of lifestyle interventions on
psoriasis severity, with metabolic markers as secondary endpoints. Post hoc analyses have
also revealed that while secukinumab treatment lowers levels of systemic inflammation
as measured by hs-CRP, this effect is diminished in the presence of obesity and metabolic
syndrome [33]. The impact of treatment with secukinumab and other biologics on other
cardiometabolic risk factors, such as hypertension, adiponectin levels, dyslipidaemia and
hyperuricemia, is also limited in patients with metabolic comorbidities [33,35]. This results
in a continued presence of cardiovascular and metabolic risk in these patients despite
psoriasis treatment.

Evidence based lifestyle interventions were selected for application in METABOLyx,
including dietary intervention, increased physical activity, and face-to-face supervision
and coaching. METABOLyx aims for at least 5% body weight loss over 6 months; this was
considered achievable if patients are adherent to the intervention program. A previous
study of a lifestyle intervention in type 2 diabetes showed that 50% of patients achieved
weight reduction of ≥7% at 6 months, with a self-reported adherence to the program of
74% [43].

While the interplay of proinflammatory factors leading to co-association of psoriasis
and obesity is well-established, other factors are likely to contribute additionally to the
high rates of obesity observed in psoriasis patients. These include depression, hyper-
caloric nutrition, alcohol abuse, social isolation and lack of exercise, often associated with
lower socioeconomic status [44]. By recording DLQI and other patient-reported outcomes,
METABOLyx will provide insight into how some of these quality-of-life factors might be
influenced by effective psoriasis treatment with or without lifestyle intervention.

The planned biomarker substudy aims to assess the metabolic and immune profiles
of the patients and correlate them with the clinical status and treatment outcomes. The
availability of a very large clinical dataset including data on psoriasis severity, treatment
efficacy, and comorbidities in 760 patients, in combination with comprehensive molecular
phenotyping of their metabolic and immune status, will enable a deeper understanding
and the dissection of the interconnection between psoriasis and metabolic disease.

Potential limitations of the METABOLyx study include the necessity of the lifestyle
intervention arm being unblinded and open-label. Adherence to lifestyle interventions is
challenging and high drop-out rates have been observed in previous studies of lifestyle
interventions [42]. To increase adherence to the lifestyle intervention the design of the
METABOLyx lifestyle intervention program incorporates regular face-to-face visits with a
trainer, to encourage adherence and support patient motivation. In addition, connected
digital devices to measure physical activity and body weight, and track data continuously
via an app, are part of the study.

Viewing metabolism and the immune system as closely interconnected entities has
been applied in various medical specialties in recent years and has contributed to advances
in understanding and treatment of various diseases. A central aim of the METABOLyx
trial is to apply this idea to psoriasis and translate it into a more integrated and effective
treatment strategy. Furthermore, the study aims to contribute to a deeper understanding
of the immune-metabolic intersections that are present in this disease. The combina-
tion of secukinumab and a lifestyle intervention program is currently unique, and could
have significant implications for clinical management of people with chronic inflamma-
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tion, psoriasis and/or metabolic syndrome. Ultimately, this could result in an improved
treatment strategy for psoriasis patients, taking into account the full complexity of their
disease, and could potentially decrease the risk both of the development of aspects of
metabolic syndrome and of metabolic complications. In the context of the SARS-CoV-2
(COVID-19) pandemic, where obesity and diabetes are emerging as risk factors for adverse
outcomes [45], these interventions become even more relevant.

5. Conclusions

In summary, METABOLyx represents the first assessment of an immunomodulatory
biologic in combination with a standardized lifestyle intervention in a large scale, random-
ized, controlled clinical trial. This integrated approach targets inflammatory processes
from multiple angles in order to achieve optimal, holistic treatment in patients who exhibit
a complex, interconnected group of diseases.

Author Contributions: Conceptualization, A.P., P.S., S.G., J.C.S., A.S., J.R., N.M., T.K. and M.R.;
Funding acquisition, T.K. and M.R.; Investigation, A.P., S.G., J.C.S. and A.S.; Methodology, A.P., P.S.,
S.G., J.C.S., A.S., J.R., N.M. and M.R.; Project administration, N.M., T.K., B.H. and M.R.; Resources,
P.S., B.H. and M.R.; Supervision, P.S., T.K., B.H. and M.R.; Writing—Original draft, A.P., P.S., S.G.,
J.C.S., A.S., J.R., N.M., T.K., B.H. and M.R.; Writing—Review and editing, A.P., P.S., S.G., J.C.S.,
A.S., J.R., N.M., T.K., B.H. and M.R. All authors have read and agreed to the published version of
the manuscript.

Funding: The METABOLyx study is sponsored by Novartis Pharma GmbH, Nuremberg, Germany.

Institutional Review Board Statement: The study is being conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee)
of all participating institutions.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: Medical writing assistance was provided by Evelyn Altemeyer of Novartis
Ireland Ltd, and funded by Novartis Pharma GmbH, Nuremberg, Germany, in line with Good
Publication Practice guidelines.

Conflicts of Interest: AP has worked as an investigator and/or speaker and/or advisor for following
pharmaceutical companies: AbbVie, Almirall-Hermal, Amgen, Biogen Idec, BioNTech, Boehringer-
Ingelheim, Celgene, Celltrion, GSK, Eli-Lilly, Galderma, Hexal, Janssen, LEO-Pharma, MC2, Medac,
Merck Serono, Mitsubishi, MSD, Novartis, Pascoe, Pfizer, Tigercat Pharma, Regeneron, Roche, Sandoz
Biopharmaceuticals, Sanofi-Genzyme, Schering-Plough and UCB Pharma. PS. SG has been an advisor
and/or received speakers’ honoraria and/or received grants and/or participated in clinical trials of
the following companies: AbbVie, Affibody AB, Akari Therapeutics Plc, Almirall-Hermal, Amgen,
Anaptys Bio, Argenx BV, AstraZeneca AB, Biogen Idec, Bioskin, Bristol-Myers Squibb, Boehringer-
Ingelheim, Celgene, Dermira, Eli Lilly, Foamix, Forward Pharma, Galderma, Hexal AG, Incyte Inc.,
Janssen-Cilag, Johnson & Johnson, Kymab, Leo Pharma, Medac, MSD, Neubourg Skin Care GmbH,
Novartis, Pfizer, Principia Biopharma, Regeneron Pharmaceutical, Sandoz Biopharmaceuticals,
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Biogenics. JS has received non-restricted research grants from Novartis as well as speaker and
advisory board fees. AS, JR and MR are employees of Novartis Pharma AG. NM, TK and BH are
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Appendix A

METABOLyx full inclusion and exclusion criteria and permitted concomitant medication.

Appendix A.1. Inclusion Criteria

Patients/subjects eligible for inclusion in this study must fulfil all of the following
criteria:

1. Written informed consent must be obtained before any assessment is performed.
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2. Men or women of at least 18 years of age at the time of screening.
3. Patients must be able to understand and communicate with the investigator and must

be willing and able to comply with all study procedures.
4. Patients with moderate to severe plaque-type psoriasis who are candidates for sys-

temic therapy, diagnosed at least 6 months before randomization and baseline value of

• PASI > 10 and
• DLQI > 10 and
• Body Surface Area (BSA) affected by plaque-type psoriasis ≥ 10%

5. Fulfilment of Metabolic Syndrome definition (Alberti et al., 2009), which means
fulfilment of ≥3 of the following criteria at screening visit:

• Fasting (8 h) plasma glucose ≥ 100 mg/dL or ongoing antidiabetic drug treat-
ment (defined as: metformin, DPP4 inhibitors, GLP1 analogues, SGLT2 in-
hibitors).

• Abdominal obesity defined by elevated waist circumference Male: ≥94 cm,
female: ≥80 cm (except for patients of Asian, South or Central American ethnicity,
for whom the cut off values are: Male: ≥90 cm, female: ≥80 cm).

• Fasting (8 h) triglycerides ≥ 150 mg/dL or ongoing drug treatment for elevated
triglycerides (defined as: fibrates or nicotinic acid).

• Fasting (8 h) HDL-C < 40 mg/dL in men or <50 mg/dL in women or ongoing
drug treatment for reduced HDL-C (defined as: fibrates, nicotinic acid or statins).

• Resting blood pressure: Systolic blood pressure ≥ 130 and/or diastolic blood
pressure ≥ 85 mmHg or ongoing antihypertensive drug treatment (defined as:
ACE inhibitors, beta blockers, angiotensin receptor antagonists (e.g., Valsartan),
aldosterone receptor antagonists, diuretics, nitrates, calcium channel blockers
(e.g., Verapamil, Nifedipin), Aliskiren, Clonidin, alpha1 receptor antagonists
(e.g., Doxazosin), Dihydralazin, Minoxidil, Moxonidin or Methyldopa).

6. Willingness and motivation to actively participate in a lifestyle intervention, which
means patients need to be willing to increase physical activity and to change di-
etary habits.

Appendix A.2. Exclusion Criteria

Patients fulfilling any of the following criteria are not eligible for inclusion in this
study. No additional exclusions may be applied by the investigator, in order to ensure that
the study population will be representative of all eligible patients.

1. Forms of psoriasis other than chronic plaque-type (e.g., pustular, erythrodermic and
guttate psoriasis) at screening.

2. Previous exposure to Secukinumab or any other biologic drug directly targeting IL17A
or the IL17A receptor (e.g., Brodalumab, Ixekizumab).

3. Exposure to anti-TNF treatment during 1 year prior to baseline.
4. Drug-induced psoriasis (i.e., new onset or current exacerbation from beta-blockers,

calcium channel inhibitors or lithium) at screening.
5. History of hypersensitivity to Secukinumab, trehalas-dihydrate, L-histidine, L-histidin-

hydrochloride-monohydrate, L-methionine, polysorbate 80, water for injection, or to
substances of similar chemical classes.

6. History of latex hypersensitivity.
7. Ongoing participation (including safety follow-up period) in other interventional or

non-interventional studies in any dermatological indication
8. Ongoing use of prohibited treatments. Washout periods detailed in the protocol have

to be adhered to. Note: administration of live vaccines 6 weeks prior to baseline (visit
2) or during the study period is also prohibited.

9. Diagnosis of type 1 diabetes.
10. Patients with diagnosed type 2 diabetes, if they fulfil one or more of the following

conditions:
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• uncontrolled type 2 diabetes, meaning HbA1c > 8.0%,
• pharmacological therapy with one or more of the following agents: Insulin,

sulfonylurea agents/analogues, thiazolidinediones/glitazones.

11. Insufficiently controlled, severe arterial hypertension (systolic blood pressure
≥ 160 mmHg and/or diastolic blood pressure ≥ 95 mmHg) with urgent need for
therapy initiation or foreseeable need for medication change during the duration of
the core study.

12. Use of other investigational drugs at the time of enrolment, or within 5 half-lives of
enrolment, or within 30 days until the expected pharmacodynamic effect has returned
to baseline, whichever is longer; or longer if required by local regulations.

13. Pregnant or nursing (lactating) women, where pregnancy is defined as the state of a
female after conception and until the termination of gestation, confirmed by a positive
hCG laboratory test.

14. Active ongoing inflammatory diseases other than psoriasis and psoriatic arthritis
(PsA) that might confound the evaluation of the benefit of Secukinumab therapy.

15. Underlying conditions (including, but not limited to metabolic, hematologic, renal,
hepatic, pulmonary, neurologic, endocrine, cardiac, infectious or gastrointestinal)
which in the opinion of the investigator significantly immunocompromises the subject
and/or places the subject at unacceptable risk for receiving an immunomodulatory
therapy.

16. Significant, progressive or uncontrolled medical problems at baseline which accord-
ing to the opinion of the Investigator render the subject unsuitable for the trial—
also in regard to participation in the lifestyle intervention—or put the subject at
increased risk when participating in the trial (e.g., broken leg, congestive heart failure
NYHA III/IV, uncontrolled hypertension with systolic ≥ 160 mmHg and/or diastolic
≥ 95 mmHg, severe uncontrolled asthma).

17. Medical history of myocardial infarction or angina pectoris.
18. Any medical or psychiatric condition which, in the Investigator’s opinion, would

preclude the participant from adhering to the protocol or completing the study per
protocol.

19. Serum creatinine level exceeding 2.0 mg/dL (176.8 µmol/L) at screening
20. Total white blood cell (WBC) count < 2500/µL, or platelets < 100,000/µL or neu-

trophils < 1500/µL or haemoglobin < 8.5 g/dL at screening.
21. Active systemic infections during the last two weeks (exception: common cold) prior

to baseline (visit 2) or any infection that reoccurs on a regular basis.
22. History of an ongoing, chronic or recurrent infectious disease, or evidence of tubercu-

losis infection as defined by a positive QuantiFERON TB-Gold test (QFT) at screening.
Subjects with a positive or indeterminate QFT test may participate in the study if
full tuberculosis work up (according to local practice/guidelines) was completed
within 12 weeks prior to visit 2 and establishes conclusively that the subject has no
evidence of active tuberculosis. If presence of latent tuberculosis is established, then
appropriate treatment must have been initiated at least 4 weeks prior to baseline (visit
2) and maintained according to local guidelines.

23. Past medical history record or current infection with HIV, hepatitis B or hepatitis C
prior to baseline (visit 2).

24. History of lymphoproliferative disease or any known malignancy or history of malig-
nancy of any organ system treated or untreated within the past 5 years, regardless
of whether there is evidence of local recurrence or metastases (except for Bowen’s
disease, or basal cell carcinoma or actinic keratoses that have been treated with no
evidence of recurrence in the past 12 weeks prior to baseline (visit 2); carcinoma in
situ of the cervix or non-invasive malignant colon polyps that have been removed).

25. Inability or unwillingness to undergo repeated venepuncture (e.g., because of poor
tolerability or lack of access to veins).
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26. History or evidence of ongoing alcohol or drug abuse, within the last six months
before baseline (visit 2).

27. Women of child-bearing potential, defined as all women physiologically capable of
becoming pregnant, unless they are using basic methods of contraception during
dosing of investigational drug for at least 20 weeks after the end of Secukinumab
treatment. Basic contraception methods include:

• Total abstinence (when this is in line with the preferred and usual lifestyle of
the subject. Periodic abstinence (e.g., calendar, ovulation, symptothermal, post-
ovulation methods) and withdrawal are not acceptable methods of contraception

• Female sterilization (have had surgical bilateral oophorectomy with or without
hysterectomy), total hysterectomy or tubal ligation at least six weeks before
taking investigational drug. In case of oophorectomy alone, only when the
reproductive status of the woman has been confirmed by follow up hormone
level assessment.

• Male sterilization (at least 6 m prior to screening). For female subjects on the
study, the vasectomized male partner should be the sole partner for that subject

• Barrier methods of contraception: Condom or Occlusive cap (diaphragm or
cervical/vault caps).

• Use of oral, (oestrogen and progesterone), injected or implanted hormonal meth-
ods of contraception or other forms of hormonal contraception that have com-
parable efficacy (failure rate < 1%), for example hormone vaginal ring or trans-
dermal hormone contraception or placement of an intrauterine device (IUD) or
intrauterine system (IUS).

• In case of use of oral contraception women should have been stable on the same
pill for a minimum of 3 months before taking investigational drug.

• Women are considered post-menopausal and not of child bearing potential if
they have had 12 months of natural (spontaneous) amenorrhea with an appro-
priate clinical profile (e.g., age appropriate, history of vasomotor symptoms) or
have had surgical bilateral oophorectomy (with or without hysterectomy), total
hysterectomy or tubal ligation at least six weeks ago. In the case of oophorec-
tomy alone, only when the reproductive status of the woman has been confirmed
by follow up hormone level assessment is she considered not of child bearing
potential.

Appendix A.3. Concomitant Medication

It is forbidden to start therapy with one of the following medications during the core
study (to Week 28):

• Cholesterol- or lipid lowering agents (e.g., HMG-CoA-inhibitors/statins, fibrates,
nicotinic acid, ezetimibe, colestyramin, colestipol).

• Antihypertensive drugs (e.g., ACE-inhibitors, angiotensin-receptor antagonists, ß-
blockers, aldosterone receptor antagonists, diuretics, nitrates, calcium channel blockers
(e.g., Verapamil, Nifedipin), Aliskiren, Clonidin, alpha1 receptor antagonists (e.g.,
Doxazosin), Dihydralazin, Minoxidil, Clonidin, Moxonidin or Methyldopa).

• Glucose-lowering agents (e.g., Metformin, DPP4 inhibitors, SGLT2 inhibitors, GLP1
analogues, etc.).

• If a patient has already been taking one of these medications on a stable dose for at
least 12 weeks before baseline (visit 2), he can be enrolled in the study and continue to
take them during the study, except for the glucose-lowering agents such as insulin,
sulfonylurea agents/analogues and thiazolidinediones/glitazones, which are not
allowed during the core study.

Dose adjustments or withdrawal of the following medications should be avoided
during the core study:

Cholesterol- or lipid lowering agents (e.g., HMG-CoA-inhibitors/statins, fibrates,
nicotinic acid, ezetimibe, colestyramin, colestipol.
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There are no treatment restrictions during the extension period.
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