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Abstract
Correspondence Background Identification of those at risk of more severe psoriasis and/or associated
Catherine H. Smith. morbidities offers opportunity for early intervention, reduced disease burden and

Email: catherine.smith@kcl.ac.uk more cost-effective healthcare. Prognostic biomarkers of disease progression have

thus been the focus of intense research, but none are part of routine practice.

Accepted for publication o ) ) ) i ) o
Objectives To identify and catalogue candidate biomarkers of disease progression in

26 April 2022
psoriasis for the translational research community.

DOI 10.1111/bjd.21627 Methods A systematic search of CENTRAL, Embase, LILACS and MEDLINE was per-
formed for relevant articles published between 1990 and December 2021. Eligi-
bility criteria were studies involving patients with psoriasis (any age, n > 50)
reporting biomarkers associated with disease progression. The main outcomes
were any measure of skin severity or any prespecified psoriasis comorbidity. Data
were extracted by one reviewer and checked by a second; studies meeting mini-
mal quality criteria (longitudinal design and/or use of methods to control for
confounding) were formally assessed for bias. Candidate biomarkers were identi-
fied by an expert multistakeholder group using a majority voting consensus exer-
cise, and mapped to relevant cellular and molecular pathways.

Results Of 181 included studies, most investigated genomic or proteomic
biomarkers associated with disease severity (n = 145) or psoriatic arthritis
(n = 30). Methodological and reporting limitations compromised interpretation
of findings, most notably a lack of longitudinal studies, and inadequate control
for key prognostic factors. The following candidate biomarkers with future
potential utility were identified for predicting disease severity: LCE3D, interleukin
(IL)23R, IL23A, NFKBIL] loci, HLA-C*06:02 (genomic), IL-17A, IgG aHDL, GlycA,
I-FABP and kallikrein 8 (proteomic), tyramine (metabolomic); psoriatic arthritis:
HLA-C*06:02, HLA-B*27, HLA-B*38, HLA-B*08, and variation at the IL23R and IL13
loci (genomic); IL-17A, CXCL10, Mac-2 binding protein, integrin b5, matrix

© 2022 The Authors. British Journal of Dermatology British Journal of Dermatology (2022) 1
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.
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metalloproteinase-3 and macrophage-colony stimulating factor (proteomic) and
tyramine and mucic acid (metabolomic); and type 2 diabetes mellitus: variation
in IL12B and IL23R loci (genomic). No biomarkers were supported by sufficient
evidence for clinical use without further validation.

Conclusions This review provides a comprehensive catalogue of investigated
biomarkers of disease progression in psoriasis. Future studies must address the
common methodological limitations identified herein to expedite discovery and
validation of biomarkers for clinical use.

What is already known about this topic?

intense research.

* The current treatment paradigm in psoriasis is reactive.

* There is a need to develop effective risk-stratified management approaches that can
proactively attenuate the substantial burden of disease.

* Prognostic biomarkers of disease progression have therefore been the focus of

What does this study add?

* This review is the first to scope, collate and catalogue research investigating
biomarkers of disease progression in psoriasis.

* The review identifies potentially promising candidate biomarkers for further investi-
gation and highlights common important limitations that should be considered
when designing and conducting future studies in this area.

Psoriasis is a common chronic inflammatory disease estimated
to affect at least 60 million people globally."* It is multifacto-
rial in origin, caused by interplay between a strong genetic
component, the immune system and environmental risk fac-
tors.> Skin involvement varies in extent, severity and course,
and is associated with major negative impact on quality of life
and social and psychological wellbeing. The associated
increased risk of comorbidities including psoriatic arthritis
(PsA), cardiometabolic syndrome and depression,* adds to this
burden especially in those with severe disease.

Effective treatment of psoriasis is now possible with the
advent of multiple targeted biologics. The current treatment
paradigm is reactive but there are compelling reasons to adopt
a more proactive, risk-stratified approach. Early intervention
with effective treatment for psoriasis reduces cumulative
impact and, by reducing the inflammatory burden, may also
reduce or prevent cardiometabolic disease. Equally impor-
tantly, predicting those at risk of comorbidities may facilitate
more targeted implementation of primary preventative mea-
sures and/or expedite diagnosis, especially where early treat-
ment can prevent irreversible damage and disability as is the
case for PsA.®

A biomarker is a defined characteristic that is measured as
an indicator of normal biological processes, pathogenic pro-
cesses, Or responses to an exposure or intervention, including
therapeutic interventions.® Their use is well established in
many disciplines including genetics, infection, cancer, cardio-
vascular disease and immune-mediated diseases such as

. .. 7.8 .
rheumatoid arthritis. In contrast, there are no biomarkers

British Journal of Dermatology (2022)

that are part of routine clinical care to identify those at risk of
disease progression in psoriasis, despite the clear clinical need,
and sustained and intense research effort. Improvements in
high-throughput biological assays and computational tech-
nologies have driven an increase in biomarker discovery with
consequent need to develop effective strategies for selection,
validation and implementation (http://www.psort.org.uk).
This explosion of effort also mandates synergized efforts to
collate high-quality evidence to avoid future research waste.
The overall aim of this review is therefore to scope, collate
and catalogue the research investigating biomarkers of poten-
tial clinical utility in psoriasis. The first of these reviews
focuses on biomarkers of disease progression and a second
review will focus on treatment response. The specific aims of
this review are to (i) identify and catalogue studies relating to
biomarkers of disease progression in psoriasis as defined by
disease severity, and/or development of comorbidities, (ii)
select and functionally map any biomarkers for which there is
evidence for prognostic value and (iii) evaluate study quality
and highlight limitations to inform future biomarker research.

Materials and methods

This scoping review was performed by a multistakeholder
group drawn from a large multidisciplinary European consor-
tium with academic and industry partners, Biomarkers in Ato-
pic Dermatitis and Psoriasis (https://www.biomap-imi.eu),
and the International Psoriasis Council (www.psoriasiscoun-
cil.org). We included clinical-academic dermatologists (10), a

© 2022 The Authors. British Journal of Dermatology

published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.
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patient representative, immunology/ genetic scientists with
expertise in genetics (two), immunology (four) and bioinfor-
matics (four), systematic reviewers (two), and an information
specialist. Preliminary work was performed to inform the
study design and is detailed in Section 1 of Appendix S1 (see
Supporting Information).

Identification and cataloguing of studies of disease
progression biomarkers (stage 1)

Literature searches

A single strategy (Appendix S1, Section 7) was used to search
for both studies of biomarkers of progression and biomarkers
of treatment response (reported separately). Electronic searches
were performed in Cochrane Central Register of Controlled
Trials (CENTRAL), Embase, LILACS and MEDLINE on 7
December 2021 for studies in the English language, published
between 1990 (chosen because this heralded Human Genome
Project start date) and December 2021 (K.W.).

Study selection

Criteria for study inclusion were established prior to study
selection (Table 1). While a longitudinal study design is

Table 1 Eligibility criteria for the scoping review

Biomarkers of disease progression in psoriasis, R. Ramessur et al. 3

required to evaluate the prognostic potential of any given bio-
marker, we chose to also include studies with a cross-sectional
design given our overarching aim to encompass the breadth
of biomarker research. Titles and abstracts were single-
screened by one reviewer, with an independent second
screening where requested (e.g. where there was uncertainty
regarding eligibility) (M.C., R.R.,, I.AB, J.S., M.V., SH,, SR.).
To assess the accuracy of our screening approach, every tenth
excluded abstract was independently checked (500 in total) by
a second screener (R.R.). From this list, full texts were
screened by one reviewer, with decisions (inclusion/
exclusion) checked by a second; any disagreements were
resolved by consensus or through discussion with a senior

member of the team (M.C., D.M.).

Data extraction and cataloguing

A minimal dataset (design, population characteristics, biomark-
ers, outcome measures and basic result details) was defined by
the multistakeholder group following review of pilot data
extraction from a sample of studies. Data were extracted (R.R.,
M.C.) then cross-checked by another researcher, and discrepan-
cies were resolved by discussion (M.C., D.M., RR.). For each
biomarker type (genomic, transcriptomic, proteomic, metabolo-
mic, microbiomic, cellular and mixed), study details were

Review component Criteria

Genomic, epigenomic, transcriptomic, proteomic, cellular, microbiomic and metabolomic biomarkers were included

Population People with psoriasis, regardless of past or current treatments were included
Interventions
Physiological or radiographic biomarkers were excluded
Comparators Studies could be of one or more biomarkers
Outcomes Eligible psoriasis severity outcomes:

* Mild: as defined by objectively validated scoring measures (e.g. PGA clear/almost clear/mild, BSA < 2%, PASI < 2) or
health care utilization (e.g. primary care management only, use of topical treatment only)

* Severe: as defined by objectively validated scoring measures (e.g. PGA moderate/severe, BSA > 10%, PASI > 10),

erythroderma, development of phenotypes with major impact (e.g. face, scalp, genitalia, palms, soles) or healthcare
utilization (e.g. referral to secondary care, hospital admissions, use of systemic treatment)
* Severity outcomes defined only as mild, moderate or severe, or reported only using continuous data were also eligible

Eligible comorbidity outcomes:

* Immune-mediated inflammatory disease: rheumatoid arthritis, inflammatory bowel disease, multiple sclerosis, coeliac

disease

* Cardiometabolic syndrome: metabolic syndrome or its components (obesity, hyperlipidaemia, hypertension, diabetes

mellitus), cardiovascular disease (ischaemic heart disease, stroke), liver disease (liver fibrosis, liver cirrhosis). Results

relating to components of cardiometabolic syndrome which were reported on a continuous scale without further

classification were also eligible

* PsA: axial/ spondyloarthropathy, oligoarticular, polyarticular, arthritis mutilans, dactylitis, enthesitis

* Psychiatric outcomes: anxiety, depression

* Death
Study designs
not have psoriasis) were excluded

Reviews and studies including fewer than 50 participants (excluding any healthy controls or other participants who did

All other study designs were eligible providing they compared outcomes of patients with the biomarker with those of

patients without the biomarker, or compared outcomes associated with different biomarker levels. Cross-sectional and

case—control studies were eligible for inclusion, regardless of the temporality of the possible association between

biomarker and outcome

PGA, Physician’s Global Assessment; BSA, body surface area; PASI, Psoriasis Area and Severity Index; PsA, psoriatic arthritis.

© 2022 The Authors. British Journal of Dermatology
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presented in structured tables subdivided by biomarker function
(M.C., D.M.) using an informal classification. Studies meeting
minimal study design quality criteria (longitudinal studies,
cross-sectional studies with methods to control for confound-
ing) underwent detailed review (stage 2).

Subset of studies undergoing additional data extraction
and quality assessment of studies (stage 2)

Additional data were extracted on psoriasis clinical subtype,
treatment history, study design and detailed results (including
size and variance of effect estimates) (M.C., D.M., RR.).

Quality assessment data were extracted by one researcher
and checked by another (M.C., D.M., R.R.) with reference to
domains within BIOCROSS® and QUIPS, quality assessment
tools specifically designed for evaluation of biomarker/
prognostic studies, to quality assess studies in stage 2.'°
Studies that adjusted for both sex and age of disease onset (or
age)'" (considered by the group to be the two most impor-
tant prognostic factors to control for in order to avoid a high
risk of confounder bias) were considered to be at ‘low or
moderate risk of bias’; all other studies were classified as ‘high
risk of bias’. Other potential prognostic factors adjusted or
controlled for in individual studies were detailed in the
summary tables in Appendix S1 (Section 3).

Other study quality assessment criteria evaluated included
levels of attrition (losses to follow-up) and adequacy of impu-
tation of missing data in longitudinal studies, adequacy of
outcome measurement/assessment, evidence of selective out-
come reporting and adjustment for multiple statistical test-
12

ing Further details on quality assessment strategy are

described in Appendix S1 (Section 4).

Selection of candidate biomarkers for cellular and
molecular pathway mapping (stage 3)

Given the breadth and heterogeneity of studies reviewed in
stage 2, we then selected biomarkers for cellular and molecu-
lar pathway mapping to aid interpretation of findings and to
direct future research (candidate biomarkers) based on con-
sensus majority of the multistakeholder group (see
Appendix S1, Section 5 for details).

A biomarker-based ‘disease map’ was built to represent
mechanistic and associative links of the candidate biomarkers
to psoriasis pathogenesis (methodology detailed in Section 6
of Appendix S1) and significantly enriched biological pro-

cesses were highlighted.

Results

Overview of all included studies (stage 1)

Following title and abstract screening, the full texts of 246
studies were sought, of which 181 studies met the review eli-
gibility criteria (Figure 1; see Appendix S1 for included/ex-
cluded studies). On checking every tenth excluded abstract

British Journal of Dermatology (2022)

(n = 500), none were considered incorrectly excluded, adding
validity to the accuracy of the chosen screening approach. Of
the 181 studies included, nine had a longitudinal design, 170
were case—control or cross-sectional and two were meta-
analyses. No biomarkers were found to be evaluated in formal
trials for the purpose of clinical use.

Most studies were published in the last decade (only 17
studies were published before 2010). The evidence-base was
dominated by studies of proteomic biomarkers (49% of the
total), although — per study — the genomic biomarker studies
evaluated more biomarkers and recruited more patients than
the proteomic biomarker studies (Table 2). Only one study
examining microbiomic biomarkers met the review’s eligibility
criteria.'> A full description of study characteristics, categorized
by biomarker type, is reported in Appendix S1 (Section 2).

For any given biomarker, supportive evidence of association
with outcomes of interest was not seen across multiple data
types (e.g. genome, transcriptome, proteome). C-reactive pro-
tein (CRP) was evaluated in 23 studies, one or more inter-
leukins were evaluated in 19 studies, tumour necrosis factor in
18 studies, and HLA-C*06:02 in 17 studies. Biomarkers subject
to investigation covered a broad range of biological functions
(Figure 2), although the majority related to immune processes.

Characteristics of studies that underwent detailed data
extraction and quality assessment (stage 2)

Overall, 61 studies fulfilled the criteria for further evaluation
and quality assessment (Appendix S1, Section 3), but only
nine had a longitudinal design (the ideal study design). A total
of 11 studies had sample sizes of more than 1000, two of
which were genome-wide meta-analyses of several studies
investigating genetic biomarkers predictive of the presence of
PsA.'"'® More genomic biomarker studies were eligible for
detailed data extraction than proteomic biomarker studies (i.e.
they used methods to control for confounding more often).

Across all biomarker categories, data on key patient cohort
characteristics were often not reported. Where reported, the
mean ages of the psoriasis cohorts were mostly in the range
of 40—60 years. Additionally, 31 studies (51%) did not report
on duration of psoriasis. Mean Psoriasis Area and Severity
Index (PASI) varied from < 5 to > 30. In studies where eth-
nicity details were reported, most studies involved participants
of white ethnicity.

Most studies reported disease severity and/or PsA (54 stud-
ies) as outcomes, with few studies presenting results for the
other eligible comorbidity outcomes. Eight studies reported
comorbidity outcomes related to at least one of the compo-
nents of metabolic syndrome. As expected, there was variation
across studies in the way outcomes were reported. For disease
severity outcomes, the proteomic biomarker studies tended to
report results based only on continuous data (59%) and often
reported correlation coefficients, when compared with the
genomic studies, which tended to report results based on cate-
gorical outcome measures (continuous results data alone were
reported in 30% of studies).

© 2022 The Authors. British Journal of Dermatology
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[ Records identified through database searching (n = 15 383) ]

f Duplicates removed

A

(n=4861)

[ Records screened (n = 10 522) ]

r Excluded on examination

A

> of title and abstract
L (n=10276)

[ Full texts screened (n = 246) ]

Excluded on examination of

full text (n = 65)

=  Not psoriasis (n = 1)

= Fewer than 50 participants
(n =23)

y

= Other biomarkers (n = 5)
= Qutcome (n = 23)
= Review article (n = 10)

V Article unobtainable (n = y

= Longitudinal (n = 9)

= Meta-analysis (n = 2)

Included in the review (n = 181)

= Case-control or cross-sectional (n = 170)

J

A4

. Longitudinal (n = 9)

. Meta-analysis (n = 2)

Eligible for further data extraction:

= (Case-control/cross-sectional (n = 45)

~

y

multistakeholder group:

Candidate biomarkers selected by

= Disease severity (n = 11)
= Psoriatic arthritis (n = 14)
= Type?2 diabetes (n = 2)

Figure 1 PRISMA flowchart showing the number of studies identified and eligible for inclusion.

There was a high degree of variability in approach used for
disease classification. Across studies where categorical disease
severity data were reported, different severity thresholds were
used, e.g. ‘mild’ psoriasis may be classed as PASI < 5 in one
study but as PASI < 10 in another. For PsA outcomes, only
four studies reported using methods to reduce the possibility
that some patients with psoriasis may have had undeveloped
PsA (which might bias the result towards no biomarker

© 2022 The Authors. British Journal of Dermatology

16-19

association). Furthermore, details on past or current treat-

ment use were generally not well reported.

Quality assessment (stage 2)

Quality assessment of studies revealed at least one type of bias
for every study (Appendix S1, Sections 3 and 4). Overall, 55
studies (93%) adjusted for prognostic factors by their methods
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Table 2 Summary characteristics of studies, overall and by type of biomarker

’ ro. " g 4 Totals, all
ype of biomarker evaluate biomarkers

Characteristic Genomic  Transcriptomic Proteomic Metabolomic Microbiomic Cellular Mixed
No. of included studies (% of total) 41 (23%) 7 (4%) 88 (49%) 8 (4%) 1 (1%) 7 (4%) 29 (16%) 181
Mean/median biomarkers per study ~ 20/3 16/1 8/2 53/1 N/A 3/2 9/5 13/2
Mean/median no. of psoriasis patients 1305/398 76/73 235/74  89/88 N/A 161/96 130/72  371/92
No. of studies evaluated further® 19 (46%) 2 (29%) 28 (31%) 3 (38%) 0 (0%) 3 (43%) 6 (21%) 61 (34%)

(% of studies in category)
Candidate biomarkers (% of total) 10 (45%) O 10 (45%) 2 (9%) 0 0 0 22
“Studies which were eligible for further data extraction and quality assessment.

_ ) Antigen presentation,
Other,n = 17,11% n=15,8%
Innate immune response,
n=10,5%
Hormonal signalling,
n = 20,11%
Angiogenesis,
n=6,3%
Conn.ecti\'e tissuen homeostasis - Cytokines and chemokines,
remodelling, n = 3, 3% n =18, 10% TG n = 44,25%

«® n = 103, 58%
0O oo

SR
e

A\

Skin barrier function,
n=3,2%

z

Neuronal homeostasis, —
n=26,3%

Calcium metabolism,
n=4,2%
Iron metabolism,
n=4,2%

Fat metabolism,
n=6,4%

Immune cells
n=8,6%

Acute phase response, - Immune cell signalling, n = 3,2%

n=28,15%
Adaptive immune response, n = 1, 0%

Figure 2 Primary functions of biomarkers in all included studies. Categories of biomarker function were devised using an informal classification,
designed to capture the breadth of biomarker function in included studies. Segments represent the number of biomarker studies examining
biomarkers with a given primary function (n). Studies examining multiple biomarkers which have more than one function or single biomarkers
with multiple functions may be represented in more than one segment of the ring chart.

of analysis, three studies (5%) matched patients at the design examining multiple biomarkers, analyses were also frequently
stage, and three studies (5%) used both methods to control limited by the lack of adjustment of results for multiple
for prognostic factors. Only 14 studies adjusted for both key hypothesis testing. Overall, the quality assessment findings

prognostic factors, so the possibility of bias arising from con- indicated that the results of all included studies should be
founding cannot be ruled out in most studies. For studies interpreted with caution.
British Journal of Dermatology (2022) © 2022 The Authors. British Journal of Dermatology
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Candidate biomarker associations (stage 3)

Biomarker-outcome associations examined in multiple studies
often showed conflicting results, with studies frequently
addressing study quality issues in a different manner and to a
varying extent. A consensus was reached on 22 different can-
didate biomarkers (27 biomarker-outcome associations) for
psoriasis evidence available
(Table 3).

Five genomic biomarkers (LCE3D, IL23R, IL23A, NFKBILI loci
and HLA-C*06:02) and five proteomic biomarkers [interleukin
(IL)-17A, IgG aHDL, GlycA, I-FABP and kallikrein 8] and one
metabolomic biomarker (tyramine) demonstrated potential as
severity. HLA-C*06:02-

positive status was found to be associated with disease severity

progression based on the

candidate biomarkers of psoriasis
in three studies, although one study found an association for
HLA-C*06:02-negative status.””

Six genomic biomarkers (HLA-C*06:02, HLA-B*27, HLA-B*38,
HLA-B*08, and variation at the IL23R and IL13 loci), six pro-
teomic biomarkers [IL-17A, CXCL10, Mac-2 binding protein,
(MMP)-3  and
macrophage-colony stimulating factor (M-CSF)] and two

integrin b5, matrix metalloproteinase
metabolomic biomarkers (tyramine and mucic acid) were
selected as candidate biomarkers of PsA in psoriasis. These
were all examined in cross-sectional or case—control study
designs, except for CXCL10.'® Variation in IL12B and IL23R
loci were considered candidate biomarkers of type 2 diabetes
in psoriasis.

Thresholds of significance used for proteomic biomarkers
were rarely justified in included studies. Several proteomic
biomarker studies reported large beta coefficients (e.g. the
association between Mac-2 binding protein and integrin b5
with PsA observed by Cretu et al.),”" which were difficult to
contextualize in terms of potential clinical utility owing to
insufficient information on the expected variation in biomar-
ker levels in individuals with psoriasis. Furthermore, dichoto-
mous interpretations of test results risk overlooking potentially
important information across the range of biomarker levels.

Pathway mapping of candidate biomarkers (stage 3)

Most of the candidate biomarkers were found to be involved
in signalling pathways implicated in psoriasis pathogenesis,”
notably antigen processing presentation (HLA-C*06:02, HLA-
B27, HLA-B38, HLA-B08, integrin b5) and leucocyte recruitment
(CXCL10, M-CSF) and activation (IL13, IL23R, IL23A, Mac-2
binding protein) (see interactive map of psoriasis biomarkers:
https://imi-biomap.elixir-luxembourg.org/minerva/index.
xhtml?id=psobiomarkers_map).

Discussion

This scoping review provides a comprehensive catalogue of
biomarker studies investigating disease progression in psoria-
sis. From the diverse range of biomarker types and outcomes
examined in the included studies, we identify candidate

© 2022 The Authors. British Journal of Dermatology
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biomarkers (10 genomic, 10 proteomic and two metabolo-
mic) but note that none have sufficient evidence for clinical
use without further validation. We detail methodological and
reporting limitations to avoid in future studies and so expedite
biomarker discovery and validation.

Several genomic biomarker studies investigated HLA-
C*06:02, which is perhaps not surprising given this is the

23
Most
20,2427

major genetic determinant of disease susceptibility.
confirmed established associations with disease severity
and lack of PsA.>>:26:28:29 However, Eder et a.”® and others®°
have highlighted the difficulty in verifying these associations
owing to potential ascertainment bias that arises from the
strong relationship between HLA-C*06:02 and psoriasis age of
onset. Furthermore, extensive linkage disequilibrium between
class T HLA genes makes it challenging to distinguish the
effects of other PsA-associated HLA biomarkers (e.g. HLA-
B*27, HLA-B*38 and HLA-B*08) that are potentially indepen-
dent of HLA-C*06:02. The predictive ability of HLA-B and HLA-
C alleles should ideally be confirmed in appropriately powered
prospective cohort studies.

Genes encoding members of the IL-23-mediated signalling
pathway, a key pathway for psoriasis pathogenesis, were
found to be candidate genomic biomarkers of disease severity
(IL23A, IL23R), PsA (IL23R) and type 2 diabetes (IL12B, IL23R).
The two studies investigating these biomarkers examined dif-

ferent polymorphisms at each locus.*'*?

These polymor-
phisms were frequently found to be in linkage disequilibrium
with each other, therefore there was a consequent variation in
the direction effect reported for each association. Polymor-
phisms near HLA-C, IL23R and LCE3A loci were also found to
be associated with PsA in the two large genome-wide meta-

%33 and in independent

20,25-27,28,31,32

analyses included in the review,
cross-sectional/ case—control studies.

A broad definition of severity was used in this review,
including both biomarkers that may be reflective of current
disease activity and those that may be predictive of future
severity. The former require validation in longitudinal studies
to establish potential predictive clinical utility. Of the candi-
date proteomic biomarkers, only CXCL10 was examined in a

1718 1t is therefore unclear whether

longitudinal study design.
these biomarkers reflect current disease activity and PsA, rather
than being predictive of future disease progression. Neverthe-
less, we mnote that several biomarkers involving leucocyte
recruitment and cytokine-mediated signalling were associated
with both severe psoriasis and PsA.

Most biomarkers explored have putative roles in psoriasis
pathogenesis or are established markers of relevant underlying
disease processes such as systemic inflammation (e.g. CRP) or
skin barrier function (e.g. kallikreins) indicating a bias
towards a candidate approach to biomarker discovery. Few
studies employed ‘hypothesis-free’ approaches, with the nota-
ble exceptions of two genome-wide meta-analyses of studies
investigating biomarkers associated with the presence of PsA

141530 p explored the utility of including multi-

in psoriasis,
ple biomarkers to enhance precision. Numerous studies identi-

fied biomarkers of nonspecific systemic inflammation (e.g.
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Table 3 Summary details of studies examining candidate biomarkers of psoriasis progression

Study/number of
psoriasis patients

Biomarker type/
study design

Biomarker(s) examined

Number of key prognostic
factors adjusted for

Outcome(s)/key results

HLA-C*06:02
Douroudis et al.”’
N = 9286

Eder et al.”’
N = 1047

Gudjonsson et al.”’
N=1019

Gudjonsson et al.”®

N = 369
Julia et al.*®
N = 2005

Suomela et al.*°
N = 379
HLA-B*27,

HLA-B3*8 & HLA-B*08

Eder et al.?®

N = 1047

IL12B, IL23A & IL23R

Firis et al.>'

N = 405

Nikamo et al.**
N = 1411

Genomic/
case—control

Genomic/
case—control

Genomic/
cross-sectional

Genomic/
cross-sectional

Genomic/

Case—control

Genomic/
cross-sectional

Genomic/
case—control

Genomic/
cross-sectional

Genomic/
case—control

1: HLA-C*06:02

10: HLA alleles

1: HLA-Cw*0602

1: HLA-Cwé allele

32: loci with previous
genome-wide evidence
of association with
psoriasis

2: HLA-Cwé, HCR
(CCHCRI)

10: HLA alleles

5:IL12B, IL23R and IL23A
polymorphisms

20: Genes involved in the
IL-23 and NF-kB
signalling pathway

2: Age, sex

1: Age of onset

1: Age of onset

No review-specified key
prognostic factors controlled
for

1: Age of onset

2: Sex, age of onset

1: Age of onset

No review-specified key
prognostic factors controlled
for

2: Sex, age of onset

PsA and hypertension: hypertension (OR 0-73, 95% CI 0-61-0-88) and PsA (OR 0-68,
95% CI 0-58—0-80) were significantly associated with HLA-C*06:02-negative status in
fully adjusted model

PsA: HLA-C*06 was less frequent in the PsA group than in the PsC group (OR 0-58,

P < 0-001). This result remained significant in the early-onset psoriasis subgroup but
not the late-onset subgroup

Severity: significant association between Cw*0602 positive status and disease severity
(P < 0:001). Late onset in patients who were Cw*0602-positive was associated with less
severe psoriasis compared with those with early onset (P = 0-:0028, r = —0-13)

Severity: mean disease severity score was higher in the Cwé+ group (1-67 vs. 1-45,

P = 0:005). The difference between the groups increased when excluding patients with
PsA (1:62 vs. 1-:27, P < 0-001). No results reported for severity scoring based only on
the extent of the skin lesions. Mean age at onset was 17-2 years in the Cwé+ group
compared with 24-5 years in the Cw6— group

PsA: no significant difference between groups, P = 0-135

Severity: HLA-C-positive status associated with severe disease. OR 1-29 (95% CI 1-11—
1-51, P = 0-033 after correction for multiple testing)

PsA: HLA-C-positive status was significantly associated with PsC in comparison with PsA
(P=169 x 10°°)

Severity: statistically significant lower PASI in patients who were Cw6+ compared with
Cw6— (P < 0-007) but mean PASI were not reported

PsA: Multivariate regression analysis results. Three HLA alleles more frequent in PsA than
in psoriasis: HLA-B*27 (OR 5-17, P < 0-001), HLA-B*08 (OR 1:61, P = 0-009) and
HLA-B*38 (OR 1-65, P = 0-026)

Severity: IL23R rs11209026 GG vs. AG + AA. GG associated with severity, OR 2-11 (95%
CI 1-13-3-95), P = 0-02

PsA: IL23R rs11209026 GG vs. AG + AA. OR 2-77 (95% CI 1-15-6-68)

Type 2 diabetes: significant associations with IL12B rs6887695-CC (OR 2-90, 95% CI
1-09-7-69, P = 0-03), IL12B rs3212227-CC (OR 5-90, 95% CI 1-35-25-73, P = 0-035)
and IL23R rs2201841-GG (OR 269, 95% CI 1-09-6-66, P = 0-027). BMI reported as
confounding the rs6887695 result. No other significant diabetes associations

Severity: after multiple testing correction — common IL-23R (rs7530511) allele associated
with disease severity — OR 0-71 (95% CI 0-57 to 0-88, P = 0-002). IL-23A
(rs2066808) [OR 0-53 (95% CI 0-37 to 0-76, P < 0-001)] and IL-23R (rs2201841)
[OR 1-26 (95% CI 1-07 to 1-48, P = 0-006)]

(continued)
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Table 3 (continued)

Study/number of
Ppsoriasis patients

Biomarker type/
study design

Biomarker(s) examined

Number of key prognostic
factors adjusted for

Outcome(s)/key results

LCE3D
Julia et a
N = 2005

126

NFKBIL1
Nikamo et a
N = 1411

132

IL13
Eder et a
N = 897

140

IgG aHDL

Paiva-Lopes et al.*'

N = 67

GlycA

Joshi et al.*?

N = 273 (cohort 1:
n = 122; cohort 2:

n=151)
I-FABP
Sikora et al.*®
N = 80

Kallikrein 8
Eissa et al.**
N =152
CXCL10
Abji et al.'®
N =91

Abji et dl."’
N = 81

Genomic/
case—control

Genomic/
case—control

Genomic/
case—control

Proteomic/
cross-sectional

Proteomic/
cross-sectional

Proteomic/
case—control

Proteomic/
case—control
Proteomic/

longitudinal

Proteomic/
longitudinal

32: Loci with previous
genome-wide evidence
of association with
psoriasis

20: Genes involved in the
IL-23 and NF-xB
signalling pathway

3: IL13 polymorphisms

4: IgG aHDL, aApoA-I,
aApoE, and aPON1
antibodies

1: GlycA

1: Intestinal fatty acid

binding protein (I-

FABP)

7: Kallikreins

2: CXCL10, CRP

1: CXCL10

1: Age of onset

2: Sex, age of onset

No review-specified key
prognostic factors controlled
for

2: Sex, age of onset

1: Sex

1: Sex

1: Sex

No review-specified key
prognostic factors controlled
for

No review-specified key
prognostic factors controlled
for

Severity: having two copies of the LCE3D risk allele was associated with moderate-to-
severe disease, OR1-38 (95% CI 1-19—-1-59, Pc = 0-0005)

Severity: minor NFKBILI allele associated with severe disease: OR 1-39 (95% CI 1-12—
172, P = 0-002)

PsA: the combination of non-smoking and rs1800925*CC was associated with increased
risk of PsA (OR 2-04, 95% CI 1-37-3-03, P < 0-001)

Severity: in the multivariate regression IgG aHDL was significantly associated with PASI;
B coefficient 1-:02 (P < 0-001). Patients with PASI > 10 had higher mean levels of IgG
aHDL (P = 0-010). Comorbidities such as hypertension and diabetes mellitus were not
associated with antibodies (P-values between 0-23 and 1-00)

Severity: in multivariate regression analyses, adjusting for all variables, GlycA correlated
with psoriasis severity assessed by BSA. Cohort 1: B coefficient 0-21 (P = 0-01); Cohort
2: B coefficient 0-40 (P < 0-001). No adjusted results for categorical severity

Severity: after adjustment for all covariates I-FABP was significantly associated with
moderate-to-severe disease: OR 3:47 (95% CI 1-20-10-07, P < 0-05) for each 100 pg
mL ™" increase

Severity: in the multivariate regression KLK8 correlated positively with PASI (r = 0-43,
=0-001)

PsA: an increase of 100 pg mL™" in baseline CXCL10 resulted in a 30% increase in the
odds of progression to PsA (OR 1:3, 95% CI 1-1-1-5, P = 0-004). CXCL10 significantly
higher in converters at baseline (median 927 pg mL™") than after PsA diagnosis
(median 492 pg mL™"), P < 0-001

PsA: significant decline in CXCL10 levels over time prior to PsA development in
converters (to PsA, P < 0-001) but not in nonconverters. There was significant
evidence of a difference in the trend of CXCL10 levels between converters and
nonconverters (P = 0-02) at preconversion

(continued)
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Table 3 (continued)

Study/number of Biomarker type/ Number of key prognostic
psoriasis patients study design Biomarker(s) examined factors adjusted for

Outcome(s)/key results

Mac-2 binding protein
and integrin b5
Cretu et al.”! Proteomic/ 6: CD5-like protein, 2: Sex, age of onset
N =200 case—control myeloperoxidase, CRP,
Mac-2-binding protein
(M2BP), integrin b5
(ITGBS), matrix MMP-3
MMP-3 and M-CSF
Jadon et dl."’ Proteomic/ 4: Osteoprotegerin, 2: Sex, age of onset
cross-sectional dickkopf-1;
N = 444 macrophage-colony
stimulating factor (M-
CSF); matrix
metalloproteinase-3
(MMP3)
Chandran et al.** Mixed/ 12: IL-12, IL-12p40, IL- 2: Sex, age of onset
N =152 cross-sectional 17, TNESF14, MMP-3,
RANK ligand,
osteoprotegerin (OPG),
cartilage oligomeric
matrix protein, C-
propeptide of type II
collagen (CPII), collagen
fragment neoepitopes
Col2-3/4 (C2C), Col2-
3/4short and CRP
Tyramine and mucic acid
Kishikawa et al.*® Metabolomic/ 417 metabolites 2: Sex, age
cross-sectional
N =92

PsA: multivariate regression suggested that two of the three biomarkers were associated
with PsA, compared with psoriasis without PsA. ORs relate to a twofold protein level
increase: ITGBS5: OR 3-82 (95% CI 2:18—6-70), M2BP: OR 32:32 (95% CI 4-90—
213-3). Additionally, ITGBS and M2BP levels were significantly correlated with each
other, r = 0-24

PsA: MMP-3 concentrations were significantly higher in patients with PsA compared
with no-PsA [adjusted OR 1-02 per ng mL ™" increase; 95% CI 1-01-1-03 (P = 0-001)]

Patients with PsA had significantly lower M-CSF concentrations than no-PsA [adjusted OR
0-44 per ng mL~ ' increase 95% CI 0-24-0-82 (P = 0:01)]

PsA: multivariate model results indicated that increased levels of MMP-3 (OR 1-28, 95%
CI 1-02—1-60; P = 0-03) were independently associated with PsA when compared with
patients with psoriasis only

Severity: significant correlations between PASI scores and levels of tyramine and mucic
acid (P = 0-0019 and P = 0-014, respectively)

PsA: significantly increased tyramine levels in patients with PsA compared with PsC
(P=14x10")

N, number of patients with psoriasis; PsA, psoriatic arthritis; PsC, cutaneous psoriasis; BMI, body mass index; OR, odds ratio; CI, confidence interval; IL, interleukin; CRP, C-reactive protein; NF-kB,

nuclear factor kappa B. Further study details and full quality assessment details are provided in Appendix S1 (see Supporting Information).
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acute phase reactants such as CRP), which can be elevated in
several inflammatory processes,”* and therefore may lack
specificity to common psoriasis comorbidities. In addition,
while several studies did suggest potential value of markers of
connective tissue remodelling (e.g. MMP3 and M-CSF), under-
standing whether these are specific to PsA will be important,
particularly given the burden of other conditions associated
with psoriasis that may also increase levels, e.g. osteoarthri-

34 : 35 : .
tis,”” inflammatory bowel disease’” and cardiovascular dis-

ease.’®

The review highlights several important methodological and
reporting limitations that should be considered when design-
ing and conducting future biomarker studies. The investiga-
tion of biomarker associations with psoriasis progression
outcomes was often not the primary objective of included
studies. This meant that information on key patient cohort
characteristics (including participants’ ethnicity, age, age of
onset of psoriasis and psoriasis subtype) were often not
reported. This limits the degree to which findings from these
studies can be extrapolated to the population seen in clinical
practice and hampers comparative assessment between studies.

The importance of identifying, measuring and adjusting for
key prognostic factors of disease progression outcomes was
also highlighted in this review. Fewer than one-third of the
case—control and cross-sectional studies adjusted for confound-
ing. Future studies should also consider possible confounding
by the presence of other biomarkers to help identify indepen-
dent associations with outcomes.

For disease severity outcomes, studies frequently reported a
single recording of disease severity. This made it difficult to
determine whether candidate biomarkers associate with
chronic disease severity. Future studies should assess and
report the disease severity comprehensively by using more
than one measure and record previous treatments as a proxy
measure for chronic severity. Analyses should also be per-
formed using both continuous and categorical data wherever
possible to allay concerns about the possibility of selective
outcome reporting. Categories used should be clearly defined
and easy to justify clinically. Future studies that evaluate
comorbidities as outcomes should be clear on how comorbid-
ity status is classified or diagnosed, particularly for comorbidi-
ties that may have a subclinical phase (e.g. PsA and type 2
diabetes).

The main strength of the review is its breadth of scope —
eligibility criteria were designed to be as inclusive as was
practicable, given that it was anticipated that a large number
of studies would be included. We chose to include cross-
sectional and case—control studies, of which there were many,
to capture the research landscape. However, the ideal study is
longitudinal in design, and very few of these studies were
included in our review. Such studies are essential to test the
value/utility of biomarkers in predicting future outcomes and
therefore in helping the identification of objective indications
for early intervention. Furthermore, applying a study size cut-
off in this review of > 50 participants — irrespective of bio-
marker type — may have potentially overlooked informative

© 2022 The Authors. British Journal of Dermatology
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well-conducted studies of epigenetic and transcriptomic
biomarkers, where obtaining larger sample sizes is less feasi-
ble. Other limitations were the exclusion of papers not
reported in English and the single-screening of some titles and
abstracts. These approaches were taken because of the need to
balance timeliness of results with methodological rigour.

Although we have identified a putative list of candidates for
further research, this does not mean that those biomarkers not
on the list should be excluded from further research. This is
especially true of more recent studies, where the initial, and
often promising ‘biomarker discovery’ study reports only find-
ings from multiple analytes in a small number of individuals
and lacks the necessary validation in larger cohorts.>’

To optimize this next step, we identify a need for longitu-
dinal studies where carefully selected analytes are tested in
many individuals, with accurate reporting of baseline disease
stage. There is also increasing acknowledgment that a single
variable is rarely likely to be a good predictor of disease pro-
gression, and therefore algorithms and risk prediction models
that combine the predictive power of multiple biomarkers are
likely to be required to develop clinically useful tools.*®*’
The inclusion of clinical characteristics can also improve trans-
lational models of inflammatory disease,*’ thereby maximizing
their future clinical utility as stratification tools.

The extent of research on biomarkers of disease progression
revealed in this scoping review illustrates the unmet clinical
need in psoriasis. Common important methodological limita-
tions highlighted in this review should be carefully considered
in future studies. Synergized efforts, through interdisciplinary
collaborations such as the BIOMAP project, will be crucial in
facilitating cross-consortium agreements on terminology and

harmonization of outcomes of interest.
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